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Abstract 

Background: Over the past decade, annual heath exams have been de-emphasized for the general 

population but emphasized for adults with intellectual and developmental disabilities (IDD).  The purpose 

of this project was to determine if there has been an increase in the uptake of the health exam among 

adults with IDD in Ontario, to what extent, and the effect on the quality of preventive care provided.   

Methods: Using administrative health data, the proportion of adults (18-64 years old) with IDD who 

received a health exam (long appointment, general assessment, and “true” health exam), a high value on 

the primary care quality composite score (PCQS), and a health exam or high PCQS each year was 

compared to the proportion in a propensity score matched sample of the general population.  Negative 

binomial and segmented negative binomial regression controlling for age and sex were used to determine 

the relative risk of having a health exam/high PCQS/health exam or PCQS over time. 

Results: Pre joinpoint, the long appointment and general assessment health exam definitions saw a 

decrease and the “true” health exam saw an increase in the likelihood of adults having a health exam.  

Post joinpoint, all health exam definitions saw a decrease in the likelihood of adults having a health exam.  

Pre joinpoint, all PCQS measures (high PCQS, long appointment or high PCQS, “true” health exam or 

high PCQS) saw an increase in the likelihood for adults to achieve a high PCQS or high PCQS/have a 

health exam.  Post joinpoint, all PCQS measures saw a decrease in the likelihood for adults to achieve a 

high PCQS or high PCQS/have a health exam.  Achieving a high PCQS was strongly associated with 

having a health exam regardless of health exam definition or IDD status. 

Conclusions: Despite the publication of guidelines, only a small proportion of adults with IDD are 

receiving health exams.  This indicates that the publication of guidelines alone was not sufficient to 

change practice.  More targeted measures, such as the implementation of an IDD-specific health exam fee 

code, should be considered to increase the uptake of the health exam among adults with IDD. 
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Chapter 1 

Introduction 

1.1 Purpose 

The purpose of this thesis project was to describe the uptake of the health exam among adults 

with intellectual and developmental disabilities (IDD) compared to the general population.  In 

recent years, the Canadian consensus guidelines on the primary care of adults with IDD were 

published (2006) and revised (2011), and changes in codes and fees (2013) associated with the 

health exam were brought into effect.  The primary purpose of this project was to determine if 

any of these initiatives had an effect on the uptake of the health exam among adults with IDD in 

Ontario, to what extent, and the effect on the quality of preventive care provided.  The secondary 

purpose was to determine the best method to quantify the effects. 

1.2 Background 

1.2.1 Epidemiology of intellectual and developmental disabilities 

Intellectual and developmental disabilities (IDD) are a range of conditions that limit 

intellectual functioning and the conceptual, social, and practical skills of an individual.  The onset 

of these deficits must occur before the age of 18 and must be expected to persist throughout the 

lifetime (AAIDD, 2010).  Disabilities in this population can present as a lowered ability to cope 

with the demands of everyday life, or to meet standards of personal independence in at least two 

of the following areas: communication, self-care, domestic skills, social skills, self-direction, 

community, academic skills, work, leisure, and health and safety (AAIDD, 2010).  IDD has 

numerous aetiologies some known and most unknown (AAIDD, 2010); known genetic conditions 

include Down syndrome and Fragile X syndrome, and conditions due to environmental exposures 

include fetal alcohol spectrum disorders (Ouellette-Kuntz, Garcin, Lewis, Minnes, Martin, & 

Holden, 2005). 
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Historically the prevalence of IDD has been estimated at 1-3% (Ouellette-Kuntz et al., 2005).  

A recent systematic review and meta-analysis by Maulik, Mascarenhas, Mathers, Dua, & Saxena 

(2011) estimated the prevalence of IDD at closer to 1% overall and 0.49% (0.36 – 0.62%) in 

adults.  Another systematic review by McKenzie, Milton, Smith, & Ouellette-Kuntz (2016) found 

the prevalence in adults ranged from 0.05% (Australia) to 0.8% (Canada).  Although the variation 

in prevalence estimates could be due to numerous factors, the most likely is the definition used to 

identify adults with IDD.  For example, Lin, Balogh, Cobigo, Ouellette-Kuntz, Wilton, & Lunsky 

(2013) used three different definitions of IDD; the prevalence ranged from 0.18% to 0.8% based 

on the definition.  This lack of consistency makes it difficult to determine what the true 

prevalence of IDD is, but somewhere around 0.5% for adults as indicated by Maulik et al. (2011) 

seems appropriate. 

Generally adults with IDD are younger (Maulik et al., 2011), more likely to be male 

(McKenzie et al., 2016), have increased morbidity (Traci, Seekins, Szalda-Petree, & Ravesloot, 

2002), live in areas with lower social economic status, and are more likely to live in rural areas 

(Maulik et al., 2011) compared to adults without IDD.  In 2009, Lin et al. (2013) used 

administrative health data to identify adults (18-64 years of age) with IDD who lived in Ontario. 

They found that: 26% were in the youngest age category (18-24 years of age), 13% were in the 

oldest age category (55-64 years of age), 57% were male, 14% lived in rural areas, 27% lived in 

areas with the lowest neighbourhood income quintile, and 16% lived in areas with the highest 

income quintile.  

Ouellette-Kuntz (2005) identified four areas (life expectancy and mortality, morbidity, health 

promotion and disease prevention, and health care access, utilization and quality) where adults 

with IDD face disparities compared to adults without IDD.  Adults with IDD have a reduced life 

expectancy although this trend is changing; adults with IDD are living longer especially those 

with Down syndrome (Ouellette-Kuntz, 2005; Emerson, Glover, Hatton, & Wolstenholme, 2014).  
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They have higher rates of psychiatric disorders, seizure disorders, and gastrointestinal disorders 

(Ouellette-Kuntz, 2005).  Several studies looking at the health exam for adults with IDD have 

consistently demonstrated that adults with IDD have previously undiagnosed health conditions 

(Baxter, Lowe, Houston, Jones, Felce, & Kerr, 2006; Cooper et al., 2006; Lennox, Bain, Rey-

Conde, Purdie, Bush, & Pandeya, 2007; Felce et al., 2008; Lennox et al., 2010; Lennox, Ware, 

Bain, Gomez, & Cooper, 2011).  Yet, they are less likely to receive preventive care; a recent 

study demonstrated that adults with IDD were less likely to receive a health exam, colorectal, 

breast, or cervical cancer screening (Ouellette-Kuntz, Cobigo, Balogh, Wilton, & Lunsky, 2015).   

1.2.2 Preventive care 

“Preventive Medicine focuses on the health of individuals, communities, and defined 

populations.  Its goal is to protect, promote, and maintain health and well-being and to prevent 

disease, disability, and death.” (ACPM, n.d.)  Prevention can occur at three levels.  Primary 

prevention seeks to prevent the disease from occurring, through counselling, immunizations, 

modification of environmental risk factors, etc. (Webb & Bain, 2011, Patterson & Chambers, 

1995).  Secondary prevention is the identification of a disease early in the disease process, mainly 

done through screening (Webb & Bain, 2011, Patterson & Chambers, 1995).  Finally, tertiary 

prevention looks to limit disease progression usually through better treatment, or rehabilitation 

(Webb & Bain, 2011). 

1.2.2.1 Screening 

Screening is the use of a simple test to identify individuals at an increased risk of developing a 

disease (Webb & Bain, 2011) or to detect disease at an earlier stage, before symptoms have 

developed (IQWiG, 2013).  The main benefit of screening is that the disease is caught earlier in 

the disease process and treatment can be initiated earlier, with the intention of achieving a better 

outcome (IQWiG, 2013).  Unfortunately there may also be harms associated with screening, 
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including potential complications associated with the test itself.  If early identification does not 

improve outcomes, there is no treatment for the disease, or a disease is unlikely to progress or 

progress slowly, screening for the disease is not advised (IQWiG, 2013).   

There are two types of screening: the high risk and the population strategies (Patterson & 

Chambers, 1995).  The high risk strategy requires the identification of individuals who are at high 

risk of developing the disease; and the population strategy screens the whole population 

regardless of risk level (Patterson & Chambers, 1995).  There are pros and cons to both strategies 

with most screening strategies sitting somewhere on a continuum between the two.  Type II 

diabetes screening provides a good example.  Fasting plasma glucose and glycated haemoglobin 

(HgA1c) levels are the primary methods used to screen for diabetes, but only those identified as 

“high risk” through the use of a risk calculator, which consists of a series of simple routine 

screening metrics (e.g. age, body mass index, etc.), are subjected to fasting plasma glucose or 

HgA1c levels testing (Ekoé, Punthakee, Ransom, Prebtani, & Goldenberg, 2013).  Diabetes 

screening is two-tiered; to determine risk status the whole population is screened (population 

strategy), those that are deemed “high risk” are then further screened (high risk strategy). 

Screening can occur in two types of primary care appointments: the longer health exam 

appointment or a shorter appointment made for another reason (Howard-Tripp, 2011a; Mavriplis, 

2011a).  Screening that occurs during a short appointment or an appointment for another reason is 

considered opportunistic screening (IQWiG, 2013).  The argument for opportunistic screening 

comes from the belief that the health exam is out dated, that components of the health exam are 

not evidence based, and that it would be simple and efficient for physicians to add on the 

evidence based components of the health exam (i.e. screening to appointments of another nature) 

(Howard-Tripp, 2011a). 
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1.2.2.2 Health exam 

Up until very recently the health exam has been a primary component of preventive care.  It 

goes by many different names: health exam, annual physical, check-up, etc.  Essentially the 

health exam is a regular trip to one’s family or general physician for the purpose of confirming 

“good health”.  It is generally a longer appointment, which is not made as a result of a specific 

(potentially symptomatic) health concern.  The health exam is an appointment made expressly for 

asymptomatic adults to receive screening (Krogsbøll, Jørgensen, Grønhøj, & Gøtzsche, 2012). 

The health exam (complete head-to-toe exam) became a common part of general practice in 

the 1940s (Bloomfield, Wilt, Ensrud, Roth, & Lederle, 2011); but in 1979, the Canadian Task 

Force on the Periodic Health Exam published a report (CTF, 1979) questioning the benefit of the 

complete head-to-toe exam.  The concerns were that the components of the health exam were not 

evidence-based, and that seeing a family/general physician regularly (usually annually) provided 

no benefit (CTF, 1979).  Over the years, randomized controlled trials and observational studies 

have sought to answer those very concerns.  Two systematic reviews (Boulware et al., 2007 and 

Krogsbøll et al., 2012) have summarized these studies and provide guidance to physicians and 

policy makers on the benefits and harms of the health exam.   

A debate between Mavriplis (2011a, 2011b) and Howard-Tripp (2011a, 2011b) published in 

the Canadian Family Physician about whether the health exam should be kept or abandoned 

highlights the differing opinions among physicians on the utility of the health exam.  The major 

issue debated was whether the health exam provides an opportunity for the delivery of preventive 

care or not.  Mavriplis (2011a) argues that because the health exam is a longer appointment and 

provides more of an opportunity to have a conversation with the patient and build rapport, and it 

provides more of an opportunity to screen for “less obvious conditions, such as depression” (p. 

159).  As well, the health exam allows for the delivery of preventive care to patients who do not 
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see their family physician for any other reason and “takes advantage of a cultural habit” 

(Mavriplis, 2011a; p. 159) to ensure as many people as possible receive appropriate preventive 

care.  Howard-Tripp (2011a) on the other hand argues that preventive care can just as easily be 

delivered during regular visits especially with the appropriate use of electronic medical records.  

Howard-Tripp argues for an opportunistic screening approach.  One thing that needs to be pointed 

out is that both authors agree that the one size fits all head-to-toe examination is not what should 

make up a health exam (Mavriplis, 2011b).  The Canadian Task Force also expressed this 

sentiment back in 1979 stating that health exams should be age- and sex-specific, yet the 

complete head-to-toe exam is still performed today. 

This debate continues in the concluding statements of the systematic reviews by Boulware et 

al. (2007) and Krogsbøll et al. (2012).  Boulware et al. (2007) concludes “the PHE has a 

beneficial effect on the delivery of some clinical preventive services and may have a beneficial 

effect on patient worry, providing justification for its continued implementation in clinical 

practice” (p. 298).  But Krogsbøll Jørgensen, & Gøtzsche (2013) state, “general health checks 

were not associated with lower rates of mortality or morbidity.  However, general health checks 

may increase the number of diagnoses and the use of medications” (p. 2490).  Now Krogsbøll et 

al. (2012) do not explicitly say “do not do health exams”, but rather conclude that “health checks 

are unlikely to be beneficial” (p. 2). 

Boulware et al. (2007) is a systematic review of observational studies and randomized 

controlled trials assessing whether having a health exam improves the delivery of clinical 

preventive services, proximal clinical outcomes, and distal economic and clinical outcomes 

compared to usual care.  Health exams were defined as “consisting only of the history, risk 

assessment, and tailored physical examination that could lead to the delivery of preventative 

services” (p. 291).  Usual care was defined as “the delivery of clinical preventive services in the 

absence of a health care provider visit designated for the primary purpose of assessing patients 



 

 

7 

health and risk factors for disease” (p. 291).  The clinical preventive services of interest were: 

papanicolaou (pap) smears, counselling on specific issues (e.g. substance abuse), immunizations 

(e.g. influenza vaccination), cholesterol screening, colon cancer screening (fecal occult blood 

testing) and mammography.  The proximal clinical outcomes were: disease detection, health 

habits, patient worry, health status, blood pressure, serum cholesterol, and body mass index.  The 

distal economic and clinical outcomes were: costs, disability, hospitalization, and mortality.  Fifty 

articles were eligible for review representing 33 studies published from 1973 to 2004.  Boulware 

et al. (2007) found that having a health exam versus usual care improved the delivery of pap 

smears, cholesterol screening, and fecal occult blood testing, while reducing patient worry.  The 

remaining outcomes saw a mix of both positive and negative effects.   

Krogsbøll et al. (2012), on the other hand conducted a Cochrane review that focused solely on 

randomized controlled trials.  The purpose of the review was to assess the effects of the health 

exam on mortality and morbidity rather than the delivery of preventive services.  Krogsbøll et al. 

(2012) defined a health exam as “a contact between a health professional and a person that is not 

motivated by symptoms and where several screening tests are performed to assess general health.  

The purpose is to prevent future illness through earlier detection of disease or risk factors, or to 

provide reassurance.” (p. 4) and argued that “health checks are expected to reduce morbidity and 

mortality through earlier detection and treatment of disease and risk factors for disease” (p. 4).  

Seventy-three articles from 14 different trials were identified as eligible for inclusion.  The trials 

ranged from 1963 to 1999, although the mortality data from the 1999 trial were not published in 

time to be included in the review making the most recent trial to publish mortality data 1992.  

They found no effect of health exams on overall, cardiovascular, or cancer mortality and no effect 

on morbidity, but noted that health exams increased the number of new diagnoses. 

The major difference between Krogsbøll et al. (2012) and Boulware et al. (2007) is the 

outcome of interest.  Krogsbøll et al. (2012) was interested in mortality not the delivery of 
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appropriate preventive care.  The definition of health check provided by Krogsbøll et al. (2012) 

focuses on the delivery of multiple screening tests during a health exam.  As such, Krogsbøll et 

al. (2012) were assessing the effect of delivering multiple screening tests at one appointment 

versus standard care (which was not defined) on premature mortality.  It can be argued that the 

participants in these trials who were not receiving the intervention might have received screening 

outside of a health exam, but the extent and frequency is not known, which means that Krogsbøll 

et al. (2012) were assessing the effects of the context of screening on the risk of mortality, which 

may, in part, explain why they did not find an effect.  This is important because as pointed out in 

the debate between Mariplis and Howard-Tripp, the question is not should we screen, it is what is 

the best approach to ensure that people are receiving the screening for which they are eligible.  

The review by Boulware et al (2007) provides a much better assessment of if health exams 

improved the delivery of recommended preventive care.  They were interested in knowing if 

recommended screening manoeuvres were more or less likely to be performed during a health 

exam than outside of a health exam.  Unfortunately with the majority of their outcomes 

demonstrated mixed effects, the review does not provide a clear and definitive answer to the 

question. 

Despite this debate on the effectiveness of the health exam for asymptomatic apparently 

healthy adults, there is very little evidence out there on what exactly is done during a health 

exam.  In addition to trying to determine the effectiveness of the health exam, Boulware et al. 

(2007) also recorded what components of the physical exam were reported in each of the 33 

studies included in the literature review.  The most captured components were “examination not 

otherwise specified” (22 studies), other (13 studies), blood pressure (16 studies), breast exam (12 

studies), and gynecologic exam (11 studies).  The least common were foot (1 study), 

cardiovascular (2 studies), and pulse, pulmonary, abdominal, and prostate at three studies each.  

The fact that “examination not otherwise specified” is the most frequently reported component of 
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the health exam speaks to one of the major issues with the health exam, there is no consistency as 

to what is completed during a health exam and only the physician who did the exam knows 

exactly what was done.  This makes it extremely difficult for policy makers and researchers alike 

to determine the effectiveness of the health exam and how best to use the health exam. 

In an attempt to guide physicians on what should be completed during a health exam, the 

College of Family Physicians of Canada endorsed the use of the preventive care checklist form.  

These forms were developed in 2002 and most recently updated in 2015.  The preventive care 

checklist form provides physicians with a guide as to what evidence-based and non-evidence-

based components should be completed during a health exam for average risk asymptomatic 

adults (Dubey & Glazier, 2006).  According to the checklists, a health exam should consist of: a 

functional inquiry, education/counselling on behaviour and lifestyle, history addressing lifestyle 

and patient profile (e.g. family history), physical exam, and age-eligible labs and immunizations 

(Ischayek & Ridley, 2015).  Dubey & Glazier (2006) reported that the checklist takes 20 to 40 

minutes to complete and 65% of physicians surveyed thought it helped improve the delivery of 

preventive care.  

