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Abstract

Background: This study assessed the relationship between the patient-centred medical home (PCMH), as
exemplified by the Family Health Team (FHT) program in Ontario, and healthcare access and utilization
by adults with intellectual and developmental disabilities (IDD) aged 18-64 years.

Methods: Using administrative data from the Institute for Clinical Evaluative Sciences, a retrospective
cohort was developed to compare an intervention group, patients treated through a PCMH model, the
FHT, against a control of patients treated through primary care models lacking key features of PCMH
care. A difference-in-differences (DiD) approach was used to estimate the effect of the PCMH model on
four access indicators – uptake of the periodic health exam, and screens for breast, cervical, and colorectal
cancers – and one utilization indicator – avoidable emergency department (ED) utilization rate.

Results: FHT-based care reduced the proportion of patients who had an exam over three years by 4.4
percentage points (p<0.0001). It the proportion of patients who were up-to-date with colorectal cancer
screens by 4.9 percentage points (p=0.0035). Breast and cervical cancer screenings also showed positive
results of 2.9 and 2.4 percentage points respectively, although the results in both were not significant
(p=0.214 and 0.0565, respectively). The PCMH care showed no impact on avoidable ED visits. Models
were tested for potential confounders including patient demographics, comorbidities, physician
demographics, and practice characteristics. In all five tests, the DiD estimator remained relatively
constant between simple models and full models which adjusted for confounding variables, suggesting
that the models are robust.
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Conclusions: The results show the complexity of evaluating the impacts of primary care models. The
positive trends in cancer screening uptake under PCMH care suggests that with proper incentives PCMH
does have a positive impact on access to care by adults with IDD. The negative impact on periodic health
exam uptake highlights the need for a tool specific to this population’s needs to ensure guidelines are met.
Future research should assess PCMH care against a broader range of healthcare utilization indicators and
advance this study’s identification of relevant covariates including complex comorbidities and the effects
of physician and practice characteristics on healthcare access and utilization.
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Introduction
Purpose
This study evaluates the impact of patient-centred medical home (PCMH) initiatives in Ontario on
indicators of healthcare access and utilization among adults with intellectual and developmental
disabilities (IDD). It compares uptake of the periodic health exam (PHE) among Ontarians with
intellectual and developmental disabilities aged 18-64 years treated through traditional primary care
models (i.e., a general practitioner paid through fee-for-service models) against those treated under the
new Family Health Team (FHT) model using a retrospective cohort approach and a difference-indifferences analytical methodology. Additionally, it considers impacts on three cancer screening tests
relevant to primary care. It concludes by assessing whether this policy shift impacts use of the healthcare
system by this population as measured by change in emergency department utilization.

Background
1.2.1 Intellectual and Developmental Disabilities
Intellectual and developmental disability (IDD) is a broad category encompassing many syndromes and
disorders. Ontario legislation defines individuals as having a developmental disability if they have
“prescribed significant limitations in cognitive... and adaptive functioning,” that is, “their ability to
reason… [and] develop the skills required for independence.” This standard is measured by three criteria.
First, the limitations originated before age 18. Second, these limitations are likely to be life-long. Third,
they “affect areas of major life activity, such as personal care, language skills, learning abilities, the
capacity to live independently as an adult or any other prescribed activity.” (Services and Supports to
1

Promote the Social Inclusion of Persons with Developmental Disabilities Act, 2008, c. 14, s. 3 (1)) The
sources of such disabilities are myriad. They can be biomedical, including genetic disorders, as in the case
of Down syndrome or Williams syndrome; they can be social factors like child stimulation; they can be
behavioural, resulting from prenatal exposures, such as fetal alcohol spectrum disorders; or they can be
educational factors related to mental development (AAIDD, 2008). While the term “developmental
disability” is used in Ontario, and others employ “intellectual disability” (WHO, 2010) or “developmental
disorders, including autism” (WHO 2015), the term “intellectual and developmental disability” (IDD) has
recently been adopted by key international groups (AAIDD, 2015; IASSIDD, 2015). The latter will
therefore be used throughout this thesis.

The healthcare needs of this population are complex. Multiple comorbidities are not uncommon in adults
with IDD and communication challenges can make these underlying conditions difficult to diagnose
(Jansen, Krol, Groothoff, & Post, 2004). For many individuals affected, the severity of their IDD often
goes undiagnosed (Tyler, Zyzanski, Panaite, & Council, 2010). Lifestyle factors such as inactivity and
poor diet lead to higher rates of obesity in this population (Haveman et al. 2010). They have been found
to have higher prevalence of chronic conditions like cardiovascular disease (Lin et al., 2013) and diabetes
(Balogh, Lake, Lin, Wilton, & Lunksy, 2014). In addition to these challenges, adults with IDD face many
barriers to accessing healthcare services. This group is characterized by higher poverty and lower literacy
compared to the general population, and has been seen in Canada to have reduced uptake of key primary
care services, including periodic health exams and screens for breast, cervical, and colorectal cancer
(Ouellette-Kuntz, Coo, Cobigo, & Wilton, 2015). Their utilization of the healthcare system is different as
well. They are more likely to be high volume users (i.e., five visits or more per two years) of emergency
departments (Lunsky et al., 2012), and, despite needing more care from specialists than the general
population, have lower utilization rates of specialist care (Isaacs et al., 2013).
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There is a growing awareness that adults with IDD have unique primary care needs, to which several
Canadian initiatives are responding. These include the development of evidence-based Canadian
consensus guidelines in 2006 (Sullivan et al., 2006) and revised in 2011 (Sullivan et al., 2011). The
guidelines are intended to support primary care providers in understanding the complex needs of this
population by providing, “general, physical, behavioural, and mental health recommendations for [the
care of] adults with [IDD], especially for those conditions not screened for by routine health assessments
of the general population” (p. 541). The goal is to improve health outcomes and reduce inequities faced
by adults with IDD.

1.2.2 The Family Health Team: A New Model of Primary Care
In parallel to the growing awareness of the unique primary care needs of adults with IDD, policy makers
have been exploring new models of primary care which could help address the needs of vulnerable
populations including adults with IDD. Reforms in Ontario over the past twenty years reflect changes
seen both elsewhere in Canada and in healthcare systems across the developed world. The old model of a
solitary general physician is shifting towards the “patient-centred medical home” (PCMH) (PCPCC,
2007). This new approach to primary care is built on several key principles. First, it recognizes that the
patient is the centre of the healthcare system and should be involved in decisions about care. Second,
patients should have access to primary care outside traditional office hours, rather than having to rely on
hospital emergency departments for after-hours support. Third, primary care should involve healthcare
professionals such as nurses, mental health practitioners, and pharmacists, in addition to physicians to
allow for effective follow-up beyond a doctor’s appointment. Fourth, primary care needs an
administrative infrastructure which enables preventative care and connects with patients on an ongoing
basis, through such means as appointment reminders, prescription refills, and post-hospitalization
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monitoring. Last, primary care should act as the hub of care for patients with comorbidities who need to
interact with a number of healthcare providers in the healthcare system.

Ontario has introduced a number of new primary care models which differ in both organization and
compensation, including an attempt at a PCMH approach through the Family Health Team practice model
(FHT). Traditionally, primary care has been delivered through lone physician fee-for-service models.
Under such approaches, physicians are paid piecemeal for the work they perform, be it an exam, a
referral, or any of the numerous activities primary care providers conduct in a given day. In 1999, the
Ministry of Health and Long-Term Care (MOHLTC) piloted Primary Care Networks (PCNs) as a new
approach to care based on a team of physicians providing care to enrolled patients (Conference Board of
Canada, 2014). While some PCN physicians were paid by fee-for-service, some began to receive
compensation through a capitation model whereby the physician receives a base payment for each
enrolled patient. Physicians were then expected to provide a basket of services to their patients aligned
with MOHLTC priorities (e.g., breast cancer screens for women ages 50-74). The MOHLTC began
providing bonuses and penalties to providers for exceeding or failing to meet Ministry targets. PCNs also
introduced 24-hour telephone support, information technology, and incentives for preventative care.

Following the initial success of the PCN model, the Ministry introduced the Family Health Network
(FHN) in 2001 as a means of expanding this new approach to primary care. Still in place today, FHNs
were designed as teams of three or more physicians with an enrolled group of patients (Health Force
Ontario, 2014). After-hours care is shared across the team and bolstered by 24-hour telephone advisory
services provided by nurses. Physicians within a FHN commit to enrolling patients – although patients
can still opt to not enroll – and payment is provided through a blended capitation model. Family Health
Groups (FHGs) are an alternate extension of the PCN model introduced in 2003. Like FHNs, they provide
care through teams of three or more physicians with 24-hour telephone support and extended hours.
4

Where they differ is that physicians in a FHG do not have to commit to, but are strongly encouraged to,
enroll patients and physician payment is provided through a blended fee-for-service model, whereby some
financial incentives are available for care given to enrolled patients.

In 2005, the traditional solo physician fee-for-service model was updated via the Comprehensive Care
Model (CCM). The only changes to these physicians’ prior agreements were that doctors had to begin
providing one 3-hour evening or weekend session per week, and they were encouraged to enroll their
patients. Enrolling patients opens up opportunities for certain financial incentives, thus shifting these
doctors to a blended fee-for-service model. Most recently, in 2007, the Family Health Organization
(FHO) was introduced which transitioned any practices still operating as a PCN (as well as a few pilot
programs predating PCNs) into a model similar to the FHN.

Distinct from these four models was the 2005 introduction of Family Health Teams (FHTs), which added
elements of the PCMH approach not previously explored in the PCN, FHN, and FHO models. They
provide care through a broader set of healthcare practitioners than both the traditional single general
physician model and the team-based model introduced through PCNs and FHNs. The FHT design offers
three key benefits. First, under the new framework, a patient has access to a multidisciplinary team of
allied health professionals that includes, for example, nurse practitioners, social workers, and registered
nurses working alongside a team of three or more family physicians. Second, FHTs operate under a
governance structure whereby they are accountable to a board of directors to ensure that local needs are
met. Third, they are resourced financially to provide increased administrative support compared to other
models, in order to facilitate, for example, improved patient follow-up. Unlike the other models, FHTs do
not pay doctors. Rather, they are supra-structures which govern, manage, and fund one or more FHNs
and/or FHOs. Thus, FHT-based physicians are paid through an existing FHN or FHO under a blended
capitation model, but are accountable to, and receive additional administrative support from, their
5

organizing FHT. By 2012, 184 teams had enrolled in the FHT program, serving over 3 million Ontarians
(Ontario MOHLTC, 2014b).

Thus, as of 2007, five main primary care models are funded by the MOHLTC (Figure 1). CCMs and
FHGs are the two blended fee-for-service models remaining, with CCMs comprising solo physicians and
FHGs being teams of three or more physicians. Patient enrolment is optional for both. FHNs and FHOs
are two blended capitation models, all requiring teams of three or more doctors, patient enrolment, and
after-hours care. FHTs are a unique attempt at PCMH-based care, which organize FHNs and FHOs into
larger networks, supporting physicians with an inter-professional team-based model of doctors and other
allied health professionals, as well as a range of administrative supports.

CCM

FHG

FHN

FHO

FHT

Supra-structure

-

-

-

-

Physician
Payment

Blended feefor-service

Blended feefor-service
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# of Physicians

1

3+

3+

3+
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care; Local
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Physician
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1 evening/
weekend
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24-hour
telephone
support &
extended
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24-hour
telephone
support &
extended hours
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Figure 1 - Ontario Primary Care Models
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Thesis Overview
This thesis is organized in five chapters, the first of which is this introduction. Chapter Two reviews the
literature on three key issues: health and healthcare for adults with IDD; the role of primary care in
managing the health needs of adults with IDDs, including the emergence of the patient-centred medical
home as a model of primary care; and approaches to health system access and utilization assessment. The
existing body of research, knowledge gaps, and policy and practice priorities raised in the literature create
a rationale explored in the conclusion of Chapter Two. Chapter Three outlines a methodology for the
research, including descriptions of data sets and a discussion of the difference-in-differences (DiD)
approach. Chapter Four contains the research results. Chapter Five presents a discussion of the results
including limitations of the thesis and opportunities for future study.
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Literature Review
Several areas of scholarly work are relevant to this study of the health impacts of primary care models on
adults with IDD. This literature review summarizes evidence from research on the health risks and
healthcare utilization of adults with IDD, and the unique primary care needs which stem from these risks
and system utilization. It then summarizes the literature on a new primary care model, the patient-centred
medical home (PCMH), and its potential to address the specific primary care needs of adults with IDD. It
concludes with a consideration of approaches to health policy research which allow for the evaluation of
PCMH’s impact on healthcare access and utilization by adults with IDD.

Health and Healthcare for Adults with IDD
There is consensus that adults with IDD face different health risks compared to the general population. A
review of the deaths of British persons between 2004 and 2008 found an overall life expectancy 15 years
shorter for those with IDD than the general population (Glover & Ayub, 2010). Findings on this
population’s risk for specific conditions, however, often differ across studies. Further, there is limited
understanding of how health risks and outcomes for this population are changing over time as the
majority of existing research is cross-sectional in nature. Two fundamental changes to this group’s
demographics are making it increasingly important to understand how health risks are changing over
time. First, over the past few decades, treatment of individuals with IDD has shifted from institutions to
communities (Haveman et al., 2010), although practice varies from country to country. Second, more
recent research shows the life expectancy of individuals with IDD is now increasing such that, apart from
those with severe and multiple IDDs or Down syndrome, it is beginning to approximate that of the
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general population (Coppus, 2013), a factor that has introduced concern for chronic conditions and
diseases typically experienced later in life that were once rare in this population.

An understanding of the specific health risks currently faced by adults with IDD is necessary to
effectively evaluate primary care models for this group. The review of the literature addresses this, first,
by presenting findings on physical and mental health concerns for adults with IDD. Second, a brief
section addresses issues of under-diagnosis of IDD severity and the presence of comorbidities. Last, it
concludes with a review of access to and utilization of healthcare services by adults with IDD.

2.1.1.1 Physical Health Concerns
This section of the literature review documents key physical comorbidity risks faced by this group,
namely, cardiovascular disease and hypertension, diabetes, musculoskeletal conditions, epilepsy, cancer,
and obesity. It further considers the unique risk profile for mental illness in this population in comparison
to the general population. While adults with IDD are at higher risk than the general population for several
other conditions, including gastrointestinal issues, infectious disease, and oral health problems (Haveman
et al, 2010), this review focuses on priority chronic conditions that should be screened and managed
through effective primary care. The section draws primarily on three reviews of the literature. The first, a
review of comparative studies from 1995-2002 by Jansen, Krol, Groothoff, and Post (2004), was
undertaken to compare health problems of people with IDD against the general population. Seven studies
were included in the review, representing the US, the UK, Australia, Finland, Spain and the Netherlands.
All of the studies included a control group without IDD and met standards of reproducibility and
verifiability, although the results are limited by the cross-sectional nature of the majority of the studies the
included. These compared only prevalence of comorbidities, rather than rates, among adults with and
without IDD. The second review is a 2010 review of the literature on health risks for people with IDD by
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Haveman et al. (2010). The study identified over 300 publications from 1999-2008 and, when limited to
“relevant” studies on cardiovascular, gastrointestinal, musculoskeletal, and oral health problems, 147
studies were included. Since, no criteria for inclusion or exclusion, apart from studies on mental health
being excluded, are provided the methodology is not as rigorous as that used by Jansen et al. (2004). The
third review summarized the results of 15 studies published from 2008-2012 (McCarthy & O’Hara,
2011). Methodological information such as inclusion or exclusion criteria was not provided. Eleven
additional studies were identified by searching PubMed entries since 2010 using the search terms
“intellectual disabilities” and “developmental disabilities” in combination with terms related to key
chronic conditions: “cardiovascular”, “diabetes”, “musculoskeletal”, “epilepsy”, and “cancer”. Studies
were included which addressed multiple IDD and provided a comparison to the general population. A
summary of the review is provided in Table 1 followed by a discussion of the selected chronic conditions.
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Lin et al.
(2013)

Morin et al.
(2012)

Higher
prevalence
for Down
syndrome
only
Higher
prevalence

Havercamp ‐
& Scott
(2015)
Tyler,
Lower risk
Schramm, et
al. (2010)

No difference

‐

Higher
prevalence for
non‐Down
syndrome IDD

‐

Lower risk

‐

‐

‐

‐

‐

McCarthy &
O’Hara
(2011)

Inconclusive

Lower risk

Lower risk

Haveman et
al. (2010)

Jansen et al.
(2004)

Diabetes
‐

Hypertension
‐

CVD
‐

‐
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Higher risk of
osteoporosis,
lower risk of
osteoarthritis
Lower risk of
osteoarthritis
than general
population

‐

Higher risk of
osteoporosis,
osteoarthritis,
and fracture
‐

Musculoskeletal
Higher risk of
fracture

‐

‐

Increased
risk

‐

Inconclusive

‐

Epilepsy
Higher risk

‐

‐

‐

‐

‐

‐

Cancer
‐

‐

‐

‐

Obesity
Higher risk,
especially for Down
syndrome and
women
Higher risk
especially for Down
and Prader‐Willi
syndromes
Higher risk
especially for Down
and Prader‐Willi
syndromes
Higher risk

Table 1 - Summary of Review of Physical Health Concerns for Adults with IDD Compared by the General Population

‐

‐
‐

‐

‐

‐

‐

‐

Balogh et al.
(2014)

Li et al.
(2015)

Wilkinson
et al. (2011)

Parish et al.
(2012)

‐

‐

McVilly et
al. (2014)

‐

‐

No difference
in adults;
higher risk for
children with
Down
syndrome
Increasing
prevalence
and higher
risk
‐

‐
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Higher risk for
men than
women
‐

‐

‐

‐

‐

‐

‐

‐

Higher
breast
cancer
mortality
rate
Inconclusive
risk for
breast and
cervical
cancers

‐

‐

‐

‐

‐

‐

‐

‐

2.1.1.1.1 Cardiovascular Disease
There is significant debate around the risk of cardiovascular disease among adults with IDD. McCarthy
and O’Hara (2011) did not find conclusive results for the relationship between IDD and cardiovascular
disease. Results varied by country, as well as by study sample size, indicating that more research is
needed. However, Haveman et al. (2010) document that, while some studies found adults with IDD to be
at greater risk for cardiovascular disease (CVD)-related death than the general population, such studies
were not age-matched to the general population and are not reliable. They propose that an observed rise
over time in CVD-related death rates among adults with IDD may be a factor of the increasing life
expectancy among the IDD population.

Tyler, Schramm, Karafa, Tang, and Jang (2010) found lower risk for several cardiac conditions including
congestive heart failure (OR=0.39), coronary heart disease (OR=0.43), and chronic obstructive pulmonary
disease (COPD) (OR=0.55). Their 2010 Ohio case-control study of electronic primary care records for
1,267 adults with IDD and a control group of 2,534 adults without such disabilities matched by age, sex,
race, and insurance is one of the first system-level analyses using administrative data to produce
statistically significant results.

A survey of 789 Quebec residents with IDD (Morin, Mérineau-Coté, Ouellette-Kuntz, Tassé, & Kerr,
2012) found the prevalence of heart disease among adults age 15 and above, when adjusted for age, to be
7.2%, which was higher than its prevalence among the general population (5.1%). However, Down
syndrome was a significant effect modifier, whereby the prevalence of heart disease among those with an
IDD other than Down syndrome was not significantly different from the general population (5.8%),
whereas it was significantly higher for those with Down syndrome (14.2%).
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The Health Care Access Research and Developmental Disabilities (H-CARDD) program in Ontario
documented higher prevalence among adults with IDD compared to the general population for both
congestive heart failure (2.6% vs. 0.8%) and COPD (10.9% vs. 5.8%) (Lin et al., 2013). This study
assessed all known cases of IDD among adults with IDD in Ontario (n=66,484) in 2009/10 against a
random sample of 20% of the general population (Lin et al., 2013).

The potential lower risk of cardiac conditions for this group could be related to lower risk of associated
risk factors, particularly hypertension. Haveman et al. (2010) found that people with IDD have lower
incidence of hypertension, although rates do increase with age. Indeed, Tyler, Schramm, et al. (2010)
confirmed an odds ratio of 0.66 for hypertension among adults with IDD compared to the general
population. The H-CARDD study in Ontario found equal prevalence of 14.5% for hypertension among
both adults with and without IDD (Lin et al., 2013).

2.1.1.1.2 Diabetes
None of the three reviews addressed diabetes directly. Haveman et al. (2010), however, did note that
studies on related conditions (e.g., CVD, obesity) found that adults with IDD had lower prevalence of
diabetes than the general population, although they conclude that there may be underdiagnosis of diabetes
within this population. Three studies published subsequent to the reviews offer insights.

A meta-analysis of the prevalence and incidence of diabetes among people with IDD (McVilly et al.,
2014), which drew on 13 studies from 2004 to 2012, found a mean prevalence of 8.7% which is
comparable to Europe’s general population mean of 8.5% and lower than the US average of 11%. The
meta-analysis also revealed that children with Down syndrome were four times more likely than all
children to have diabetes. Morin et al.’s (2012) Quebec-based study of 16+ year olds found a non14

significant difference in prevalence of 8.3% for those with IDD and 5.1% for the general population.
However, those with a non-Down syndrome IDD had a significantly higher prevalence of diabetes
(9.6%), while those with Down syndrome had no significant difference compared to the general
population (4.2%). Although this differs from the risk for children with Down syndrome reported by
McVilly et al. (2014), the McVilly et al. study’s younger demographic likely had a higher proportion of
type 1 diabetes cases than type 2, compared with Morin et al. (2012).

The H-CARDD study (Balogh et al., 2014) of 28,567 people aged 30-69 with IDD, and a control group of
2,261,919 people without IDD, found prevalence and incidence of diabetes to be growing over time.
From 2004/5 to 2009/10, the prevalence of diabetes had grown from 9.97% to 16.03% among the IDD
population, and from 5.43% to 9.69% among those without IDD, while incidence rates were not
statistically different between the two groups. The adjusted odds ratio for diabetes among people with
IDD compared to people without was 1.50, and those with IDD were more likely to develop diabetes if
they were younger, female, and rural-based. Last, while adults living in higher income neighbourhoods
have lower prevalence of diabetes, the observed effect of neighbourhood income was smaller among
those with IDD.

Thus, while earlier results (Haveman et al., 2010) suggest adults with IDD have a lower incidence of
diabetes, Balogh et al.’s (2014) large sample size has produced a more rigorous result which suggests that
previously established norms are changing and ongoing surveillance is critical for better understanding of
diabetes among people with IDD. This recommendation is also supported by the work of Morin et al.
(2012). This newer research supports Haveman et al.’s (2010) suggestion that chronic conditions – CVD
and diabetes, in particular – are likely underdiagnosed within this population.
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2.1.1.1.3 Musculoskeletal Conditions
There is some evidence that adults with IDD are at higher risk for certain musculoskeletal conditions
compared to the general population. Jansen et al. (2004) found the prevalence of fractures among adults
with IDD to be 5.0% compared to 1.9% for the general population (odds ratio: 2.8). Haveman et al.
(2010) concurred with Jansen et al.’s (2004) finding of higher incidence of fractures, reporting rates
ranging from 1.7 to 3.5 times that of the general population. They (Haveman et al., 2010) also found
higher risk for osteoporosis and osteoarthritis. Risk of osteoporosis in this group is also associated with
Down syndrome, high levels of inactivity, lack of exposure to sunlight, and usage of anticonvulsant
medications. Tyler et al. (2010) supported Haveman et al.’s (2010) findings on osteoporosis, reporting an
odds ratio of 1.3; however, they contradicted the findings on osteoarthritis with a reported odds ratio of
0.81. A Quebec study (Morin et al., 2012) came to similar conclusions. The prevalence of
arthritis/rheumatism or osteoarthritis/arthrosis among adults with IDD was 6.7% compared to 14.1% in
the general population. The prevalence was slightly higher among adults with Down syndrome (8.8%)
compared to adults with other IDDs (6.3%), and both were significantly lower than that in the general
population.