In Canada there seems to be the beginning of the movement away from using the health exam 

as a tool to deliver preventive care.  Every province and territory has its own policy on whether 

an annual health exam for apparently healthy adults is covered under their health insurance 

scheme (CFPC, 2013).  British Columbia, Newfoundland and Labrador, New Brunswick, and 

Nova Scotia do not allow billing for an annual health exam (CFPC, 2013).  In Ontario, the annual 

health exam for apparently healthy adults was replaced in 2013 by the personal health visit.  “The 

personal health visit is for healthy patients who have no apparent medical problems, the physician 

and patient can use the appointment to discuss prevention like screening for cancer and other 

health issues relevant to the individual patient’s medical history and lifestyle.  In addition, any 
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examination required can be focused on the individual needs of the patient relevant to their risk 

profile depending on their age, sex and health history.” (OMHLTC, n.d.)  

1.2.2.2.1 Health exam and adults with intellectual and developmental disabilities 

Despite the debate presented above, the Canadian consensus guidelines for the primary care of 

adults with IDD recommends that physicians “[a]pply age- and sex-specific guidelines for 

preventive health care as for adults in the general population.  Perform an annual comprehensive 

preventive care assessment including physical examination and use guidelines and tools adapted 

for adults with [I]DD” (Sullivan et al., 2011, p. 544). 

A review by Robertson, Hatton, Emerson, & Baines (2014) identified 45 peer-reviewed papers 

and three reports published between 1989 and 2013 addressing the effectiveness, feasibility, cost 

and acceptability of health exams for people with IDD.  This is an update to a review published in 

2011 (Robertson, Roberts, Emerson, Turner, & Greig, 2011).  The majority of the articles 

included were from the United Kingdom (31 articles), specifically England (19 articles).  Two 

main methods were used to determine the effectiveness of health exams: the proportion and/or 

number of previously undiagnosed health conditions identified, and the need for further 

assessment and referrals following health exams.  Four studies were able to compare the number 

of health needs detected in those receiving health exams compared to control groups.  The overall 

conclusion of the review was that “health checks are effective in identifying a wide range of 

previously unidentified conditions” (p. 2459) and repeated health exams continue to identify new 

conditions.  It should be noted, however, that the latter conclusion was based on only three 

studies that looked at repeat health exams. 

For adults with IDD, health exams serve several purposes.  They help to ensure that adults 

with IDD are receiving appropriate screening, they identify new health conditions, allow for 

follow-up of previously diagnosed conditions, provide a time to re-evaluate treatment strategies, 
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provide referrals to specialists in response to concerns or conditions, and provide an opportunity 

for caregivers and patients to communicate concerns (Robertson, 2014).  The health exam 

provides an opportunity to ensure that adults with IDD are receiving the care they need in a 

timely manner and therefore help to reduce some of the health inequities faced by this group.   

With the movement away from the traditional health exam in Ontario, it is important to assess 

the effect this is having on the quality of preventive care received by adults with and without IDD 

and the ability for physicians to meet the guideline recommendations of an annual health exam 

for adults with IDD. 

1.3 Objectives 

1. To describe the trend in the administration of the health exam among Ontario adults from 

2003/04 to 2014/15 and to determine if adults with IDD are more or less likely to receive a 

health exam compared to adults without IDD. 

2. To describe the change in the quality of preventive care among adults in Ontario from 

2003/04 to 2013/14 and to determine if adults with IDD are receiving better or worse 

preventive care compared to adults without IDD. 

3. To determine if there is an association between having a health exam and receiving high 

quality preventive care and whether this association differs between adults with and without 

IDD. 

4. To determine if using high quality preventive care as a proxy measure for having a health 

exam changes the trends seen in objective 1. 

1.4 Thesis overview 

This thesis follows a typical thesis layout; the literature review is in the following chapter, 

focusing on the effectiveness and uptake of the health exam for adults with IDD, and the 

characteristics of those who receive health exams.  The literature review is followed by the 
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methods and results chapters which detail the methods used to address the objectives above and 

the corresponding results.  Finally the discussion chapter highlights the key findings, outlines the 

relevance of these findings to policy makers, and provides direction for future research in the 

area.  
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Chapter 2 

Literature Review 

This literature review will focus on the effectiveness and uptake of the health exam for adults 

with IDD and the characteristics of adults who have a health exam.  This review focused on 

articles published in the last 10 years.  

2.1 Effectiveness of the health exam for adults with intellectual and developmental 

disabilities  

The articles assessing the effectiveness of the health exam show a clear methodological 

progression in the assessment of the health exam’s ability to identify new health needs and 

administer appropriate screening.  Baxter et al. (2006) is descriptive, Cooper et al. (2006) 

includes a matched control group, Lennox et al. (2007) and Lennox et al. (2010) use cluster-

randomized trials, Felce et al. (2008) looked at the effect of repeated health checks, and finally 

Lennox, Ware, Bain, Gomez, & Cooper (2011) conducted a pooled analysis.  

Baxter et al. (2006) recruited 40 general practices from south and mid-Wales to administer the 

Cardiff Health Check to their patients with IDD.  A total of 374 letters were sent out, of that 318 

had baseline data collected, and 190 had a health check completed.  Felce et al. (2008) (which is a 

continuation of Baxter et al. (2006)) reported that of the 318 who had baseline data collected, 237 

had a health check completed; there was no indication of the reason for the discrepancy between 

the two papers.  Most likely the difference was due to an extended follow-up period in Felce et al. 

(2008).  After the exclusion of practices and participants who were not interested in continuing on 

in the study, 149 participants were randomized into two groups designated to receive repeat 

health checks at different frequencies and time intervals (Felce et al., 2008).  This had to be 

amended into four groups post hoc due to missing or delayed completion of the health checks.  

Group 1 received one repeat health check on average 28 months after a first health check, group 2 
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received one repeat health check on average 44 months after the first health check, and group 3 

did not receive a repeat health check.  Group 4, which was a subset of group 1, received a second 

repeat health check on average 14 months after the first repeat (Felce et al., 2008).  For both 

studies the average age of participants was 42 years (17-86 (Baxter et al., 2006); 18-80 (Felce et 

al., 2008)). 

Both Baxter et al. (2006) and Felce et al. (2008) reported the identification of new health 

needs in all participants during the first health check.  The average number of new health needs 

per participant was 0.93 (Felce et al., 2008) and 0.81 (Baxter et al., 2006); this difference most 

likely corresponds to the different sample sizes reported in the two studies.  At time 1 (14 

months) and time 2 (44 months) the average number of new health needs identified was 1.28 at 

time 1, 1.14 at time 2 for those who had a repeat health check only at time 2, and 1.20 at time 2 

for those who had a repeat health check at time 1 and 2.  The increase in new health needs 

identified was attributed to more health promotion activities completed during the repeat health 

checks compared to the initial health check.  This makes sense given that the first health check 

was most likely the first time these individuals had seen their physician for this type of 

assessment and was therefore used to address more “urgent” concerns, where repeat health checks 

could be used to focus on health maintenance and screening activities.  One note of caution 

regarding these studies is that the study population was more likely to reside in staffed residences 

and therefore had lower adaptive behaviour scores, and increased social impairment and 

challenging behaviour than would be expected in the general adult IDD population. 

Cooper et al. (2006) compared two localities in Glasgow, Scotland, one using the C21st 

Health Check and the other not.  All of the physicians within the two localities had received 

education on the needs of adults (16 years of age and older) with IDD within the six months prior 

to the start of the study.  The first 50 individuals (mean age: 42.9 (29-79)) to receive the health 

check made up the intervention group.  The control group consisted of 50 persons matched for 
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age, gender, and level of disability from the site that had not implemented the health check; they 

received usual care.  Usual care consisted of patient-driven appointments; that is, only concerns 

that were brought to the attention of the physicians by either the patient or carer were addressed.  

On average 4.8 new health needs were identified in the intervention group, and 2.26 were 

identified in the control group (p < 0.001).   

Lennox et al. (2007) used a cluster randomized trial to compare adults with IDD who received 

the Comprehensive Health Assessment Program (CHAP) to those who received usual care 

(undefined).  Participants were 453 adults living in 24-hour supported housing.  Clusters were 

defined as participants sharing either a residence or physician, and matched on size, average age, 

and proportion of adults with Down syndrome.  There were a total of 17 pairs of cluster 

consisting of 234 adults in the intervention group (mean age: 38.2 (19-73)) and 219 in the control 

group (mean age: 39.2 (20-67)).  Lennox et al. (2007) identified 24 new conditions in the 

intervention group compared to 14 in the control (p = 0.07).  Subsequently, Lennox et al. (2010) 

used a 2 x 2 factorial design to assess the effect of two interventions, the CHAP and the Ask 

Health Diary, on the delivery of health promotion, disease prevention, and case-finding activities. 

Only the results and methods associated with the CHAP intervention and usual care will be 

covered here.  The study population in Lennox et al. (2010) consisted of adults with IDD living in 

private residences.  Clusters were defined based on sharing a clinic and were assigned to one of 

the four factorial groups (usual care, Ask Health Diary only, CHAP only, and Ask Health Diary 

and CHAP).  There were a total of 125 clusters, 64 clusters (119 participants) were assigned to no 

CHAP and 61 clusters (123 participants) were assigned to CHAP.  The mean age for the no 

CHAP group was 36 years (standard deviation 12) and the CHAP group 36 years (standard 

deviation 13).  

What was unique about these two studies by Lennox et al. (2007 and 2010) is that, in addition 

to reporting on identification of previously undiagnosed conditions, they assessed the likelihood 
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of having female and age-specific screening.  Women in 24-hour supported housing who received 

the CHAP were 7.9 (95% confidence interval: 1.8-35) times more likely to have a pap smear, 1.9 

(95% confidence interval: 0.7-4.8) times more likely to receive a breast exam, and 3.5 (95% 

confidence interval: 1.1-12) times more likely to have a mammogram (Lennox et al., 2007).  

However, in the second study of women living in private residences, Lennox et al. (2010) found 

the odds of having a pap smear were 0.9 (95% confidence interval: 0.2-4.1) for those who 

received the CHAP and 1.5 (95% confidence interval: 0.6-3.8) for a breast exam.  The number of 

women who were eligible and actually received a pap smear, mammography, or a breast exam in 

both studies was quite small, which could explain the discrepancy in findings between the two 

studies, as well as the lack of statistical significance.  The population of adults living in supported 

housing versus private residences may also have had an effect. 

Lennox et al. (2011) pooled the original data from Cooper et al. (2006), Lennox et al. (2007), 

and Lennox et al. (2010).  This dramatically increased the sample size, 407 adults received some 

form of health check (CHAP or C21st) and 388 received usual care.  Lennox et al. (2007) and 

Lennox et al. (2010) were combined to assess the effect of the CHAP on the delivery of female 

specific screening.  The odds of women who received the CHAP having a pap smear was 3.3 

(95% confidence interval: 1.1-10.1), breast exam 2.2 (95% confidence interval: 0.9-5.0), and 

mammography 3.3 (95% confidence interval: 0.4-25.7) higher.  A greater proportion of women 

who received a health check received screening, but the difference was only statistically 

significant for cervical cancer screening (OR: 3.3 (95% confidence interval: 1.1-10.1)).  The 

number of women receiving any of these screening tests was still quite small even with the 

combined data, which may explain the wide confidence intervals.   

The ability of the health exam to identify new health conditions compared to usual care is less 

consistent (assessed by combining data from Cooper et al., 2006; Lennox et al., 2007; Lennox et 

al., 2010).  Of all the conditions highlighted, most of the odds ratios indicated that those who 
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received a health exam were more likely to have a new disease diagnosed, but all of the 

confidence intervals cross one except for other diseases (OR = 3.1 (95% confidence interval: 1.6-

6.1)).  This is probably because the conditions highlighted in Lennox et al. (2011) are major 

conditions such as thyroid disease, diabetes, psychiatric disorder, heart disease whereas Baxter et 

al. (2006) demonstrated that the health needs most frequently identified were: blocked ear wax, 

skin problems, vision difficulties, mobility problems, and overweight.  Most of these needs would 

likely have fallen into the other diseases category in Lennox et al. (2011). 

The general consensus from these studies is that these structured health exams are able to 

identify new health conditions (Baxter et al., 2006; Copper et al., 2006; Felce et al., 2008; Lennox 

et al., 2007) and to potentially increase age- and sex-specific screening (Lennox et al., 2007; 

Lennox et al., 2010; Lennox et al., 2011).  The small sample sizes in Lennox et al. (2007), 

Lennox et al. (2010), and Lennox et al. (2011) reduce the ability to determine the likelihood of 

having age- and sex-specific screening, but the greater proportion receiving and the trend for a 

positive association indicate that it is possible for health exams to increase age- and sex- specific 

screening.  The variation in the number of new health needs identified could be due to the type of 

structured health exam used.  Baxter et al. (2006) and Felce et al. (2008) both used the Cardiff 

Health Check, Cooper et al. (2006) used the C21st Health Check, and Lennox et al. (2007) and 

Lennox et al. (2010) used the CHAP.  There was not enough information presented in the articles 

to determine how these health exams differed from each other, but Felce et al. (2008) reported the 

Cardiff Health Check took approximately one hour to complete, Cooper et al. (2006) indicated 

that four hours were set aside to complete the C21st Health Check, and there was no indication 

from Lennox et al. (2007) or Lennox et al. (2010) as to how long it took to complete the CHAP.  

This difference in the time allotted for and therefore the comprehensiveness of the health check 

between Baxter et al. (2006), Felce et al. (2008) and Copper et al. (2006) could explain the 

difference in the number of new health needs detected.  Further research is needed to determine if 
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health exams increase the delivery of age- and sex-specific screening and what components of the 

health exam are most important for ensuring that conditions of concern for adults with IDD are 

being diagnosed and treated in an appropriate and timely manner. 

2.2 Uptake of the health exam in adults with intellectual and developmental 

disabilities 

Only two studies have looked at the uptake of the health exam in adults with IDD, Glover, 

Emerson, & Evison (2013) and Koritsas, Iacono, & Davis (2012).  Glover et al. (2013) looked at 

the uptake of health exams in England as part of the directed enhanced service (DES).  Koritsas et 

al. (2012) examined two billing codes used among Australian physicians. 

The DES for adults with learning disabilities (term used in the United Kingston to refer to 

IDD) in England came into practice in 2008/09 (Glover et al., 2013).  Adults were considered 

eligible for a health exam under this program if their physician and their local authority’s 

department of adults and social care recognized them as having an IDD (Glover et al., 2013).  

Primary care trusts collected information on the number of patients with IDD registered to each 

physician, the number of health exams completed and the number of adults identified by the 

department of social care as having an IDD.  This information was collected and summarized to 

get the number and proportion of those who were eligible for and received a health exam from 

2008/09 to 2011/12.  There has been a consistent and steady increase from 2008/09 (23%) to 

2011/12 (53%), with the largest jump occurring between 2008/09 and 2009/10.  This large 

increase was probably due to the DES program’s start in late 2008/09.  The DES program is 

incentivised (Chauhan, Kontopantelis, Campbell, Jarrett, & Lester, 2010), which could also 

explain the rapid increase in the uptake of the health exam over such a short time period.  The 

DES rewards practices financially for maintaining a roster of patients with IDD and for each 

health exam performed (NHS England, 2014).  Balas & Bohnen (2000) determined that it takes 

15.6 years for at least 50% of physicians to implement recommended clinical procedures from the 
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date of publication of the original study or 9.3 years from the date of publication of reviews, 

guidelines, or textbooks. 

Koritsas et al. (2012) looked at the uptake of health exams using Australian Medicare Benefits 

Schedule items 718 (health assessment in consulting room) and 719 (health assessment conducted 

elsewhere).  To be eligible for items 718 or 719, patients need to have sub-average intellectual 

functioning and benefit from assistance with daily living activities.  Like the DES in England 

these items are also incentivised (increased fee associated with the visit) (Australian Government, 

n.d.).  Data on these two items was available from July 2007 to August 2009.  There appears to be 

a small but consistent uptake in the crude number of 718 and 719 items claimed over time. 

Both Glover et al. (2013) and Koritsas et al. (2012) demonstrate increase in the uptake of the 

health exam for adults with IDD in England and Australia when specific physician billing codes 

are introduced and incentivised.  The time frame assessed in Koritsas et al. (2012) is short, only 

two years, and reported in fine intervals (three months) which makes it difficult to assess the 

overall impact of these codes (i.e. are adults with IDD having a health exam every year, or are a 

greater proportion of adults with IDD having a health exam from one year to the next).  Glover et 

al. (2013) reports in one-year intervals making it easier to see that in the first year of the DES 

there was the greatest increase in the uptake of the health exam, and then a small but steady 

increase after that.   

2.3 Factors associated with having a health exam 

Dryden, Williams, McCowan, & Themessl-Huber (2012) attempted to identify who attends or 

does not attend health exams using a narrative scoping review.  This study reviewed 39 papers 

that looked at general and heart disease specific health exams.  Only 26 of the 39 papers included 

reported on the characteristics of those who attend a health exam.  Thirteen of the 26 papers had 

to do with only cardiovascular screening, one only looked at people who had not attended a 
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health exam, and one looked specifically at older adults.  Overall they found that individuals who 

were younger, male, of low socio-economic status (low income, unemployment or low 

education), single, or not white were less likely to attend a health exam.  When restricting to the 

papers that looked at the general health exam the same characteristics were observed except for 

race.  Only three papers (Cherrington, Corbie-Smith, & Pathman, 2007; Griffiths, Cooke, & 

Toon, 1994; Wilson, 1997) looked at race and there was no consensus between them.  Of the 11 

papers that reported on the general health exam, nine were published before 2000 and only one 

was published in the last 10 years (2007).  

Cherrington et al. (2007) was the only paper identified in Dryden et al. (2012) published 

within the past 10 years.  The purpose of Cherrington et al. (2007) was to determine if a person’s 

beliefs about the health exam explained the difference in the likelihood of receiving clinical 

preventive services in the United States.  A telephone survey was conducted from mid 2002 to 

mid 2003 to assess adults’ baseline use of the healthcare system and perceived barriers.  

Participants were eligible if they were 18 years or older, spoke English or Spanish, and had lived 

in the immediate area for at least the past 12 months.  A total of 4879 adults completed the 

survey.  Adults were asked “[a]bout how long has it been since you last visited any doctor or 

provider for a routine check-up?” (p. 283) to determine if they had a health exam.  To determine 

beliefs about the health exam, participants were asked to use a five point Likert-scale to rank 

agreement or disagreement with the question “even if a person is feeling well, they should get a 

routine physical examination at least once a year” (p. 283).  Responses were dichotomized into 

endorses or does not endorse the health exam.  Up to date status with clinical preventive services 

was determined by asking if they had received the screening within the appropriate time frame 

(time frame was given in the question).  The majority (91.5%) of adults endorsed the use of the 

health exam, and of those 80% had had a health exam in the past year.  Those who endorsed the 

health exam were more likely to be female, married, white, have achieved a high school 
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education or less, have a higher income, be insured, self report their health status as good, or have 

had a health exam in the past year.  Those who endorsed a health exam were also more likely to 

have had mammography, pap smear, cholesterol screening, and colorectal cancer screening. 

Another article (Mehrotra, Zaslavsky, & Ayanian (2007) that was not part of Dryden et al. 

(2012)) reports the characteristics associated with individuals who received a health exam.  

Administrative health data were used to estimate the number of adults who received a health 

exam from 2002 to 2004 in the United States.  Females were more likely than males to have had a 

health exam; the peak age to have a health exam was 45 to 54 years in both males and females.  

Those who identified their race/ethnicity as white, those living in the northeast, and those with 

private insurance were most likely to have had a health exam. 

The characteristics of adults with IDD who attend health exams have not been well 

documented despite the focus on the effectiveness and the uptake of the health exam.  The Atlas 

on the Primary Care of Adults with Developmental Disabilities in Ontario (Lunsky, Klein-

Geltink, & Yates, 2013), and a study by Buszweicz et al. (2014) in England provide some insight 

into which adults with IDD are attending health exams. 

 The Ontario study compared the proportion of adults with and without IDD who received 

various preventive care measures in 2009/10 using population-level health administrative data.  

The work is based on a cohort of 66,484 adults with IDD 18 to 64 years of age and a random 

sample of 20% of adults without IDD.  Between 2009/10 and 2010/11, 22% of adults with IDD 

and 26.4% of adults without IDD had a health exam.  Adults with IDD who were more likely to 

have received a health exam were female, between the ages of 45 and 54 years, living in 

neighbourhoods with the highest income quintile, and living in urban areas. 
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Buszweicz et al. (2014) used administrative health data to compare incentivised practices and 

non-incentivised practices in England on the number of health exams completed, health 

assessments and investigations done, and diagnoses of common health conditions.  In addition, 

they looked at the characteristics of those who did (81%) and did not attend health exams in 

incentivised practices.  They found that those who were most likely to attend were males, aged 40 

to 49 years, and those who had a higher Townsend Material Deprivation score, no carer specified, 

and had co-morbid conditions. 

The only two characteristics associated with having a health exam in the general population 

that were common between Cherrington et al. (2007) and Mehrotra et al. (2007) were gender 

(female) and race (self-identified as white).  There were no other similar characteristics reported 

between the two studies, making it hard to determine if the characteristics reported in Dryden 

(2012) still hold true.  It is likely that they do, but the evidence is not there to support that claim.  

When looking at adults with IDD, Lunsky et al. (2013) and Buszweicz et al. (2014) found 

opposing results in regards to gender, and socioeconomic status, and that a similar age range was 

associated with having a health exam.  No other characteristics were similar between studies.  

Most likely the opposing results are due to Buszweicz et al. (2014) using data from England and 

the DES which is incentivised, that is physicians are actively trying to bring in adults with IDD 

who would not normally be expected to attend a health exam (e.g. males or individuals from areas 

of low socioeconomic status).  Lunsky et al. (2013) on the other hand looked at individuals who 

volunteer or take the initiative to go in for a health exam.  This may also explain why the 

characteristics identified in Lunsky et al. (2013) are more similar to those found in Dryden (2012) 

(i.e. female, older).  
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2.4 Summary 

The health exam is an effective tool for identifying new health needs and a promising tool for 

increasing the delivery of age- and sex-specific screening in adults with IDD.  In countries that 

have implemented programs that incentivise the delivery of the health exam in this population, an 

uptake in the number of health exams performed has been demonstrated.  Finally, the 

characteristics of adults who have a health exam may be similar between the general population 

and adults with IDD but with the limited amount of research available on both groups assessing 

similar characteristics no consensus can be generated. 

Chapters 1 and 2 have highlighted the literature that is available to policy makers and 

physicians regarding the value of the health exam.  Overall there is very little literature available 

and still less is current, especially in regards to the utility of the health exam for adults in the 

general population.  The purpose of this thesis is to attempt to fill in some of the knowledge gaps 

highlighted by providing policy makers and physicians with more information on who is having 

the health exam and the relationship between the health exam and the provision of age- and sex-

specific preventive care to adults with and without IDD. 
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Chapter 3 

Methods 

3.1 Study design 

A population-level secondary data analysis approach was used to compare a cohort of adults 

with IDD to a cross-section of the general population over time.  The administrative health data 

used for the project was held at the Institute for Clinical Evaluative Sciences (ICES). 

3.2 Study population 

The base study population consisted of members of the Registered Persons Database (RPDB) 

with a valid ICES key number, age and sex, and born between January 1, 1939 and January 1, 

1993.  In order to be eligible for inclusion in a given year, members of the base population had to 

be between the ages of 18 and 64 years as of April 1st of the fiscal year, alive, not admitted to 

long-term care either during the fiscal year or in the previous fiscal year(s), and have a recorded 

2008 Rurality Index for Ontario (RIO2008) and neighbourhood income quintile.  Members were 

considered admitted to long-term care if they had an admission date in the Continuing Care 

Reporting System – Long Term Care database (CCRS-LTC) prior to March 31st of the fiscal 

year.  These members were excluded because they live in an institution and do not receive 

community-based primary care. 

The study group was identified in 2009/10 and followed from 2003/04 to 2014/15 with 

members only entering the cohort if they aged in (became 18 years old) and exiting if they aged 

out (turned 65 years of age), were admitted to long term care, or died (Figure 3-1 shows the 

changing age profile of the study group over time).  Members of the study group could have been 

omitted from a year or more due to missing RIO2008 or neighbourhood income quintile values. 

As long as they did not meet any of the other exclusion criteria before having a new value they 

were eligible for return to the cohort.  A new comparison group was created each year. 
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Figure 3-1. Changing age profile of the study group over the study period. 

 

3.2.1 Study group 

The study group comprised of community-dwelling adults with IDD, between the ages of 18 

and 64 living in Ontario identified through administrative health and social services data as 

having an IDD.  The group is based on the Health Care Access Research and Developmental 

Disabilities (H-CARDD) cohort (Lin et al., 2014), which was created by linking administrative 

health data held at ICES with disability income support data from the Ontario Ministry of 

Community and Social Services.  Specifically, the following health administrative databases were 

used: Ontario Mental Health Reporting System (OMHRS), Canadian Institute of Health 

Information’s Discharge Abstract Database (DAD), Same Day Surgery database (SDS), National 

Ambulatory Care Reporting System database (NACRS), and the Ontario Health Insurance Plan 

(OHIP).  Individuals were included in the H-CARDD cohort if they were between the ages of 18 

and 64 in 2009/10 and had one or more of the following: one or more hospital visits (recorded in 

the DAD, SDS and OMHRS databases) with an IDD code associated, one or more emergency 

department visits (recorded in NACRS database) with an IDD code associated, or two or more 

physician visits (recorded in OHIP database) with an IDD code associated with it.  More 

information on the development of the H-CARDD cohort algorithm can be found in Lin et al., 

(2014).  More information on the codes used to identify individuals with IDD can be found in 
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Appendix A tables A-1, A-2, and A-3.  A total of 66,484 adults with IDD between the ages of 18 

and 64 living in Ontario in 2009/10 were identified using this information. 

3.2.2 Comparison group 

The comparison group consisted of a propensity score-matched sample of the remaining 

Ontario population (those not identified as members of the H-CARDD cohort).  Propensity score 

matching was used to ensure that the comparison group and study group were as similar as 

possible, ideally only differing by IDD status.  Work by Lunsky et al. (2013) demonstrated that 

the IDD population of Ontario is younger, more likely to be male, comes from lower income 

neighbourhoods, has very high morbidity (Resource Utilization Bands), and is more likely to live 

in rural areas.  The propensity score was calculated using: age, morbidity (number of Aggregated 

Diagnosis Groups (ADGs), more information on ADGs is provided in Appendix B), 

neighbourhood income (neighbourhood income quintile calculated by ICES), and rurality (2008 

Rurality Index of Ontario (RIO), more information on RIO is provided in Appendix B).  Initially 

the comparison group was matched on sex in order to decrease the potential number of matches, 

and then matched on propensity score.  A new propensity score matched comparison group was 

created for each fiscal year to ensure the continued similarity of the groups over time.  A one-to-

one matching ratio, with a 0.2 calliper was used. 

3.2.2.1 Propensity score matching 

Propensity score matching is intended to replicate the distribution of the matched variable(s) 

in the comparison group (Austin, 2011).  It seeks to replicate randomization used in randomized 

controlled trials so that the study and comparison groups only differ on the exposure of interest, 

the presence of an IDD in the case of this study.  Propensity score matching works by assigning a 

score to each member of the study group and eligible member of the comparison group based on 

the probability of having that combination of matching variables and having the exposure of 
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interest.  In the current study, the propensity score was calculated by determining how the 

combination of age, morbidity, neighbourhood income, and rurality are associated with having an 

IDD and using that relationship to determine a score for each eligible member of the study and 

comparison groups.   

A one-to-one matching ratio means that each member of the study group is matched with one 

eligible member of the comparison group, and 0.2 calliper means that the propensity scores must 

be within 0.2 of the pooled standard deviations (Austin, 2011) of each other.  This continues until 

all members of the study group have a match creating the comparison group (Austin, 2011). 

3.3 Outcome 

3.3.1 Primary outcome 

The primary outcome of interest was the health exam.  Three different health exam definitions 

were used, the first was the long assessment, OHIP fee code A003 or K131; the second was the 

general assessment, A003; and the third was the “true” health exam, A003 with diagnostic code 

917 or 319 or fee code K131.  Table 3-1 provides the definitions for each of the different fee and 

diagnostic codes.  Only the diagnostic code associated with the first A003 for the fiscal year was 

recorded in the dataset. 

Table 3-1. OHIP periodic health exam fee code definitions. 

OHIP Fee Code Definition 

A003 A general assessment is 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.  

A003 with diagnostic code 917 Annual health examination adolescent/adult 

A003 with diagnostic code 319 Mental retardation 

K131 (in use after 01 Jan 13) A periodic health visit is a general assessment of an 

individual who has no apparent physical or mental illness 

and which takes place after the second birthday.  It may 

include instructions to the patient and/or parents regarding 

health care.  
Note: All definitions are from OMHLTC (2014). 
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3.3.2 Secondary outcome 

The second outcome of interest was the primary care quality composite score (PCQS).  The 

PCQS was developed by Dahrouge (2015) and seeks to quantify the quality of primary care 

received by assessing whether preventive screening manoeuvres that are typical of a health exam 

are completed either during or outside of a health exam.  The PCQS consists of 7 different 

screening manoeuvres, three of which are disease (diabetes) specific (lipid, eye, and HgA1c), that 

are identified as either up-to-date or not using various administrative health datasets. Table 3-2 

provides a breakdown of the different datasets used; table C-1 in Appendix C provides the fee 

and diagnostic codes used to identify each screening manoeuvre and definitions.  A score is 

created based on the proportion of eligible screening manoeuvres that have been completed.   

To calculate the PCQS for an individual, all eligible screening manoeuvres are coded as either 

up-to-date or otherwise based on whether or not the screening manoeuvre has been completed 

within the recommended time frame.  For example, a 50 year-old male would be considered up-

to-date with lipid screening if he had had a lipid test that year or within the previous five years.  

He would not be considered up-to-date with his glucose screening if it had been four years since 

his last glucose test.  Table 3-2 provides a breakdown of the eligibility requirements for each 

screening manoeuvre included in the PCQS.  The PCQS was only calculated for group members 

over the age of 40 since only one screening manoeuvre applies to non-diabetic individuals under 

the age of 40 and it is only relevant to women (pap testing).  
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Table 3-2. Components of the primary care composite score and corresponding eligibility 

requirements. 

Screening Dataset Eligibility Ineligibility Guidelines 

Lipid OHIP 

Men > 40 
Diabetic Every 5 years 

Women > 50 

Diabetic > 40 Non-diabetic Every 2 years 

Glucose OHIP 
Men and 

Women 
> 40 Diabetic Every 3 years 

Cervical 

cancer 
OHIP Women 20 – 69 

Previous diagnosis of 

cervical, ovarian, and 

endometrial cancer 

Hysterectomy 

Every 3 years 

Breast 

cancer 

OHIP and 

OBSP 
Women 50 – 69 

Previous diagnosis of 

breast cancer 
Every 2 years 

Colorectal 

cancer 
OHIP 

Men and 

Women 
50 – 74 

Previous diagnosis of 

colorectal cancer 

Colectomy or 

colorectal exclusion 

FOBT – every 2 

years 

Sigmoidoscopy – 

every 5 years 

Colonoscopy – 

every 10 years 

Eye exam OHIP Diabetic > 40 Non-diabetic 2 tests every 2 years 

HgA1c OHIP Diabetic > 40 Non-diabetic 4 tests every 2 years 
Note: OHIP = Ontario Health Insurance Plan, OBSP = Ontario Breast Screening Program  

The PCQS was then dichotomized as achieving a high quality of primary care or not.  A 

PCQS of ≥ 0.6 was the cut point used to indicate a high quality of primary care.  In order to 

achieve a PCQS of 0.6 or higher an individual would have to have had at least two screening tests 

completed; including at least one cancer screening, or both of the blood tests.  A cut point of ≥ 0.6 

rather than a perfect score of 1 reduces the risk of misclassification.  Due to physician billing 

practices and the way administrative data is collected, some completed screening manoeuvres 

will be not be identified in the data available, especially those completed in a hospital settings or 

private labs. 

3.3.3 Tertiary outcome 

The final outcome of interest was a combination of having a high PCQS (PCQS ≥ 0.6) or a 

health exam.  The two definitions of health exam used for this outcome were the long 

appointment and the “true” health exam.   
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3.4 Statistical analyses 

Groups were first compared using standardized differences to determine if the propensity 

score matching created two equal groups based on: age, sex, morbidity, neighbourhood income, 

and rurality.  Coding practices were also assessed; the frequency of each diagnostic code was 

determined by year and group to see what codes were most frequently used with an A003, and if 

there was a difference in billing practices for the two groups. 

All analyses were conducted using SAS (Version 9.4, SAS Institute, Cary, NC). 

3.4.1 Objective 1, 3 and 4 – Trends 

The purpose of these objectives was to determine if there was a change in the number of adults 

receiving a health exam, PCQS of ≥ 0.6, or health exam/PCQS ≥ 0.6 over time and if there was a 

difference between groups.  To create the final datasets for each objective, all individual level 

data were aggregated up to a group level based on the variables of interest.  For example, for an 

analysis looking at having a health exam over time by group after controlling for age and sex, all 

individuals who had a health exam and were in the IDD group, age 21 and male would be 

grouped together and an additional variable equal to the number of people in this group created.  

This process was repeated for every possible combination of variables of interest.  Once the new 

dataset was created descriptive statistics (proportions and plotting of the data) were used to 

explore the temporal trends of the outcomes and outcome components and how trends changed 

according to: age, sex, rurality, morbidity, neighbourhood income, and diabetes status. 

Since the outcome of interest was a count, to determine the appropriate modelling method, a 

Poisson regression was used to assess for over-dispersion.  If the deviance value divided by the 

corresponding degrees of freedom was greater than one then the model was considered over-

dispersed and a negative binomial regression was used for further modelling (Hilbe, 2011).  This 

process was completed for each combination of variables of interest.  Once the appropriate 
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modelling method was determined (Poisson or negative binomial regression), a segmented 

regression was used to determine if the frequency of adults receiving a health exam, PCQS of ≥ 

0.6, or health exam and PCQS ≥ 0.6 changed over time; that is, if the relationship was constant or 

if it changed after a certain time point. 

3.4.1.1 Segmented regression 

Segmented regression is a type of non-linear regression that allows for the relationship 

between the outcome and exposure to change after a certain point.  It is used to assess if the 

relationship between the outcome and exposure change at any point, to determine where that 

point might be, and to quantify the relationship between the exposure and outcome before and 

after the point.  For example, the number of adults with IDD who had a health exam could be 

increasing until 2006 and then start to decrease after that.  Segmented regression is able to model 

this relationship using two linear regressions simultaneously instead of fitting a curve or breaking 

up the data allowing for the assessment of patterns before and after the joinpoint within context 

and identifying when the change occurred.   

Segmented regression can also be called a joinpoint, piecewise, or broken stick regression 

(Ryan & Porth, 2007).  Essentially the trend is broken into multiple segments that meet or join at 

specific point(s) (the joinpoint).  The simplest form of this regression is one where two straight 

lines join sharply at the joinpoint.  Equations 1 (modified from Kim, Fay, Feuer, & Midthune, 

2000) and 2 (Toms & Lesperance, 2003) provide the model for a segmented regression with two 

line segments and one unknown joinpoint.  Where 𝛽0 is the intercept, 𝛽1 is the slope for 𝑥, 𝛽2 is 

the change in the slope after the joinpoint, and 𝜏 is the joinpoint.  The 𝛽2(𝑥 − 𝜏)+ term in 

equation 1 is 0 when 𝑥 − 𝜏 is negative. 

𝑦 = 𝛽0 + 𝛽1𝑥 + 𝛽2(𝑥 − 𝜏)+ + 𝜖       (1) 

 

𝑦 = { 
𝛽0 + 𝛽1𝑥 + 𝜖 for 𝑥 ≤ 𝜏

𝛽0 + 𝛽1𝑥 + 𝛽2(𝑥 − 𝜏) + 𝜖 for 𝑥 > 𝜏
      (2) 
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For the purposes of this study equations 1 and 2 will be modified to have additional 

independent variable(s).  Additionally the line segments were modeled using a Poisson or 

negative binomial regression (equation 3).  Where 𝛽0 is the intercept, 𝛽1 is the slope for year, 𝛽2 

is the change in the slope after the joinpoint for year, 𝜷 is the slope parameter(s) for any 

additional independent variable(s), and 𝜏 is the joinpoint.  Equation 3 also has the addition of 𝑐, 

which is the cohort size for each age category. 