A study of 184 institutionalized people with IDD in Taiwan (Li, Hurley, Decicca, & Buckley, 2014)
found a prevalence of 27.7% for osteopenia and 26.1% for osteoporosis. Contrary to other studies, they
report an odds ratio of 2.169 for men over women for osteopenia and osteoporosis. The small size of the
study, its institutional context, and the established body of work identifying women as being at greater
risk of osteoporosis, raise questions about the external validity of this result. In particular, the authors did
not adjust for different drug regimens across sex, which can result in a higher risk of osteoporosis (Li et
al., 2014).
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Despite the disagreement over osteoarthritis, it is thought that musculoskeletal risks can be a function of
both reduced mobility due to IDD and of the bone density and thyroid issues that can result from certain
syndromes (e.g., Down syndrome) and/or medications (e.g., anticonvulsants) (Haveman et al., 2010).

2.1.1.1.4 Epilepsy
Epilepsy is also a documented risk for individuals with IDD. Jansen et al. (2004) demonstrated higher
prevalence ranging from 11% to 19.2% for individuals with IDD compared to 0.8% to 3.9% for the
general population. Tyler et al.’s (2010) published odds ratio of 5.4 for adults with IDD being diagnosed
with epilepsy compared to the general population supports the findings of Jansen et al. (2004). McCarthy
and O’Hara (2011) cited higher prevalence of treatment-resistant epilepsy among adults with IDD
compared with the general population, as well as higher mortality rates due to epilepsy. Thus, although
further research is needed in this area, there are indications that adults with IDD are indeed at higher risk
of epilepsy in comparison to the general population.

2.1.1.1.5 Cancer
As the life expectancy of adults with IDD increases, there is a growing understanding that cancer, which
was often undetected in previous generations, is now a health risk in need of improved understanding for
this group (Heller & Sorensen, 2013). Women with IDD face unknown risks for breast and cervical
cancers (Parish, Swaine, Luken, Rose, & Dababnah, 2012). Although low estrogen levels often found in
women with IDD lower the risk of cervical and some breast cancers, high prevalence of hypogonadism
and childlessness among women with IDD places them at higher risk for breast cancer. Moreover, while
lower levels of sexual activity decrease the risk of cervical cancer, poorer understanding of sexually
transmitted diseases, higher rates of obesity, poor hygiene, and higher risk of sexual victimization
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increase the risk of cervical cancer. Wilkinson, Lauer, Freund, and Rosen (2011) documented that, while
Massachusetts incidence rates of breast cancer are comparable for women with and without IDD,
mortality rates are higher, with 30.9 per 100,000 women with IDD dying from breast cancer compared to
24.2 per 100,000 women without IDD. A study of administrative records for 9,409 individuals with IDD
in Australia (Sullivan, Hussain, Threlfall, & Bittles, 2004) found no significant difference in agestandardized cancer incidence for adults with IDD compared to the general population; however, they did
find that women with IDD faced greater risk of colorectal cancer compared to their male counterparts.
Despite the limited understanding of the unique cancer risks faced by adults with IDD, the changing
demographic profile of this group suggests that further research is critical in this area.

2.1.1.1.6 Obesity
Adults with IDD are at higher risk of obesity, which, when prolonged, increases this population’s risk of
cardiovascular disease, hypertension, and diabetes (Haveman et al., 2010). Jansen et al. (2004) found
adults with IDD are more likely to be overweight than the general population, with women and
individuals with Down syndrome at greater risk. These results were confirmed by Haveman et al. (2010),
who documented that adults with IDD are generally regarded as being at higher risk of obesity than the
general population in industrialized nations, although prevalence estimates vary widely from 2% to
50.5%. Higher rates of obesity are attributed to poor diet, communal living (although institutionalization
of adults with IDD is less common in developed nations than in past decades), and some syndromes,
namely Down syndrome and Prader-Willi syndrome (Haveman et al., 2010).

2.1.1.2 Mental Health Conditions
In addition to the differing risks for physical health conditions faced by adults with IDD, they are also at
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higher risk of developing a range of mental health conditions compared to the general population.
Reviews published in 2006 and 2009, along with subsequent studies, support this conclusion.

Whitaker and Read’s 2006 scoping review focuses specifically on mental health for adults and children
with IDD. It synthesizes results from 14 studies published from 1970 to 2003 which address the
prevalence of psychiatric disorders among people with IDD. Studies were excluded if they only
represented a narrow band of IDD or were thought to be drawn from a population with an
overrepresentation of mental illness. A further ten studies that focused on children with IDD were also
included in the scoping review. A systematic review by Bielska (2009) evaluated the literature on dual
diagnosis of IDD and psychiatric or behavioural conditions for adults age 16 and above living in the
community from 1980-2008. The review assessed 22 articles and excluded studies which focused on a
single IDD or psychiatric condition. Results from subsequent studies are integrated herein to provide an
understanding of the present state of the literature. Table 2 provides a summary of reported prevalence of
mental health conditions for adults with IDD.
Table 2 - Reported Prevalence of Mental Health Conditions for Adults with IDD

Bielska
(2009)
Whitaker &
Read (2006)
Lin et al.
(2013)
Bhaumik et
al. (2008)
White et al.
(2005)
Ervin,
Williams &
Merrick
(2014)

All Mental Health
Conditions
43%‐54%

Depression
‐

Anxiety
Disorder
‐

Psychotic
Disorder
‐

18.1%‐40%

1.2%‐8.9%

‐

3‐5%

48.6%

‐

‐

‐

34%

‐

‐

‐

‐

8%

14%

1.3%

‐

17.8%

18%

‐
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Diagnosing and treating mental illness among adults with IDD creates unique challenges. White, Chant,
Edwards, Townsend, and Waghorn (2005) note the complexity of diagnosis, particularly for patients
whose disability makes verbal communication difficult. In such cases, carer reports, direct observation,
and other sources of the patient’s behavioural history are key to an accurate assessment of the patient’s
mental health. Diagnosis of mental illness among adults with IDD is further complicated by a lack of
consensus over the appropriateness of using diagnostic tools designed for the general population with this
particular group (Bielska, 2009). IDD can also result in diagnostic shadowing, whereby symptoms of
mental illness are hidden by presentations of an IDD. Thus, it is likely that the true prevalence of mental
illness among IDD populations is underreported (Bielska, 2009).

Reported prevalence of mental health conditions among adults with IDD varies across studies as it does in
the general population. Whitaker and Read (2006) found lifetime prevalence of mental illness in the
general population ranged from 18.1% in a US study to 40% in a Korean study. Bielska’s (2009)
systematic review found generally higher estimates in the adult IDD population, ranging from 43% in a
Swedish study to 54% in a Scottish study.1 The results of Bielska (2009) are close to results in Ontario
where almost half (48.6%) of adults aged 18-64 with IDD were found to have a diagnosed mental illness
or addiction problem (Lin et al., 2013). Elsewhere, a cross-sectional study of adults aged 19 and above in
two UK counties (n=2711) found a prevalence of 34% using ICD-10 criteria (Bhaumik, Tyrer,
McGrother, & Ganghadaran, 2008).

Whitaker and Read (2006) concluded that the wide variance in their study results was a limitation of
differing definitions of psychiatric disorder, and a lack of randomized sampling. Bielska (2009) also

1

These results, however, were highly sensitive to diagnostic approaches, resulting in prevalence estimates as low as
15.7%, compared to the reported 54%, when other approaches were taken.
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suggests that many studies are documenting “service prevalence” rather than a more reliable populationlevel prevalence because data is drawn from mental health and other service registers. While individuals
with severe IDD are almost universally represented in service registers, those with less severe conditions
may not be receiving support services and would thus not be represented in such databases.

Research on prevalence of individual psychiatric conditions is limited. White et al. (2005) measured
mental illness prevalence at 1.3% for a psychotic disorder, a result similar to Whitaker and Read (2006),
8% for a depressive disorder, and 14% for an anxiety disorder. A study of a US-based cohort of 1,318
patients with IDD found a prevalence of 18% for anxiety disorders and 17.8% for depression (Ervin,
Williams, & Merrick, 2014). Rates of depression ranging from 1.2% to 8.9% are lower than those of the
general population which are estimated at 10-25% for women and 5-15% for men (Whitaker & Read,
2006; White et al., 2005).

Whitaker and Read (2006) report prevalence of schizophrenia in adults with IDD range from 3-5%,
compared to 0.5-1.5% for the general population. They do note a study of schizophrenia diagnoses in the
Swedish military which reported prevalence of 1.3% for those with an IQ below 74, 0.6% for those with
an IQ between 74 and 95, and 0.3% for those with an IQ of 96-126. Although they argue this creates
some evidence for an association between IDD and schizophrenia, it should be noted that low IQ is not
consistent with accepted definitions of IDD. Further, while they do not define a lower threshold for the
“below 74” population, as the sample was drawn from military records, adults with more severe IDD
would not be included in this group.

Studies drawn from administrative data have found the prevalence of depression to be lower among adults
with IDD compared to the general population (Whitaker & Read 2006, White et al. 2005). The one study
which found unusually high prevalence (Ervin, Williams & Merrick, 2014) was a prospective cohort
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study, but did not include a control group from the general population and did not define depression. As
demonstrated by Bielska (2009), depression prevalence is highly sensitive to diagnostic standards (e.g.,
Royal College of Psychiatrists vs. American Psychiatric Association). Thus, while their findings for
anxiety disorder were closer to other studies’ results, it is difficult to determine why they found higher
prevalence for depression compared to other studies. Findings on anxiety and psychotic disorders were
consistent across studies and found prevalence higher among adults with IDD compared to the general
population (Whitaker & Read 2006, White et al. 2005).

As discussed in Bielska (2009), Cooper, Smiley, Morrison, Williamson, & Allan (2007) have also
investigated independent associations with mental health for adults with IDD. They found statistically
significant relationships with a number of factors. These include health conditions such as incontinence,
not having severe physical disabilities, and not being immobile; and interactions with the health system,
namely, higher number of consultations with a general practitioner in the past 12 months. Women with
IDD were more likely to have mental illness than men with IDD. Likewise, smokers with IDD were at
higher risk of mental illness. Last, a high number of life events in the past 12 months, as well as living
with a paid support worker, also increased the risk of mental illness for adults with IDD. Contrastingly,
they found residence in “deprived areas”, lack of daytime employment, marital status, and epilepsy to be
associated with mental illness for the general population, but not for the IDD cohort.

This literature on mental health for adults with IDD thus suggests several conclusions. The prevalence of
depression ranges from 8%-17.8%. For anxiety disorders, prevalence ranges from 14-18%. Prevalence of
psychotic disorders, including schizophrenia, are the lowest, ranging from 1.3%-5%. To conclude for the
broader health risks facing adults with IDD, a unique risk profile emerges for a number of key chronic
conditions including cardiovascular disease, diabetes, musculoskeletal conditions, epilepsy, obesity,
cancer, and mental illness. Further, the increasing life expectancy of people with IDD is creating a new
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set of risks for chronic disease that has not previously been seen in this population (Haveman et al.,
2010). Although it is well established that this population has unique healthcare needs, given the ongoing
debate about individual risk factors and limited studies on many of the comorbidities discussed above, it
is clear that further research is needed.

2.1.2 Healthcare Access and Utilization Among Adults with IDD
As adults with IDD face different risks for mental and physical health conditions than the general
population, they also use healthcare systems differently and face unique barriers to access. The existing
literature identifies challenges with primary care-based screening, emergency department visits, and
hospital admissions for mental health issues and ambulatory care sensitive conditions.

Overall primary care utilization by this population is about the same as that of the general population. In
Ontario, 76.1% of this population visits their primary care provider at least once per year, which is about
the same as the general population (74.5%) (Isaacs et al., 2013). When measured as a rate, Isaacs et al.
(2013) found adults age 18-65 with IDD visit their family physician slightly more often than the general
population (5.8 times per year compared to 4.7).

While these differences are small, the differing primary care utilization for adults with IDD compared to
the general population becomes clearer when screening uptake is compared, highlighting gaps in access to
care. The Canadian consensus guidelines for primary care of adults with IDD support the importance of
the periodic health examination, recommending first and foremost, “an annual comprehensive preventive
care assessment including physical examination” (Sullivan et al., 2011). In Ontario, only 22% of adults
with IDD were found to undergo a periodic health exam over a two-year period (Ouellette-Kuntz, Cobigo,
Balogh, Wilton & Lunsky, 2013; Ouellette-Kuntz, Cobigo, Balogh, Wilton, & Lunsky, 2015). This is half
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of the uptake found in the UK (Glover, 2014). The difference between urban and rural patients in Ontario
was significant (Ouellette-Kuntz et al., 2013): 18% of rural patients with an IDD had received a PHE
within the previous two years compared with a similar 19.5% of those without an IDD, while for urban
patients the gap was larger, with 22.7% of adults with an IDD having had a PHE in the previous two
years compared with 27.2% of patients without. For patients with IDD in neighbourhoods with higher
incomes, uptake improved, but still lagged behind uptake proportions for patients without IDD by 3.4 to
4.6 percentage points depending on neighbourhood income quintile.

Healthcare access by adults with IDD is also limited for cancer screening, as demonstrated by two
reviews of the literature and recent research on the Canadian context. Numerous barriers to screening
emerge from this research including anxiety, lack of understanding of the test’s purpose, difficulty with
transportation, the need for staff accompaniment during travel to the healthcare facility (for patients living
in group homes), cost, provider discomfort, spousal support, and impediments caused by physical and
cognitive limitations (Wilkinson, Culpepper, & Cerreto, 2007; Merten, Pomeranz, King, Moorhouse, &
Wynn, 2011). One study not considered in either review also identified increased poverty rates and
limited literacy and communication skills as a barrier to screening (Tyler, Zyzanski et al., 2010).

For breast cancer, it has been shown that, while women with IDD feel positive towards a mammogram,
they nevertheless experience anxiety about the exam (Merten et al., 2011). Wilkinson et al. (2007)
identified the lower likelihood of women with IDD having children and breastfeeding places them at
higher risk for breast cancer, and yet this population has lower uptake of mammograms compared to
women in the general population. The longer lifespan of adults with IDD, they argue, should induce
primary care providers to “make every effort to obtain a mammogram at regular intervals.” (Wilkinson et
al., 2007, p. 403). In Ontario, breast cancer screening rates among women with IDD lag behind the
general population. Ouellette-Kuntz et al. (2013) found that, at 52.2%, the mammogram uptake
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proportion (2009-2011) for women with IDD aged 50-64 was lower than the 70.7% proportion found
among women without IDD. The gap increased with age. When adjusted for age, rurality, income, and
resource utilization, Cobigo et al. (2013) reported an adjusted odds ratio of 0.47 for women with IDD
having a mammography over two years compared to women without IDD.

Merten et al. (2011) found several factors which prevent women with IDD from having cervical cancer
screening including being single, being aged 35 or under, physicians not having a robust reminder system,
inadequate physician communication, and lack of assistance. Wilkinson et al. (2007) argue that cervical
cancer screening is a controversial subject as women with IDD, in general, are less sexually active than
the general population. They recommend physicians decide on an individual basis whether or not to
screen for cervical cancer based on the patient’s sexual history, rather than disability. This, however, is
not consistent with more recent guidelines and research. UK policy now encourages pap smears for
women with IDD over age 25, and the Learning Disabilities Health Check has improved documentation
of pap smear status for women with IDD, increasing documentation from 56.2% to 85.7% (Chauhan,
Kontopantelis, Campbell, Jarrett, & Lester, 2010). Of all UK women with IDD aged 25-67, 39.4% had no
record of a pap smear, and 28.3% declined the test, resulting in a known uptake proportion of 32.3%
(Chauhan et al., 2010). Similar rates have been found in Ontario where the proportion of women age 18 to
64 who had a pap smear over the previous two years was almost double for women without IDD (33.7%
for women with IDD compared to 66.7% for women without IDD) (Ouellette-Kuntz et al., 2013).

In reviewing colorectal cancer screening, Merten et al. (2011) found only two relevant studies. These did
identify that screening rates decrease with the severity of the individual’s disability. Wilkinson et al.
(2007) found colorectal cancer prevalence was slightly higher among adults with IDD compared to the
general population, and that frequent constipation among adults with IDD living in group homes made
colorectal cancer symptoms difficult to detect. In Ontario, the proportion of adults in 2010 aged 50-64
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who were up-to-date with colorectal cancer screening was 32.0% among adults with IDD and 47.2% for
those without IDD (Ouellette-Kuntz et al., 2013; Ouellette-Kuntz, Coo et al., 2015). The gap widened as
age increased. Enrolment with a physician also impacted uptake of colorectal screens, increasing the
proportion of patients up-to-date with colorectal tests from 22.2% to 37.0% for patients with IDD and
from 31.9% to 53.1% for patients without IDD (Ouellette-Kuntz, Coo et al., 2015). Ouellette-Kuntz, Coo
et al. (2015) also found an adjusted odds ratio of 0.54 for patients with an IDD being up-to-date on
colorectal testing against those without an IDD, when adjusted for patient sex, rurality, neighbourhood
income quintile, resource utilization band, and enrolment with, or treatment by, a physician in a patient
enrolment model. Colorectal screens for this population can be particularly challenging given the
increased likelihood of comorbidities (e.g., dysphagia, gastroesophageal reflux disorder, constipation),
inability to attain patient consent, and patient difficulty in self-administering preparations (Fischer,
Becker, Paraguya, & Chukwu, 2012).

In contrast to this population’s reduced access to primary-care based screens, they use secondary care,
including the emergency department (ED), more than the general population. A 2009 review of the
literature on access to secondary care for adults with IDD (Backer, Chapmanand, & Mitchell, 2009)
synthesized results from thirteen studies from the UK and Australia. Results from the US and Japan were
also referenced, but either did not meet the inclusion criteria of addressing factors which influence access
to secondary care or evaluation of initiatives to improve access to care, or were not published in Englishlanguage, peer-reviewed journals. In the UK, 26% of adults with IDD were hospitalized each year
compared with 14% of the general population. Significant barriers exist for this group to access effective
secondary care, including hospital processes, staff attitudes, and the physical environment of hospitals
(Backer et al., 2009). A more recent review (Iacono, Bigby, Unsworth, Douglas, & Fitzpatrick, 2014)
assessed sixteen papers on the hospital experiences of adults with IDD, and found that, while they account
for 11% to 17% of hospital admissions and ED visits, adults with disabilities (including both intellectual
26

and physical) consume 68% of all bed days and 65% of hospital costs. Nevertheless, as with Backer et al.
(2009), Iacono and colleagues found the literature to be limited. While they identified ED utilization as a
priority issue for this population, they found only four studies on the topic; one from Australia and three
from Canada. The Australian study surveyed adults with IDD to assess their ED experiences, but was
limited by poor survey response rate (Iacono & Davis, 2003). It did document, however, that hospital
admissions for adults with IDD were rising at a faster rate than the general population, that this population
uses secondary care, particularly the ED, more than the general population because of difficulty accessing
primary care, and that hospital admissions are often the result of care providers being inexperienced in
treating and communicating with individuals with IDD.

The initial findings of Iacono and Davis (2003) have been substantiated in recent Canadian studies. In
2009-10, 33.9% of Ontario adults with IDD visited the ED compared to 20.2% of the province’s general
population and, on average, they visited 3.0 times per year compared to 1.8 times per year for adults
without IDD (Isaacs et al., 2013). A 2007-09 population-level study identified 43,549 adults with IDD in
Ontario using healthcare administrative data (Lunsky et al., 2012) and reported that, for those without
mental illness, 44.1% visited the ED over a two-year period, rising to 52.9% for those with some mental
illness, and 62.6% for those with severe mental illness. In comparing high-volume users of the ED
(greater than ten visits over two years), the proportions rose from 2.2% for patients with IDD and no
mental illness, to 4.5% for patients with IDD and some mental illness, and 11.6% for patients with severe
mental illness (Lunsky et al., 2012).

In addition to increased ED utilization, recent Canadian research also affirms the findings of Backer et al.
(2009) and Iacono et al. (2014) that adults with IDD are more likely to be hospitalized than the general
population. In Ontario in 2009-10, 7.5% of this group were hospitalized at least once per year compared
to 4.4% of the general population (Isaacs et al., 2013). Balogh, Hunter, and Ouellette-Kuntz (2005) have
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also demonstrated that one-third of Ontario in-hospital stays by adults with IDD in 1995-2001 were for
mental disorders, and 40% of day surgeries were for dental disease. Balogh et al. (2010) found these
healthcare utilization disparities were higher among younger population groups than older ones, and
urban dwellers compared to rural dwellers. The results were particularly pronounced for epilepsy and
schizophrenia, with persons with IDD at 54 and 15 times greater risk of hospitalization for these
respective conditions than the general population. Lunsky and Balogh (2010) used Canadian
administrative data to analyze 8,378 hospitalizations of individuals with IDD in 2005-06 and
demonstrated that 42% of hospitalizations of people with IDD were due to a psychiatric condition.

Of particular concern in regard to hospitalizations of adults with IDD are ambulatory care sensitive (ACS)
hospitalizations. ACS conditions are chronic conditions such as COPD and diabetes where it is generally
possible to prevent acute exacerbations and which can be treated through outpatient services, rather than
hospitalizations (King’s Fund, 2015). A Manitoba-based retrospective cohort study using administrative
data for the entire province (population, n=1,189,638) for 1999-2003 (Balogh, Brownell, Ouellette-Kuntz,
& Colantonio, 2010) found patient age, sex, and rurality to be significant confounders in the relationship
between IDD and ACS hospitalizations. After adjusting for these factors, the incidence rate of ACS
hospitalizations was 6.12 times higher for persons with IDD than for persons without IDD. Another
analysis investigated factors associated with ACS hospitalizations among adults with IDD. Balogh,
Ouellette-Kuntz, Brownell, and Colantonio (2013) found statistically significant relationships between
living in an area with a high proportion of First Nations people (OR 2.3) and having high levels of
comorbidities (OR 25.2), as well as a protective effect for living in a high-income area (OR 0.56).
Interestingly, they found an odds ratio of 1.3 for living in a rural area, which differs from the protective
effect Balogh et al. found in their first study (2010). This could be the result of a number of factors
including high turnover of family physicians, longer distances to primary care providers, and differing
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thresholds for hospital admissions between urban and rural providers. Balogh et al. (2013) note the need
for research on the impact of health service resource factors on hospitalization rates.