𝑙𝑜𝑔(𝜇) = { 
𝑙𝑜𝑔(𝑐) + 𝛽0 + 𝛽1year + 𝜷𝒙 + 𝜖 for year ≤ 𝜏

𝑙𝑜𝑔(𝑐) + 𝛽0 + 𝛽1year + 𝛽2(year − 𝜏) + 𝜷𝒙 + 𝜖 for year > 𝜏
               (3) 

 

Equation 3 can further be modified to allow for the comparison of groups.  Where 𝛽𝑗 is the 𝛽 

estimate for group 1, 𝛽𝑑 is the difference in the 𝛽 estimates for group 1 and 2, and 𝛽𝑘0 is the 

intercept for group 2.  Equation 4 is the equation for group 1 and equation 5 is the equation for 

group 2. 

𝑙𝑜𝑔(𝜇) = { 
𝑙𝑜𝑔(𝑐) + 𝛽𝑗0 + 𝛽𝑗1year + 𝜷𝑗𝒙 + 𝜖 for year ≤ 𝜏

𝑙𝑜𝑔(𝑐) + 𝛽𝑗0 + 𝛽𝑗1year + 𝛽𝑗2(year − 𝜏) + 𝜷𝑗𝒙 + 𝜖 for year > 𝜏
             (4) 

 

𝑙𝑜𝑔(𝜇) = { 
𝑙𝑜𝑔(𝑐) + 𝛽𝑘0 + (𝛽𝑗1 + 𝛽𝑑1)year + (𝜷𝑗 + 𝜷𝑑)𝒙 + 𝜖 for year ≤ 𝜏

𝑙𝑜𝑔(𝑐) + 𝛽𝑘0 + (𝛽𝑗1 + 𝛽𝑑1)year + (𝛽𝑗2 + 𝛽𝑑2)(year − 𝜏) + (𝜷𝑗 + 𝜷𝑑)𝒙 + 𝜖 for year > 𝜏
 

(5) 

 

Ryan & Porth (2007) outlined eight steps to fit a segmented regression.  These steps have been 

modified and condensed into three steps for the purposes of this study. 

1. Plot outcome by fiscal year stratified by group and additional variable(s) of interest to see if 

there appears to be a point in time where the slope changes direction or increases/decreases 

more steeply. 

2. Fit the Poisson or negative binomial regression above and below the potential joinpoint 

determined in step 1 to determine initial parameter estimates for step 3. 
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3. Fit segmented regression using parameter estimates from step 2 as initial parameter estimates. 

3.4.1.2 Model building 

For all outcomes, the base model included year (treated as a continuous variable), group, age 

(treated as continuous, although age was also evaluated as a categorical variable in case leaving 

age as a continuous variable created issues with model convergence), a group by year interaction 

term, a group by age interaction term, and an offset term equal to group size.  Age was included 

in the base model because of the way the study was designed with the age of the population 

shifting upwards with each year.  The effect of age was allowed to vary across groups because 

Lunsky et al. (2013) demonstrated that adults with IDD were less likely to have a health exam 

than adults without IDD, and this difference increased as age increased.  Group by year 

interaction term was included because previous literature reported that adults with IDD were less 

likely to have a health exam and it was hypothesized that the publication of the guidelines may 

alter the magnitude of this difference over time.  

The second model assessed was the base model with the addition of sex and sex by group 

interaction term.  The effect of sex was allowed to vary between groups because Lunsky et al. 

(2013) demonstrated that females with IDD were less likely than females without IDD to have a 

health exam.  The next set of models assessed included the addition of morbidity, diabetes status, 

neighbourhood income quintile, rurality, and LHIN individually to the model including sex.  The 

final model included all variables except that age was replaced with age category due to concerns 

about the counts becoming too small. 

Table 3-3 provides a summary of the model parameters included in the second model (base 

model plus sex).  Table 3-4 shows how model parameters are combined to get the relative risks of 

interest; that is the relative risks comparing the effect of time for each group and the effect of sex 

within each group. 
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Table 3-3. Summary of negative binomial and segmented negative binomial model 

parameters. 

Negative Binomial Model Parameters 
Segmented Negative Binomial Model 

Parameters 

𝛽0 Intercept 𝜏 Joinpoint 

𝛽1 Year 𝛽𝑗0 Intercept 

𝛽2 Group (ref = IDD) 𝛽𝑘0 Intercept 

𝛽12 Year*group 𝛽𝑗1 Year 

𝛽3 Age 𝛽𝑑1 Year 

𝛽32 Age*group 𝛽𝑗2 Year after JP 

𝛽4 Sex (ref = female) 𝛽𝑑2 Year after JP 

𝛽42 Sex*group 𝛽𝑗3 Age 

 
 

𝛽𝑑3 Age 

  𝛽𝑗4 Sex (ref = female) 

  𝛽𝑑4 Sex (ref = female) 

 

Table 3-4. Parameter estimate combinations to obtain relative risks of interest. 

Group  Negative 

Binomial 

Segmented Negative Binomial 

  Pre 𝜏 Post 𝜏 

IDD Time (1 year ) 𝛽1 𝛽𝑗1 𝛽𝑗1 + 𝛽𝑗2 

 Sex (M vs. F) 𝛽4 𝛽𝑗4 

Control Time (1 year ) 𝛽1 + 𝛽12 𝛽𝑗1 + 𝛽𝑑1 𝛽𝑗1 + 𝛽𝑑1+𝛽𝑗2 + 𝛽𝑑2 

 Sex (M vs. F) 𝛽42 𝛽𝑗4 + 𝛽𝑑4 

Note: If 𝛽1, 𝛽4, 𝛽42, 𝛽𝑗1, or 𝛽𝑗4 are statistically significant then * indicates statistically significant difference 

from year to year or between males and females.  If 𝛽12, 𝛽𝑑1, 𝛽𝑑2, 𝛽42, or 𝛽𝑑4 are statistically significant 

then + indicates statistically significant different from IDD.  If 𝛽𝑗2 is statistically significant the ^ indicates 

statistically significant difference from pre 𝜏.  Statistical significance was set α = 0.05. 

3.4.1.3 Analysis strategy 

The analysis was completed in three main steps.  The first step was to determine if the model 

was over-dispersed thereby informing which modelling strategy to use (Poisson or negative 

binomial regression).  The second step was running the analysis with the correct modelling 

strategy.  Finally the third step was to run the model as a segmented regression.  The segmented 

regression was only completed for the base model and the base model plus sex.  This was due to 

concerns about model convergence with the addition of more variables. 

3.4.2 Objective 2 – Health exam and primary care quality score association 

Logistic regression was used to determine the odds of having a health exam or not at each 

PCQS level for each group.  Two health exam definitions were used: the long appointment, and 
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the “true” health exam.  Three models were used to assess this relationship, the first model 

included year (treated as a categorical variable), the second included interaction terms between 

PCQS and group and PCQS and year, the third model did not include year, but did include the 

interaction term between PCQS and group.  The third model was only run if it was determined 

that the effect of PCQS did not vary across years. 

3.5 Ethics 

The research protocol was review by the Queen’s University Health Sciences Research Ethics 

Board (the letter of approval can be found in Appendix D) and access to data was approved by an 

ICES review including the completion of a Privacy Impact Assessment (PIA).  No personal 

identifiers were included in the data and cell counts of five or less have been suppressed. 
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Chapter 4 

Results 

4.1 Study population 

Approximately 12 million adults were identified as living in Ontario and born between 

January 1, 1939 and January 1, 1993.  Of the 12 million, approximately 11 million were identified 

as alive and between the ages of 18 and 64 for at least one year between 2003/04 and 2014/15.  

Figure 4-1 shows how eligible adults were distributed between groups across time.  Table 4-1 

provides the percent of the 11 million individuals who were lost to each of the exclusion criteria.  

Approximately 9.5 million individuals were eligible in 2003/04, which increased to 10.8 million 

in 2009/10, and decreased to approximately 9.9 million in 2014/15.  In terms of exclusion, 

1,434,764 were lost to age in 2003/04, 41,866 in 2009/10, and 777,422 in 2014/15.  Long-term 

care admission increased from 1,188 in 2003/04 to 8,370 in 2014/15.  Death increased from 

17,856 in 2004/05 to 282,206 in 2014/15.  A total of 715,054 adults (65,467 adults with IDD, 

649,587 adults without IDD) were included in analyses. 

Table 4-1. Reason for exclusion (N = 10,993,964). 

Fiscal 

Year 

Reason for Exclusion Eligible 

Age LTC Admission Death N Percent 

2003 13.05% 0.01% -- 9 558 012 86.94 

2004 10.92% 0.02% 0.16% 9 774 114 88.90 

2005 8.81% 0.02% 0.34% 9 986 185 90.83 

2006 6.74% 0.03% 0.53% 10 192 306 92.71 

2007 4.66% 0.04% 0.73% 10 398 116 94.58 

2008 2.53% 0.05% 0.95% 10 606 623 96.48 

2009 0.38% 0.06% 1.17% 10 816 769 98.39 

2010 1.53% 0.06% 1.42% 10 661 916 96.98 

2011 2.71% 0.07% 1.68% 10 504 110 95.54 

2012 4.18% 0.07% 1.96% 10 311 205 93.79 

2013 5.65% 0.07% 2.26% 10 117 003 92.02 

2014 7.07% 0.08% 2.57% 9 925 996 90.29 
Note: The study group was defined in 2009/10, which is why age as a reason for exclusion is not 

cumulative. 
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Figure 4-1. Participant flow chart. 

 
 

  

Base Population 

(Born Jan. 1 1939 – Jan. 1 1993) 

N = 12 007 720 

Alive and 18 – 64 

N = 10 993 964 

Met Eligibility Requirements* 
Year N 

2003 9 558 012 

2004 9 774 114 

2005 9 986 185 

2006 10 192 306 

2007 10 398 116 

2008 10 606 623 
2009 10 816 769 
2010 10 661 916 
2011 10 504 110 
2012 10 311 205 
2013 10 117 003 
2014 9 925 996 

*For exclusion reasons see table 4-1 

Study Population 

Year IDD Control* 
2003 50 761 9 507 251 
2004 52 672 9 721 441 
2005 54 477 9 931 708 
2006 56 396 10 135 910 
2007 58 478 10 339 638 
2008 60 980 10 545 643 
2009 63 270 10 753 499 
2010 62 010 10 599 906 
2011 60 745 10 443 365 
2012 59 396 10 251 809 
2013 58 097 10 058 906 
2014 56 898 9 869 098 

*Only those selected as matches were 

used in analysis 
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After propensity score matching, group sizes ranged from 50,761 in 2003/04, to 63,270 in 

2009/10, and decreased to 56,898 in 2014/15.  Standardized difference comparisons between 

groups for each year demonstrated that there was no difference between groups for any of the 

matched variables (age, sex, neighbourhood income, rurality, and morbidity) for any years.  There 

was also no difference between years when comparing the same group to the 2009/10 groups.  

Table 4-2 provides the characteristics for each group in 2009/10.  The group characteristics for all 

years can be found in Appendix E table E-1. 

Table 4-2. Group characteristics in 2009/10. 

 IDD Control 

N 63,270 63,270 

Age Mean (SD) 37.26 (13.20) 37.24 (13.31) 

Sex  % Female 42.45 42.52 

Morbidity Mean (SD) 4.68 (3.41) 4.65 (3.38) 

Neighborhood income %   
1 (Low) 30.24 30.76 

2 21.78 21.70 

3 17.70 17.49 

4 16.19 16.12 

5 (High) 14.10 13.91 

Rurality Mean (SD) 13.43 (18.94) 13.56 (19.31) 
Note: Morbidity is the number of aggregate diagnostic groups (ADGs), neighbourhood income is 

neighbourhood income quintile, and rurality is RIO2008 score. 

A relatively small proportion of adults with IDD came in and out of the IDD group due to 

missing neighbourhood income quintile or RIO2008 values.  Table 4-3 provides the number and 

percent of adults with IDD who were missing for at least one year.  A total of 2,181 (3.3%) of 

adults with IDD were missing from at least one year due to missing RIO2008 or neighbourhood 

income quintile data. 
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Table 4-3. Frequency and percent of adults with IDD missing from at least one year due to 

missing RIO or neighbourhood income data. 

Number of years missing Frequency Percent 

1 114 0.17 

2 99 0.15 

3 109 0.17 

4 130 0.20 

5 127 0.19 

6 171 0.26 

7 160 0.24 

8 202 0.31 

9 202 0.31 

10 263 0.40 

11 604 0.92 

1+ 2181 3.33 

4.2 Coding practices 

The diagnostic code most commonly billed with A003 was 917 at approximately 50% prior to 

the coding change on January 1, 2013 (IDD: 47% in 2003/04 to 57% in 2011/12, Control: 47% in 

2003/04 to 59% in 2011/12).  After the coding change, K131 was billed at a slightly lower rate 

(IDD: 46% in 2013/14 and 47% in 2014/15, Control: 45% in 2013/14 and 46% in 2014/15).  The 

combined rate (K131 and A003 with diagnostic code 917) in 2012/13 was 54% (IDD) and 56% 

(Control).  The second most commonly billed code was 319 (mental retardation) for adults with 

IDD (3.48% in 2011/12 to 5.24% in 2006/07) and 895 (family planning) for adults without IDD 

(1.83% in 2014/15 to 5.30% in 2003/04).  Appendix F table F-1 lists the 10 most common 

diagnostic codes billed with A003 for each fiscal year by group. 

Adults with IDD who received an A003 with diagnostic code 319 can be considered as 

“identified” as having an IDD.  Table 4-4 shows the number and percent of adults with IDD who 

received an A003 with diagnostic code 319 and the number of times between 2003/04 and 

2014/15 each received the exam.  Only one person received an A003 with diagnostic code 319 

every year from 2003/04 to 2014/15, and 1,846 received the exam once.  This indicates that 

94.6% of adults with IDD are potentially not identified as having an IDD by their physician. 
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Table 4-4. Adults with IDD who received an A003 with diagnostic code 319. 

Fiscal Year Frequency Percent 
Number of 

times 
Frequency Percent 

2003 786 1.36 1 1846 2.82 

2004 795 1.35 2 623 0.95 

2005 815 1.36 3 325 0.50 

2006 857 1.40 4 213 0.33 

2007 786 1.26 5 163 0.25 

2008 729 1.15 6 112 0.17 

2009 704 1.09 7 75 0.11 

2010 608 0.95 8 59 0.09 

2011 561 0.89 9 51 0.08 

2012 542 0.87 10 30 0.05 

2013 588 0.95 11 18 0.03 

2014 601 0.99 12 1 0.00 

4.3 Objective 1: Health exam trends 

All regression models were over-dispersed therefore negative binomial was the regression 

method used. 

4.3.1 Long appointment 

Figure 4-2 shows the proportion of adults who received a long appointment over time and by 

sex.  Adult males with IDD were more likely to receive a long appointment than adult males 

without IDD.  Adult females without IDD were more likely to receive a long appointment prior to 

2011/12 than females with IDD.  This pattern reversed after 2011/12, at which time females with 

IDD were more likely to receive a long appointment than females without IDD.  Females, 

regardless of IDD status, were more likely to receive a long appointment than males with IDD, 

and much more likely than males without IDD.  It appears the coding change had the greatest 

effect on females without IDD; of the four groups, they saw the steepest decrease after 2011/12.  

Males without IDD seemed to be the most stable over time, followed by males with IDD. 
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Figure 4-2. The proportion of adults who received a long appointment from 2003/04 to 

2014/15 by IDD status and sex. 

 

Table 4-5 summarizes the relative risk estimates of having a long appointment using a 

negative binomial and segmented negative binomial regression (the regression results can be 
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appointment compared to adult females without IDD according to the negative binomial 

regression and segmented regression (50.14% and 40.20%). 

Table 4-5. Relative risk estimates of having a long appointment from negative binomial and 

segmented negative binomial regressions after controlling for age. 

Group  Negative 

Binomial 
Segmented Negative Binomial 

  Pre 2010/11 Post 2010/11 
IDD Time (per 1 year ) 0.982* 0.990* 0.963^ 

 Sex (M vs. F) 0.850* 0.850* 
Control Time (per 1 year ) 0.971+ 0.984+ 0.939+ 

 Sex (M vs. F) 0.499*+ 0.598+ 

Note: * indicates statistically significant, + indicates statistically significant different from IDD, ^ indicates 

statistically significant difference from pre 𝜏.  Results were considered statistical significant at p < 0.05. 

Figure 4-3 compares the model fit using the predicted counts (divided by group size to get a 

percent) for the segmented and regular negative binomial regression by IDD status and sex after 

controlling for age.  Neither model is able to fit the original data perfectly, but the segmented 

regression does a better job of approximating the trend seen in females without IDD than the 

negative binomial regression.  For males and females with IDD, there is very little difference 

between the negative binomial and segmented regression.  

Since figure 4-3 does not show a dramatic difference in model fit between the negative 

binomial and segmented negative binomial regressions, a series of negative binomial regressions 

controlling for morbidity, diabetes status, neighbourhood income quintile, and rurality were run 

to see if controlling for them would further alter the trend seen above.  Table 4-6 shows the 

relative risk estimates from each of these regressions.  The inclusion of morbidity, diabetes status, 

neighbourhood income quintile, or rurality did not change the trends, indicating that they do not 

confound the relationship seen above. 
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Figure 4-3. Comparison of negative binomial regression (NBR) and segmented negative 

binomial regression (SNBR) model fit after controlling for age to the unadjusted (Raw) 

proportion of adults who received a long appointment from 2003/04 to 2014/15 by IDD 

status and sex. 

 

0

5

10

15

20

25

30

35

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

P
er

ce
n

t 
(%

)

Fiscal Year

Control

F Raw F NBR F SNBR M Raw M NBR M SNBR

0

5

10

15

20

25

30

35

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

P
er

ce
n

t 
(%

)

Fiscal Year

IDD

F Raw F NBR F SNBR M Raw M NBR M SNBR



 

 

44 

Table 4-6. Relative risk estimates of having a long appointment from negative binomial 

regressions after controlling for various characteristics. 

Model IDD Control 

 
Time 

(per 1 year ) 

Sex 

(M vs. F) 

Time 

(per 1 year ) 

Sex 

(M vs. F) 

Age 0.981* -- 0.969+ -- 

Age (cat) 0.983* -- 0.971+ -- 

Age, sex 0.982* 0.850* 0.971+ 0.499*+ 

Age, sex, morbidity 0.984* 0.895* 0.973+ 0.541*+ 

Age, sex, diabetes 0.982* 0.854* 0.971+ 0.519*+ 

Age, sex, NI 0.981* 0.846* 0.970+ 0.495*+ 

Age, sex, rurality 0.979* 0.847* 0.967+ 0.484*+ 
Note: * indicates statistically significant, + indicates statistically significant different from IDD.  Results 

were considered statistical significant at p < 0.05.  NI = neighbourhood income quintile. 

4.3.2 General assessment 

Figure 4-4 shows the proportion of adults who received a general assessment from 2003/04 to 

2014/15 by IDD status and sex.  Females were more likely to have a general assessment than 

males.  Males with IDD were more likely to have a general assessment than males without IDD.  

Females without IDD were more likely to have a general assessment than females with IDD, but 

the proportions were approximately equal after 2010/11.  Both groups (IDD and controls) saw a 

substantial decrease in the likelihood of having a general assessment after 2011/12. 

Figure 4-4. The proportion of adults who received a general assessment from 2003/04 to 

2014/15 by IDD status and sex. 
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Table 4-7 summarizes the relative risk estimates of having a general assessment using a 

negative binomial and segmented negative binomial regression (the regression results can be 

found in Appendix G tables G-3 and G-4).  Both regression methods showed that adults were less 

likely to have a general assessment over time after controlling for age and sex; segmented 

regression found that adults were even less likely to have a general assessment after 2011/12.  

Both models found males were less likely to have a general assessment regardless of IDD status 

after controlling for age and time, and that the difference between males and females in the IDD 

group was substantially smaller in the IDD group than in the control group.   

Segmented regression found adults with IDD were 1.03% less likely to have a general 

assessment prior to 2011/12 and 24.33% after 2011/12, compared to the negative binomial 

estimate of 5.57% less likely across the whole time period.  Adults without IDD were 1.62% less 

likely prior to 2011/12 and 26.41% less likely after.  The effect of sex was similar for both 

regression methods for adults with IDD (males were approximately 15% less likely to have a 

general assessment compared to females); adult males without IDD were much less likely to have 

a general assessment compared to adult females without IDD according to the negative binomial 

regression and segmented regression (50.18% and 40.52%).   

Table 4-7. Relative risk estimates of having a general assessment from negative binomial 

and segmented negative binomial regressions after controlling for age. 

Group  Negative 

Binomial 
Segmented Negative Binomial 

  Pre 2011/12 Post 2011/12 
IDD Time (per 1 year ) 0.944* 0.990* 0.757^ 

 Sex (M vs. F) 0.852* 0.847* 
Control Time (per 1 year ) 0.935+ 0.984+ 0.736 

 Sex (M vs. F) 0.498*+ 0.595+ 

Note: * indicates statistically significant, + indicates statistically significant different from IDD, ^ indicates 

statistically significant difference from pre 𝜏.  Results were considered statistical significant at p < 0.05. 

Figure 4-5 shows that the segmented negative binomial regression fits the original data much 

better than the negative binomial regression.  Therefore the negative binomial regression results 

need to be interpreted with caution. 
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Figure 4-5. Comparison of negative binomial regression (NBR) and segmented negative 

binomial regression (SNBR) model fit after controlling for age to the unadjusted (Raw) 

proportion of adults who received a general appointment from 2003/04 to 2014/15 by IDD 

status and sex. 
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without IDD were less likely to have a “true” health exam after 2011/12.  Both groups (IDD and 

controls) saw a decrease in the likelihood of having a “true” health exam after 2011/12. 

Figure 4-6. The proportion of adults who received a “true” health exam from 2003/04 to 

2014/15 by IDD status and sex. 

 

Table 4-8 summarizes the relative risk estimates of having a “true” health exam using a 
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for both regression methods for adults with IDD (males were approximately 15% less likely to 

have a “true” health exam compared to females); adult males without IDD were much less likely 

to have a “true” health exam compared to adult females without IDD according to the negative 

binomial regression and segmented regression (54.34% and 42.68%).   

Table 4-8. Relative risk estimates of having a “true” health exam from negative binomial 

and segmented negative binomial regressions after controlling for age. 

Group  Negative 

Binomial 
Segmented Negative Binomial 

  Pre 2010/11 Post 2010/11 
IDD Time (per 1 year ) 0.984* 1.008* 0.908^ 

 Sex (M vs. F) 0.851* 0.849* 
Control Time (per 1 year ) 0.976+ 1.010 0.863+ 

 Sex (M vs. F) 0.457*+ 0.573+ 

Note: * indicates statistically significant, + indicates statistically significant different from IDD, ^ indicates 

statistically significant difference from pre 𝜏.  Results were considered statistical significant at p < 0.05. 

Figure 4-7 shows that the segmented negative binomial regression fits the original data much 

better than the negative binomial regression.  Therefore the negative binomial regression results 

need to be interpreted with caution. 
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Figure 4-7. Comparison of negative binomial regression (NBR) and segmented negative 

binomial regression (SNBR) model fit after controlling for age to the unadjusted (Raw) 

proportion of adults who received a “true” health exam from 2003/04 to 2014/15 by IDD 

status and sex. 
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below support the use of 0.6 as a cut point for obtaining a high PCQS and that a PCQS greater 

than or equal to 0.6 can be used as a proxy measure for receiving a health exam.  The odds of 

having a long appointment are 7.9 times higher in adults without IDD and 5.3 times higher in 

adults with IDD who obtained a PCQS of 0.6.  The odds of having a “true” health exam were 8.7 

times higher in adults without IDD and 5.1 times higher in adults with IDD who obtained a PCQS 

of 0.6. 

Figure 4-8. Association between primary care quality composite score (PCQS) and having a 

general assessment. 
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Figure 4-9. Association between primary care quality composite score (PCQS) and having a 

“true” health exam. 
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Figure 4-10. Primary care quality composite score for adults with and without IDD from 

2003/04 to 2013/14. 
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proportion obtaining a PCQS ≥ 0.6, after the trend appears to flatten out and decrease in females 

without IDD. 

Figure 4-11. The proportion of adults who received a primary care quality composite score 

≥ 0.6 from 2003/04 to 2013/14 by IDD status and sex. 
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of 1.89% more likely across the whole time period.  Adults without IDD were 1.18% more likely 

prior to 2011/12 and 2.85% less likely after.  The effect of sex was similar for both regression 

methods: adult males with IDD were 30% more likely to obtain a PCQS ≥ 0.6 than females with 

IDD, and males without IDD were approximately 4.25% less likely to obtain a PCQS ≥ 0.6.  

Figure 4-12 shows that the segmented and negative binomial regressions have a comparable fit 

with the original data prior to 2011/12, but the segmented regression captures the change after 

2011/12 better. 

Table 4-9. Relative risk estimates of having a primary care quality composite score ≥ 0.6 

from negative binomial and segmented negative binomial regressions after controlling for 

age. 

Group  Negative 

Binomial 
Segmented Negative Binomial 

  Pre 2011/12 Post 2011/12 
IDD Time (per 1 year ) 1.019* 1.026 0.979 

 Sex (M vs. F) 1.298* 1.298* 
Control Time (per 1 year ) 1.006+ 1.012 0.971 

 Sex (M vs. F) 0.975*+ 0.940+ 

Note: * indicates statistically significant, + indicates statistically significant different from IDD, ^ indicates 

statistically significant difference from pre 𝜏.  Results were considered statistical significant at p < 0.05.  

Significance could not be determined for time effects in the segmented regression. 
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Figure 4-12. Comparison of negative binomial regression (NBR) and segmented negative 

binomial regression (SNBR) model fit after controlling for age to the unadjusted (Raw) 

proportion of adults who received a primary care quality composite score ≥ 0.6 from 

2003/04 to 2013/14 by IDD status and sex. 
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increase in the likelihood of having a long appointment or PCQS ≥ 0.6 and a flattening out or 

decrease after 2010/11. 

Figure 4-13. The proportion of adults who received a long appointment or primary care 

quality composite score ≥ 0.6 from 2003/04 to 2013/14 by IDD status and sex. 
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IDD were 0.69% more likely prior to 2010/11 and 1.35% less likely after.  The effect of sex was 

equal for both regression methods, males with IDD were 9% more likely and males without IDD 

were 8% less likely to have a long appointment or PCQS ≥ 0.6 compared to females. 

Table 4-10. Relative risk estimates of having a long appointment or primary care quality 

composite score ≥ 0.6 from negative binomial and segmented negative binomial regressions 

after controlling for age. 

Group  Negative 

Binomial 
Segmented Negative Binomial 

  Pre 2010/11 Post 2010/11 
IDD Time (per 1 year ) 1.010* 1.014* 0.994^ 

 Sex (M vs. F) 1.090* 1.090* 
Control Time (per 1 year ) 1.003+ 1.007 0.987 

 Sex (M vs. F) 0.918*+ 0.918+ 

Note: * indicates statistically significant, + indicates statistically significant different from IDD, ^ indicates 

statistically significant difference from pre 𝜏.  Results were considered statistical significant at p < 0.05. 

Figure 4-14 shows that the segmented and negative binomial regression fit the original data 

equally well prior to 2010/11, the segmented regression fits the original data better after 2010/11, 

especially for females. 



 

 

58 

Figure 4-14. Comparison of negative binomial regression (NBR) and segmented negative 

binomial regression (SNBR) model fit after controlling for age to the unadjusted (Raw) 

proportion of adults who received a long appointment or primary care quality composite 

score ≥ 0.6 from 2003/04 to 2013/14 by IDD status and sex. 
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health exam or PCQS ≥ 0.6; females with IDD were least likely.  Both groups (IDD and controls) 

saw a decrease in the likelihood of having a “true” health exam or PCQS ≥ 0.6 after 2010/11. 

Figure 4-15. The proportion of adults who received a “true” health exam or primary care 

quality composite score ≥ 0.6 from 2003/04 to 2013/14 by IDD status and sex. 
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and sex; segmented regression found that adults were more likely to have a “true” health exam or 
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controlling for age and time, and that the difference between males and females in the IDD group 

was larger than in the control group.   

0

10

20

30

40

50

60

70

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

P
er

ce
n

t 
(%

)

Fiscal Year

Control F IDD F Control M IDD M



 

 

60 

Segmented regression found adults with IDD were 2.04% more likely to have a “true” health 

exam or PCQS ≥ 0.6 prior to 2011/12 and 1.70% less likely after, compared to the negative 

binomial estimate of 1.44% more likely across the whole time period.  Adults without IDD were 

1.03% more likely prior to 2011/12 and 13.74% less likely after.  The effect of sex was equal for 

both regression methods, males with IDD were 15% more likely and males without IDD were 7% 

less likely to have a “true” health exam or PCQS ≥ 0.6 compared to females.  Figure 4-16 shows 

that the segmented and negative binomial regressions have a comparable fit with the original data 

prior to 2011/12, but the segmented regression captures the change after 2011/12 better.   

Table 4-11. Relative risk estimates of having a “true” health exam or primary care quality 

composite score ≥ 0.6 from negative binomial and segmented negative binomial regressions 

after controlling for age. 

Group  Negative 

Binomial 
Segmented Negative Binomial 

  Pre 2011/12 Post 2011/12 
IDD Time (per 1 year ) 1.014* 1.020 0.983 

 Sex (M vs. F) 1.156* 1.156* 
Control Time (per 1 year ) 1.005+ 1.009 0.978 

 Sex (M vs. F) 0.934*+ 0.926+ 

Note: * indicates statistically significant, + indicates statistically significant different from IDD, ^ indicates 

statistically significant difference from pre 𝜏.  Results were considered statistical significant at p < 0.05.  
Time effects could not be determined for time effects in segmented regression. 
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Figure 4-16. Comparison of negative binomial regression (NBR) and segmented negative 

binomial regression (SNBR) model fit after controlling for age to the unadjusted (Raw) 

proportion of adults who received a “true” health exam or primary care quality composite 

score ≥ 0.6 from 2003/04 to 2013/14 by IDD status and sex. 
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Chapter 5 

Discussion and Conclusion 

5.1 Summary of findings 

1. The proportion of adults with IDD who received a long appointment peaked at 27.3% in 

2005/06 and fell to 23.3% in 2014/15.  Among adults without IDD, the proportions were 

24.6% in 2005/06 and 18.5% in 2014/15. 

2. The proportion of adults with IDD who received a “true” health exam peaked at 15.5% in 

2010/11 and 12.0% in 2013/14.  The proportion of adults without IDD was 13.2% in 2008/09 

and 8.8% in 2013/14. 

3. The coding change resulted in a change in practice; all outcomes (long appointment, general 

assessment, “true” health exam, PCQS ≥ 0.6, long appointment or PCQS ≥ 0.6, and “true” 

health exam or PCQS ≥ 0.6) of interest saw a decrease after the coding change.  The 

magnitude of the effect varied based on outcome. 

4. Females were more likely to receive a health exam regardless of IDD status and the 

difference between males and females was the same regardless of health exam definition.  

Males with IDD were more likely to achieve a PCQS ≥ 0.6 than females with IDD, but 

females without IDD were more likely to achieve a PCQS ≥ 0.6 than males without IDD. 

5. Morbidity, diabetes status, neighbourhood income quintile, or rurality did not further 

confound the effect of time on having a long appointment after controlling for age and sex. 

6. PCQS is associated with having a health exam (“true” or long appointment) in both groups.  

The association is stronger in controls. 
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5.2 Interpretation of findings 

5.2.1 Health exam  

Two of the three health exam definitions (long appointment and general assessment) saw a 

decrease in the proportion of adults receiving a health exam prior to the coding change and 

subsequently saw a greater decrease in the proportion receiving a health exam after the coding 

change.  The “true” health exam was the only health exam definition to see an increase in the 

proportion of adults receiving a health exam prior to the coding change but a decreasing trend 

was seen post coding change.  Even though the joinpoint for each of the health exam definitions 

(2010/11 or 2011/12) is prior to the coding change (January 1, 2013), the coding change is still 

considered to be the driving factor because the segmented regression identifies the point prior to 

the change.  If the coding change had an immediate effect on the number of adults receiving a 

health exam it would be expected that in 2012/13 there would be a lower proportion of adults 

receiving a health exam, meaning the joinpoint identified by the segmented regression would be 

2011/12 (one time point earlier than the coding change).  This is the case for the general 

assessment, the only health exam definition not to incorporate the new fee code (K131).  The 

other two health exam definitions identified one time point earlier (2010/11) this is most likely 

due to physician pre-emptively adjusting their use of health exams in response to the upcoming 

fee code change (i.e. one year before the implementation of the coding change physicians were 

already decreasing their use of A003 with diagnostic code 917 in preparation for the new fee code 

K131, which replaced A003 with diagnostic code 917, and had a corresponding reduced fee). 

The decrease in the billing of the health exam over time was seen in both groups, indicating 

that the publication of IDD-specific primary care guidelines and other associated interventions 

were not effective in increasing the uptake of the health exam in adults with IDD.  There are 

several reasons why the guidelines might not have had an effect:  
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1. The follow-up period was short.  Balas & Bohen (2000) estimated that it takes approximately 

10 years for clinical recommendations from guidelines, reviews, or textbooks to be adopted 

by at least 50% of physicians. 

2. Physicians might not know who has IDD.  Only 5.4% of the IDD population in this study 

received an A003 with diagnostic code 319, a general assessment specifically for adults with 

IDD, at least once over the course of the study period.  Indicating that potentially only 5.4% 

of adults with IDD were identified as having an IDD by their physician. 

3. In recent years there has been mixed messaging regarding annual health exams.  Physicians 

have been told that apparently healthy adults do not need an annual health exam and a 

corresponding fee code change and payment adjustment have come into use in Ontario 

reflecting this change in policy.  Yet, consensus guidelines have been published stating 

exactly the opposite for adults with IDD but no fee code or payment change has been 

introduced to promote the practice of annual health exams for adults with IDD in Ontario. 

5.2.1.1 Sex difference 

Generally the proportion of adults receiving a health exam has been decreasing over time.  

When this trend is sub-divided into adults with and without IDD the trend still stands, but when 

the groups are further sub-divided by sex some different trends emerge.  Males are less likely 

than females to receive a health exam but males with IDD are more likely to have a health exam 

than males without IDD, and males of either group are not affected as much by the coding 

change.  This is expected since males in general are less likely to see a physician (Statistics 

Canada, 2016).  Females are more likely than males to have a health exam, and females without 

IDD are most affected by the coding change.  Again this is expected since females are more likely 

to see a physician (Statistics Canada, 2016) and healthy women have more of a reason to visit a 

physician for regular preventive care (e.g. pregnancy or birth control), as demonstrated by 
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diagnostic code 895 (family planning) being the second most commonly billed diagnostic code 

for adults without IDD.   

5.2.2 Primary care quality composite score and the health exam 

Overall the PCQS is a very informative measure, it provides an indication of the quality of 

care being provided both within and outside of a health exam.  It appears that the quality of care 

received by adults after the coding change has plateaued and may even be decreasing.  

There were some interesting findings when the trends are broken down by sex.  Adult males 

with IDD were more likely to achieve a high PCQS compared to females with IDD.  This is the 

opposite of what was seen with health exams (females with IDD were more likely to have a 

health exam compared to males with IDD).  This trend reversal was only seen in adults with IDD; 

for adults without IDD, males were less likely to obtain a high PCQS, which is the same pattern 

for health exams although the magnitude of the difference was smaller.  When the health exam 

and PCQS were combined, males with IDD were more likely and males without IDD were less 

likely to have a health exam or achieve a high PCQS.  That is, males with IDD are more likely to 

achieve a high PCQS but females with IDD are more likely to have a health exam.  Males with 

IDD achieving a high PCQS could be due to the components included in the PCQS, males are 

only eligible for two to four screening manoeuvres depending on if they have diabetes or not.  