Although there is a growing evidence base in the Canadian context, research on access to, and utilization
of, healthcare resources by adults with IDD is still limited. Existing research on periodic health exams for
adults with IDD, the reviews on cancer screening among this population and more recent Canadian
studies, as well as reviews on secondary care utilization, particularly emergency department visits and
ACS hospitalizations, demonstrate that adults with IDD have difficulty accessing healthcare and use
certain parts of the system more than the general population. Primary care has been established as the first
line for addressing these issues. Indicators from Ontario show that patient treatment through a Family
Health Team (FHT) improves uptake of cervical, breast, and colorectal screens, although in 2009-10 80%
of this population was not served by a FHT, and it is yet unknown to what degree FHT-based care meets
the needs of this population (Isaacs et al., 2013). Also, there has been no research conducted to determine
how much, if any, of the differences in healthcare utilization among adults with IDD across different
primary care models can be attributed to systematic differences between those who receive care through
FHT and those who receive care outside FHTs. Better understanding of the relationship between primary
care models and healthcare utilization by adults with IDD is thus needed.

The Role of Primary Care
The different risk profile of and system utilization by adults with IDD point to the need for effective care,
particularly at the primary care level. Notwithstanding the importance of access to psychiatric services for
many of the mental health issues seen in this population, primary care has a critical role to play in the
diagnosis and management of the physical and mental health conditions commonly seen in this
population. This section assesses the literature on primary care for adults with IDD. It looks at guidelines
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for the care of adults with IDD and evaluates the literature on an emerging model of primary care which
may have particular benefits for adults with IDD, the medical home.

2.2.1 Guidelines for Care of Adults with IDD
Over the past decade, consensus documents related to the care of adults with IDD have asserted the key
role of primary care for this population. These include the 1998, 2005, and 2012 Developmental
Disability Management Guidelines from Australia (TGL, 2012), the 2004-2008 POMONA health
indicators (Walsh, Hall, & Ryan, 2008), the 2006 and 2011 Consensus Guidelines for Primary Health
Care of Adults with Developmental Disabilities (Sullivan et al., 2011) from Canada, and the Learning
Disability Health Check first introduced by Public Health England in 2008 (Glover, 2014).

First introduced in 1998, and revised every seven years thereafter, the Developmental Disability
Management Guidelines (TGL, 2012) are a foundational attempt to highlight the unique care needs of
individuals with IDD. In particular, they led to the development and implementation in Australia of the
Comprehensive Health Assessment Program (CHAP) (UniQuest, 2010), a tool for primary care providers
to “prompt a comprehensive health assessment for adults with intellectual disabilities” (UniQuest, 2010,
p. 1). The CHAP combines a health history documented by the patient and their caregiver, with a
physician-led assessment of key potential conditions for which the individual may be at risk.

In a cluster randomized controlled trial of 272 patients with IDD measuring outcomes twelve months
post-intervention, the CHAP was demonstrated to improve health promotion and disease prevention
(Lennox et al., 2010). Patients who received the CHAP had an odds ratio of 7.4 for receiving the
Pneumococcus vaccine against those without a CHAP, 4.5 for hearing testing, 5.4 for Hepatitis A
vaccination, 3.4 for vision testing, and 3.1 for weight measurement. These support the results of an earlier
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cluster randomized controlled trial (Lennox et al., 2007) of 453 patients in 34 clusters which found
patients who participated in the CHAP were 6.6 times more likely to have vision impairment detected, 30
times more likely to have a hearing test, nine times more likely to be tested for tetanus, and eight times
more likely to have a pap smear, compared to those who did not have a CHAP. Forty-six general
practitioners in the first trial also participated in phone interviews to assess the benefits, barriers, and
gains derived from the CHAP (Lennox et al., 2013). Providing the CHAP to patients with IDD enabled
physicians to provide better surveillance of their patients’ health and enhance support workers’
knowledge of IDD and related conditions. Organizational issues, particularly the capacity to research past
patient records, were identified as barriers to ongoing use of the tool.

In Europe, a group of fourteen nations introduced the POMONA standards in 2008, which offer a
population health approach to care for adults with IDD. While the majority of the standards relate to
surveillance indicators (e.g., prevalence, income/socio-economic status, and life expectancy), many of the
benchmarks affirm the need for effective primary care of individuals with IDD. First, they encourage
monitoring of key health status indicators related to epilepsy, oral health, body mass index, mental health,
sensory skills, and mobility. Second, they highlight the need to assess patient physical activity,
challenging behaviours, and medications. Third, they highlight the importance of healthcare utilization by
measuring hospitalizations and health check-ups. Although POMONA does not offer a tool like the
CHAP, its population-level surveillance metrics require active engagement of primary care providers to
determine the outcomes required in the framework.

Canada’s guidelines for the primary care of adults with IDD, first published in 2006 and revised in 2011,
are similar to the Australian approach of identifying best practices for physicians to implement (Sullivan
et al., 2011). They identify thirty-one key issues organized in three themes: general issues in primary care,
physical health guidelines, and behavioural and mental health guidelines. The general issues category
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aims to raise awareness among physicians of the fundamental skills required to diagnose and treat IDD
and related comorbidities. These include disparities in care of people with IDD compared to the general
population; understanding etiology and potential genetic tests that can assess IDD; psychological
resources that can assist the ongoing assessment of adaptive functioning; familiarization with tools to
better diagnose causes of pain and distress related to IDD; guidance for long-term medication usage;
screening for abuse and neglect; discussion of patient consent and IDD; the importance of advance care
planning; and the role of interdisciplinary care, particularly the involvement of care coordination, in
treating adults with IDD. Perhaps most important is the first guideline that recommends an annual
physical exam, which serves both as the starting point for all subsequent screens and as a regular point of
interaction to discuss the many issues raised in the guidelines.

Twelve recommendations are made for addressing the physical health of patients with IDD. These include
promoting healthy living to avoid inactivity and obesity; encouraging proper oral hygiene; screening for
cardiovascular disease and discouraging potential risk factors (e.g., smoking); screening for respiratory
disorders and gastrointestinal complications; addressing sexual health and preventing exploitation;
assessing risk of musculoskeletal disorders; managing potential epilepsy; monitoring thyroid function and
potential endocrine disorders; screening for infectious diseases and ensuring immunizations are up-todate; and ensuring regular cancer screening. Regular ongoing interaction with a primary care provider,
preferably in an interdisciplinary context, is essential for ensuring the above screens, assessments, and
conversations can take place.

Last, ten of the points of discussion pertain to mental health and behavioural issues, including psychiatric
disorders, medications, and patient behaviour. These incorporate monitoring problem behaviours;
screening for psychiatric disorders and consulting with specialists where necessary; seeking
interdisciplinary help to assess and manage potential psychotic disorders; working in cooperation with
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adults with IDD and their caregivers to develop treatment plans; drawing on non-medicinal treatments;
understanding best practices in prescribing psychotropic medications; understanding inappropriate uses of
antipsychotic medications; effective management of behavioural crises; screening for alcohol and drug
abuse; and assessing dementia, which can often be mistaken for depression or delirium. The emphasis on
mental health was a significant development over the earlier 2006 guidelines and reflects the greater
understanding of mental illness and IDD achieved in the subsequent five years.

Sullivan et al. (2011) make the astute observation that most of the Canadian guidelines “are supported by
level III evidence” (p. 550). Indeed, of the 83 recommendations stemming from the 31 guidelines, only
four are informed by level I evidence (“properly conducted randomized controlled trial, systematic review
or meta-analysis”), and six by level II evidence (“other comparison trials, non-randomized, cohort, case
control, or epidemiologic studies, preferably [although not necessarily] more than 1 study”) (p. 543). The
remaining 73 guidelines stem only from expert opinion, which, as the above discussion of existing
literature demonstrates, is divided and often context-specific. This points to the need for more randomized
controlled trials and well-designed analytic observational studies (e.g., cohort, case-control).

The National Health Service’s Learning Disability Health Check (Glover, 2014) has established primary
care as the gateway for managing the numerous health complications – physical and mental – that are
generally associated with intellectual and developmental disabilities. In particular, the Learning Disability
Health Check has become a key tool for screening potential health conditions to which persons with IDD
may be vulnerable. For the general population, the National Health Service (NHS) offers a health check to
adults ages 40-74 every five years which covers high blood pressure, cholesterol, obesity, poor diet,
physical inactivity, and alcohol consumption. The Learning Disability Health Check is a supplemental
program introduced in 2008. The program compensates primary care physicians for performing this
targeted exam for adults with IDD annually. It incorporates the majority of the Canadian guidelines, with
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the exception of cancer screening, but is strengthened by its integration into physician compensation
models and public health surveillance.

The Learning Disability Health Check includes a complete medical exam (i.e., weight, heart rate, blood
pressure, blood and urine samples) a mental health check and review, an epilepsy screen, a review of
current medications, a review of any chronic conditions including diabetes, and a review of coordination
with secondary care, and any required transition arrangements. Thus, this health check works to ensure
the many comorbidities which result in the observed increases in ER visits and hospital admissions are
reduced through effective diagnosis and management, including referral to appropriate secondary care. In
an international review, Robertson, Roberts, Emerson, Turner, and Grieg (2011) concluded, “targeted
health checks should be considered to constitute an effective and important adjustment to the operation of
primary healthcare services as one component of health policy responses to the poorer health of people
with ID” (p. 1017). Through its clear guidelines, education programs, incentives, and emphasis on
coordinated care, the UK stands as the leader in primary care for adults with IDD.

Learning Disability Health Check uptake has been largely successful with 75% of patients with IDD’s
physicians participating in the program. In 2013-14, 94,647 people had a Learning Disability Health
Check, out of an estimated 214,000 people with an IDD, an uptake of 44%. A study of early uptake
among six practices in Oxfordshire (Walmsley, 2011) found 2009-10 compliance rates ranging from 10%
to 100% of eligible patients (average of 26.1% as reported by Michell, 2012). Physicians noted several
benefits to performing the check including encouraging patients to use primary care well; promoting
healthy living; helping general physicians support carers; and helping physicians understand the unique
needs of patients with IDD. A study of why initial uptake of the exam in Oxfordshire was only 26.1%
(Michell, 2012) affirmed Walmsley’s finding that some doctors do not understand “reasonable
adjustment”, but do indeed treat all patients the same. The CHAP in Australia has faced similar
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resistance, with uptake as low as 3.5%. Findings on barriers to uptake in Australia affirm the lessons from
the UK: while doctors who perform the exam find it enables them to provide better care and monitoring
for their patients, the broader population of physicians has difficulty seeing the value of the exam
(Lennox et al., 2013). Once initial resistance was addressed in the UK, though, Chauhan et al. (2010)
found the health check improved the proportion of patients with up-to-date records for carer details
(20.1% to 58.7%), ethnicity (33.9% to 46.7%), blood pressure (85.1% to 96.7%), smoking status (83.4%
to 97.8%), and BMI (77.1% to 92.4%). It also improved uptake of several key assessments: hearing
(13.5% to 21.7%), vision (6.6% to 19.4%), behaviour (0.7% to 7.5%), bowel (3% to 12%), bladder (6.1%
to 14.1%), and feeding (0% to 7.5%). Importantly, the annual check has also assisted doctors in drawing
on specialist support, rather than treating patients with IDD the same as any other patient (Walmsley,
2011).

Initial results from Australia, Canada, POMONA in Europe, and the UK attest to the potential impact
primary care can have on improving health outcomes for adults with IDD and preventing unnecessary
utilization of healthcare resources. Adherence to guidelines and evidence-based standards is key to such
advances. The following section examines the evidence on the effectiveness of the medical home as an
improved model of primary care which could contribute to the achievement of guideline adherence.

2.2.2 The Patient-Centred Medical Home
In 2011, the College of Family Physicians of Canada (CFPC) released A Vision for Canada: Family
Practice – The Patient’s Medical Home, a report which established the patient-centred medical home
(PCMH) as the organization’s official policy on family medicine practice. As defined by the CFPC, a
PCMH is
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the central hub for the timely provision and coordination of a comprehensive menu of
health and medical services patients need…where a team or network of caregivers,
including nurses, physician assistants, and other health professionals…work together
with the patient’s personal family physician to provide and coordinate a comprehensive
range of medical and health care services required by each person. It is where patient–
doctor, patient–nurse, and other therapeutic relationships are developed and strengthened
over time, enabling the best possible health outcomes for each person, the practice
population, and the community being served. (CFPC, 2011, p. 8)
Many attempts have been made to identify key principles of the PCMH, notably, a joint statement by four
major US physician groups (PCPCC, 2007), a review of over 200 articles and books on “medical home”
and “patient-centred care” (Rosenthal, 2008), and the 2011 policy paper from the CFPC. A summary of
each of these frameworks is provided in Table 3.

Table 3 - Summary of PCMH Principles
PCPCC, 2007
 Personal physician
 Physician directed
medical practice
 Whole person
orientation
 Coordinated/integrated
care
 Quality and safety
 Enhanced access
 Value-added payment
model

Rosenthal, 2008
 Ongoing
relationship with a
physician
 Patients able to
present multiple
problems at once
 Repeat visits with
same provider
 Preventative care
approach
 Equal treatment of
minorities and nonminorities

36

CFPC, 2011
 Most responsible
physician model
 Broad scope of services
 Patient-centred
 Continuity of care
 Maintain EMRs
 Timely access to
appointments
 Continuous Quality
Improvement
 Designed to meet
population and public
health needs
 Training sites for students
 Local-defined governance
with stakeholder
accountability

All of these frameworks present the PCMH as an interdisciplinary model of treatment which offers
improved accuracy of diagnosis for complex conditions (CFPC, 2011). Evaluations of the PCMH have
shown that physicians practicing in a model focused on chronic care have an appropriate panel size (i.e., a
manageable number of enrolled patients), have improved access to evidence-based guidelines, and
integrate patients and families into the decision-making processes for treatment and care (Coleman,
Austin, Brach, & Wagner, 2010). The interdisciplinary nature of these practices is bolstered by
administrative support and electronic medical records (EMRs) which enable ongoing patient follow-up
and coordination with requisite specialist care.

In Ontario, the Family Health Team (FHT) design has been demonstrated to meet all seven criteria of the
PCPCC’s (2007) joint principles of a PCMH by providing the following services: patient advocacy;
appropriate interventions for episodic illness and injuries; diagnosis and treatment of chronic disease;
primary mental healthcare; primary reproductive care; in-home and hospital supportive care; health
assessments; preventative care; support for self-care; terminal illness support; 24-hour urgent care
arrangements; service coordination; and rehabilitative therapy coordination (Rosser, Colwill, Kasperski,
& Wilson, 2011). The seventh criteria – value-added payment – is satisfied in theory by physicians in
FHTs being paid through a FHN or FHO, which are capitation-based models whereby physicians receive
an annual capitation rate for each enrolled patient which varies based on a range of demographic factors.
Physicians are eligible for bonuses based on the proportion of their patients who are up-to-date on a
number of different priority services, including screens for breast, cervical, and colorectal cancer screens.

While there is limited research on the effectiveness of the PCMH, existing studies have demonstrated that
the core principles of the PCMH are having a positive impact on primary care for chronic conditions.
Diabetes patients treated under a chronic care model, as practiced in the medical home, are at a lower tenyear risk of developing heart disease (Coleman et al., 2010). A cross-sectional study of 24 PCMH
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practices in New Jersey found a positive association between a global PCMH score – a practice’s
compliance with the seven PCPCC principles – and patient compliance with recommended preventative
screens (Ferrante, Balasubramanian, Hudson, & Crabtree, 2010). Patient compliance with preventative
care was also positively affected by three factors: having a personal physician, their practice’s wholeperson orientation, and their physician having referral systems to community programs. Elsewhere, the
role of technology has been affirmed, particularly patient reminder systems embedded into the EMR,
which have been demonstrated to increase the likelihood that guideline-recommended services will be
implemented (Wagner, Coleman, Reid, Phillips, & Sugarman, 2012).

The extant research has found close links between patient and physician in a PCMH, combined with
interdisciplinary care and administrative support to send patient reminders and coordinate specialist
referrals, do result in uptake of preventative care services. However, there is little research on how these
factors impact adults with IDD. Ouellette-Kuntz et al. (2013), however, did find improved screening rates
among adults with IDD in Ontario treated through a FHT than those treated in another model. They found
higher proportions of eligible patients with IDD screened for three cancers in FHT-based care compared
to those not in FHT-based care (breast cancer: 36.2% vs. 32%; colorectal cancer: 59.7% vs.52.2%;
cervical cancer: 36.2% vs. 33.7%). Thus, there is some indication that the benefits of the PCMH realized
by the general population may also benefit adults with IDD.

In addition to improving access to care, there is also a small body of literature which addresses the
relationship between PCMH-based care and hospital services utilization. A study of administrative data
for 2,708 low-income individuals in California (Roby et al., 2010) found that care through a medical
home does reduce ED visits and that patients who change medical homes frequently (e.g., three times
over 19 months or less) are more likely to visit the ED than those patients who do not change medical
homes frequently. This supports the principle of the personal physician, or most responsible physician,
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under which a patient is enrolled. This would suggest that while a patient can change their enrolment
across different physicians, doing so negates the personal physician benefits of belonging to a PCMH. A
US-based interrupted time series analysis of over 400,000 patients saw a 13.7% decrease in ED visitation
rates for adults enrolled in a PCMH over a year and a decrease of 18.5% over two-years (Reid et al.,
2013). A four-year study of administrative data in 11 medical homes and 75 control sites found inpatient
admissions reduced by 18% for patients treated by a medical home and readmissions decreased by 36%
(Gilfillan et al., 2010).

Although there is limited research on the effectiveness of the medical home for patients with IDD, the
evidence suggests it does address many of the challenges faced by this population, notably access to
effective screening and reduction of ED visits. As Ontario’s FHT program has been called “one of the
world’s largest experiments in primary care reform” (Glazier & Redelmeier, 2010, p. 2186), as an
exemplar of the PCMH, it should ideally bring improved healthcare access and utilization for individuals
with IDD. There are challenges to this assumption, however. In Ontario, 20% of patients with IDD were
affiliated with a Family Health Team in 2009/10, leaving some 80% lacking access to this better
coordinated model of care (Isaacs et al., 2013). Also, an initial evaluation of the FHT model in Ontario
found that, “[d]espite the improvements in many structural and organizational characteristics of the FHTs
between, 2009 and, 2012, overall patient experience at FHTs changed relatively little during the same
time frame” (Conference Board of Canada, 2014, p. v). Thus, further research is needed on the
effectiveness of the medical home for meeting the primary care needs of adults with IDD, and the ability
of Ontario’s FHTs to realize such benefits for this population.
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Approaches to Health System Access and Utilization Assessment
There are varying approaches to studying access to care and health system utilization; however, the
majority of contemporary studies draw on the behavioural model first introduced by Ronald Andersen in
the 1960s and later established in Aday and Andersen’s seminal 1974 work, A Framework for the Study
of Access to Medical Care. Aday and Andersen cite two main approaches to access to care research in the
emerging literature of the time: some approached access as a measure of characteristics of populations,
such as demographics or attitudes, or of healthcare systems, namely the distribution of healthcare
resources; others assessed access through outcome measures which track patients’ movements through a
healthcare system, be they patient satisfaction, utilization rates, or other such indicators (Aday &
Andersen, 1974). While they cite a number of approaches to quantifying these various conceptualizations
of access to care, Aday and Andersen’s framework rests on a policy research approach drawing on three
central variables. These are the desired outcomes also referred to as outcome or dependent variables;
policy variables which can be manipulated and would, in epidemiological terms, be called exposures; and
control variables, which will affect the outcome, but cannot be manipulated using the policy of interest what epidemiologists would call confounders and effect modifiers. Their framework reconciles previously
segregated theories of access to care by looking at the interactions between health policy, characteristics
of health delivery systems, characteristics of the population at risk, utilization of health services, and
consumer satisfaction. Advances in statistics since the 1990s have made it possible to allow for increased
complexity in modeling, particularly through integrating dynamic factors which create feedback loops
between health outcomes and the initial factors which create service demand (Andersen, 1995). To allow
for such complexity, access to care research has relied increasingly on longitudinal studies and, where
possible, randomized controlled trials. The benefit of such research methodologies is a better
understanding of both the effectiveness of access – where utilization improves health outcomes and/or
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patient satisfaction – and the efficiency of access – the degree to which health outcomes and/or
satisfaction increase relative to health services utilization.

Andersen (1995) proposes that health care access is best measured as a function of healthcare utilization.
This requires added consideration be given to how populations do, indeed, enter a healthcare system.
Thus, Gulliford et al. (2002) emphasize that gaining access, rather than merely having access, to a
healthcare system depends on four key factors: service availability, that is, sufficient supply; barriers to
access, or, rather, those organizational (e.g., wait times, referral practices) and personal (e.g., financial
costs, time) factors which may prevent an individual from utilizing a system; relevance, effectiveness, and
access considerations which will influence an individual’s decision to utilize a particular service; and,
equity of services across different population groups.

In 1974, Aday and Andersen contended that RCTs were the gold standard for assessing policy impacts on
healthcare system access and utilization, and their view remains pervasive (Haynes, Service, Goldacre, &
Torgenson, 2012). However, some researchers are challenging this position, noting the frequent
infeasibility of RCTs and their inability to explain why health impacts occur, making application to other
contexts difficult (Mays, 2012). RCTs are generally conducted through a pre-planned pilot project
wherein a new policy approach can be tested in advance of a population-wide roll-out.

Where RCTs are not feasible, new analytical tools have emerged to approximate an experimental study
using observational data. One such tool is the difference-in-differences (DiD) approach, which was first
introduced in economic theory to study the effect of a variable of interest on earnings between two groups
of labourers, one of which is a control (Ashenfelter & Card, 1985). In their study, Ashenfelter and Card
(1985) used administrative data on wages to assess the wage impact of the Comprehensive Employment
and Training Act (1976). Their model allowed for the inherent differences between the intervention group
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affected by the new training policy and a control group when estimating the training effect. It does so by
comparing the change in earnings in the intervention group before and after the intervention, against the
change in earnings for the control group in the same pre- and post-intervention time periods. The resulting
difference-in-differences estimator “provides an unbiased estimate of the training effect” (Ashenfelter &
Card, 1985, p. 640-641). To effectively determine the impact of the variable of interest, the analysis
should look 3 years prior to and after the policy change (Penfold & Zhang, 2012).

The accuracy of the DiD estimator is dependent on adjusting for confounding variables. In their
systematic review of financial incentives for primary care providers, Scott et al. (2011) emphasize the
importance of subgroup analysis for developing more rigorous research in this field. However, as noted
by Martin, White, Hodgson, Lamson, and Irons (2014), “the composition of patient communities
receiving these services [integrated primary care] is unclear, which may be a direct result of researchers
not reporting or studying certain demographic information” (p. 108). Patient factors, including sex, mean
age, urban/rural residence, and neighbourhood income quintile are associated with primary care models
and emergency department visits for the general population (Glazier, Zagorski, & Rayner, 2012).
Likewise, poverty has a demonstrated association with the three cancer screens for adults with IDD
(Ouellette-Kuntz et al., 2013).

This approach has recently proven useful in studying the health impacts of physician compensation
models. A recent study of 2,154 general practitioners in Ontario used DiD to evaluate whether pay-forperformance increases the provision of targeted healthcare services, and if pay-for-performance incentive
effects are heterogeneous across physician and practice characteristics (Li et al., 2014). The study looked
at five key indicators (seniors’ flu shots, toddler immunizations, pap smears, mammograms, and
colorectal cancer screenings) and used several different DiD models, including a basic model without
confounders, as well as more complex methods which adjusted for confounders, corrected the standard
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error (which can in some cases be overstated in DiD models), and tested the parallel trend assumption
between the intervention and control groups (Bertrand, Duflo & Mullainathan, 2004). Likewise, a 2013
study compared 10,000 patients in a medical home-based physician payment pilot program in New York
State against a control group of 200,000 on traditional fee-for-service models (Vats, Ash, & Ellis, 2013).
The key outcome variable was savings realized through reduced ER visits. Although no statistically
significant difference in costs due to ER treatment was found, the DiD model did demonstrate a 9.6%
reduction in ED treatments over two years, a 6.5% reduction in evaluation and management visits through
outpatient treatments over two years, and a 16.5% reduction in laboratory tests over two years. In the UK,
DiD was used to assess the impacts of a wide-scale end-of-life program for patients with advanced illness
(Round et al., 2013). These three examples satisfy the two main tests for DiD appropriateness in assessing
policy impacts: an experimental model is not possible, and administrative data is available.