Females are eligible for three to six screening manoeuvres depending on their diabetes status.  

Meaning it is easier for males to achieve a PCQS ≥ 0.6.  This would be a likely explanation if 

males were more likely to achieve a high PCQS regardless of IDD status, but since females 

without IDD are more likely to achieve a high PCQS than males without IDD it is more likely 

that the lower rates of pap and mammography screening in women with IDD compared to women 

without IDD (Cobigo, Ouellette-Kuntz, Balogh, Leung, Lin, & Lunsky, 2013) are the reason.  

Willis, Kennedy, & Kilbride (2008) reported on some of the barriers to attending breast cancer 
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screening identified in the literature, their findings could also be applied to cervical cancer 

screening as well.  Willis et al. (2008) reported that method of referral (invitation and own 

initiative), poor literacy skills, physical disability, degree of intellectual disability, ill health 

(women with IDD or carer), fear, and views of the physician (unaware/do not believe women 

with IDD need cancer screening) may all be barriers to women with IDD receiving pap and 

mammography screening. 

Based on the strong association between having a health exam and achieving a high PCQS, it 

is recommended that a combination of health exam and PCQS be used to assess the quality of 

preventive care received.  The health exam gives an indication of the context in which preventive 

care is being received (opportunistic screening or otherwise) and the PCQS gives an indication of 

the quality.  A combination of the two measures also provides a more robust measure that is less 

affected by change in policy and practice (i.e. the coding change).  The long appointment alone 

saw a 3.7% decrease after the coding change, but only a 0.6% decrease when combined with 

PCQS.  The same was seen when PCQS was combined with the “true” health exam definition 

(9.2% compared to 1.7%), indicating that the coding change had an effect on practice, but maybe 

not as dramatic as it first appeared when looking at only the health exam or PCQS. 

5.3 Limitations 

There are three main limitations of the study.  The first concerns the use of administrative 

health data.  Administrative health data are health data collected without specific a priori research 

question; as such it can be difficult to identify biases associated with individual data sources 

(Benchimol et al., 2015).  Benchimol et al. (2015) published the REporting of studies Conducted 

using Observation Routinely collected Data (RECORD) checklist as an extension of the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist 

meant specifically for studies using routinely collected data (e.g. administrative health data).  
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Appendix H table H-1 provides the STROBE/RECORD checklist and highlights the sections of 

this thesis that meet the recommendations.  As well, despite the publication by the Ontario 

Ministry of Health and Long Term Care of a resource manual on when to use specific codes, 

there is little information available in an easily accessible manner on what actually happens 

during a visit and if the appropriate code is used for billing purposes.  This project assumed that 

those individuals who received a health exam actually received what was necessary for a 

physician to bill that code.  The inclusion of Canadian Primary Care Sentinel Surveillance 

Network (CPCSSN) electronic medical record data would be a way to confirm what was actually 

done during a health exam. 

The second limitation relates to the way the model was defined.  In order to properly assess 

the effect of sex on the trend seen over time, that is to get an relative risk estimate for time 

specific to each IDD and sex level (e.g. female adults with IDD), a three level interaction term 

(group by sex by time) should have been used.  This interaction term could not be incorporated 

because one of the purposes of this project was to determine what method (negative binomial or 

segmented negative binomial regression) was most appropriate to model the trends seen.  To do 

this, the negative binomial and segmented negative binomial had to be the same except for where 

the segmented regression inherently differs from the negative binomial regression (the inclusion 

of an additional year effect after the joinpoint).  A lot of work was done to modify previously 

reported segmented regression models to allow for the comparison between groups while 

controlling for additional parameters.  The addition of a three level interaction term was beyond 

the scope of this thesis. 

Finally, the third limitation pertains to the age range.  This study looked at adults 18 to 64 

years old so there is no information on what happens after 64.  This is especially relevant for the 

PCQS since eligibility for all of the measures included continues past the age of 64.  This may 
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have altered the relationship seen between the health exam and PCQS although it is likely that the 

association between the two measures would be stronger in an older cohort.   

5.4 Implications for research, policy, and practice 

5.4.1 Future research 

This project was meant as an exploratory first look at what has been happening with the health 

exam over time in adults with and without IDD in Ontario.  It was intended to lay the groundwork 

for future research to assess the trends in the usage of the health exam for adults with IDD going 

forward. The analysis will be repeated in 2017 to examine the impact of a population-level patient 

empowerment intervention delivered in 2015 aimed at increasing the uptake of the health exam 

among adults with IDD in Ontario.  This project also laid the groundwork for looking at the 

effects of socioeconomic status and morbidity, but future work might attempt to incorporate them 

into the segmented regression model to see if there is an effect on the change seen post coding 

change.  Additionally it will be important to extend the PCQS portion of this project to include 

adults over the age of 64.  Adults with IDD are aging (Emerson et al., 2014) and it will be 

important to ensure that as they age they are still receiving the care they need. 

Future research might also focus on the PCQS and similar measures that seek to capture the 

type of preventive care received within and outside the health exam.  In countries like Australia 

and some parts of the United Kingdom, specific checklists are used and completed during a health 

exam for adults with IDD (Baxter et al., 2006; Cooper et al., 2006; Lennox et al., 2007; Felce et 

al., 2008; Lennox et al., 2010).  This would provide a comprehensive look at the type of care 

adults with IDD are receiving during a health exam and could provide a method for physicians to 

begin to address the barriers associated with pap and mammography screening in this group.  The 

PCQS might also be modified to include more IDD-specific recommended screening such as 
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vision or hearing assessment (Baxter et al., 2006) to provide an indication of the type and quality 

of care they are receiving that is specific to this group. 

5.4.2 Implication for policy and practice 

A key implication of this project is that guidelines are not enough to change practice, 

especially in an environment of mixed messaging (general population does not need a health 

exam but adults with IDD do).  If an immediate effect on practice change is desired, practice 

should be incentivized.  Associating a billing code with desired practice is an effective incentive.  

Koritsas et al. (2012) serves as a prime example, an increased fee was associated with an IDD-

specific health exam code and there was an increase in the number of health exams administered 

over a two-year period in Australia.  

The study also suggests that physicians may not be able to readily identify who within their 

practice has IDD.  While this requires confirmation, combined with an IDD-specific health exam 

fee code, such identification would help physicians to better care for this group and modify 

behaviour to better serve this group.  Both of these recommendations have been implemented in 

England resulting in a consistent increase in the uptake of the health exam among adults with 

IDD (Glover et al., 2013).  

5.5 Conclusion 

The true effect of the health exam on improving health and reducing the health inequities 

faced by adults with IDD has not been determined.  The strong association demonstrated in this 

thesis between having a health exam and receiving a high quality of preventive care score helps 

support the idea that this may be the case.  There should, therefore, be an active approach taken to 

increase the proportion of adults with IDD who are receiving an annual health exam.  

Incentivising the health exam or actively reminding adults with IDD to see their physicians for a 
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health exam are logical next steps to take to increase the uptake of the health exam in Ontario 

since the publication of guidelines alone does not seem to be sufficient. 
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Appendix A 

Intellectual and Developmental Disabilities Codes 

Table A-1. International Classification of Diseases (ICD) 9th and 10th edition codes used to 

identify intellectual and developmental disabilities in the Discharge Abstract Database 

(DAD), Same Day Surgery Database (SDS), and National Ambulatory Care Reporting 

System (NACRS). 

ICD-9 

299-299.99 Pervasive developmental disorders (e.g. autism) 

317-317.99, 318-318.99, 319-319.99 Mental retardation 

758.0-758.39 Chromosomal anomalies for which a developmental 

disability is typically present 

758.5 Other conditions due to autosomal anomalies 

758.8, 758.89 Other conditions due to chromosome anomalies 

758.9 Conditions due to anomaly of unspecified chromosome 

759.5 Tuberous sclerosis 

759.81, 759.821, 759.817, 759.828, 

759.83, 759.874, 759.875, 759.89 

Other unspecified congenital conditions 

760.71 Fetal alcohol syndrome 

760.77 Fetal hydantoin syndrome 

ICD-10 
F700, F701, F708, F709 Mild mental retardation 

F710, F711, F718, F719 Moderate mental retardation 

F720, F721, F728, F729 Severe mental retardation 

F730, F731, F738, F739 Profound mental retardation 

F780, F781, F788, F789 Other mental retardation 

F790, F791, F798, F799 Unspecified mental retardation 

F840 Childhood autism 

F841 Atypical autism 

F843 Other childhood disintegrative disorder 

F844 Overactive disorder associated with mental retardation 

F845 Asperger’s syndrome 

F848 Other pervasive developmental disorders 

F849 Developmental disorder, unspecified 

Q851 Tuberous sclerosis 

Q860 Fetal alcohol syndrome 

Q861 Fetal hydantoin syndrome 

Q871 Araskog, Prader-Willi, deLange, Seckel, etc. 

Q8723 Rubinstein-Taybi syndrome 

Q8731 Sotos syndrome 

Q878 Other 

Q900-Q939 (except Q926) All down syndrome types 

Q971 Female with more than three X chromosomes 

Q992 Fragile X syndrome 

Q998 Other specified chromosome abnormalities 
Note: All ICD-9 and ICD-10 codes and definitions come from Lunsky et al. (2013). 



 

 

77 

Table A-2. Codes used to identify intellectual and developmental disabilities in Ontario 

Mental Health Reporting System (OMHRS) and Ontario Health Insurance Plan (OHIP). 

OMHRS 

Q3 = 1 

or Q2aa, Q2ab, or Qac in 299-299.80 

or Q2b in 317-319.99 

or I11a-I11f = any diagnosis of Qxxx in table A-1 

OHIP (diagnostic code) 

299 Childhood psychoses (e.g. autism) 

319 Mental retardation 
Note: All codes from Lunsky et al. (2013). 

Table A-3. International Classification of Diseases (ICD) 9th edition codes used to identify 

intellectual and developmental disabilities in Ontario Disability and Income Support 

(ODSP) data.  

ICD-9 
299 Pervasive developmental disorders 

759 Other unspecified congenital anomalies 

760 Fetus or newborn affected by maternal conditions that 

may be unrelated to present pregnancy 

317 Mild mental retardation 

318 Other specified mental retardation 

319 Unspecified mental retardation 

758 Chromosomal anomalies 
Note: All codes and definitions from Lunsky et al. (2013). 

Reference: 

Lunsky, Y., Klein-Geltink, J. E. & Yates, E. A. (Eds.). (2013). Atlas on the primary care of adults 

with development disabilities in Ontario. Toronto, ON: Institute for Clinical Evaluative 

Sciences and Center for Addiction and Mental Health. 
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Appendix B 

Aggregated Diagnostic Groups, Rurality Index of Ontario, and  

Aggregated Diagnostic Groups 

Aggregated diagnostic groups (ADGs) are used to determine the morbidity profile of an 

individual.  ADGs consist of international classification of diseases (ICD) codes that are similar 

in terms of severity, likelihood of persistence, clinical criteria, and healthcare resources (Weiner 

& Abrams, 2011).  For this study morbidity was measured as the number of ADGs an individual 

has.  This measure was kept continuous for matching purposes and categorized into meaningful 

categories (<1, 2-3, >3) for use in regression models. 

Rurality Index of Ontario 

The rurality index of Ontario (RIO) was developed to provide a continuous and broad measure 

of rurality, specifically for policies and incentives aimed at physician recruitment and retention 

(Krali, 2009).  The most recent iteration is the RIO2008.  For matching purposes the RIO was 

kept continuous, but for inclusion in regression models it was categorized into meaningful 

categories (<9 – major urban (large cities), 10-39 – non-major urban (smaller cities), > 40 – 

rural). 

References: 

Krali, B. (2009). Measuring Rurality-RIO 2008_BASIC: Methodology and Results. Ontario 

Medical Association Economics Department. 

Lunsky, Y., Klein-Geltink, J. E. & Yates, E. A. (Eds.). (2013). Atlas on the primary care of adults 

with development disabilities in Ontario. Toronto, ON: Institute for Clinical Evaluative 

Sciences and Center for Addiction and Mental Health. 

Weiner, J. P., & Abrams, C. (2011). The Johns Hopkins ACG system: technical reference guide, 

version 10.0. Baltimore: Johns Hopkins University Bloomberg School of Public Health. 
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Appendix C 

Primary Care Quality Composite Score 

Table C-1. Ontario Health Insurance Plan fee codes and Ontario Cancer Registry ICD-9 

codes used to identify components of the primary care quality composite score (PCQS). 

Lipid 

 Test: All 3 of the following billed on the same day 

  Ontario Health Insurance Plan fee codes: 

   L055 Total cholesterol 

   L117 High density lipoprotein cholesterol 

   L243 Triglycerides 

Glucose 

 Test: At least one of the following billed 

  Ontario Health Insurance Plan fee codes: 

   G489 Venipuncture 

   L093 Glycosylated haemoglobin – HgbA1 

   L103 Glucose tolerance test in pregnancy 

   L104 Glucose tolerance test 

   L111 Glucose quantitative (not dipstick) 

 Ineligibility: IKN in Ontario Diabetes Database 

Cervical cancer 

 Test: At least of the following billed 

  Ontario Health Insurance Plan fee codes: 

   E430 Papanicolaou smear performed outside of hospital 

   G365 Papanicolaou smear 

   G394 with fee suffix A Papanicolaou smear for follow-up of abnormal or inadequate 

smears 

   L713 Cervicovaginal specimen (including all types of cellular 

abnormality, assessment of flora and/or cytohormonal 

evaluation) 

   L812 Cervical vaginal specimens including all types of cellular 

abnormality, assessment of flora, and/or cytohormonal 

evaluation 

 Ineligibility: Previous diagnosis of cervical, endometrial, or ovarian cancer – if any of the 

following occur 

  Ontario Cancer Registry ICD-9 codes: 

   179 Malignant neoplasm of uterus, part unspecified 

   180.0 Malignant neoplasm of cervix uteri - Endocervix 

   180.1 Malignant neoplasm of cervix uteri - Exocervix 

   180.8 Malignant neoplasm of cervix uteri - Other specified sites of 

cervix 

   180.9 Malignant neoplasm of cervix uteri - Cervix uteri, unspecified 

   182.0 Malignant neoplasm of body of uterus - Corpus uteri, except 

isthmus 

   182.1 Malignant neoplasm of body of uterus - Isthmus 

   182.8 Malignant neoplasm of body of uterus - Other specified sites 

of body of uterus 
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   183.0 Malignant neoplasm of ovary and other uterine adnexa - Ovary 

   183.2 Malignant neoplasm of ovary and other uterine adnexa - 

Fallopian tube 

   183.3 Malignant neoplasm of ovary and other uterine adnexa - Broad 

ligament 

   183.4 Malignant neoplasm of ovary and other uterine adnexa - 

Parametrium 

   183.5 Malignant neoplasm of ovary and other uterine adnexa - 

Round ligament 

   183.8 Malignant neoplasm of ovary and other uterine adnexa - Other 

specified sites of uterine adnexa 

   183.9 Malignant neoplasm of ovary and other uterine adnexa - 

Uterine adnexa, unspecified 

 Ineligibility: Previous hysterectomy – if any of the following are billed 

  Ontario Health Insurance Plan fee codes: 

   S710 Hysterectomy with omentectomy for malignancy 

   S727 Ovarian debulking for carcinoma of stage 2c/3b/3c/4 

   S757 Hysterectomy – abdominal 

   S758 Hysterectomy – anterior and posterior vaginal repair 

   S759 Hysterectomy – anterior and posterior vaginal repair 

   S762 Hysterectomy – Radical trachelectomy 

   S763 Hysterectomy – radical (wertheims) 

   S765 Amputation cervix 

   S766 Cervical stump – abdominal 

   S767 Cervical stump – vaginal 

   S810 Laparoscopic vaginal hysterectomy 

Breast cancer 

 Test: If any of the following occur or are billed 

  Ontario Breast Screening Program: 

   SCREENED = 2 and 

MAMDONE = Y 

Mammogram only, Mammography done 

   SCREENED = 3 and 

MAMDONE = Y 

Yes, both PE and mammogram, Mammography done 

  Ontario Health Insurance Plan fee codes: 

   X172 Mammogram – No Signs or Symptoms - unilateral 

   X178 Mammogram – No Signs or Symptoms - bilateral 

   X184 Mammogram – unilateral 

   X185 Mammogram – bilateral 

 Ineligibility: Previous breast cancer diagnosis 

  Ontario Cancer Registry ICD-9 codes: 

   174 Malignant neoplasm of female breast 

Colorectal cancer 

 Test: FOBT – if any of the following are billed 

  Ontario Health Insurance Plan fee codes: 

   G004 Occult blood. 

   L179 Colon cancer check 

   L181 Occult blood 

 Test: Sigmoidoscopy – if any of the following are billed 

  Ontario Health Insurance Plan fee codes: 
   Z535 Sigmoidoscopy with or without anoscopy 

   Z536 Sigmoidoscopy with biopsy 
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   Z555 (without E740, 

E741, E747, or E705) 

Colonoscopy into descending colon 

   Z580 Endoscopy-using 60c.m. flexible endoscope. 

 Test: Colonoscopy – if any of the following are billed 

  Ontario Health Insurance Plan fee codes: 

   Z555 with E740 Endoscopy to splenic flexure 

   Z555 with E741 Endoscopy to hepatic flexure 

   Z555 with E747 Endoscopy to cecum 

   Z555 with E705 Endoscopy into terminal ileum 

 Ineligibility: Colorectal cancer – if any of the following occur 

  Ontario Cancer Registry ICD-9 codes: 

   153.0 Malignant neoplasm of colon – Hepatic flexure 

   153.1 Malignant neoplasm of colon – Transverse colon 

   153.2 Malignant neoplasm of colon – Descending colon 

   153.3 Malignant neoplasm of colon – Sigmoid colon 

   153.4 Malignant neoplasm of colon – Cecum 

   153.6 Malignant neoplasm of colon – Ascending colon 

   153.7 Malignant neoplasm of colon – Splenic flexure 

   153.8 Malignant neoplasm of colon – Other specified sites of large 

intestine 

   153.9 Malignant neoplasm of colon – Colon, unspecified 

   154.0 Malignant neoplasm of rectum, rectosigmoid junction, and 

anus - Rectosigmoid junction 

   154.1 Malignant neoplasm of rectum, rectosigmoid junction, and 

anus - Rectum 

 Ineligibility: Colectomy – if any of the following are billed 

  Ontario Health Insurance Plan fee codes: 

   S169 Total colectomy with ileo-rectal anastomosis. 

   S170 Ileostomy plus total colectomy plus abdomino-perineal 

resection 

   S172 Total colectomy with loop ileostomy. 

 Ineligibility: Colorectal exclusion – if any of the following are billed 

  Ontario Health Insurance Plan fee codes: 

   Q142 with fee suffix A Colorectal exclusion 

Eye exam 

 Test: If any of the following occur when treating physician specialty is General Physician or 

Ophthalmology 

  Ontario Health Insurance Plan fee codes: 

   A110 Visual assess 19 & under 

   A111 Visual assess 20-64 yrs 

   A112 Visual assess 65 yrs + 

   A114 Visual assess 20-64 yrs 

   A115 Major eye examination for patients age 20 to 64 

 Test: If any of the following occur when treating physician specialty is Ophthalmology 

  Ontario Health Insurance Plan fee codes: 

   A233 Specific assessment 

   A234 Partial assessment 

   A235 Consultation 

   A236 Repeat consultation 
   A237 Periodic oculo-visual assessment 19 yrs & under 

   A238 Periodic oculo-visual assessment 20-64 yrs 
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   A239 Periodic oculo-visual assessment 65 yrs + 

   A240 Periodic oculo-visual assessment 20-64 yrs 

   A252 Initial vision rehabilitation assessment. 

   A253 Optometrist - requested assessment (ora) 

   A254 Follow-up vision rehabilitation assessment 

   C233 Specific assessment ophthalmology hospital 

   C234 Specific re-assessment ophthalmology hospital 

   C235 Consultation ophthalmology hospital 

   C236 Re-consultation ophthalmology hospital 

   K065 Periodic oculo-visual assessment for patients age 20 to 64 

(mcss odsp) 

   K066 Periodic oculo-visual assessment for patients age 20 to 64 

(mcss ow) 

 Test: If any of the following occur when treating physician specialty is Optometrists 

  Ontario Health Insurance Plan fee codes: 

   V401 Optometry assessment 

   V402 Oculo-visual minor assess patients 19 or less or 65 or more 

   V404 Periodic oculo-visual assess 19 yrs/under 

   V405 Optometry periodic occulo-visual Assessment 20 - 64 

   V406 Periodic oculo-visual assess 65 yrs + 

   V407 Optometry additional periodic occulo-visual assessment 20 -64 

   V408 Oculo-visual minor assessment for patients age 20 to 64 

   V409 Major eye examination for patients age 20 to 64 

   V450 Periodic oculo-visual assessment for mcss odsp for patients 

age 20 to 64 

   V451 Periodic oculo-visual assessment for mcss ow for patients age 

20 to 64 

 Ineligibility: IKN not in Ontario Diabetes Database 

HgA1c  

 Test: If the following is billed 

  Ontario Health Insurance Plan fee codes: 

   L093 Glycosylated haemoglobin 

 Ineligibility: IKN not in Ontario Diabetes Database 
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Appendix D 

Ethics Approval 
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Reporting of Serious Adverse Events: Any unexpected serious adverse event occurring locally m ust be 

reported within 2 working days or earlier if required by the study sponsor. All other serious adverse 

events must be reported within 15 days after becoming aware of the information.  

Reporting of Complaints : Any complaints made by participants or persons acting on behalf of 

participants must be reported to the Research Ethics Board within 7 days of becoming aware of the 

complaint. Note: All documents supplied to particip ants must have the contact information for the 

Research Ethics Board.  

Investigators please note that if your trial is registered by the sponsor, you must take responsibility to 

ensure that the registration inform ation is accurate and complete.  

 

Yours sincerely, 

 
Chair, Health Sciences Research Ethics Board  

The HSREB operates in compliance with, and is cons tituted in accordance with, the requirements of the 

TriCouncil Policy Statement: Ethical C onduct for Research Involving Humans (TCPS 2); the 

International Conference on Harmonisation Good Clinical Practice Consolidated Guideline (ICH GCP); 

Part C, Division 5 of the Food and Drug Regulations; Part 4 of the Natural Health Products Regulations; 

Part 3 of the Medical Devices Regulations, Canadian General Standards Board, and the provisions of the 

Ontario Personal Health Information Protection Act (PHIPA 2004) and its applicable regulations. The 

HSREB is qualified through the CTO REB Qualificat ion Program and is registered with the U.S. 

Department of Health and Human Services (DHHS) Office for Human Research Protection (OHRP). 

Federalwide Assurance Number: FWA#:000 04184, IRB#:00001173  

HSREB members involved in the research project do not participate in the review, discussion or decision.
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Appendix E 

Group Characteristics 

Table E-1. Group characteristics by year. 

Year Group N Age Sex ADG NI 1 NI 2 NI 3 NI 4 NI 5 RIO 

(Fiscal)   
Mean 

(SD) 
(% Female) 

Mean 

(SD) 
(%) (%) (%) (%) (%) 

Mean 

(SD) 

2003 IDD 50761 
36.28 

(11.11) 
44.68 

4.79 

(3.47) 
30.77 22.23 17.45 15.98 13.56 

13.76 

(19.17) 

 Control 50761 
36.32 

(11.12) 
44.68 

4.77 

(3.44) 
31.19 22.35 17.28 15.79 13.39 

13.88 

(19.44) 

2004 IDD 52672 
36.62 

(11.47) 
44.46 

4.80 

(3.51) 
31.45 21.83 17.44 15.96 13.32 

13.89 

(19.25) 

 Control 52672 
36.65 

(11.48) 
44.46 

4.78 

(3.47) 
31.88 21.63 17.32 15.93 13.23 

14.06 

(19.62) 

2005 IDD 54477 
36.87 

(11.83) 
44.11 

4.76 

(3.48) 
31.44 21.65 17.46 15.97 13.48 

13.84 

(19.21) 

 Control 54477 
36.91 

(11.86) 
44.11 

4.73 

(3.44) 
31.90 21.52 17.35 15.86 13.37 

14.00 

(19.53) 

2006 IDD 56396 
37.10 

(12.19) 
43.78 

4.81 

(3.49) 
31.25 21.65 17.60 15.92 13.58 

13.75 

(19.12) 

 Control 56396 
37.12 

(12.18) 
43.78 

4.78 

(3.44) 
31.70 21.65 17.53 15.70 13.43 

13.88 

(19.45) 

2007 IDD 58478 
37.26 

(12.55) 
43.43 

4.82 

(3.47) 
30.98 21.66 17.50 16.12 13.74 

13.59 

(19.00) 

 Control 58478 
37.29 

(12.57) 
43.43 

4.79 

(3.44) 
31.32 21.59 17.42 16.04 13.62 

13.75 

(19.39) 

2008 IDD 60980 
37.30 

(12.94) 
43.06 

4.74 

(3.44) 
30.56 21.85 17.53 16.20 13.87 

13.50 

(18.97) 
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Year Group N Age Sex ADG NI 1 NI 2 NI 3 NI 4 NI 5 RIO 

(Fiscal)   
Mean 

(SD) 
(% Female) 

Mean 

(SD) 
(%) (%) (%) (%) (%) 

Mean 

(SD) 

2008 Control 60980 
37.29 

(12.93) 
43.06 

4.72 

(3.40) 
30.91 21.74 17.55 16.11 13.69 

13.64 

(19.31) 

2009 IDD 63270 
37.26 

(13.30) 
42.52 

4.68 

(3.41) 
30.24 21.78 17.70 16.19 14.10 

13.43 

(18.94) 

 Control 63270 
37.24 

(13.31) 
42.52 

4.65 

(3.38) 
30.76 21.70 17.49 16.12 13.91 

13.56 

(19.31) 

2010 IDD 62010 
37.91 

(13.10) 
42.49 

4.68 

(3.44) 
30.40 21.73 17.61 16.14 14.12 

13.40 

(18.93) 

 Control 62010 
37.91 

(13.11) 
42.49 

4.65 

(3.40) 
30.73 21.71 17.56 15.99 14.00 

13.55 

(19.33) 

2011 IDD 60745 
38.57 

(12.90) 
42.39 

4.63 

(3.45) 
30.41 21.70 17.70 16.21 13.98 

13.34 

(18.90) 

 Control 60745 
38.57 

(12.92) 
42.39 

4.60 

(3.41) 
30.86 21.68 17.42 16.05 13.99 

13.46 

(19.21) 

2012 IDD 59396 
39.19 

(12.68) 
42.32 

4.58 

(3.46) 
30.31 21.77 17.74 16.24 13.94 

13.28 

(18.85) 

 Control 59396 
39.15 

(12.69) 
42.32 

4.54 

(3.41) 
30.77 21.69 17.62 16.14 13.78 

13.41 

(19.17) 

2013 IDD 58097 
39.82 

(12.46) 
42.21 

4.53 

(3.47) 
30.35 21.68 17.77 16.22 13.98 

13.22 

(18.78) 

 Control 58097 
39.80 

(12.46) 
42.21 

4.49 

(3.42) 
30.69 21.78 17.55 16.09 13.89 

13.36 

(19.11) 

2014 IDD 56898 
40.45 

(12.25) 
42.08 

4.50 

(3.49) 
30.61 21.70 17.64 16.18 13.88 

13.20 

(18.79) 

 Control 56898 
40.45 

(12.26) 
42.08 

4.46 

(3.42) 
31.11 21.81 17.42 15.96 13.70 

13.34 

(19.14) 
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Appendix F 

Top 10 Diagnostic Codes 

Table F-1. Top 10 most common diagnostic codes billed with A003 by group for each fiscal year. 

 
2003 

(%) 

2004 

(%) 

2005 

(%) 

2006 

(%) 

2007 

(%) 

2008 

(%) 

2009 

(%) 

2010 

(%) 

2011 

(%) 

2012 

(%) 

2013 

(%) 

2014 

(%) 

IDD (N) 13813 14000 14880 15391 15359 16211 16417 16108 15389 14273 14079 13660 

917 47.32 47.74 49.25 50.17 52.88 53.43 55.27 56.03 57.17 54.39* 46.01* 47.01* 

319 5.13 5.23 5.10 5.24 4.86 4.37 4.25 3.68 3.48 3.63 3.93 4.12 

300 3.03 2.66 2.76 2.46 2.39 2.49 2.03 2.11 1.99 2.30 2.43 2.35 

345 2.66 2.86 2.47 2.24 2.49 2.25 2.11 2.02 1.86 2.15 2.73 2.28 

787 2.30 2.34 2.12 1.94 1.82 1.97 1.68 1.73 1.70 2.13 2.26 2.28 

799 2.05 1.99 1.99 2.12 2.03 2.07 1.88 1.89 1.81 1.82  1.87 

278 1.94 1.96 2.14 1.95 1.71 1.63 1.72 1.79 1.37  2.05  

250 1.82 1.90 1.84 1.98 1.78 1.82 1.69 1.86 1.53 1.82 2.29 2.09 

401 1.82 1.88 1.65 1.79 1.83 1.76 1.78 1.57 1.54 1.81 2.29 2.28 

895 1.56            

295  2.04 2.37 2.26 2.15 2.03 2.33 2.17 2.17 1.78 2.05 2.14 

758          1.72   

780           2.20 2.04 

Control (N) 12438 12529 13428 13831 13776 14289 14222 13864 13370 11839 11273 10918 

917 47.27 49.68 50.91 53.38 55.12 56.25 56.53 58.17 59.56 51.36* 45.34* 46.43* 

895 5.30 4.54 4.30 4.20 3.95 3.42 3.36 3.25 2.63 2.64 2.16 1.83 

787 2.97 2.67 2.69 2.72 2.91 2.53 2.31 2.57 2.42 2.50 3.46 3.40 

401 2.84 2.79 3.01 2.77 2.60 2.71 2.57 2.64 2.32 3.06 3.62 3.61 

300 2.32 2.16 1.97 1.68 1.76 1.74 1.76 1.62 1.54 1.55 2.03 2.02 

785 2.09 2.30 2.15 2.04 2.04 1.69 1.76 1.77 1.70 1.93 2.43 2.42 

799 2.01 2.04 1.95 1.99 1.84 2.04 1.95 1.80 1.66 1.82 2.00 1.83 

626 1.93 1.79 1.87 1.55 1.52 1.38       

780 1.79 1.77 1.89 1.47 1.50 1.60 1.76 1.90 1.57 1.70 2.47 2.50 
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2003 

(%) 

2004 

(%) 

2005 

(%) 

2006 

(%) 

2007 

(%) 

2008 

(%) 

2009 

(%) 

2010 

(%) 

2011 

(%) 

2012 

(%) 

2013 

(%) 

2014 

(%) 

278 1.56 1.96  1.41 1.43 1.49 1.21 1.47 1.22 1.30 1.90  

250   1.53    1.50  1.45 1.39 1.94 1.82 

781        1.26    1.65 
Diagnostic code definitions: 

917 Annual health examination adolescent/adult Well Vision Care 

319 Mental retardation 

300 Anxiety neurosis, hysteria, neurasthenia, obsessive compulsive neurosis, reactive depression 

345 Epilepsy 

787 Anorexia, nausea and vomiting, heartburn, dysphagia, hiccough, hematemesis, jaundice, ascites, abdominal pain, melena, masses 

799 Other ill-defined conditions 

278 Obesity 

250 Diabetes mellitus, including complications 

401 Essential, benign hypertension 

895 Family planning, contraceptive advice, advice on sterilization or abortion 

295 Schizophrenia 

758 Chromosomal anomalies (e.g., Down's syndrome, other autosomal anomalies, Klinefelter's syndrome, Turner's syndrome, other anomalies of sex 

chromosomes) 

780 Convulsions, ataxia, vertigo, headache, except tension headache and migraine 

785 Chest pain, tachycardia, syncope, shock, edema, masses 

626 Disorders of menstruation 

781 Leg cramps, leg pain, muscle pain, joint pain, arthralgia, joint swelling, masses
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Appendix G 

Regression Results 

Table G-1. Negative binomial regression results for having a long appointment from 

2003/04 to 2014/15 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 

𝛽0 Intercept 34.89 2.247 30.490 39.298 

𝛽1 Year -0.018 0.001 -0.020 -0.016 

𝛽2 Group (ref = IDD) 22.825 3.235 16.485 29.166 

𝛽12 Year*group -0.011 0.002 -0.015 -0.008 

𝛽3 Age 0.013 0.000 0.012 0.013 

𝛽32 Age*group 0.002 0.000 0.001 0.003 

𝛽4 Sex (ref = female) -0.163 0.008 -0.177 -0.148 

𝛽42 Sex*group -0.351 0.011 -0.372 -0.330 

 Dispersion 0.009 0.001 0.008 0.010 

 

Table G-2. Segmented negative binomial regression results for having a long appointment 

from 2003/04 to 2014/15 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 

𝜏 JP 
 

2010.11 0.29 2009.54 2010.68 

𝛽𝑗0 Intercept DD 19.013 2.547 14.018 24.008 

𝛽𝑘0 Intercept CO 31.016 2.948 25.234 36.797 

𝛽𝑗1 Year DD -0.010 0.001 -0.013 -0.008 

𝛽𝑑1 Year diff -0.006 0.003 -0.011 -0.001 

𝛽𝑗2 Year after JP DD -0.027 0.005 -0.037 -0.018 

𝛽𝑑2 Year after JP diff -0.019 0.008 -0.034 -0.004 

𝛽𝑗3 Age DD 0.013 0.000 0.012 0.013 

𝛽𝑑3 Age diff 0.002 0.000 0.001 0.003 

𝛽𝑗4 Sex (ref = female) DD -0.163 0.007 -0.177 -0.149 

𝛽𝑑4 Sex (ref = female) diff -0.351 0.010 -0.372 -0.331 

 Dispersion 
 

0.008 
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Table G-3. Negative binomial regression results for having a general assessment from 

2003/04 to 2014/15 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 
Pr > ChiSq 

𝛽0 Intercept 113.189 4.096 105.161 121.218 <.0001 

𝛽1 Year -0.057 0.002 -0.061 -0.053 <.0001 

𝛽2 Group (ref = IDD) 19.494 5.835 8.057 30.931 0.001 

𝛽12 Year*group -0.010 0.003 -0.015 -0.004 0.001 

𝛽3 Age 0.012 0.001 0.011 0.013 <.0001 

𝛽32 Age*group 0.003 0.001 0.001 0.004 0.000 

𝛽4 Sex (ref = female) -0.160 0.013 -0.186 -0.135 <.0001 

𝛽42 Sex*group -0.354 0.019 -0.390 -0.317 <.0001 

 Dispersion 0.038 0.001 0.035 0.041 
 

 

Table G-4. Segmented negative binomial regression results for having a general assessment 

from 2003/04 to 2014/15 by IDD status after controlling for age and sex. 