Given the Ontario government’s emphasis on improving primary care, and the critical role such care plays
in providing effective treatment for adults with IDD, it is important to test the effectiveness of these
policy interventions. As the introduction of FHTs completed in 2012, an experimental model is not
possible. Given the wealth of data available through datasets held at the Institute for Clinical Evaluative
Sciences (ICES), the DiD approach offers a powerful tool for assessing health system access and
utilization outcomes associated with the policy change.

Rationale
This review has demonstrated that effective primary care is critical for early detection and effective
treatment of the unique risks faced by adults with IDD. While the patient-centred medical home primary
care model has been demonstrated to improve continuity of care for patients with complex needs, increase
screening rates, and reduce ED visits, it is not clear how this model impacts healthcare access and
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utilization by adults with IDD. As primary care guidelines continue to develop in Canada and around the
world, it is important for healthcare providers to understand how primary care models like the PCMH
impact the care provided to individuals with IDD. Ontario’s province-wide experiment with the PCMH
through its Family Health Teams provides a valuable opportunity to research this policy issue. Also, the
H-CARDD cohort was developed to identify all adults aged 18-64 with IDD living in Ontario in 2009/10
(Lunsky, Klein-Geltink, & Yates, 2013). This provides a rich population-level dataset from which this
policy question can be addressed.

Although the impacts of FHTs on healthcare access and utilization by adults with IDD are largely
untested, the literature discussed in this review suggests several hypotheses. First, the patient-centred
medical home model, of which FHTs are a prime example, should positively impact uptake of several key
indicators for this population’s access to care: the periodic health exam, a central component of primary
care for this group; and screens for breast, cervical, and colorectal cancer, all of which are incentivized by
the Ministry of Health and Long-Term Care but underperformed on this group (Ouellette-Kuntz et al.,
2013). Second, all of the principles of PCMH exemplified in the FHT model should contribute to
improvements in these preventive manoeuvres. Inter-professional care is established as a best practice for
this group, so we would expect to see a positive effect whereby adults with IDD treated within a FHT do
experience improved primary care, although different billing mechanisms for services provided by
practitioners other than doctors may mask true differences (Sullivan et al., 2011). Localized governance
should address barriers to access including rurality and poverty. Improved administrative support should
ensure patients receive timely reminders for regular tests and screens. Moreover, payment incentives
should encourage physicians to follow-up with these patients and ensure they are up-to-date with relevant
screens. Last, a goal of the medical home approach to primary care is to shift healthcare utilization from
emergency departments to the medical home. Given that adults with IDD visit the emergency department
more than those without IDD (Isaacs et al., 2013) we would expect a medical home approach to reduce
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unnecessary healthcare system utilization. Increased access to afterhours care provided by the FHT model
should help alleviate this burden.

Study Objectives
Given the above rationale, this study addresses two key hypotheses:
1. The FHT primary care model will improve access to care as measured by four key primary care
indicators among adults with intellectual and developmental disabilities in Ontario: uptake of the
periodic health examination, breast cancer screening, cervical cancer screening, and colorectal
cancer screening.
2. The FHT primary care model will reduce healthcare system utilization as measured by a
reduction in the number of non-urgent emergency department visits by adults with intellectual
and developmental disabilities in Ontario.
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Methods

Study Design
This study used a previously identified cohort of adults with intellectual and developmental disabilities in
Ontario (Lunsky, Klein-Geltink, & Yates, 2013). Relying on health administrative data held at the
Institute for Clinical Evaluative Sciences (ICES), intervention and control groups were identified. A
difference- in-differences (DiD) approach was used to examine the impact of the introduction of the FHT
primary care model on the four key primary care indicators and non-urgent ED visits. Uptake proportions
(for primary care indicators) and utilization rates (for non-urgent ED visits) were determined both before
and after the policy change, allowing for analysis across time while controlling for confounders.

Study Population
The study population was drawn from the existing H-CARDD cohort of 66,484 adults aged 18-64 living
in Ontario in 2009/10 (Lunsky, Klein-Geltink, & Yates, 2013). The H-CARDD cohort was built by first
merging MOHLTC datasets containing diagnostic information, namely the Ontario Health Insurance Plan
(OHIP), Discharge Abstract Database (DAD), Same Day Surgery Database (SDS), Ontario Mental Health
Reporting System (OMHRS), and the National Ambulatory Care Reporting System (NACRS), to identify
Ontarians with IDD. Second, a Ministry of Community and Social Services (MCSS) database was used to
identify individuals receiving government benefits. Through the Ontario Disability Support Program
(ODSP), the MCSS provides income support to qualifying residents of Ontario with IDD. To manage
these benefits, the MCSS maintains a database including diagnostic information relevant to eligibility for
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the program, including coding for up to two disabilities. Although considered to be a highly reliable
dataset, it is not comprehensive as it excludes many residents who are ineligible due to financial reasons.
A total of 24,340 patients were identified only in health data, 22,323 only in social services data, and
19,821 in both data sources. Diagnostic codes used to identify individuals with IDD in each dataset are
provided in Appendix B.

In identifying all 66,484 adults with IDD in Ontario, the H-CARDD project provides accurate
demographic information on this specific population group (Lin et al, 2013). The majority of adults with
IDD live in urban areas (84.2%), although this is lower than that found in the general population. While
the general population in Ontario is 49.1% male and 50.9% female, for adults with IDD the ratio is 57.3%
men to 42.7% women. The income distribution is shifted towards the general population’s lower income
quintiles, with 30.4% of the adult IDD population living in the lowest income quintile. They are also not
evenly distributed across the Province’s fourteen Local Health Integration Networks (LHINs). These
demographic characteristics, as identified through the H-CARDD cohort, are summarized in Table 4.
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Table 4 – H-CARDD Cohort Demographics (Lin et al., 2013)
Characteristic
Residence

Rural
Urban

n
10,472
56,012

%
15.80%
84.20%

18-24
25-34
35-44
45-54
55-64

15,930
13,376
13,521
14,851
8,756

24.00%
20.10%
20.40%
22.40%
13.20%

1 (Low)
2
3
4
5 (High)

19,987
14,181
11,610
10,635
9,226

30.40%
21.60%
17.70%
16.20%
14.10%

Sex

Male
Female

38,090
28,394

57.30%
42.70%

LHIN

Erie St. Clair
South West
Waterloo Wellington
Hamilton Niagara Haldimand Brant
Central West
Mississauga Halton
Toronto Central
Central
Central East
South East
Champlain
North Simcoe Muskoka
North East
North West

4,057
6,242
3,267
9,158
2,321
3,054
4,575
5,321
6,702
4,610
6,875
2,780
5,194
1,828

6.10%
9.50%
5.00%
13.90%
3.50%
4.60%
6.90%
8.10%
10.20%
7.00%
10.40%
4.20%
7.90%
2.80%

Age

Neighbourhood Income
Quintile
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Exposure of Interest
3.3.1 Intervention Group
The intervention group consisted of individuals from the 2009-10 H-CARDD cohort whose enrolled
physician or usual provider in 2005-2011 practiced in a FHT. Patient enrolment with FHT-based care was
defined as any patient identified in the Client Agency Program Enrolment (CAPE) database as being
enrolled at any point during 2005-2011 with a physician practicing in a FHN or FHO and identified in the
Corporate Provider Database (CPDB) as participating in the FHT program.

Some patients, however, were not enrolled with any physician. In such cases, patients were “virtually
rostered” to physicians. For each unenrolled patient, their core primary care billing codes (Appendix C)
were gathered from OHIP for the period April 1, 2005-March 31, 2011. The standard pricing file was
used to calculate the total cost per claim. For each patient, the physician with the highest billing in the sixyear window was assigned as the primary care physician. Each virtually rostered physician’s practice
model was then determined using CPDB. If the physician to whom the patient was virtually rostered met
the FHT requirements outlined above, the patient was included in the intervention group.

3.3.1.1 Index Event Date
Each patient in the intervention group was assigned a unique index event date based on the date on which
their enrolled physician or usual provider first billed healthcare services for that patient while practicing
under a FHT model.
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3.3.2 Controls
Two methodologies were used to establish a suitable control group. The first used patients treated by a
physician practicing under a fee-for-service model as a control group, a methodology previously utilized
by Sweetman and Buckley (2014); however, this resulted in a group too small to provide statistical
power. The revised method used patients treated by non-FHT physician (i.e., both fee-for-service and
capitation payment models without the administrative, interdisciplinary, and governance PCMH features
of a FHT) as a control group. Both approaches are described below.

3.3.2.1 Initial Control Group
The initial control group was defined to include individuals from the 2009-10 H-CARDD cohort whose
enrolled physician or usual provider in 2005-2011 practiced under a fee-for-service-based model (i.e.,
Comprehensive Care Model (CCM) or Family Health Groups (FHG)). Patient enrolment with CCM- or
FHG-based care was defined as any patient identified in CAPE as being enrolled at any point during
2005-2011 with a physician practicing in a CCM or FHG. Patients not enrolled with a physician were
virtually enrolled with a usual provider using the same procedure as with the intervention group. Any
patient virtually rostered to a physician registered as a CCM or FHG in the CPDB was included in the
control group.

3.3.2.2 Revised Control Group
Given the low number of patients eligible for the initial control group (see Results), the control group was
revised to include individuals from the 2009-10 H-CARDD cohort who were either, a) enrolled with a
physician or physicians not practicing within a FHT for three years prior to and three years following the
mean index event date of the enrolled intervention group, or b) not enrolled with a physician for the six50

year window described above, and not treated by a physician practicing within a FHT during the three
years prior to and three years following the mean index event date of the virtually enrolled intervention
group. The revised control group thus included patients enrolled or virtually rostered with any
combination of CCM-, FHG-, FHN-, or FHO-based care for six consecutive years, and who were not
enrolled or treated by a FHT-based physician during that window.

While patients in the enrolled and virtually rostered arms of the control group may have been treated by a
number of physicians during the six-year window, they were associated with a primary provider using the
same procedure for determining usual provider in the intervention group.

3.3.2.3 Index Event Date
The control group’s index event date was assigned based on the mean index event date of the
corresponding intervention group based on enrolment or virtual rostering. Distributions of the
intervention groups’ index event dates were tested for normality using the Kolmogorov-Smirnov, Cramervon Mises, and Anderson-Darling tests using an alpha value of 0.05. The distribution was considered to
be normal if at least two of the tests were significant. Both the enrolled and virtually rostered intervention
groups were demonstrated to have normal distributions for the index event dates (Table 5).
Table 5 - Index Event Dates

N

Mean

KolmogorovSmirnov

Cramervon Mises

AndersonDarling

Normal?

Intervention Enrolled

8,204

27-Jan-08

<.01

<.005

<.005

y

Intervention Virtually Rostered

443

29-May-08

<.01

<.005

<.005

y
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Given the normal distribution of the intervention group’s index event date, the index event date for
enrolled patients in the control group was set at January 27, 2008, and the mean index event date for
virtually rostered patients in the control group was set at May 29, 2008.

3.3.3 Exclusions
Patients were excluded from the study if they met any one of the following criteria:


Under age 18 at any time during the window of observation.



Not registered in the Registered Persons’ Data Base (RPDB) at any point during the six-year
window of observation (e.g., they moved out of Ontario at some point).



Intervention group: Enrolled with a non-FHT physician during the three-year follow-up period
either because they switched to a non-FHT provider or because they remained with a provider
who switched to a non-FHT model.



Control group: Treated by a FHT-based physician at any point during the six-year period.

3.3.4 Study Timeframe
FHTs were first introduced in April 2005 and data is currently available through to March 31, 2014.
Therefore, the appropriate window of exposure (transition to FHT) was April 2005-March 2011 (Figure
2). The intervention group was defined as those individuals in H-CARDD who were treated by a
physician practicing in a FHT during 2005-2011. Time 0, herein referred to as the “index event date”, that
is the time when the policy takes effect, was set individually for each patient in the intervention group
based on the date when they were first treated by a physician practicing in a FHT. Thus, each intervention
patient was followed for a six-year period as early as 2002-2008 (index event date in 2005) and as late as
2008-2014 (index event date in 2011).
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Figure 2 - Study Time Frame

Outcomes
3.4.1 Periodic Health Exam
Uptake of the periodic health exam was measured as the proportion of patients who had at least one
periodic health exam over a three-year period. Proportions were measured in the three-year windows both
before and after the index event date. Prior to January 2013, an Ontario physician was able to bill an
“annual health exam” as fee code A003 with diagnostic code DX917. However, there is potential that
exams are not accurately billed as such. Thus, the main analysis tested for fee code A003 without
diagnostic code DX917. Appendix D provides a sensitivity analysis which tests the impact of diagnostic
code DX917 by measuring fee code A003 with the diagnostic code DX917. Fee code A003, a “general
assessment” is defined as “a family practice service provided somewhere other than the patient’s home
and includes a full history (including medical, family and social history) and except for breast, genital or
rectal examination where not medically indicated or refused, an examination of all body parts”
(MOHLTC, 2014a).

In January 2013, the “annual health exam” was replaced with the “periodic health visit” (fee code K131
for adults aged 18-64). This is defined as:
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performed on a patient, after their second birthday, who presents and reveals no apparent physical
or mental illness. The service must include an intermediate assessment…a partial assessment
focusing on age and gender appropriate history, physical examination, health screening and
relevant counselling.” (MOHLTC, 2013)
This affected only the final year of observation for patients with a late index event date (n=1785).

3.4.2 Breast Cancer Screening
In Ontario, women aged 50-75 are eligible for breast cancer screening every two years (CCO, 2015). All
women in this study ages 50-64 were included in the analysis of breast screening uptake (n=4,053).
Breast cancer screening uptake was measured as the proportion of eligible women who had at least one
breast cancer screen in a three-year period, both before and after the index event date. This was measured
using either an existing record in the OBSP with a date inside the window of observation or a billing fee
code X185 (bilateral mammogram for individuals with identified signs or symptoms) in OHIP during the
window of observation.

3.4.3 Cervical Cancer Screening
In Ontario, sexually active women aged 21 and above are recommended to have a pap smear once every
three years (CCO, 2015). All women in the study ages 21 and above during the entire window of
observation were included in the analysis of cancer screening uptake (n=18,889). Cervical cancer
screening uptake was measured as the proportion of eligible women who had at least one pap smear in a
three-year period, both before and after the index event date. This was measured using any of OHIP
billing codes G365 or G394 (with FEESUFF=A) or E430 or L812 or L713 (Table 6).

54

Table 6 - Cervical Cancer Screening Codes
Fee Code

Meaning

G365

Pap smear

G394 (with FEESUFF=A)

Follow-up pap smear

E430

Pap smear outside of hospital

L812

Interpretation of cervicovaginal specimens including cellular abnormalities,
assessment of flora, and/or cytohormonal evaluation

L713

Cervicovaginal specimen

3.4.4 Colorectal Cancer Screening
In Ontario, all adults aged 50 and above are recommended to have a colorectal cancer screen, such as a
fecal occult blood test, every two years (CCO, 2015). All men and women in the study ages 50-64 during
the entire window of observation were included in the analysis of colorectal cancer screening (n=17,402).
They were defined as being compliant with screening guidelines if they were up-to-date with colorectal
screening: i) as of the index event date for the pre-period, and ii) at the end of the observation window for
the post-period. This was measured using OHIP fee code Q152 or L181 or G004 within two years of the
index event date/end of the observation window; or OHIP fee code Z580 within five years of the index
event date/end of the observation window; or OHIP fee code Z555 +/- other E codes in the ten years
before the index event date/end of the observation window (Table 7).
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Table 7 - Colon Cancer Screening Codes
Fee Code

Meaning

Q152

Review and follow-up of a completed colon cancer check FOBT kit.

L181

Occult blood sample

G004

Occult blood sample

Z580

Flexible sigmoidoscopy

Z555

Sigmoid colonoscopy

3.4.5 Emergency Department Utilization
ED utilization was measured as the number of visits per three years and is reported as a mean for each
group. Only “potentially deferrable” visits (Pediatric Canadian Triage Acuity Scale (PCTAS) codes 4 and
5 in NACRS) were measured, as these are the visits which should be reduced through improved primary
care (ICES, 2014).

Covariates
Several covariates were examined for confounding including patient characteristics: age, sex (except for
breast and cervical cancer screening), urban/rural residence, diabetes, hypertension, COPD, and mental
illness; practice characteristics: urban/rural and Local Health Integration Network (LHIN); and physician
characteristics: age and sex.

3.5.1 Patient Characteristics
Patient sex was determined from the RPDB as female, male, transsexual/hermaphrodite, or undefined.
Mean age was calculated using year only of the birthdate as registered in the RPDB. Patient rurality was
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measured using their Rurality Index for Ontario (RIO) 2008 score from the RPDB. The RIO was first
developed to provide policy makers with a tool to set priorities for funding rural physician attraction
programs (Kralj, 2009). It scores rural communities on three components: community population and
population density; travel time to nearest basic referral centre; and travel time to nearest advanced referral
centre. A low score indicates non-rural (e.g., Hamilton scores 0), and a high score indicates high rurality
(e.g., Hornepayne scores 100).

COPD, diabetes, and hypertension status were determined if a patient was listed in the COPD, ODD, and
HYPER databases, respectively. Each condition was measured as i) a diagnosis before the index event
date (i.e., prior to the index event date); ii) a diagnosis during the window of observation (i.e., the three
years following the index event date); and iii) a diagnosis before the end of the window of observation
(i.e., any time prior to three years after the index event date).

Mental illness was classified by searching OHIP billing, OMHRS admissions, CIHI discharge
information in DAD and SDS, as well as any NACRS emergency department visits with a mental health
code. Diagnosis codes searched were, from ICD-9: 290-298, 300-314, and 316; and from ICD-10: F00F69, and F99. Because mental health status can change over time, this variable was measured as i) at least
one mental health event in the three years prior to the index event date, and, ii) at least one mental health
event during the window of observation.

3.5.2 Practice and Physician Characteristics
Rurality of practice was determined by matching the practice’s postal code in the ICES physician
database and linking it to the RIO 2008 score. Practice LHIN was determined using information from the
LHIN database. Physician characteristics – age and sex – were both available in CPDB.
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Data Linkage
When a new person is registered in the RPDB, they are assigned a unique, anonymous identifier, the
ICES Key Number (IKN). The IKN is used across all ICES datasets to allow for linkage of data across
databases while preserving patient confidentiality.

Statistical Analyses
All statistical analyses were performed using SAS Enterprise® (Version 6.1, SAS Institute Inc., Cary,
North Carolina) at the ICES@Queen’s Health Services Research Facility. Cell counts under five were
suppressed.

3.7.1 Descriptive Analysis
For each analysis, the distributions of exposure variables and covariates are presented. For continuous
variables, means and standard deviations are provided for the population of interest, as well as for the
intervention and control groups. T-tests with an alpha level of 0.05 were used to compare mean values
between the intervention and control groups. Folded F-tests were used to assess equality of variance
between groups with an alpha level of 0.05. Where the intervention and control groups had equal
variances for the variable of interest, a pooled variance estimator was used in the t-test, and where the
variances were unequal, the Satterthwaite (1946) method was used.

For categorical variables, proportional distributions are presented for the full population of interest, as
well as for the intervention and control groups. Chi-squared tests were used to test for differences
between the intervention and control groups with an alpha level of 0.05.
58

3.7.2 Difference-in-Differences Modeling
The DiD model is generally given as:
Yist=α+γ(Cases)+ λ(Dt) + β(Cases*Dt)+εist

Where, Yist is the expected value of the outcome variable (e.g., utilization rate) for any state ‘s’ (e.g., FHT
vs. not-FHT) and time ‘t’ (e.g., before or after the policy intervention). β is the DiD estimator, that is, the
effect of the policy intervention on the outcome of interest when adjusted for underlying differences
between the intervention and control groups.

As such, the DiD model measures the difference between two differences such that:
β=

[E(Yist|s=control,t=post-intervention)-E(Yist|s=control,t=pre-intervention)]

-[E(Yist|s=intervention,t=post-intervention)-E(Yist|s=intervention,t=pre-intervention)]

Figure 3 - DiD Model
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Figure 3 illustrates a hypothetical control group on the lower line, whereby, in this case, the proportion
increases between the pre- and post-intervention time points. The upper line is the observed difference in
a hypothetical intervention group between the two periods. The middle line is what would have been
expected in the intervention group in the absence of the intervention. As can be seen in this diagram, the
slope of this curve is equal to the slope of the control group’s curve. The DiD estimator (β) is the
difference between the two differences: the estimated difference in the proportion for the control group
and the estimated difference in the proportion for the intervention group.

DiD provides a means to do this by modeling the intervention group against the control group. Thus, it
assumes underlying variation between the two groups before the variable of interest is introduced, as
represented by the differences in the initial, pre-intervention rates. Further, it assumes that, in the absence
of the intervention, the two groups’ rates would have changed equally. This assumption necessitates
accurate adjustment for confounders.

As discussed above, the model assumes in the absence of the intervention the two groups’ proportions
would have changed equally. There are new semiparametric models that allow for a relaxing of the
parallel slopes assumption (Abadie, 2005); however, such models require the addition of a time trend
variable. Because the index event date for patients in this study is not common to all patients, measuring a
time trend is problematic because external factors which might influence a change in uptake trends over
time will not be consistent across all patients. Therefore, a semiparametric adjustment is not appropriate
in this model.
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3.7.3 Covariate Analysis
Bivariate relationships between each potential confounder and each outcome of interest were calculated,
with a threshold of p=0.2 used to eliminate unnecessary variables. Backwards regression was used to
generate a parsimonious model with the remaining potential confounding variables for each model. While
DiD analysis is not specifically concerned with predictive modeling, a parsimonious model is necessary
to ensure the most accurate DiD estimator possible.

Ethical Considerations
Given the records-based approach of the study, few ethical challenges existed. Results of the study are
expected to be beneficial for this population group. The research protocol has been reviewed by the
Queen’s University Health Sciences Research Ethics Board. Access to data was approved by an ICES
review and has been subject to ICES policy including the completion of a Privacy Impact Assessment
(PIA). No personal identifiers were included in the dataset provided for analysis and cell counts of five or
less have been suppressed.
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Results
Identification of the Study Population
The study population was identified using the methodology outline in section 3.2. Results using the first
methodology are outlined in Figure 4. The pre-existing H-CARDD cohort identified 66,484 adults aged
18-64 living in Ontario in 2009/10 (Lunsky, Klein-Geltink & Yates, 2013). Of this group 10,253 patients
were excluded because they were younger than 18 during the lookback window or window of
observation. A further 44,410 patients were excluded because they were either never assigned to a FHT,
CCM, or FHG; they were assigned to a FHT at the beginning of the observation window and transitioned
to another form of care during the three period; or they were assigned to a CCM or FHG at the beginning
of the lookback window and transitioned to another form of care during the six-year combined lookback
window and window of observation. Last, 1,453 patients were excluded because they were not in the
RPDB for the entire six-year lookback window and window of observation. This left 8,950 patients in the
intervention group and 1,372 in the control group for a total of 10,322 patients included in the cohort.