Parameter 
 

Estimate 
Standard 

Error 

Wald 95% 

Confidence Limits 
Pr > ChiSq 

𝜏 JP 
 

2011.10 0.05 2010.99 2011.20 <.0001 

𝛽𝑗0 Intercept DD 19.000 2.526 14.046 23.954 <.0001 

𝛽𝑘0 Intercept CO 31.000 2.886 25.341 36.659 <.0001 

𝛽𝑗1 Year DD -0.010 0.001 -0.013 -0.008 <.0001 

𝛽𝑑1 Year diff -0.006 0.003 -0.011 -0.001 0.026 

𝛽𝑗2 Year after JP DD -0.269 0.009 -0.287 -0.251 <.0001 

𝛽𝑑2 Year after JP diff -0.022 0.012 -0.045 0.001 0.066 

𝛽𝑗3 Age DD 0.013 0.000 0.012 0.013 <.0001 

𝛽𝑑3 Age diff 0.002 0.000 0.001 0.003 <.0001 

𝛽𝑗4 Sex (ref = female) DD -0.166 0.008 -0.181 -0.150 <.0001 

𝛽𝑑4 Sex (ref = female) diff -0.354 0.011 -0.376 -0.332 <.0001 

 Dispersion 
 

0.009 
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Table G-5. Negative binomial regression results for having a “true” health exam from 

2003/04 to 2014/15 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 
Pr > ChiSq 

𝛽0 Intercept 30.029 3.263 23.634 36.423 <.0001 

𝛽1 Year -0.016 0.002 -0.019 -0.013 <.0001 

𝛽2 Group (ref = IDD) 17.246 4.724 7.986 26.505 0.000 

𝛽12 Year*group -0.009 0.002 -0.013 -0.004 0.000 

𝛽3 Age 0.016 0.000 0.015 0.017 <.0001 

𝛽32 Age*group 0.001 0.001 0.000 0.002 0.148 

𝛽4 Sex (ref = female) -0.162 0.011 -0.183 -0.141 <.0001 

𝛽42 Sex*group -0.394 0.016 -0.424 -0.364 <.0001 

 Dispersion 0.019 0.001 0.018 0.021 
 

 

Table G-6. Segmented negative binomial regression results for having a “true” health exam 

from 2003/04 to 2014/15 by IDD status after controlling for age and sex. 

Parameter 
 

Estimate 
Standard 

Error 

Wald 95% 

Confidence Limits 
Pr > ChiSq 

𝜏 JP 
 

2010.66 0.09 2010.49 2010.82 <.0001 

𝛽𝑗0 Intercept DD -17.999 3.034 -23.948 -12.049 <.0001 

𝛽𝑘0 Intercept CO -22.999 3.773 -30.399 -15.599 <.0001 

𝛽𝑗1 Year DD 0.008 0.002 0.005 0.011 <.0001 

𝛽𝑑1 Year diff 0.002 0.003 -0.004 0.009 0.464 

𝛽𝑗2 Year after JP DD -0.105 0.007 -0.118 -0.091 <.0001 

𝛽𝑑2 Year after JP diff -0.053 0.011 -0.075 -0.032 <.0001 

𝛽𝑗3 Age DD 0.016 0.000 0.015 0.017 <.0001 

𝛽𝑑3 Age diff 0.001 0.001 0.000 0.002 0.209 

𝛽𝑗4 Sex (ref = female) DD -0.164 0.009 -0.181 -0.146 <.0001 

𝛽𝑑4 Sex (ref = female) diff -0.393 0.013 -0.419 -0.367 <.0001 

 Dispersion 
 

0.010 
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Table G-7. Negative binomial regression results for having a PCQS ≥ 0.6 from 2003/04 to 

2013/14 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 
Pr > ChiSq 

𝛽0 Intercept -39.385 3.634 -46.508 -32.262 <.0001 

𝛽1 Year 0.019 0.002 0.015 0.022 <.0001 

𝛽2 Group (ref = IDD) 25.492 5.067 15.560 35.424 <.0001 

𝛽12 Year*group -0.013 0.003 -0.018 -0.008 <.0001 

𝛽3 Age 0.020 0.001 0.018 0.021 <.0001 

𝛽32 Age*group 0.000 0.001 -0.002 0.002 0.915 

𝛽4 Sex (ref = female) 0.261 0.011 0.239 0.282 <.0001 

𝛽42 Sex*group -0.323 0.015 -0.353 -0.293 <.0001 

 Dispersion 0.012 0.001 0.010 0.013 
 

 

Table G-8. Segmented negative binomial regression results for having a PCQS ≥ 0.6 from 

2003/04 to 2013/14 by IDD status after controlling for age and sex. 

Parameter 
 

Estimate 
Standard 

Error 

Wald 95% 

Confidence Limits 
Pr > ChiSq 

𝜏 JP 
 

2011.01 0.48 2010.06 2011.95 <.0001 

𝛽𝑗0 Intercept DD -54.000 
    

𝛽𝑘0 Intercept CO -25.000 
    

𝛽𝑗1 Year DD 0.026 
    

𝛽𝑑1 Year diff -0.014 
    

𝛽𝑗2 Year after JP DD -0.047 0.015 -0.076 -0.019 0.001 

𝛽𝑑2 Year after JP diff 0.007 0.008 -0.008 0.022 0.376 

𝛽𝑗3 Age DD 0.019 0.001 0.018 0.021 <.0001 

𝛽𝑑3 Age diff 0.000 0.001 -0.002 0.002 0.976 

𝛽𝑗4 Sex (ref = female) DD 0.261 0.011 0.240 0.282 <.0001 

𝛽𝑑4 Sex (ref = female) diff -0.323 0.015 -0.353 -0.293 <.0001 

 Dispersion 
 

0.011 0.000 0.011 0.011 <.0001 
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Table G-9. Negative binomial regression results for having a long appointment or PCQS ≥ 

0.6 from 2003/04 to 2013/14 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 
Pr > ChiSq 

𝛽0 Intercept -21.149 2.636 -26.315 -15.982 <.0001 

𝛽1 Year 0.010 0.001 0.007 0.013 <.0001 

𝛽2 Group (ref = IDD) 14.535 3.699 7.285 21.784 <.0001 

𝛽12 Year*group -0.007 0.002 -0.011 -0.004 <.0001 

𝛽3 Age 0.011 0.001 0.010 0.012 <.0001 

𝛽32 Age*group 0.006 0.001 0.004 0.007 <.0001 

𝛽4 Sex (ref = female) 0.086 0.008 0.071 0.102 <.0001 

𝛽42 Sex*group -0.172 0.011 -0.194 -0.150 <.0001 

 Dispersion 0.005 0.000 0.004 0.006 
 

 

Table G-10. Segmented negative binomial regression results for having a long appointment 

or PCQS ≥ 0.6 from 2003/04 to 2013/14 by IDD status after controlling for age and sex.  

 
Parameter 

 
Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits 
Pr > ChiSq 

𝜏 JP 
 

2010.00 0.94 2008.15 2011.86 <.0001 

𝛽𝑗0 Intercept DD -30.000 6.632 -43.015 -16.986 <.0001 

𝛽𝑘0 Intercept CO -15.000 6.297 -27.357 -2.644 0.017 

𝛽𝑗1 Year DD 0.014 0.003 0.008 0.021 <.0001 

𝛽𝑑1 Year diff -0.008 0.006 -0.020 0.005 0.245 

𝛽𝑗2 Year after JP DD -0.020 0.010 -0.040 0.000 0.048 

𝛽𝑑2 Year after JP diff 0.000 0.015 -0.031 0.030 0.975 

𝛽𝑗3 Age DD 0.011 0.001 0.009 0.012 <.0001 

𝛽𝑑3 Age diff 0.006 0.001 0.003 0.008 <.0001 

𝛽𝑗4 Sex (ref = female) DD 0.086 0.008 0.070 0.103 <.0001 

𝛽𝑑4 Sex (ref = female) diff -0.172 0.011 -0.195 -0.150 <.0001 

 Dispersion 
 

0.005 
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Table G-11. Negative binomial regression results for having a “true” health exam or PCQS 

≥ 0.6 from 2003/04 to 2013/14 by IDD status after controlling for age and sex. 

Parameter Estimate 
Standard 

Error 

Wald 95% Confidence 

Limits 
Pr > ChiSq 

𝛽0 Intercept -30.161 3.047 -36.133 -24.189 <.0001 

𝛽1 Year 0.014 0.002 0.011 0.017 <.0001 

𝛽2 Group (ref = IDD) 18.924 4.264 10.567 27.281 <.0001 

𝛽12 Year*group -0.009 0.002 -0.014 -0.005 <.0001 

𝛽3 Age 0.014 0.001 0.012 0.015 <.0001 

𝛽32 Age*group 0.004 0.001 0.002 0.006 <.0001 

𝛽4 Sex (ref = female) 0.145 0.009 0.127 0.163 <.0001 

𝛽42 Sex*group -0.222 0.013 -0.247 -0.196 <.0001 

 Dispersion 0.007 0.001 0.007 0.008 
 

 

Table G-12. Segmented negative binomial regression results for having a “true” health 

exam or PCQS ≥ 0.6 from 2003/04 to 2013/14 by IDD status after controlling for age and 

sex.  

Parameter 
 

Estimate 
Standard 

Error 

Wald 95% 

Confidence Limits 

Pr > ChiS

q 

𝜏 JP 
 

2010.65 0.33 2010.00 2011.31 <.0001 

𝛽𝑗0 Intercept DD -42.002 
    

𝛽𝑘0 Intercept CO -20.013 
    

𝛽𝑗1 Year DD 0.020 
    

𝛽𝑑1 Year diff -0.011 
    

𝛽𝑗2 Year after JP DD -0.037 0.006 -0.049 -0.026 <.0001 

𝛽𝑑2 Year after JP diff 0.006 
    

𝛽𝑗3 Age DD 0.013 0.001 0.012 0.015 <.0001 

𝛽𝑑3 Age diff 0.004 0.001 0.003 0.006 <.0001 

𝛽𝑗4 Sex (ref = female) DD 0.145 0.009 0.128 0.162 <.0001 

𝛽𝑑4 Sex (ref = female) diff -0.222 0.012 -0.246 -0.198 <.0001 

 Dispersion 
 

0.007 0.000 0.007 0.007 <.0001 
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Appendix H 

STROBE/RECORD Checklist 

Table H-1. STROBE/RECORD checklist. 

 
Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 

Title and abstract 
 1 (a) Indicate the study’s design with 

a commonly used term in the title 

or the abstract  

Not a common 

study design 

therefore not 

included 

RECORD 1.1: The type of data used 

should be specified in the title or 

abstract. When possible, the name of 

the databases used should be included. 

Not done 

  (b) Provide in the abstract an 

informative and balanced summary 

of what was done and what was 

found 

Done RECORD 1.2: If applicable, the 

geographic region and timeframe 

within which the study took place 

should be reported in the title or 

abstract. 

Time frame 

included, 

geographic 

region will be 

included for 

publication 

    RECORD 1.3: If linkage between 

databases was conducted for the study, 

this should be clearly stated in the title 

or abstract. 

Linkage was 

done for creating 

the H-CARDD 

cohort but not 

specifically for 

this study  

Introduction 
Background 

rationale 

2 Explain the scientific background 

and rationale for the investigation 

being reported 

Section 1.2   
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
Objectives 3 State specific objectives, including 

any prespecified hypotheses 

Section 1.3   

Methods 
Study Design 4 Present key elements of study 

design early in the paper 

Section 3.1   

Setting 5 Describe the setting, locations, and 

relevant dates, including periods of 

recruitment, exposure, follow-up, 

and data collection 

Section 3.2   

Participants 6 (a) Cohort study - Give the 

eligibility criteria, and the sources 

and methods of selection of 

participants. Describe methods of 

follow-up 

Case-control study - Give the 

eligibility criteria, and the sources 

and methods of case ascertainment 

and control selection. Give the 

rationale for the choice of cases and 

controls 

Cross-sectional study - Give the 

eligibility criteria, and the sources 

and methods of selection of 

participants 

Sections 3.2.1 and 

3.2.2 

RECORD 6.1: The methods of study 

population selection (such as codes or 

algorithms used to identify subjects) 

should be listed in detail. If this is not 

possible, an explanation should be 

provided.  

Section 3.2 and 

Appendix A 
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
  (b) Cohort study - For matched 

studies, give matching criteria and 

number of exposed and unexposed 

Case-control study - For matched 

studies, give matching criteria and 

the number of controls per case 

Section 3.2.2 RECORD 6.2: Any validation studies 

of the codes or algorithms used to 

select the population should be 

referenced. If validation was 

conducted for this study and not 

published elsewhere, detailed methods 

and results should be provided. 

No specific 

validation studies 

were done for the 

H-CARDD 

cohort, but 

original study 

was referenced 

(section 3.2.1) 

    RECORD 6.3: If the study involved 

linkage of databases, consider use of a 

flow diagram or other graphical 

display to demonstrate the data 

linkage process, including the number 

of individuals with linked data at each 

stage. 

Not done 

Variables 7 Clearly define all outcomes, 

exposures, predictors, potential 

confounders, and effect modifiers. 

Give diagnostic criteria, if 

applicable. 

Section 3.3 and 

Appendices B and 

C 

RECORD 7.1: A complete list of 

codes and algorithms used to classify 

exposures, outcomes, confounders, 

and effect modifiers should be 

provided. If these cannot be reported, 

an explanation should be provided. 

Section 3.3 and 

Appendices B 

and C 

Data sources/ 

measurement 

8 For each variable of interest, give 

sources of data and details of 

methods of assessment 

(measurement). 

Describe comparability of 

assessment methods if there is more 

than one group 

Section 3.3 and 

Appendices B and 

C 
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
Bias 9 Describe any efforts to address 

potential sources of bias 

NA   

Study size 10 Explain how the study size was 

arrived at 

Section 4.1   

Quantitative 

variables 

11 Explain how quantitative variables 

were handled in the analyses. If 

applicable, describe which 

groupings were chosen, and why 

Section 3.3.2 and 

Appendix B 

  

Statistical 

methods 

12 (a) Describe all statistical methods, 

including those used to control for 

confounding 

Section 3.4    

  (b) Describe any methods used to 

examine subgroups and interactions 

Section 3.4.1.3   

  (c) Explain how missing data were 

addressed 

NA   

  (d) Cohort study - If applicable, 

explain how loss to follow-up was 

addressed 

Case-control study - If applicable, 

explain how matching of cases and 

controls was addressed 

Cross-sectional study - If 

applicable, describe analytical 

methods taking account of sampling 

strategy 

Section 3.4.1.1   

  (e) Describe any sensitivity 

analyses 

Section 3.4.1.3   
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
Data access and 

cleaning 

methods 

   RECORD 12.1: Authors should 

describe the extent to which the 

investigators had access to the 

database population used to create the 

study population. 

 Authors had no 

access to study 

base population, 

study population 

was created by 

analyst with 

Institute for 

Clinical and 

Evaluative 

Sciences 

    RECORD 12.2: Authors should 

provide information on the data 

cleaning methods used in the study. 

No data cleaning 

was done, all 

variables were 

checked to 

ensure values 

made sense 

Linkage    RECORD 12.3: State whether the 

study included person-level, 

institutional-level, or other data 

linkage across two or more databases. 

The methods of linkage and methods 

of linkage quality evaluation should be 

provided. 

Not Done 

Results 

Participants 13 (a) Report the numbers of 

individuals at each stage of the 

study (e.g., numbers potentially 

eligible, examined for eligibility, 

Section 4.1 RECORD 13.1: Describe in detail the 

selection of the persons included in 

the study (i.e., study population 

selection) including filtering based on 

Section 4.1 
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
confirmed eligible, included in the 

study, completing follow-up, and 

analyzed) 

data quality, data availability and 

linkage. The selection of included 

persons can be described in the text 

and/or by means of the study flow 

diagram. 

  (b) Give reasons for non-

participation at each stage. 

Section 4.1 

  (c) Consider use of a flow diagram Section 4.1   

Descriptive data 14 (a) Give characteristics of study 

participants (e.g., demographic, 

clinical, social) and information on 

exposures and potential 

confounders 

Section 4.1 and 

Appendix E 

  

  (b) Indicate the number of 

participants with missing data for 

each variable of interest 

 Participants with 

missing data 

related to matching 

variables were 

excluded from the 

corresponding year, 

missing data for 

other variables was 

assumed to mean 

didn’t occur 

  

  (c) Cohort study - summarize 

follow-up time (e.g., average and 

total amount) 

NA   
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
Outcome data 15 Cohort study - Report numbers of 

outcome events or summary 

measures over time 

Case-control study - Report 

numbers in each exposure category, 

or summary measures of exposure 

Cross-sectional study - Report 

numbers of outcome events or 

summary measures 

Sections 4.3, 4.4, 

4.5, and 4.6  

  

Main results 16 (a) Give unadjusted estimates and, 

if applicable, confounder-adjusted 

estimates and their precision (e.g., 

95% confidence interval). Make 

clear which confounders were 

adjusted for and why they were 

included 

Sections 4.3, 4.4, 

4.5, and 4.6 

  

  (b) Report category boundaries 

when continuous variables were 

categorized 

NA   

  (c) If relevant, consider translating 

estimates of relative risk into 

absolute risk for a meaningful time 

period 

NA   

Other analyses 17 Report other analyses done—e.g., 

analyses of subgroups and 

interactions, and sensitivity 

analyses 

Sections 4.3, 4.4, 

4.5, and 4.6 

  

Discussion 
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
Key results 18 Summarize key results with 

reference to study objectives 

Section 5.1   

Limitations 19 Discuss limitations of the study, 

taking into account sources of 

potential bias or imprecision. 

Discuss both direction and 

magnitude of any potential bias 

Section 5.3 RECORD 19.1: Discuss the 

implications of using data that were 

not created or collected to answer the 

specific research question(s). Include 

discussion of misclassification bias, 

unmeasured confounding, missing 

data, and changing eligibility over 

time, as they pertain to the study being 

reported. 

Section 5.3 

Interpretation 20 Give a cautious overall 

interpretation of results considering 

objectives, limitations, multiplicity 

of analyses, results from similar 

studies, and other relevant evidence 

Section 5.2   

Generalizability 21 Discuss the generalizability 

(external validity) of the study 

results 

Section 5.4.2   

Other Information 
Funding 22 Give the source of funding and the 

role of the funders for the present 

study and, if applicable, for the 

original study on which the present 

article is based 

Done in the 

Acknowledgements 

section 
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Item 

No. 
STROBE items 

Location in 

manuscript where 

items are reported 

RECORD items 

Location in 

manuscript 

where items are 

reported 
Accessibility of 

protocol, raw 

data, and 

programming 

code 

   RECORD 22.1: Authors should 

provide information on how to access 

any supplemental information such as 

the study protocol, raw data, or 

programming code. 

 Not done, will 

include in 

publication 

Note: STROBE/RECORD checklist from Benchimol et al. (2015). 

Reference: 

Benchimol, E. I., Smeeth, L., Guttmann, A., Harron, K., Moher, D., Petersen, I., ... & RECORD Working Committee. (2015). The REporting of 

studies Conducted using Observational Routinely-collected health Data (RECORD) statement. PLoS Med, 12(10), e1001885. 