The large number of patients excluded because they either were never treated by a FHT, CCM, or FHG,
or did not remain in a given treatment model for a long enough period (three years with a FHT for the
intervention or six years with CCM- and/or FHG-based care for the control) (n=44,410), reduced the
expected statistical power of the study. Consequently, a revised methodology was employed allowing for
broader inclusion criteria for the control group (Figure 5). The revised control group also included
patients treated by a non-FHT FHN or FHO. Using this approach, once patients too young to be included
in the study were excluded (n=10,253), 16,730 adults with IDD were identified as having being treated by
a FHT at some point during the eligible period, and 39,501 adults with IDD remained eligible for the
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control group. Of the potential intervention group, 7,947 switched to non-FHT-based care during the
three-year window of observation, and 136 patients were not in the RPDB for the entire six-year window,
leaving 8,647 in the intervention group. 8,204 of these adults were enrolled with a FHT-based physician
and 443 were virtually rostered. Of the 39,501 adults not exposed to a FHT, 2,348 were excluded because
they were not in the RPDB for the entire six-year window, leaving 37,153 patients in the control group.
10,065 were formally enrolled with a physician, while 27,088 were virtually rostered.

Figure 4 - Study Population Flow Chart – Initial Methodology
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Figure 5 - Study Population Flow Chart - Revised Methodology
4.1.1 Identification of Sub-populations
The analysis of breast cancer screening uptake included only women aged 50-64 during the entire sixyear observation window. This resulted in an intervention group of 812 patients and a control group of
3,241 patients, for a total cohort of 4,053 patients. The assessment of cervical cancer screening uptake
included women aged 21 or over during the entire six-year observation window. This provided an
intervention group of 3,813 patients, a control group of 15,076 patients, and a total cohort of 18,889
patients. The analysis of colorectal cancer screening uptake included both men and women aged 50 and
above during the entire six-year period of study, resulting in 8,701 patients with 1,798 in the intervention
group and 6,903 in the control group.
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Objective 1 – Access to Care
To assess the impacts of a patient-centred medical home model on access to care by adults with IDD, DiD
models were tested for four key indicators: uptake of the periodic health exam, breast cancer screening,
cervical cancer screening, and colorectal cancer screening.

4.2.1 Periodic Health Exam
4.2.1.1 Descriptive Statistics
The assessment of the periodic health exam drew on the full cohort (n=45,800) with 8,647 patients in the
intervention group and 37,153 in the control. Table 8 and Table 9 provide a summary of cohort
characteristics. Statistically significant differences were found between intervention and control groups.
The intervention group was older (mean age of 41.35 vs. 40.53), had more women (47.55% vs. 43.29%),
was more rural (mean Rural Index of Ontario score of 21.96 vs. 11.08), and had more individuals enrolled
with a physician (94.88% vs. 27.09%). The intervention group had a higher proportion of individuals
diagnosed with COPD or diabetes before the index event date (7.55% vs. 6.73% and 12.04% vs. 10.87%
respectively), and at any point prior to the end of the observation window (11.88% vs. 11.00% and
18.30% vs. 16.87% respectively). Being diagnosed with hypertension was more common in the
intervention group before the index event date (18.15% vs. 16.85%) and less common during the
observation window (6.56% vs. 7.18%). The intervention group patients were more likely to be treated by
female physicians (27.74% vs. 21.56%), and by doctors who were generally younger (mean age of 50.27
vs. 52.98) and more rural-based (mean RIO score of 21.54 vs. 10.20).
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Mental Illness Event

Hypertension Diagnosis

Diabetes Diagnosis

COPD Diagnosis

Virtual Enrolment

Sex

Age at Index Event Date
RIO Score

Male
Female
Enrolled
Virtually Enrolled
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window

PATIENT CHARACTERISTICS
(11.82)
(18.87)
(%)
(55.90)
(44.10)
(39.89)
(60.11)
(11.17)
(6.88)
(4.28)
(17.14)
(11.09)
(6.05)
(24.16)
(17.10)
(7.07)
(40.49)
(30.82)
(30.31)

40.69
13.14
n
25603
20197
18269
27531
5114
3152
1962
7851
5081
2770
11066
7830
3236
18546
14114
13883
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(Std Dev)

n
4535
4112
8204
443
1027
653
374
1582
1041
541
2136
1569
567
3490
2637
2588

41.35
21.96

Mean

(%)
(52.45)
(47.55)
(94.88)
(5.12)
(11.88)
(7.55)
(4.33)
(18.30)
(12.04)
(6.26)
(24.70)
(18.15)
(6.56)
(40.36)
(30.50)
(29.93)

(11.93)
(21.45)

(Std Dev)

n=8,647

n=45,800
Mean

Intervention

Total

Table 8 - Full Cohort Descriptive Statistics: Patient Characteristics

n
21068
16085
10065
27088
4087
2499
1588
6269
4040
2229
8930
6261
2669
15056
11477
11295

40.53
11.08

Mean

n=37,153

Control

(%)
(56.71)
(43.29)
(27.09)
(72.91)
(11.00)
(6.73)
(4.27)
(16.87)
(10.87)
(6.00)
(24.04)
(16.85)
(7.18)
(40.52)
(30.89)
(30.40)

(11.79)
(17.59)

(Std Dev)

0.0198
0.0063
0.833
0.0016
0.0019
0.3666
0.1922
0.004
0.0406
0.7803
0.4736
0.3899

<.0001

Chi-Sq
<.0001

<.0001
<.0001

T-Test

InterventionControl
Comparison

LHIN

Physician Age at Index
Event Date
Practice RIO Score

Physician Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Male
Female

PHYSICIAN AND PRACTICE CHARACTERISTICS

52.44
12.44
n
2556
4025
2013
5709
1253
2097
3861
3751
4162
3102
4570
1609
3287
1207

(10.21)
(18.50)
(%)
(5.92)
(9.32)
(4.66)
(13.21)
(2.90)
(4.85)
(8.94)
(8.68)
(9.63)
(7.18)
(10.58)
(3.72)
(7.61)
(2.79)

(%)
(77.27)
(22.73)
(Std Dev)

67

50.27
21.54
n
2556
4025
2013
5709
1253
2097
3861
3751
4162
3102
4570
1609
3287
1207

n
6284
2399
Mean
(9.89)
(21.09)
(%)
(5.92)
(9.32)
(4.66)
(13.21)
(2.90)
(4.85)
(8.94)
(8.68)
(9.63)
(7.18)
(10.58)
(3.72)
(7.61)
(2.79)

(%)
(72.26)
(27.74)
(Std Dev)

n=8,647

n=45,800

n
35389
10411
Mean

Intervention

Total

Table 9 - Full Cohort Descriptive Statistics: Physician and Practice Characteristics

52.98
10.20
n
1870
2507
1437
5094
1082
1818
3518
3503
3218
2271
4120
529
2743
960

n
29141
8012
Mean

n=37,153

Control

(10.22)
(17.08)
(%)
(5.39)
(7.23)
(4.14)
(14.69)
(3.12)
(5.24)
(10.15)
(10.10)
(9.28)
(6.55)
(11.88)
(1.53)
(7.91)
(2.77)

(%)
(78.44)
(21.56)
(Std Dev)

<.0001
<.0001

T-Test

Chi-Sq
<.0001

InterventionControl
Comparison

4.2.1.2 Difference-in-Differences Models
As depicted in Figure 6 and Table 10, in the absence of the FHT-based care intervention, we would have
expected the proportion of the intervention group who had at least one PHE over three years to have
decreased by 0.6 percentage points in the pre- and post- index event three-year periods. With the
introduction of FHT-based care, the proportion of this group who had at least one PHE over three years
decreased by 4.8 percentage points from 53.5% to 48.5%, resulting in a DiD estimator (β) of -0.044. The
p-value for this parameter was less than 0.0001, meaning for α=0.05, the results are statistically
significant.

Proportion of population who had at
least one PHE over three years

0.60
0.50
0.40

Intervention Actual

0.30

Intervention
Expected

0.20

Control

0.10
0.00
Pre

Post

Figure 6 - DiD Model for PHE Uptake Proportion over Three Years by Adults with IDD in Ontario
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Table 10 - Simple DiD Model for PHE Uptake Proportion over Three Years among Adults with
IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β

DF
1
1
1
1

Parameter Standard
Estimate
Error
0.4854
0.00259
-0.00646
0.00367
0.04935
0.00597
-0.0435
0.00844

t Value
187.27
-1.76
8.27
-5.16

Pr > |t|
<.0001
0.078
<.0001
<.0001

A full model was produced to test the influence of potential confounding variables on the DiD estimator.
The parsimonious model (Table 11) includes virtually rostered, patient age at the index event date, patient
sex, patient rurality, COPD diagnosis before the index event date, diabetes diagnosis before the index
event date, a mental illness event during the observation window, physician sex, and the LHIN in which
the practice was located. In both the simple and full models, the DiD estimator remained constant at
-0.044 (Table 12), and the p-value remained less than 0.0001. Thus, while the confounding variables
explain some of the inherent differences between the intervention and control groups as well as
differences in the pre- and post-index event date time periods, they do not make any significant difference
on the DiD estimator.

Appendix D provides a sensitivity analysis for PHE coding. When only PHE billings with diagnostic code
DX917 were included in the analysis, the DiD estimator adjusted to -0.015, although the results were
statistically insignificant.
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Table 11 - Full DiD Model for PHE Uptake Proportion over Three Years among Adults with IDD
in Ontario

Intercept
Pre/Post
Intervention/Control
β
Virtual Enrolment
Index Age
Patient Sex
Patient RIO Score
COPD Diagnosis - Pre Index Event Date
Diabetes Diagnosis - Pre Index Event Date
Mental Illness Event - During Observation Window
Physician Sex
LHIN 02
LHIN 03
LHIN 04
LHIN 05
LHIN 06
LHIN 07
LHIN 08
LHIN 09
LHIN 10
LHIN 11
LHIN 12
LHIN 13
LHIN 14

DF
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Parameter Standard
Estimate
Error
0.25509 0.00944
-0.00545 0.00357
0.02944 0.00661
-0.04398 0.00819
-0.05887 0.00397
0.00431 0.000144
-0.05416
0.0033
-0.00114 9.64E-05
-0.04914 0.00662
-0.04721 0.00526
0.0349 0.00352
-0.06872 0.00396
0.16177 0.00735
0.17469 0.00908
0.19276 0.00671
0.25175 0.01087
0.28305
0.009
0.29249 0.00746
0.34388 0.00751
0.23435 0.00722
0.12155 0.00793
0.24075 0.00709
0.22468 0.01015
0.11155 0.00796
0.11436 0.01144

t Value
27.01
-1.53
4.45
-5.37
-14.84
29.9
-16.42
-11.78
-7.43
-8.97
9.92
-17.36
22.01
19.24
28.74
23.15
31.45
39.22
45.81
32.44
15.33
33.93
22.13
14.02
9.99

Pr > |t|
<.0001
0.1267
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

Table 12 - Comparison of DiD Estimators for Simple and Full Models of PHE Uptake Proportion
over Three Years among Adults with IDD in Ontario

Simple Model
Full Model

β
-0.044
-0.044

p-value
<0.0001
<0.0001
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4.2.2 Breast Cancer Screening
4.2.2.1 Descriptive Statistics
The assessment of breast cancer screening drew on all women aged 50 and above during the entire sixyear period of study (n=4,053) with 812 patients in the intervention group and 3,241 in the control. Table
13 and Table 14 provide a summary of the breast cancer cohort characteristics. Statistically significant
differences were found between intervention and control groups. The intervention group was more rural
(RIO score of 22.83 vs. 12.22). They were more likely to have a diagnosis of diabetes than the control
group during the observation window (9.98% vs. 8.27%) and at any time before the end of the
observation window (32.64% vs. 29.96%); and were less likely to have had a mental illness event in the
three years before the index event date than the control group (30.91% vs. 33.88%). Patients in the
intervention group were also more likely to be enrolled with a physician (92.00% vs. 28.54%), were more
likely to be treated by a physician who was female, (35.22% vs. 25.64%), was younger (50.58 years vs.
53.57), and was more rural (RIO score of 22.36 vs. 11.33), and they had a different distribution across the
LHINs.
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Mental Illness Event

Hypertension Diagnosis

Diabetes Diagnosis

COPD Diagnosis

Sex
Virtual Enrolment

Age at Index Event Date
RIO Score

PATIENT CHARACTERISTICS

Female
Enrolled
Virtually Enrolled
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
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(Std Dev)
(3.27)
(19.31)
(%)
(100.00)
(41.25)
(58.75)
(24.55)
(17.91)
(6.64)
(30.50)
(21.89)
(8.61)
(48.80)
(38.42)
(10.39)
(44.34)
(33.28)
(34.42)

57.53
14.35
n
4053
1672
2381
995
726
269
1236
887
349
1978
1557
421
1797
1349
1395

n
812
747
65
198
150
48
265
184
81
392
312
80
347
251
266

57.42
22.83

Mean

(%)
(100.00)
(92.00)
(8.00)
(24.38)
(18.47)
(5.91)
(32.64)
(22.66)
(9.98)
(48.28)
(38.42)
(9.85)
(42.73)
(30.91)
(32.76)

(3.24)
(20.77)

(Std Dev)

n=812

n=4053
Mean

Intervention

Total

Table 13 - Breast Cancer Cohort Descriptive Statistics: Patient Characteristics

n
3241
925
2316
797
576
221
971
703
268
1586
1245
341
1450
1098
1129

57.56
12.22

Mean

n=3241

Control

(%)
(100.00)
(28.54)
(71.46)
(24.59)
(17.77)
(6.82)
(29.96)
(21.69)
(8.27)
(48.94)
(38.41)
(10.52)
(44.74)
(33.88)
(34.83)

(3.27)
(18.32)

(Std Dev)

0.8624
0.5103
0.1889
0.0362
0.3982
0.0284
0.6344
0.9943
0.4293
0.1458
0.0233
0.1153

<.0001

Chi-Sq

0.1299
<.0001

T-Test

InterventionControl
Comparison

LHIN

Physician Age at Index Event
Date
Practice RIO Score

Physician Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Male
Female

PHYSICIAN AND PRACTICE CHARACTERISTICS

52.95
13.67
n
272
380
177
519
81
155
343
300
330
307
450
149
304
94

Mean
(10.10)
(18.87)
(%)
(7.04)
(9.84)
(4.58)
(13.44)
(2.10)
(4.01)
(8.88)
(7.77)
(8.55)
(7.95)
(11.66)
(3.86)
(7.87)
(2.43)

(%)
(72.44)
(27.56)
(Std
Dev)
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50.58
22.63
n
82
136
44
55
11
18
39
28
98
87
44
106
38
16

Mean

n
526
286

(9.72)
(20.70)
(%)
(10.22)
(16.96)
(5.49)
(6.86)
(1.37)
(2.24)
(4.86)
(3.49)
(12.22)
(10.85)
(5.49)
(13.22)
(4.74)
(2.00)

(Std Dev)

(%)
(64.78)
(35.22)

n=812

n=4053
n
2936
1117

Intervention

Total

53.57
11.33
n
190
244
133
464
70
137
304
272
232
220
406
43
266
78

Mean

n
2410
831

n=3241

Control

Table 14 - Breast Cancer Cohort Descriptive Statistics: Physician and Practice Characteristics

(10.10)
(17.63)
(%)
(6.21)
(7.98)
(4.35)
(15.17)
(2.29)
(4.48)
(9.94)
(8.89)
(7.58)
(7.19)
(13.27)
(1.41)
(8.70)
(2.55)

(%)
(74.36)
(25.64)
(Std
Dev)

<.0001
<.0001

T-Test

Chi-Sq
<.0001

InterventionControl
Comparison

4.2.2.2 Difference-in-Difference Models
As depicted in Figure 7 and Table 15, in the absence of the FHT-based care intervention, we would have
expected the proportion of the intervention group who had at least one breast cancer screen over three
years to have increased by 11.1 percentage points from the pre- to post- index event three-year periods.
With the introduction of FHT-based care, the proportion of this group who had at least one breast cancer
screen over three years increased by 14.0 percentage points from 50.9% to 64.9%, resulting in a DiD
estimator (β) of 0.029. The p-value for this parameter, however, was 0.2914, meaning that, for α=0.05,
the result is not statistically significant.

Proportion of population who had at
least one breast cancer screen over
three years

0.70
0.60
0.50

Intervention Actual

0.40
Intervention
Expected

0.30

Control

0.20
0.10
0.00
Pre

Post

Figure 7 - DiD Model for Breast Cancer Screening Uptake Proportion over Three Years by Women
Aged 50-64 with IDD in Ontario
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Table 15 - Simple DiD Model for Breast Cancer Screening Uptake Proportion over Three Years
among Women aged 50-64 with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β

DF
1
1
1
1

Parameter Standard
Estimate
Error
0.43629
0.0087
0.11139
0.0123
0.07234
0.01944
0.02901
0.02749

t Value
50.14
9.05
3.72
1.06

Pr > |t|
<.0001
<.0001
0.0002
0.2914

A full model was produced to test the influence of potential confounding variables on the DiD estimator.
The parsimonious model (Table 16) included virtual rostering; a diagnosis of COPD, diabetes and/or
hypertension prior to the index event date; a mental illness event in the three years before the index date
and/or during the observation window; physician sex, physician rurality, and the LHIN in which the
practice was located. In both the simple and full models, the DiD estimator remained constant at 0.029
(Table 17) and the p-value remained statistically insignificant. Thus, as with the PHE uptake model, while
the confounding variables explain some of the inherent differences between the intervention and control
groups as well as differences in the pre- and post-index event date time periods, they do not change the
DiD estimator.
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Table 16 - Full DiD Model for Breast Cancer Screening Uptake Proportion over Three Years by
Women Aged 50-64 with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β
Virtual Enrolment
COPD Diagnosis - Pre Index Event Date
Diabetes Diagnosis - Pre Index Event Date
Hypertension Diagnosis - Pre Index Event Date
Mental Illness Event - Pre Index Event Date
Mental Illness Event - During Observation Window
Physician Sex
Physician RIO Score
LHIN 02
LHIN 03
LHIN 04
LHIN 05
LHIN 06
LHIN 07
LHIN 08
LHIN 09
LHIN 10
LHIN 11
LHIN 12
LHIN 13
LHIN 14

DF
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Parameter Standard
Estimate
Error
0.5451
0.0278
0.11268 0.01249
0.02822 0.02209
0.02875 0.02742
-0.06438
0.0133
-0.03245 0.01481
-0.05276
0.0139
0.09699 0.01178
-0.0353 0.01398
-0.03364 0.01382
-0.10076
0.0126
-0.00072 0.000349
0.00793 0.02773
0.03035 0.03339
0.02394 0.02617
-0.01297 0.04398
0.05524 0.03515
0.06323 0.02848
0.07589
0.0294
0.02875 0.02829
0.01292 0.02905
0.06583 0.02694
-0.01601 0.03655
0.03232 0.02992
0.03762 0.04196

t Value
19.61
9.02
1.28
1.05
-4.84
-2.19
-3.80
8.23
-2.52
-2.43
-8.00
-2.07
0.29
0.91
0.91
-0.29
1.57
2.22
2.58
1.02
0.44
2.44
-0.44
1.08
0.90

Pr > |t|
<.0001
<.0001
0.2014
0.2943
<.0001
0.0284
0.0001
<.0001
0.0116
0.0149
<.0001
0.038
0.775
0.3634
0.3603
0.7681
0.1161
0.0264
0.0099
0.3096
0.6564
0.0146
0.6614
0.28
0.37

Table 17 - Comparison of DiD Estimators for Simple and Full Models of Breast Cancer Screening
Uptake Proportion over Three Years by Women Aged 50-64 with IDD in Ontario

Simple Model
Full Model

β
0.029
0.029

p-value
0.2914
0.2943
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4.2.3 Cervical Cancer Screening
4.2.3.1 Descriptive Statistics
The assessment of cervical cancer screening drew on all women aged 21 and above during the entire sixyear period of study (n=18,889) with 3,813 patients in the intervention group and 15,076 in the control.
Table 18 and Table 19 provide a summary of the cervical cancer screening analysis cohort characteristics.
Statistically significant differences were found between intervention and control groups. The intervention
group was more rural (RIO score of 21.81 vs. 10.84). The intervention patients were also more likely to
be enrolled with a physician (94.24% vs. 29.19%), have a diagnosis of diabetes before the index event
date (13.87% vs. 12.98%) and be treated by a female physician (36.38% vs. 29.60%). They were less
likely than the control group to have a diagnosis of COPD or hypertension during the observation window
(4.30% vs. 4.91% and 6.82% vs. 7.78% respectively). They were treated by physicians who were younger
(49.65 years vs. 52.47) and more rural (RIO score of 21.15 vs. 9.93).
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Mental Illness Event

Hypertension Diagnosis

Diabetes Diagnosis

COPD Diagnosis

Sex
Virtual Enrolment

Age at Index Event Date
RIO Score

Female
Enrolled
Virtually Enrolled
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window

PATIENT CHARACTERISTICS
(10.85)
(18.79)
(%)
(100.00)
(42.32)
(57.68)
(12.63)
(7.85)
(4.79)
(19.68)
(13.16)
(6.52)
(26.63)
(19.05)
(7.59)
(40.56)
(30.83)
(30.14)

42.76
13.06
n
18889
7994
10895
2386
1482
904
3717
2486
1231
5031
3598
1433
7661
5824
5694

78

(Std Dev)

n
3813
3593
220
480
316
164
781
529
252
986
726
260
1553
1186
1137

42.7
21.81

Mean

(%)
(100.00)
(94.24)
(5.77)
(12.59)
(8.29)
(4.30)
(20.48)
(13.87)
(6.61)
(25.86)
(19.04)
(6.82)
(40.73)
(31.10)
(29.82)

(10.88)
(21.45)

(Std Dev)

n=3813

n=18889
Mean

Intervention

Total

Table 18 - Cervical Cancer Cohort Descriptive Statistics: Patient Characteristics

n
15076
4401
10675
1906
1166
740
2936
1957
979
4045
2872
1173
6108
4638
4557

42.71
10.84

Mean

n=15076

Control

(%)
(100.00)
(29.19)
(70.81)
(12.64)
(7.73)
(4.91)
(19.47)
(12.98)
(6.49)
(26.83)
(19.05)
(7.78)
(40.51)
(30.76)
(30.23)

(10.85)
(17.36)

(Std Dev)

0.8989
0.1084
0.0264
0.0479
0.0394
0.7158
0.0863
0.9841
0.0046
0.7334
0.5657
0.4881

<.0001

Chi-Sq

0.062
<.0001

T-Test

InterventionControl
Comparison

LHIN

Physician Age at Index Event
Date
Practice RIO Score

Physician Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Male
Female

PHYSICIAN AND PRACTICE CHARACTERISTICS

51.89
12.26
n
1091
1732
870
2318
520
883
1634
1589
1738
1339
1927
604
1403
478

Mean
(10.15)
(18.24)
(%)
(6.02)
(9.56)
(4.80)
(12.79)
(2.87)
(4.87)
(9.01)
(8.77)
(9.59)
(7.39)
(10.63)
(3.33)
(7.74)
(2.64)

(%)
(69.03)
(30.97)
(Std
Dev)
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49.65
21.15
n
315
666
257
273
71
121
172
116
430
349
217
430
228
113

Mean

n
2426
1387

(9.79)
(21.05)
(%)
(8.38)
(17.72)
(6.84)
(7.26)
(1.89)
(3.22)
(4.58)
(3.09)
(11.44)
(9.29)
(5.77)
(11.44)
(6.07)
(3.01)

(%)
(63.62)
(36.38)
(Std
Dev)

n=3813

n=18889
n
13039
5850

Intervention

Total

52.47
9.93
n
776
1066
613
2045
449
762
1462
1473
1308
990
1710
174
1175
365

Mean

n
10613
4463

n=15076

Control

(10.16)
(16.67)
(%)
(5.40)
(7.42)
(4.27)
(14.23)
(3.13)
(5.30)
(10.18)
(10.25)
(9.10)
(6.89)
(11.90)
(1.21)
(8.18)
(2.54)

(%)
(70.40)
(29.60)
(Std
Dev)

Table 19 - Cervical Cancer Cohort Descriptive Statistics: Physician and Practice Characteristics

<.0001
<.0001

T-Test

Chi-Sq
<.0001

InterventionControl
Comparison

4.2.3.2 Difference-in-Differences Models
As depicted in Figure 8 and Table 20, in the absence of the FHT-based care intervention, we would have
expected the proportion of the intervention group who had at least one cervical cancer screen over three
years to have decreased by 0.1 percentage points from the pre- to the post- index event three-year periods.
With the introduction of FHT-based care, the proportion of this group who had at least one cervical
cancer screen over three years increased by 2.2 percentage points from 39.2% to 41.4%, resulting in a
DiD estimator (β) of 0.024. The p-value for this parameter, however, was 0.0565, meaning that, for
α=0.05, the result is not statistically significant.

Proportion of population who had at
least one cervical cancer screen over
three years

0.45
0.40
0.35
0.30

Intervention Actual

0.25
0.20

Intervention
Expected

0.15

Control

0.10
0.05
0.00
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Figure 8 - DiD Model for Cervical Cancer Screening Uptake Proportion over Three Years among
Women aged 21-64 with IDD in Ontario
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Table 20 - Simple DiD Model for Cervical Cancer Screening Uptake Proportion over Three Years
among Women aged 21-64 with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β

DF
1
1
1
1

Parameter Standard
Estimate
Error
0.37125
0.00395
-0.00166
0.00558
0.02083
0.00878
0.02369
0.01242

t Value
94.09
-0.3
2.37
1.91

Pr > |t|
<.0001
0.7663
0.0177
0.0565

A full model was produced to test the influence of potential confounding variables on the DiD estimator.
The parsimonious model (Table 21) included virtual rostering, patient age at the index event date, patient
rurality, COPD diagnosis before the index event date and during the observation window, diabetes
diagnosis during the observation window, hypertension diagnosis before the index event date and during
the observation window, a mental illness event both before the index event date and during the
observation window, physician sex, physician age at the index event date, and the LHIN in which the
practice was located. The DiD estimator adjusted slightly from 0.024 in the simple model to 0.023 in the
full model, with the p-value adjusting slightly from 0.0565 to .0629 (Table 22). Thus, in both models, the
DiD estimator is not statistically significant.
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Table 21 - Full DiD Model for Cervical Cancer Screening Uptake Proportion over Three Years
among Women aged 21-64 with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β
Virtual Enrolment
Index Age
Patient RIO Score
COPD Diagnosis - Pre Index Event Date
COPD Diagnosis - During Observation Window
Diabetes Diagnosis - During Observation Window
Hypertension Diagnosis - Pre Index Event Date
Hypertension Diagnosis - During Observation Window
Mental Illness Event - Pre Index Event Date
Mental Illness Event - During Observation Window
Physician Sex
Physician Age
LHIN 02
LHIN 03
LHIN 04
LHIN 05
LHIN 06
LHIN 07
LHIN 08
LHIN 09
LHIN 10
LHIN 11
LHIN 12
LHIN 13
LHIN 14
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DF
1
1
1
1
1
1
1
1
1

Parameter Standard
t
Estimate
Error Value
0.62174 0.02064 30.12
-0.00225 0.00568 -0.4
0.000141 0.01003 0.01
0.02317 0.01246 1.86
-0.03235 0.00605 -5.34
-0.00361 0.000257 -14.03
-0.00097 0.000157 -6.21
0.04586 0.00985 4.65
0.08413 0.01198 7.03

Pr > |t|
<.0001
0.6919
0.9888
0.0629
<.0001
<.0001
<.0001
<.0001
<.0001

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.0269 0.01029 2.61
0.05811 0.00689 8.44
0.04802 0.00973 4.93
0.073 0.00642 11.36
0.03206 0.00647 4.96
-0.07445 0.00574 -12.97
-0.00195 0.000262 -7.45
0.02177 0.01321 1.65
0.03022 0.01542 1.96
0.07691 0.01254 6.13
0.01838 0.01813 1.01
-0.0006 0.01546 -0.04
0.06782 0.01341 5.06
0.0439 0.01349 3.25
0.00403 0.01312 0.31
0.09665 0.01399 6.91
0.04177 0.01301 3.21
0.05076 0.01769 2.87
0.03023 0.01419 2.13
0.02113
0.0193 1.09

0.0089
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
0.0993
0.0501
<.0001
0.3108
0.9692
<.0001
0.0011
0.7586
<.0001
0.0013
0.0041
0.0331
0.2736

Table 22 - Comparison of DiD Estimators for Simple and Full Models of Cervical Cancer Screening
Uptake Proportion over Three Years among Women aged 21-64 with IDD in Ontario

Simple Model
Full Model

β
0.024
0.023

p-value
0.0535
0.0629

4.2.4 Colorectal Cancer Screening
4.2.4.1 Descriptive Statistics
The assessment of colorectal cancer screening drew on all patients aged 50 and above during the entire
six-year period of study (n=8,701) with 1,798 patients in the intervention group and 6,903 in the control.
Table 23 and Table 24 provide a summary of the colorectal cancer cohort characteristics. Statistically
significant differences were found between intervention and control groups. The intervention group was
more rural (RIO score of 21.23 vs. 12.92) and received treatment from doctors who were also younger
(50.82 years vs. 53.83) and more rural (RIO score of 23.62 vs. 12.15). The intervention group was more
likely to be enrolled with a physician (92.44% vs. 26.99%) and be treated by a female physician (27.42%
vs. 19.63%). They were less likely than the control to be diagnosed with COPD during the observation
window (5.95% vs. 6.97%) and be diagnosed with hypertension during the observation window (8.90%
vs. 10.97%),
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Mental Illness Event

Hypertension Diagnosis

Diabetes Diagnosis

COPD Diagnosis

Virtual Enrolment

Sex

Age at Index Event Date
RIO Score

Male
Female
Enrolled
Virtually Enrolled
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window

PATIENT CHARACTERISTICS
(3.31)
(21.39)
(%)
(52.76)
(47.24)
(40.51)
(59.49)
(24.51)
(17.76)
(6.76)
(29.66)
(21.01)
(8.65)
(47.27)
(36.73)
(10.54)
(43.04)
(32.35)
(33.57)

n
4591
4110
3525
5176
2133
1545
588
2581
1828
753
4113
3196
917
3745
2815
2921
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(Std Dev)

57.51
15.14
n
929
895
1662
136
432
325
107
553
395
158
842
682
160
757
552
579

57.50
23.64

Mean

(%)
(51.67)
(48.22)
(92.44)
(7.56)
(24.03)
(18.08)
(5.95)
(30.76)
(21.97)
(8.79)
(46.83)
(37.93)
(8.90)
(42.10)
(30.70)
(32.32)

(3.35)
(21.23)

(Std Dev)

n=1798

n=8701
Mean

Intervention

Total

Table 23 - Colorectal Cancer Cohort Descriptive Statistics: Patient Characteristics

n
3662
3241
1863
5040
1701
1220
481
2028
1433
595
3271
2514
757
2988
2263
2342

57.51
12.92

Mean

n=6903

Control

(%)
(53.05)
(46.95)
(26.99)
(73.01)
(24.64)
(17.67)
(6.97)
(29.38)
(20.76)
(8.62)
(47.39)
(36.42)
(10.97)
(43.29)
(32.78)
(33.93)

(3.30)
(18.81)

(Std Dev)

0.4453
0.574
0.0305
0.1071
0.1127
0.7495
0.5524
0.0939
0.0003
0.2018
0.0174
0.0511

<.0001

Chi-Sq
0.1396

0.8816
<.0001

T-Test

InterventionControl
Comparison

LHIN

Physician Age at Index Event
Date
Practice RIO Score

Physician Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Male
Female

PHYSICIAN AND PRACTICE CHARACTERISTICS

53.18
14.63
n
588
833
325
1115
175
312
663
588
712
673
959
347
670
227

(10.25)
(19.47)
(%)
(7.18)
(10.17)
(3.97)
(13.62)
(2.14)
(3.81)
(8.10)
(7.18)
(8.70)
(8.22)
(11.71)
(4.24)
(8.18)
(2.77)

(%)
(78.76)
(21.24)
(Std Dev)
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50.82
23.62
n
173
296
78
98
34
50
84
47
241
184
100
228
106
53

n
1305
493
Mean
(9.90)
(21.21)
(%)
(9.76)
(16.70)
(4.40)
(5.53)
(1.92)
(2.82)
(4.74)
(2.65)
(13.60)
(10.38)
(5.64)
(12.87)
(5.98)
(2.99)

(%)
(72.58)
(27.42)
(Std Dev)

n=1798

n=8701
n
6853
1848
Mean

Intervention

Total

53.83
12.15
n
415
537
247
1017
141
262
579
541
471
489
859
119
564
174

n
548
1355
Mean

n=6903

Control

(10.25)
(18.19)
(%)
(6.47)
(8.37)
(3.85)
(15.85)
(2.20)
(4.08)
(9.03)
(8.43)
(7.34)
(7.62)
(13.39)
(1.86)
(8.79)
(2.71)

(%)
(80.37)
(19.63)
(Std Dev)

Table 24 - Colorectal Cancer Cohort Descriptive Statistics: Physician and Practice Characteristics

<.0001
<.0001

T-Test

Chi-Sq
<.0001

InterventionControl
Comparison

4.2.4.2 Difference-in-Differences Models
As depicted in Figure 9 and Table 25, in the absence of the FHT-based care intervention, we would have
expected the proportion of the intervention group who were up-to-date with colorectal cancer screening to
have decreased by 0.7 percentage points from the pre- to the post- index event three-year periods. With
the introduction of FHT-based care, the proportion of this group who were up-to-date with colorectal
cancer screening increased by 4.3 percentage points, resulting in a DiD estimator (β) of 0.049. The pvalue for this parameter was 0.0035, meaning that for α=0.05, the result is statistically significant.

Proportion of population who were up‐
to‐date with colorectal cancer screening

0.40
0.35
0.30
Intervention Actual

0.25
0.20

Intervention
Expected

0.15

Control

0.10
0.05
0.00
Pre

Post

Figure 9 - DiD Model for Colorectal Cancer Screening Uptake Proportion among Adults aged 5064 with IDD in Ontario

86

Table 25 - Simple DiD Model for Colorectal Cancer Screening Uptake Proportion among Adults
aged 50-64 with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β

DF
1
1
1
1

Parameter Standard
Estimate
Error
0.27886
0.00543
-0.00652
0.00767
0.01924
0.01194
0.04934
0.01688

t Value
51.39
-0.85
1.61
2.92

Pr > |t|
<.0001
0.3956
0.1069
0.0035

A full model was produced to test the influence of potential confounding variables on the DiD estimator.
The parsimonious model (Table 26) included virtual rostering, patient age at index event date, patient sex,
diabetes diagnosis before the index event date, hypertension diagnosis before the index event date and
during the observation window, physician sex, physician age at index event date, and the LHIN in which
the practice was located. In the full model, the DiD estimator was similar to the simple model (β=0.050)
and the p-value increased slightly from 0.0035 to 0.0036 (Table 27). As with previous DiD models, the
static DiD estimator indicates that the confounding variables explain some of the inherent differences
between the intervention and control groups as well as differences in the pre- and post-index event date
time periods, but do not significantly change the DiD estimator.
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Table 26 - Full DiD Model for Colorectal Cancer Screening Uptake Proportion among Adults aged
50-64 with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β
Virtual Enrolment
Patient Age at Index Event Date
Patient Sex
Diabetes Diagnosis - Prior to Index Event Date
Hypertension Diagnosis - Pre Index Event Date
Hypertension Diagnosis - During Observation Window
Physician Sex
Physician Age at Index Event Date
LHIN 02
LHIN 03
LHIN 04
LHIN 05
LHIN 06
LHIN 07
LHIN 08
LHIN 09
LHIN 10
LHIN 11
LHIN 12
LHIN 13
LHIN 14

DF
1
1
1
1
1
1
1
1

Parameter Standard
t
Estimate
Error Value
0.10671 0.06675
1.6
-0.00592 0.00798 -0.74
-0.02347 0.01375 -1.71
0.04994 0.01714 2.91
-0.03797 0.00854 -4.45
0.00561 0.00108 5.21
-0.02873 0.00716 -4.01
0.01972 0.00892 2.21

Pr > |t|
0.1099
0.4576
0.0877
0.0036
<.0001
<.0001
<.0001
0.0271

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.06567 0.00789 8.33
0.04041 0.01187
3.4
-0.04971 0.00899 -5.53
-0.00185 0.000362 -5.12
-0.02553 0.01728 -1.48
0.03824 0.02213 1.73
-0.0161 0.01648 -0.98
0.04624 0.02766 1.67
-0.00152 0.02255 -0.07
0.0599 0.01824 3.28
0.08682 0.01885 4.61
0.02733 0.01787 1.53
-0.04143
0.0181 -2.29
-0.00326 0.01693 -0.19
0.03223 0.02191 1.47
0.02033 0.01816 1.12
-0.01663 0.02499 -0.67

<.0001
0.0007
<.0001
<.0001
0.1397
0.0841
0.3285
0.0946
0.9464
0.001
<.0001
0.1261
0.0221
0.8472
0.1413
0.2629
0.5057

Table 27 - Comparison of DiD Estimators for Simple and Full Models of Colorectal Cancer
Screening Uptake Proportion over Three Years among Adults aged 50-64 with IDD in Ontario

Simple Model
Full Model

β
0.049
0.050

p-value
0.0035
0.0036
88

Objective 2 – Healthcare Utilization
To test the impact of the patient-centred medical home on healthcare utilization, non-urgent emergency
department utilization was employed as a key indicator.

4.3.1 Emergency Department Utilization
4.3.1.1 Descriptive Statistics
The assessment of emergency department visitation rates removed outliers with 20 or more ED visits per
three years (n=330) from the full cohort. The ED cohort thus included 45,470 patients with 8,576 in the
intervention group and 36,596 in the control. Table 28 and Table 29 provide a summary of the ED cohort
characteristics. Statistically significant differences were found between intervention and control groups.
The intervention group was more likely to be older (41.35 years vs. 40.54), female (47.43% vs. 43.23%),
more rural (RIO score of 21.40 vs. 17.51), and be treated by younger, more rural physicians (50.27 years
vs. 53.00 and RIO score of 21.04 vs. 10.13 respectively). The intervention group was also more likely to
be enrolled with a physician (94.89% vs. 27.14%), and be treated by a female physician (27.73% vs.
21.60%). In terms of COPD diagnosis, they were more likely to have had a diagnosis before the index
event date (7.38% vs. 6.62%) or at any time before the end of the observation window (11.70% vs.
8.81%). For diabetes diagnosis, they were more likely to have had a diagnosis before the index event date
(11.98% vs. 10.79%), and at any time before the end of the observation window (18.17% vs. 16.75%). In
terms of hypertension diagnosis, they were more likely to have had a diagnosis before the index event
date (18.10% vs. 16.79%), but less likely during the observation window (6.55% vs. 7.18%).
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In both the pre- and post-index event date periods, the intervention group had higher triage code 4 (i.e.,
semi-urgent conditions) ED three-year visitation rates (1.20 vs. 0.88 and 1.14 vs. 0.81, respectively),
higher triage code 5 (i.e., non-urgent conditions) ED three-year visitation rates (0.38 vs. 0.25 and 0.27 vs.
0.17, respectively), and higher grouped triage code 4 and 5 ED three-year visitation rates (1.58 vs. 1.14
and 1.41 vs. 0.98, respectively).
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Mental Illness Event

Hypertension Diagnosis

Diabetes Diagnosis

COPD Diagnosis

Virtual Enrolment

Sex

Age at Index Event Date
RIO Score

ED Visits/Three Years

Male
Female
Enrolled
Virtually Enrolled
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window
Any Time Prior to Observation Window End
Prior to Index Event Date
During Observation Window

Triage Codes 4&5 Pre-Index Event Date
Triage Code 4 Pre-Index Event Date
Triage Code 5 Pre-Index Event Date
Triage Codes 4&5 Post-Index Event Date
Triage Code 4 Post-Index Event Date
Triage Code 5 Post Index Event Date

PATIENT CHARACTERISTICS

(%)
(55.98)
(44.02)
(39.92)
(60.08)
(11.01)
(6.76)
(4.25)
(17.02)
(11.01)
(6.00)
(24.10)
(17.03)
(7.06)
(40.12)
(30.43)
(29.93)

n
25454
20016
18150
27320
5008
3076
1932
7738
5008
2730
10957
7745
3212
18242
13836
13608
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(Std Dev)
(2.63)
(2.01)
(1.03)
(2.36)
(1.90)
(0.80)
(11.82)
(18.80)

Mean
1.22
0.95
0.27
1.06
0.87
0.02
40.69
13.08

Total
n=45,470

n
4508
4068
8138
438
1003
633
370
1558
1027
531
2114
1552
562
3435
2589
2538

Mean
1.58
1.20
0.38
1.41
1.14
0.27
41.35
21.92
(%)
(52.57)
(47.43)
(94.89)
(5.11)
(11.70)
(7.38)
(4.31)
(18.17)
(11.98)
(6.19)
(24.65)
(18.10)
(6.55)
(40.05)
(30.19)
(29.59)

(Std Dev)
(2.93)
(2.23)
(1.17)
(2.65)
(2.13)
(0.95)
(11.93)
(21.40)

Intervention
n=8,576

Table 28 - Emergency Department Visit Cohort Descriptive Statistics: Patient Characteristics

n
20946
15948
10012
26882
4005
2443
1562
6180
3981
2199
8843
6193
2650
14807
11247
11070

Mean
1.14
0.88
0.25
0.98
0.81
0.17
40.54
11.02

Control
n=36,894

(%)
(56.77)
(43.23)
(27.14)
(72.86)
(8.81)
(6.62)
(4.23)
(16.75)
(10.79)
(5.96)
(23.97)
(16.79)
(7.18)
(40.13)
(30.48)
(30.00)

(Std Dev)
(2.54)
(1.95)
(1.00)
(2.28)
(1.84)
(0.77)
(11.79)
(17.51)

0.0252
0.0117
0.7388
0.0017
0.0016
0.4165
0.1837
0.0036
0.0404
0.8914
0.5918
0.4544

<.0001

Chi-Sq
<.0001

T-Test
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<.0001
<.0001

InterventionControl
Comparison

LHIN

Physician Age at Index Event
Date
Practice RIO Score

Physician Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Male
Female

PHYSICIAN AND PRACTICE CHARACTERISTICS

52.45
12.37
n
2534
3975
2004
5657
1250
2088
3826
3745
4144
3084
4543
1600
3241
1189

(10.20)
(18.41)
(%)
(5.91)
(9.27)
(4.67)
(13.19)
(2.92)
(4.87)
(8.92)
(8.73)
(9.66)
(7.19)
(10.59)
(3.73)
(7.56)
(2.77)
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(%)
(77.25)
(22.75)
(Std Dev)
50.27
21.48
n
674
1506
573
610
169
279
339
247
937
827
449
1074
535
243

n
6198
2378
Mean
(9.88)
(21.04)
(%)
(7.97)
(17.80)
(6.77)
(7.21)
(2.00)
(3.30)
(4.01)
(2.92)
(11.07)
(9.77)
(5.31)
(12.69)
(6.32)
(2.87)

(%)
(72.27)
(27.73)
(Std Dev)

n=8,576

n=45,470
n
35124
10346
Mean

Intervention

Total

53.00
10.13
n
1860
2469
1431
5047
1081
1809
3487
3498
3207
2257
4094
526
2706
946

n
28926
7968
Mean

n=36,894

Control

(10.21)
(16.98)
(%)
(5.40)
(7.17)
(4.16)
(14.66)
(3.14)
(5.26)
(10.13)
(10.16)
(9.32)
(6.56)
(11.89)
(1.53)
(7.86)
(2.75)

(%)
(78.40)
(21.60)
(Std Dev)

Table 29 - Emergency Department Visit Cohort Descriptive Statistics: Physician & Practice Characteristics

<.0001
<.0001

Chi-Sq
<.0001

InterventionControl
Comparison

4.3.1.2 Difference-in-Differences Models
As depicted in Figure 10 and Table 30, in the absence of the FHT-based care intervention, we would have
expected the three-year ED visitation rates for triage codes 4 and 5 to decrease by 0.15 visits per three
years between the pre- and post-index event dates. With the introduction of FHT-based care, the rate
decreased by 0.17 visits per three years, resulting in a DiD estimator (β) of -0.015. The p-value for this
parameter was 0.7185, meaning that for α=0.05, this value is not statistically significant.

Three‐Year Emergency Department
Visitation Rates (Triage Codes 4&5)

1.80
1.60
1.40
1.20

Intervention Actual

1.00
0.80

Intervention
Expected

0.60

Control

0.40
0.20
0.00
Pre

Post

Figure 10 - DiD Model for Three-Year ED Visitation Rates (Triage Codes 4&5) by Adults with IDD
in Ontario
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Table 30 - Simple DiD Model for Three-Year ED Visitation Rates (Triage Codes 4&5) by Adults
with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β

DF
1
1
1
1

Parameter Standard
Estimate
Error
1.13506
0.01297
-0.15292
0.01834
0.44435
0.02986
-0.01522
0.04222

t Value
87.54
-8.34
14.88
-0.36

Pr > |t|
<.0001
<.0001
<.0001
0.7185

A full model was produced to test the influence of potential confounding variables on the DiD estimator.
The parsimonious model (Table 31) included virtual enrolment, patient age, patient sex, patient RIO
score, COPD diagnosis before index event date and during the observation window, diabetes diagnosis
before index event date and during the observation window, hypertension diagnosis before index event
date and during the observation window, a mental illness event before the index event date, a mental
illness event during the observation window, physician sex, physician age at the index event date,
physician RIO score, and the LHIN in which the practice is located. In the full model, the DiD estimator
adjusted slightly from reducing the three-year ED visitation rate by 0.015 in the simple model (β=-0.015)
to reducing the rate by 0.008 visits per three years (β=-0.008) and the p-value increased from 0.7185 to
0.8488 (Table 32). Both values lack any clinical meaning and are not statistically significant, indicating
that the introduction of FHT-based care has no impact on avoidable ED visitation rates for this
population.
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Table 31 - Full DiD Model for Three-Year ED Visitation Rates (Triage Codes 4&5) by Adults with
IDD in Ontario
Parameter Standard
t
DF Estimate
Error Value Pr > |t|
1 1.36756 0.06614 20.68 <.0001
1 -0.15778 0.01818 -8.68 <.0001
1 0.15555 0.03309
4.7 <.0001
1
-0.0078 0.0409 -0.19 0.8488
1 0.08111 0.01977
4.1 <.0001
1
-0.0161 0.000773 -20.83 <.0001
1
-0.1432 0.01669 -8.58 <.0001
1 0.01435 0.000824 17.42 <.0001
1 0.62993 0.03391 18.58 <.0001
1 0.69555 0.04067 17.1 <.0001

Intercept
Pre/Post
Intervention/Control
β
Virtual Enrolment
Patient Age at Index Event Date
Patient Sex
Patient RIO Score
COPD Diagnosis - Pre Index Event Date
COPD Diagnosis - During Observation Window
Diabetes Diagnosis - Prior to Index Event Date
Diabetes Diagnosis - During Observation Window
Hypertension Diagnosis - Pre Index Event Date
Hypertension Diagnosis - During Observation Window
Mental Illness Event - Pre Index Event Date
Mental Illness Event - During Observation Window
Physician Sex
Physician Age at Index Event Date
Physician RIO Score
LHIN 02
LHIN 03
LHIN 04
LHIN 05
LHIN 06
LHIN 07
LHIN 08
LHIN 09
LHIN 10
LHIN 11
LHIN 12
LHIN 13
LHIN 14
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.25842
0.17605
0.12892
0.1332
0.63484
0.57336
0.09828
-0.00547
0.01285
0.19137
-0.33529
0.089
-0.4692
-0.45016
-0.19546
-0.40211
-0.31864
0.09872
-0.1727
-0.40027
0.13337
0.01544

0.02737
0.03467
0.0236
0.0324
0.02075
0.02083
0.0203
0.000837
0.000869
0.0432
0.05035
0.04047
0.05834
0.05004
0.04354
0.04372
0.0425
0.04561
0.04216
0.05538
0.0465
0.06212

9.44
5.08
5.46
4.11
30.59
27.52
4.84
-6.54
14.79
4.43
-6.66
2.2
-8.04
-9
-4.49
-9.2
-7.5
2.16
-4.1
-7.23
2.87
0.25

<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
0.0279
<.0001
<.0001
<.0001
<.0001
<.0001
0.0304
<.0001
<.0001
0.0041
0.8037

Table 32 - Comparison of DiD Estimators for Simple and Full Models of Three-Year ED Visitation
Rates (Triage Codes 4&5) by Adults with IDD in Ontario

Simple Model
Full Model

β
-0.015
-0.008

p-value
0.7185
0.8488
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Summary and Conclusions
Summary of Results
The results of the analysis offer mixed evidence that the patient-centred medical home, as implemented
through the FHT program in Ontario, has had an impact on the care of adults with IDD as measured by
the five indicators selected (Table 33). Two of the indicators of access to care, breast cancer and cervical
cancer screening uptake proportions, produced non-significant results, both in simple models and when
adjusting for confounding variables, although the positive impact for cervical cancer screening
approached statistical significance (p=0.0565). The other two indicators of access to care did provide
statistically significant results. With the PHE uptake, FHT-based care had a negative impact for this
population, resulting in a 4.4 percentage point decrease in the uptake proportion. For colorectal cancer
screening uptake, FHT-based care had a positive impact, increasing uptake proportions by 5.0 percentage
points when adjusted for confounding variables. Healthcare utilization, as measured by ED visitation rates
resulted in a statistically insignificant DiD estimator, meaning that we cannot demonstrate with any
confidence an impact of the patient-centred medical home on non-urgent emergency department
utilization by adults with IDD in Ontario.
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Table 33 - Summary of DiD Estimators for Healthcare Access and Utilization Indicators for Adults
with IDD in Ontario

Healthcare Access

Healthcare
Utilization

Simple Model

Full Model

β

p-value

β

p-value

PHE Uptake Proportion

-0.0435

<0.0001

-0.04398

<0.0001

Breast Cancer Screening
Uptake Proportion

0.02901

0.2914

0.02875

0.2943

0.02369

0.0565

0.02317

0.0629

0.04934

0.0035

0.04994

0.0036

-0.01522

0.7185

-0.0078

0.8488

Cervical Cancer Screening
Uptake Proportion
Colorectal Cancer
Screening Uptake
Proportion
Mean Number of Nonurgent ED Visits

Interpretation of Findings
5.2.1 Patient Characteristics
This study found several statistically significant differences between adults with IDD in Ontario who
transitioned to a patient-centred medical home as practiced through a FHT compared with those treated
through a non-PCMH model. Patients who transitioned to a FHT were slightly older (mean age of 41.35
vs. 40.53), more likely to be female (47.55% vs. 43.29%), were more rural (mean Rural Index of Ontario
score of 21.96 vs. 11.08), and they were more likely to be enrolled with a physician (94.88% vs. 27.09%).
Their physician characteristics were different as well, as their physicians were generally younger (mean
age of 50.27 vs. 52.98), more rural-based (mean RIO score of 21.09 vs. 17.08), and more likely to be
female (27.74% vs. 21.56%). Last, their comorbidity profile differed as well, with the group who
transitioned to a FHT having a higher proportion of individuals diagnosed with COPD before the index
event date (7.55% vs. 6.73%) and at any point prior to the end of the observation window (11.88% vs.
98

11.00%). The group who transitioned to a FHT also had a higher proportion of patients diagnosed with
diabetes before the index event date (12.04% vs. 10.87%) and at any point prior to the end of the
observation window (18.30% vs. 16.87%). Among those patients who transitioned to a FHT,
hypertension diagnoses were more common before the index event date (18.15% vs. 16.85%) but less
common during the observation window (6.56% vs. 7.18%). There was no statistically significant
difference in the incidence of mental illness events between the two groups.

5.2.2 Periodic Health Exam
Uptake of the PHE was higher than expected, likely as a result of not including diagnostic code DX917 in
the primary definition of the PHE. Results from the H-CARDD study, which included DX917 in the
definition of PHE, showed that in 2009-11, 22.0% of adults with IDD in Ontario had had a PHE within
the previous two years. This is similar to the results of the sensitivity analysis which found that three-year
proportions decreased from 31.4% to 31.2% in the intervention group for the three years before and after
the index event date, and increased from 26.8% to 28.1% in the control group. The main analysis, which
did not restrict the definition to only those exams which included DX917, found 53.5% of the
intervention group had at least one PHE in the three-year period before the index event date, and 48.5%
had at least one in the three-year window of observation post-index date. In the main analysis control
group, the numbers were also higher than those in the H-CARDD study, with 48.5% having had an exam
in the three years before the index event date, and 47.9% having had the exam in the window of
observation. There also may be some inherent differences between the sub-population included in this
study, compared to all adults aged 18-65 with IDD in Ontario in 2009. This could be attributable to the
10,253 individuals who were at least 18 years old in 2009-10 and were thus included in the H-CARDD
study, but were not at least 18 years old during this study’s lookback and observation windows, and were
thus excluded. We would expect younger adults to be less likely to have a PHE and, thus, by excluding a
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younger segment of the H-CARDD cohort, the uptake proportion would be expected to be higher, as
observed in this study.

That said, the results of the analysis suggest that the FHT example of the patient-centred medical home
care may be having a negative impact on uptake of the periodic health exam by adults with IDD in
Ontario. Of the observed 5.0 percentage point decline in uptake rates between the pre- and post-index
event date windows, the study showed 4.4 percentage points to be attributable to the FHT model. The
negative impact of FHT-based care on PHE uptake runs contrary to the study’s hypothesis and is likely
the result of several factors. Notably, the full PHE is a lengthy exam as it requires completion of a full
medical history and body examination. This creates several challenges for physicians examining an adult
with IDD. To make the exam manageable with a complex patient, as is often the case with patients with
IDD, a physician may prefer to approach the exam on a piecemeal basis, conducting portions of the exam
separately over several visits, rather than completing all steps at once. Billing multiple smaller exams
such as a minor assessment (fee code A001), general re-assessment (fee code A004 which does not
require a review of patient history), or intermediate assessment (fee code A007), in lieu of conducting the
full PHE (fee code A003), is an example of a phenomenon referred to as “code shift”. For physicians
within a FHT, this code shifting is unintentionally incentivized by billing structures. Where a fee-forservice physician in 2015 would be paid $77.20 for a full A003 exam and $33.70 for a simpler A007
exam, a physician within a FHT only receives a 10% “shadow bill” amount of $7.72 and $3.37,
respectively (Ontario MOHLTC, 2009 & 2015). Thus, while a fee-for-service physician receives over
$43.50 extra for completing the full exam, a FHT-based physician only receives $4.35.

The results of the sensitivity analysis performed on the diagnostic code suggest that further research on
physician billing is required. When the two groups were compared on diagnostic code DX917, the DiD
estimator was smaller at -1.5 percentage points and a p-value approaching statistical significance in both
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the simple and full models (0.0535 and 0.0571, respectively). Thus, when looking at diagnostic code
DX917, there is a smaller negative effect on uptake proportions attributable to the FHT model. Our
assumption is that physicians in a FHT are less likely to accurately record billing codes, which would bias
the results towards the null, as seen in this case.

The negative result may also be a result of expected workload shift. Because FHTs emphasize
interdisciplinary care, the PHE may be performed by a nurse practitioner. Although nurse practitioners in
FHNs and FHOs may also perform a PHE, such an exam would be billed by the physician and captured
under OHIP billing data. Within a FHT, nurse practitioners are funded through the additional
administrative funding and, as such, the exam, if performed by a nurse practitioner, would not be captured
by the physician’s OHIP billing data. This would contribute to the observed decline in PHE uptake
proportions.

The full model introduced several statistically significant confounders to the model. Because the DiD
estimator remained nearly constant between the two models, the difference-in-differences model
assumptions hold true, meaning these other variables explain aspects of the inherent differences between
the two groups, but have little impact on the DiD estimator. In this case, several variables of interest
emerged. Virtually rostered patients were less likely to have had a PHE, as were male patients. Patient age
at index event date had a positive impact on PHE uptake, while patient rurality had a negative impact.
Patients with co-morbidities were less likely to have had a PHE, as well. This included previous
diagnoses of COPD or diabetes. These differences in comorbidities fits the logic described above as such
patients would likely see their physician on a regular basis, resulting in ongoing tests and examinations,
and a lower likelihood of conducting a longer, formal physical exam. A mental illness event during the
observation window resulted in a slightly higher uptake proportion of the PHE. In terms of physician and
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practice characteristics, males were less likely to conduct a PHE, and significant variation was seen across
the fourteen LHINs.

5.2.3 Breast Cancer Screening
Because breast cancer screening is incentivized by the FHT model (i.e., physicians receive bonuses or
penalties based on whether their rostered patients exceed or fail to reach uptake proportion targets) (see
Appendix E), we would expect to see the model having a positive impact on breast screening uptake.
However, because adults with IDD are younger than the general population, and breast cancer screening
is not recommended before age 50, our cohort size (n=4,053) was small for this analysis, particularly in
the intervention group (n=812). For a difference of 2.9 percentage points to have statistical power, we
would have needed 4,657 individuals in each of the intervention and control groups. Consequently, the
high p-value may be a result of limited statistical power. Further research will want to explore the
potential indication in these results that the FHT model does indeed create a positive impact on breast
cancer screening among adults with IDD.

As with the PHE analysis, the DiD estimator remained constant between the simple and full models,
indicating that the confounding variables explained underlying differences between the two groups, rather
than impacting the DiD estimator. At the patient level, enrolment had a negative effect on breast cancer
screening uptake. A mental illness event, both before the index event date and during the observation
window, resulted in reduced breast cancer screening uptake, but only events before the index event date
were associated with being in a FHT. Male physicians were less likely than their female counterparts to
have their patients screened for breast cancer, rurality had a negative impact on uptake, and uptake
proportions varied widely across LHINs.
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For breast cancer screening, uptake proportions were comparable to those found in the H-CARDD study
which reported that, in 2009/11, 52.2% of women aged 50-64 to had a mammogram within the previous
two years (59.7% among those seen by a physician working in a FHT) (Ouellette-Kuntz et al., 2013). This
study found the intervention group increased from 50.9% over three years prior to the index event date to
64.9% in the three-year window of observation and the control group increased from 43.6% in the preindex event date period to 54.8% in the post-index event date period. Given the mean index event dates of
January 27, 2008 for enrolled patients and May 29, 2008 for virtually rostered patients, the positive shift
between the pre- and post-index event date periods is consistent with results found in the 2009-10 rates
documented in the H-CARDD study.

5.2.4 Cervical Cancer Screening
Cervical cancer screening uptake was similar to that found in the H-CARDD study, which reported that,
in 2009/11, 33.7% of eligible women with IDD had undergone screening over a two-year window
(Ouellette-Kuntz et al., 2013). In this analysis, the intervention group’s three-year uptake proportion
increased from 39.2% in the three years before the index event date to 41.4% in the post-index window of
observation and the control group decreased from 37.1% in the pre-index event date period to 37.0% in
the post-index event date period. Given the longer time period of analysis, we would expect these uptake
proportions to be higher than the H-CARDD results. The positive DiD estimator, which approaches
statistical significance (p=0.0629) suggests that FHT-based care might have improved uptake of cervical
cancer screening by 2.3 percentage points among women aged 25-65 with IDD in Ontario. We would
have needed 6,660 individuals in each group to achieve statistical significance for the observed DiD
estimator value. As such, this study cannot conclude that the financial incentives and increased
administrative support which allow for improved patient reminders had had a positive impact for this
population. Of note is an earlier finding that the uptake proportion for women without IDD is 66.7% over
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two years found by Ouellette-Kuntz et al. (2013). Disparities between cervical cancer screening uptake
between women with and without IDD is often attributed to caregivers assuming that women with IDD
are sexually inactive and thus not in need of such screens (Brown, Plourde, Ouellette-Kuntz, Vigod, &
Cobigo, 2015). Research on screening uptake among women with IDD who have had a baby, however,
shows that gaps exist for sexually active women with IDD compared with the general population as well
(Brown et al., 2015). Thus, efforts to remove barriers to cervical cancer screening for women with IDD
remain important.

Other variations between the two groups can be attributed to the confounding variables explored in the
full model, as well as potential unobserved factors. Notable among these was again the impact of virtual
rostering, whereby enrolled patients were more likely to have a pap smear than virtually rostered patients.
Patient age, patient rurality, and physician age all had negative impacts on screening uptake proportions.
COPD and hypertension diagnoses both before the index event date and during the observation window
had a positive effect on cervical cancer screening uptake but were only associated with being enrolled in a
FHT during the observation window. Diabetes diagnoses during the observation window also increased
the uptake of cervical cancer screening, but had no association with being enrolled in a FHT. A mental
illness event either prior to the index event date or during the window of observation also increased
uptake proportions, but again was not associated with being in a FHT. Male physicians were less likely to
conduct a pap smear than their female counterparts, screening proportions were lower with older
physicians, and uptake varied across LHINs.

5.2.5 Colorectal Cancer Screening
In the study population, colorectal cancer screening proportions were comparable to the 32.0% of adults
with IDD aged 50-64 who were documented as being up-to-date with colorectal cancer screens in the H104

CARDD study (Ouellette-Kuntz et al., 2013). In the intervention group, 29.8% were up-to-date in the preperiod and 34.1% were up-to-date in the post-period. In the control group, the numbers were lower, with
27.9% up-to-date in the pre-period and 27.2% up-to-date in the post-period.

As the analysis demonstrated, FHT-based care does appear to have a positive impact on colorectal cancer
screening uptake. The DiD estimator of 0.049 found in the simple model and 0.050 in the full model
indicates that the FHT approach to PCMH increased uptake of colorectal cancer screening among adults
with IDD in Ontario by 5.0 percentage points when adjusted for confounders.

The consistency in the DiD estimators between models once again indicates that the confounding
variables explain differences between the two groups rather than adjusting the DiD estimator. Virtual
rostering again had a negative impact on screening uptake. Patient age had a positive impact on screening
proportions and men were less likely to be screened than women, although neither were associated with
enrolment in a FHT. Diabetes diagnosis prior to the index event date, and hypertension diagnosis both
before the index event date and during the observation window increased uptake proportions, although
only the hypertension diagnosis measures were associated with enrolment in a FHT. As with previous
analyses, male physicians and older physicians were less likely to have their patients screened, and there
was variance in uptake proportions across the fourteen LHINs.

5.2.6 Emergency Department Utilization
The H-CARDD study documented that adults with IDD in Ontario visited the emergency department an
average of 3.0 times in the year 2009/10, compared to 1.8 times for the general adult population without
IDD (Isaacs et al., 2013). The study did not, however, differentiate between unavoidable (i.e., triage codes
1-3) and avoidable (i.e., triage codes 4 and 5) visits. Thus, it is difficult to compare this study’s observed
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rates with broader published results. That said, the intervention group’s average number of avoidable ED
visits over three years, when adjusted for outliers, decreased from 1.58 to 1.41 and the control group’s
decreased from 1.14 to 0.98.

The results of the DiD analysis showed no relationship between FHT-based care and avoidable ED
utilization by adults with IDD in Ontario. The simple model produced a DiD estimator of -0.015, which
was not statistically significant (0.7185), despite high statistical power. In the full model, the DiD
estimator was the same and again lacked statistical significance (p=0.7185).

Of all the indicators tested, ED utilization had the most confounding variables. Patient rurality increased
ED utilization as did being female and virtual rostering. Patient age decreased ED utilization. Comorbidities were significant confounders. COPD, diabetes, and hypertension both before the index event
date and during the observation window were significant confounders. Mental illness events in the threeyear window before the index event date and during the observation window also increased ED
utilization. Patients with female physicians were less likely to have avoidable ED, physician age
decreased ED utilization, and physician rurality increased ED utilization. Last, there was significant
variation in ED utilization across the fourteen LHINs. The lack of statistical significance for the DiD
estimator suggests that factors other than FHT-based care are responsible for the observed differences and
changes in ED utilization. The list of significant confounders and covariates would suggest that ED
utilization is more likely related to a patient’s comorbidities and the place where they live, both because
of its rurality and the nature of healthcare services within a particular LHIN.
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Limitations
Several limitations resulting from the research methodology should be taken into consideration when
applying results from this study to practice and further research. First, the difference-in-differences
approach is not intended to be used as a predictive model even though it draws on multiple linear
regression. Instead, it is designed to provide an accurate estimation of β, that is, the impact of a policy
change, in this case the introduction of the patient-centred medical home through Ontario’s FHT program,
on an outcome variable of interest. While the full models do provide parameter estimates for each
confounding variable, the purpose of these variables is to determine the most accurate estimate of β
possible. For this reason, this study’s discussion does not directly reference the confounding parameter
estimates. The identification of these confounding factors, however, does provide insight into factors
which influence a particular healthcare access or utilization outcome and should be used to generate
future research on healthcare access and utilization for adults with IDD.

Second, the confounding variables tested were limited by data availability. Where data is available, future
research may want to consider the impact of additional practice-level and physician-level confounders.
These might include practice composition variables to measure the multidisciplinary nature of the team
(e.g., number of disciplines on the team, presence of a mental health practitioner, presence of a
nutritionist, presence of a pharmacist), as well as measurements of practice size, degree of administrative
support, and physician compliance with screening targets. Also, there are many social factors which affect
healthcare access and utilization by adults with IDD that are not measurable using ICES data. These
might include living situations (e.g., institutional, group home, family residence) and caregiver support.
Last, severity of IDD could be differential between the two groups and may impact both access and
utilization measures, but is not available in existing ICES data.
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Second, assigning non-enrolled patients to a physician is a challenging process. About ten percent of
patients in the H-CARDD study were not formally enrolled with a physician. Isaacs et al. (2013) note that
this can be for a variety of reasons, but is often done because it is economically disadvantageous to enroll
complex patients under a capitation-based model. This study found a similar proportion for the
intervention group (5.12%), but a much larger proportion for the control group (72.91%). Given that some
physician governance models in the control group do not require a physician commitment to patient
enrolment, we would expect the control group to have a larger proportion of virtually rostered patients.
The large difference, however, suggests that further research into this phenomenon is warranted. Failing
to include such patients in this analysis would have biased results toward the null as it would have
ignored a significant difference between those adults with IDD receiving FHT-based care compared with
those being treated under other models in Ontario. Given this study’s three-year window of observation,
virtual rostering was determined using average billing over a three-year period. These results can be
biased, for example, by favouring heavy billing by one physician at the start or end of a period, and
ignoring another physician who saw the patient more regularly over the entire period of time, but billed
for less expensive services.

Third, the three-year window of observation recommended by Penfold and Zhang (2012) limits the
number of patients who can be included in the study. The study’s initial methodology was to use as
controls, only patients treated under Ontario’s two fee-for-service models, CCM and FHG. The HCARDD study found 40.2% of adults with IDD were part of a CCM or FHG in 2009/10 (32.1% by
enrolment and 8.1% by virtual rostering), which amounts to over 21,400 patients. To be eligible for the
control group, however, they had to remain within CCM or FHG-based care for both the entire lookback
window and window of observation (total of six years). This exclusion criterion resulted in a control
group of only 1,372 individuals. The revised methodology allowed for a much larger control group by
also including patients within non-FHT FHNs and FHOs, but resulted in a cohort with over 70% virtual
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rostering. The high exclusion rate in the original cohort and the high virtual rostering in the revised cohort
suggest that there is significant movement across care models, and likely caregivers, among this
population. Future studies that wish to focus on specific care models will need methodologies that do not
require long windows of observation.

Last, there is potential for misclassification due to the RIO 2008 score as a measure of patient rurality.
Because this was assessed based on a patient’s address at the time of the index event date, if the patient
moved at some other point during the lookback window or the window of observation, then the rurality
measure would not be an accurate reflection of their rurality during the entire six-year window. This
misclassification is non-differential and, as such, we cannot determine to what degree it may bias the
results towards or away from the null hypothesis (Jurek, Greenland, Maldonado,& Church, 2005),
although we do not expect it to have any significant impact on the study results.

Implications of Findings
Despite the limitations described above, the results of this work generate several key implications both for
future research as well as for policy makers and practitioners.

5.4.1 Implications for Further Research
The study offers several key implications for ongoing health services and policy research on primary care
for adults with IDD. Despite inconclusive results on the effectiveness of the patient-centred medical home
for access to and utilization of healthcare for adults with IDD, several key factors emerged in
understanding the drivers of such indicators. Notably, the full models for all five outcomes included
practice LHIN location as a significant confounder. This suggests that LHIN governance is an important
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driver of healthcare access and utilization, perhaps more so than the primary care model. The parameter
estimate differences across LHINs in each of the parsimonious models generated in this study are
consistent with documented cross-LHIN variations as high as 19.6% for PHE uptake, 14.7% for
colorectal cancer screening uptake, 13.9% for breast cancer screening uptake, and 10.5% for cervical
cancer screening uptake (Ouellette-Kuntz et al., 2013). As LHINs are designed to develop localized
governance structures that reflect the needs of a region’s population and geography, it is not surprising
that these differences exist. A better understanding of how these different governance models impact
access to care and utilization of services by Ontarians with IDD will help reduce existing gaps.

In addition to understanding the impacts of LHIN governance, patient enrolment emerged as a variable
that should be explored further. Although there are challenges in effectively assigning virtually rostered
patients to the intervention and control groups, all four access indicators identified virtual rostering as
having a negative impact on screening uptake. The H-CARDD study (Isaacs et al., 2013) found that
12.3% of patients with IDD treated under a capitation-based model and 19.3% of patients with IDD
treated under a fee-for-service model were not formally enrolled with a physician. This study has
demonstrated that, when measured over a longer period of time, significantly larger numbers of
individuals with IDD will not be rostered with a physician, as evidenced by the high proportion of
virtually rostered patients in the control group. Future research will want to address the service gaps faced
by this group and how such challenges can be addressed.

A third consideration for researchers is the need to test expanded models of the impacts of primary care
on healthcare utilization. The patient-centred medical home (PCMH) is intended to reduce unnecessary
utilization of healthcare resources, such as avoidable ED visits. While some studies have demonstrated
that the PCMH reduces ED visits by patients with chronic conditions like diabetes and hypertension
(David, Gunnarsson, Saynisch, Chawla, & Nigam, 2014), this study found no relationship between non110

urgent ED visits for adults with IDD and primary care through a PCMH. Researchers will want to further
explore the relationship between IDD, chronic comorbidities, and ED utilization. Additionally,
researchers may want to explore other indicators of healthcare utilization, such as ACS hospitalizations,
to test for other impacts of PCMH care and healthcare utilization by adults with IDD.

Fourth, the study demonstrates the complex dynamic between primary care and ED utilization. While the
PCMH aims to reduce unnecessary health system utilization, reducing avoidable ED visits is a complex
process. In particular, the confounding variables suggest that reducing such utilization is more likely a
function of addressing comorbidities than managing IDD. This is further complicated by pre-existing
mental health challenges, which are not uncommon among adults with IDD (Bielska, 2009). Further work
is needed to understand how ED utilization by this population can be reduced.

Last, all of the access indicators saw lower uptake from male physicians compared to their female
counterparts. Researchers will want to explore further how physician sex and gender impacts patient
access to and utilization of care by adults with IDD.

5.4.2 Implications for Practice
Important applications can be made to healthcare policy from this work. First, policy makers should
review how programs, particularly screening targets for capitation-based models, incentivize physician
behaviours. Despite the lack of statistical power, the positive direction of all three cancer screening DiD
estimators indicates that the FHT model, and its screening incentives, are likely contributing to some
improvement in screening. There remains more to be learned, though, and there is likely not a “one-sizefits-all” model for incentivizing screening targets. Cervical cancer screening uptake, for example, had
more confounding relationships with comorbidities, and new research indicates women with IDD face
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significant barriers to cervical cancer screening (Brown et al., 2015), which indicates that policy makers
need to understand the unique dynamics and mechanisms under which physicians recommend and
conduct a particular screen. Also, whether the effects of FHT-based care on the three cancer screens have
clinical significance is relative to policy objectives. The cancer screening incentive targets (Appendix E)
of 55-75% of eligible patients having a mammogram in the past 30 months, 60-80% for pap smears, and
15-75% for colorectal cancer screens provide some indication of clinical significance for these screens. In
this light, FHTs are performing quite well for breast cancer screening and relatively well for colorectal
cancer screening, but still underperforming (although less so than other models) with cervical cancer
screening. Future research should continue to take relevant policy context into consideration.

The unexpected negative relationship between FHT-based care and the PHE is likely a result of two key
factors: coding shift and expected workload shift. First, all FHT-based physicians are paid through a
blended capitation-based program, whereas the control group’s physicians are paid through both blended
capitation (FHNs and FHOs) and fee-for-service (FHGs and CCMs). There is likely an unintended
financial disincentive whereby the additional financial compensation a capitation-based physician
receives for a PHE (diagnosis code DX917) is insufficient considering the extra effort required to conduct
a full PHE many adults with IDD. Instead, they find more efficient ways to monitor the health of complex
patients. Second, the FHT data does not reflect PHEs conducted by allied health professionals working
alongside physicians. A better, more accurate, measure is needed.

Ontario would do well, then, to follow the lead of the UK in developing a specialized tool like the
Learning Disability Health Check (Glover, 2014), or the Australian-based CHAP (UniQuest, 2010),
which are specifically designed to screen individuals with IDD for targeted health conditions, and are
assigned an appropriate fee code within the billing system. This could be set up as a target for capitationbased physicians with bonuses and penalties, similar to priority screens, or it could be implemented as a
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straight fee-for-service mechanism. This study did not demonstrate that the existing structures for PCMH
care in Ontario supports the uptake of the PHE by adults with IDD, a key recommendation of current
primary care guidelines for this population. Improved billing mechanisms and tools designed for adults
with IDD might help address this issue.

Policy makers will also want to pay attention to the negative impact of not enrolling on access to care as
demonstrated through the full models in this study. Not being enrolled with a physician had a consistently
negative impact on health exam and screening uptake. Given that there is a financial disincentive for
capitation-based physicians to roster complex needs patients, policy makers should revise payment
structures to ensure they encourage formal rostering of complex needs patients.

Finally, the variation of access to care across the fourteen LHINs should be of concern to policy makers.
Regionalized healthcare governance, as compared to centralized models, should ensure each region has
the authority and ability to organize care in a way that ensures high quality delivery and access. The
discrepancies observed in this and other studies suggest that this is not the experience of adults with IDD
in Ontario. It is critical to work to address variations across LHINs and ensure that adults with IDD have
equal access to care across the province.

Conclusions
In conclusion, the patient-centred medical home, as exemplified by the Family Health Team program in
Ontario, has had mixed results in terms of healthcare access (PHE and three cancer screening indicators)
for adults aged 18-64 with IDD, and no impact on non-urgent emergency department utilization for this
group.
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The decline in PHE uptake among this population, of which 4.4 of 5.0 percentage points are attributable
to FHT-based care, is likely explained by code shift and expected workload shift. If that is the case,
existing administrative data do not adequately reflect the true level of care received by adults with IDD. It
is therefore recommended that Ontario implement and incentivize a PHE tool specific to individuals with
IDD, as has been done in Australia and the UK.

The results for cancer screening are more positive. Although two of the results – breast and cervical
cancer screens – were statistically insignificant, this is likely due to limited sample size. All three cancer
screening indicators – breast, cervical, and colorectal – indicated FHT-based care to be improving uptake
proportions, a result that is consistent with the study’s hypothesis. For all three cancers, however,
screening uptake for adults with IDD remained below that of the general population, regardless of their
primary care model. To address this gap in access to care, it is necessary to develop education programs
targeted at the limited cognitive abilities of this group (Parish et al., 2012), as well as provide training and
tools to healthcare providers so that they are equipped to provide the necessary care for adults with IDD
(Cobigo et al., 2013).

The sole indicator of healthcare utilization – non-urgent emergency department utilization – showed
FHT-based care to have no impact. ED utilization is a complex variable with many contributing factors.
Future studies will want to consider a broader range of utilization variables, including ambulatory care
sensitive conditions.

In conclusion, then, this study has shown the PCMH to be effective in minimally improving access to care
for adults with IDD and inconclusive in its impact on healthcare utilization. Fully addressing the barriers
to access to care for adults with IDD requires tools, education, and provider training targeted to the
specific needs of this population.
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The study also demonstrates the need for further research on this pressing issue. In addition to further
expanding research on healthcare utilization impacts of the PCMH for adults with IDD, future studies will
also want to consider the relationship between primary care models and other covariates. This research
has supported the growing understanding that comorbidities, both physical and mental, make a significant
contribution to the complexity of caring for adults with IDD. Researchers will want to further investigate
the dynamics of IDD comorbidities and healthcare access and utilization. Policy makers will, again, want
to move toward specialized PHEs for this population. Further attention also needs to be given to the role
of physician and practice characteristics on primary care for adults with IDD. Not only did this study
demonstrate differences between physicians by gender and age, but it also underscored the variation
across Ontario’s LHINs. Although the LHINs differ by demographic profile, they also feature unique
regional governance structures which may contribute to existing inequalities. Primary care for adults with
IDD is complex and, although the results of this study demonstrate some positive impacts of the patientcentred medical home on this group, there remains a great deal of work to be completed.
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Appendix A
Data Sources

The study draws on data from fourteen separate data sets available through ICES: (1) Chronic Obstructive
Pulmonary Disease; (2) Client Agency Program Enrolment; (3) Corporate Provider Database; (4)
Discharge Abstract Database; (5) Local Health Integration Network Library; (6) National Ambulatory
Reporting System; (7) Ontario Breast Cancer Screening Program Database; (8) Ontario Census Area
Profiles; (9) Ontario Diabetes Database; (10) Ontario Health Insurance Plan Claims Database; (11)
Ontario Hypertension Database; (12) Ontario Mental Health Reporting System; (13) Registered Persons
Database; (14) Same Day Surgery Database.

Chronic Obstructive Pulmonary Disease (COPD)
The COPD database is a cohort designed and managed by ICES identifying all prevalent cases of COPD
in Ontario from 1988-2012 and all incident cases of COPD from 1994-2012 (ICES, 2015). The cohort
includes patients age 35 and older (only 67 patients under age 35 were documented in 2010/2011) (HQO
& MOHLTC, 2013). Patient inclusion is based on ICD-10-CA codes J41-J44: COPD with acute
exacerbation, unspecified; other specified COPD; mixed simple and mucopurulent chronic bronchitis;
unspecified chronic bronchitis; mucopurulent chronic bronchitis; panlobular emphysema; centrilobular
emphysema; other emphysema; MacLeod’s syndrome; emphysema, unspecified; COPD with acute lower
respiratory infection; COPD, unspecified; simple chronic bronchitis; bronchitis, not specified as acute or
chronic; chronic respiratory conditions due to chemicals, gases, fumes, and vapours. The COPD cohort
will be used to test the presence of COPD as a confounding variable.
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Client Agency Program Enrolment (CAPE)
The CAPE database documents all associations between registered persons in Ontario with physicians,
physician membership in a specific agency, and the participation of said physicians and agencies in
MOHLTC programs (e.g., FHTs, CCGs) (MOHLTC, 2006). It was established by the Ontario
MOHLTC’s Health Services Division, Registration & Claims Branch in 1999 and is kept up-to-date.
CAPE’s record of physician and practice program type (Family Health Network, Family Health
Organization, Comprehensive Care Group, and Family Health Group) will be used to identify each
patient’s primary care treatment model throughout their six-year observation window.

Corporate Provider Database (CPDB)
The CPDB records healthcare provider eligibility for Ontario MOHLTC programs (MOHLTC, 2006).
Data is updated daily and is sourced from provider applications to ministry programs and weekly updates
from the College of Physicians and Surgeons of Ontario. Records begin in 1995 and include both
individual provider data (e.g., physicians, pharmacists) and organizational data (e.g., hospitals, clinics).
The CPDB provides physician and practice-level confounding variable information for this study
including physician age, level of administrative support, number of patients enrolled, and number of
patients per FHT. The CPDB also includes MOHLTC data on the FHT program including coding on
when physicians practicing in a Family Health Network (FHN) or Family Health Organization (FHO)
commenced and, where applicable, terminated their participation in the FHT program.

Discharge Abstract Database (DAD)
The Discharge Abstract Database records demographic, administrative, and clinical database for hospital
discharges in all of Canada except Quebec (MOHLTC, 2006). The database is updated and stored by the
Canadian Institute for Health Information (CIHI), with a copy of all Ontario data stored by the province’s
Knowledge Management and Reporting Branch, IPP at the MOHLTC. Data is hospital-reported, except
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for Alberta and Manitoba which contribute information directly through the respective ministries of
health. The DAD is also used to populate the Hospital Morbidity Database (HMDB), the Hospital Mental
Health Database (HMHDB), the National Trauma Registry (NTR), the Ontario Trauma Registry
(OTR) and the Therapeutic Abortions Database (TADB). Discharge data will be used in this study to
determine patient mental illness.

Local Health Integration Network Library (LHIN)
The LHIN Library provides information on Ontario’s ten LHINs at March, 2009 (ICES, 2015). Each
LHIN represents a health region in the province and is responsible for the distribution of healthcare
resources within that the region. The LHIN Library identifies providers and institutions within each
region. This dataset will be used to identify if LHIN acts as a confounding variable.

National Ambulatory Care Reporting System (NACRS)
NACRS provides data for ambulatory care, both hospital- and community-based (MOHLTC, 2006). The
database is updated and stored by CIHI with a copy of all Ontario data stored by the province’s
Knowledge Management and Reporting Branch, IPP at the MOHLTC. Most of the dataset is provided by
Ontario, with additional submissions by participating facilities in B.C., P.E.I., Nova Scotia, and Yukon
Territory. Reporting is mandatory for Ontario emergency departments, surgical day/night care, dialysis,
cardiac catheterization and oncology (including all regional cancer centres). Emergency department
reporting began in 2000 and reporting for dialysis and cancer in 2003. The dataset is updated on an annual
basis. NACRS will be used to measure emergency department usage and mental illness status.

Ontario Breast Screening Program Database (OBSPDB)
The OBSP database contains surveillance data owned by the Ontario Breast Screening Program including
client recruitment information, screening results, physician reports, abnormal case documentation, and
126

screening reminder data (MOHLTC, 2006)..Data collection for both diagnostic and screening information
began in 1990 and is updated annually. Information from the OBSPDB will be used to assess breast
cancer screening compliance.

Ontario Census Area Profiles (CENSUS)
The CENSUS database is maintained by ICES and contains demographic information drawn from
Statistics Canada’s Census of Canada (1991, 1996, 2001, 2006, 2011). CENSUS provides demographic
and socioeconomic data by geographic region including population levels, ethnicity, age, sex, household
and personal incomes, employment levels, and occupation types.

Ontario Diabetes Database (ODD)
The Ontario Diabetes Database is an annually-updated cohort of all patients in Ontario with hypertension
(ICES, 2015). Cohort data is updated and stored by ICES and measures prevalent cases from 1991-2013
and incident cases from 1994-2013. The cohort is defined by hospital admission with a diagnosis of
diabetes as recorded in DAD with a diagnostic code ICD9-250; or OHIP records indicating a physician
service claim diagnostic code ICD8-250. Patients with two physician diagnoses or one hospitalization
with such diagnoses over a two-year period are defined as having diabetes (Hux, Ivis, Flintoft, & Bica,
2002). This data set is used to identify individuals in the study with diabetes to test the condition as a
potential confounder.

Ontario Health Insurance Plan Claims Database (OHIP)
The OHIP database records all fee-for-service payment claims for Ontario physicians and other healthcare
providers for services insured by the province. The database details each service provided on each patient
on a given day, including provider information, a patient identifier, diagnoses, and billing information.
Ninety-five percent of patient interactions are fee-for-service, with the remainder paid under some other
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model (Jaakkimainen et al., 2006). Physicians billing under an alternate payment plan are required to
“shadow bill” to ensure analysis of services across compensation models is possible. Services provided by
Community Health Centres and Health Service Organizations are not captured under either model,
though; these two exceptions are overrepresented in the South East, North East, Waterloo Wellington, and
Hamilton Niagara Haldimund Norfolk LHINs. Pinfold, Goel, and Sawka (2000) found 95.4% agreement
between OHIP billing data and patient charts for breast cancer surgery. OHIP data will be used to identify
the index event date, assess periodic health exam compliance, colorectal screening compliance, cervical
cancer screening compliance, and mental illness status.

Ontario Hypertension Database (HYPER)
The Ontario Hypertension Database is an annually-updated cohort of all patients in Ontario with
hypertension (ICES, 2015). Cohort data is updated and stored by ICES and measures diagnosed cases
from 1988-2012. Hypertension is defined by diagnostic codes 401-405 and I10-I15, and has a
documented sensitivity of 72% and specificity of 95% (Tu, Chen, & Lipscombe, 2008). This data set is
used to identify individuals in the study with hypertension to test the condition as a potential confounder.

Ontario Mental Health Reporting System (OMHRS)
The OMHRS database includes data submitted by all 68 Ontario hospitals with designated mental health
beds (MOHLTC, 2006). Data is managed and stored by CIHI and an Ontario copy is stored by the
MOHLTC’s Knowledge Management & Research Branch, IPP. Patient data is collected at admission,
discharge, and every three months for extended hospital admissions (CIHI, 2015). Data is based on the
Resident Assessment Instrument-Mental Health (RAI-MH) and addresses mental health, physical health
as well as utilization of social support and services. The dataset has been active since 2005 and is updated
annually. Diagnostic information from OMHRS will be used to assess patient mental illness as a
confounder.
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Registered Persons Database (RPDB)
The RPDB is a collection of personal information linked to an individual’s health number (MOHLTC,
2006). Each person eligible for Ontario health benefits, including health insurance and drug benefits, is
included in the database. The database contains personal and demographic information for over 12
million individuals. Managed by the Ontario MOHLTC, it is updated bi-monthly and contains records
beginning in April 1990. The RPDB will be used to identify a number of patient characteristics related to
exclusion criteria and confounding variables.

Same Day Surgery Database (SDS)
Similar to DAD, the Same Day Surgery Database records demographic, administrative, and clinical data
for all same day surgeries in Ontario. The database is updated and stored by the Canadian Institute for
Health Information (CIHI), with a copy of all Ontario data stored by the province’s Knowledge
Management and Reporting Branch, IPP at the MOHLTC. Data is hospital-reported. SDS data extends to
1991 and has been derived from NACRS since 2003. SDS data will be used to assess mental health status.
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Appendix B
IDD Diagnostic Codes
The following diagnostic and billing codes were used to identify the H-CARDD cohort, which comprises
all adults aged 18-64 living in Ontario in 2009/10 (Lunsky, Klein-Geltink, & Yates, 2013):


From Ontario Ministry of Health and Long-Term Care (MOHLTC) databases:
o

International Classification of Diseases (ICD) 9th edition diagnostic codes 299, 317, 318,
319, 758.0-758.39, 758.5, 758.8, 758.89, 758.9, 759.5, 759.81, 759.821, 759.827,
759.828, 759.83, 759.874, 759.875, 759.89, 760.71, 760.77.

o

ICD 10th edition diagnostic codes F700, F701, F708, F709, F710, F711, F718, F719,
F720, F721, F728, F729, F730, F731, F738, F739, F780, F781, F788, F789, F790, F791,
F798, F799, F840, F841, F843, F844, F845, F848, F849, Q851, Q860, Q861, Q871,
Q8723, Q8731, Q878, Q900-939 except Q926, Q971, Q992, Q998.



From Ontario Ministry of Community and Social Services (MCSS) Ontario Disability Support
Program (ODSP) records ICD-9 diagnostic codes 299, 759, 760, 317, 318, 319, and 758.
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Appendix C
Virtual Rostering Billing Codes
For unenrolled patients, the following primary care and pediatric OHIP billing codes were used to
measure physician billing:


A001 – Minor assessment



A002 – Enhanced 18 month well baby visit



A003 – General assessment



A007 – Intermediate assessment or well baby care



A903 – Pre-dental/pre-operative general assessment



E075 – Geriatric general assessment premium



G212 – Hyposensitisation when sole reason for visit



G271 – Anticoagulant supervision - long-term, telephone advice



G372 – Intramusculura, subcutaneous or intradermal injections or infusions with each visit (each
injection)



G373 -– Intramusculura, subcutaneous or intradermal injections or infusions with each visit (each
injection)



G365 – Pap smear (periodic)



G538 – Immunization, other



G539 – Injection of unspecified agent – sole reason (first injection)



G590 – Injection of influenza agent with visit



G591 – Injection of influenza agent – sole reason for visit



K005 – Primary mental health care, individual care



K013 – Counselling, individual care
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K017 – Periodic health visit, child



P004 – Minor prenatal assessment



A261 – Level 1 – Paediatric assessment



A268 – Enhanced 18 month well baby visit



K267 – Periodic health visit, 2-11 years of age



K269 – Periodic health visit, 12-17 years of age
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Appendix D
PHE Coding Sensitivity Analysis
A sensitivity analysis which included only fee code A003 if it included diagnostic code DX917 produced
statistically insignificant results. In both the simple (Table 34) and full (Table 35) models, the DiD
estimator was -0.015 and the p-value approached statistical significance (Figure 11and Table 36).

Proporotion of population who had
at least one PHE over three years
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Figure 11 - DiD Model for PHE Uptake Proportion (Fee Code A003 with DX917) over Three Years
by Adults with IDD in Ontario
Table 34 - Simple DiD Model for PHE (Fee Code A003 with DX917) Uptake Proportion over Three
Years among Adults with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β

DF
1
1
1
1

Parameter Standard
Estimate
Error
0.26832
0.00233
0.01246
0.0033
0.04554
0.00537
-0.01466
0.00759
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t Value
115.04
3.78
8.48
-1.93

Pr > |t|
<.0001
0.0002
<.0001
0.0535

Table 35 - Full DiD Model for PHE (Fee Code A003 with DX917) Uptake Proportion over Three
Years among Adults with IDD in Ontario

Intercept
Pre/Post
Intervention/Control
β
Virtual Enrolment
Index Age
Patient Sex
COPD Diagnosis - Pre Index Event Date
COPD Diagnosis - During Observation Window
Diabetes Diagnosis - Pre Index Event Date
Mental Illness Event - Pre Index Event Date
Physician Sex
Physician Age at Index Date
Physician RIO Score
LHIN02
LHIN03
LHIN04
LHIN05
LHIN06
LHIN07
LHIN08
LHIN09
LHIN10
LHIN11
LHIN12
LHIN13
LHIN14

DF
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Parameter
Estimate
0.4772
0.01235
-0.00057
-0.01458
-0.0379
0.00379
-0.04077
-0.07245
-0.05171
-0.05473
-0.01563
-0.02758
-0.00405
-0.00066
-0.05049
-0.04214
-0.0255
0.02242
0.02882
-0.02578
0.05555
-0.02129
-0.12575
-0.06949
0.00684
-0.10923
-0.1194

Standard
Error
0.01235
0.0034
0.0062
0.00766
0.00371
0.000138
0.00312
0.0063
0.00757
0.00494
0.00331
0.0038
0.000157
9.74E-05
0.00808
0.00946
0.00759
0.01097
0.0094
0.00816
0.00821
0.00798
0.00853
0.0079
0.01037
0.00863
0.01136

t Value
38.66
3.63
-0.09
-1.9
-10.21
27.38
-13.05
-11.51
-6.83
-11.09
-4.73
-7.25
-25.84
-6.81
-6.25
-4.46
-3.36
2.04
3.07
-3.16
6.76
-2.67
-14.73
-8.79
0.66
-12.66
-10.51

Pr > |t|
<.0001
0.0003
0.9263
0.0571
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
0.0008
0.041
0.0022
0.0016
<.0001
0.0076
<.0001
<.0001
0.5097
<.0001
<.0001

Table 36 - Comparison of DiD Estimators for Simple and Full Models of PHE (Fee Code A003 with
DX917) Uptake Proportion over Three Years among Adults with IDD in Ontario

Simple Model
Full Model

β
-0.01466
-0.01458

p-value
0.0535
0.0571
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Appendix E
Cancer Screening Incentives
Mammogram
Percentage of Eligible Patients
with Screen in Past 30 Months
55%
60%
65%
70%
75%

$
$
$
$
$

Fee
220
440
660
1,320
2,200

$
$
$
$
$

Fee
220
440
660
1,320
2,200

$
$
$
$
$
$

Fee
220
440
1,100
2,200
3,300
4,000

Pap Smear
Percentage of Eligible Patients
with Screen in Past 30 Months
60%
65%
70%
75%
80%
Colorectal Cancer Screening
Percentage of Eligible Patients
with Screen in Past 30 Months
15%
20%
40%
50%
60%
70%
Source: Ontario MOHLTC, 2015
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Appendix F
Ethics Certificate
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