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Abstract
Background
A 2010 workforce survey revealed British Columbia was facing a shortage of rheumatologists and a
consequent crisis of access to rheumatology care. Rheumatic diseases are chronic, and early
intervention is crucial to prevent progression and mitigate systemic damage. Recognizing nurses may
be able to perform aspects of rheumatology care and thereby “free up” rheumatologist time, the
Ministry of Health introduced billing code G31060 to facilitate nurse-supported consultations for the
“complex” rheumatology cases most in need of attention. The objective of this thesis is to evaluate
the impact of introducing this new billing code and model of care on access to rheumatology care for
the population of BC living with rheumatic disease.
Methods
I conducted an interrupted time series analysis with a comparator using administrative health data on
outpatient visits from Population Data BC. Patients with rheumatic diseases were identified using
International Classification of Diseases codes and classified as those who received the intervention
(i.e. nurse-supported rheumatologist care) or ‘status quo’ (i.e. rheumatologist care alone). Access was
defined as 1) number of unique patients treated per month 2) number of service units billed per month.
In sensitivity analyses I explored the impact of more restrictive definitions of intervention which
required more “consistent” (at least once in every year) and “high-intensity” (at least 30 per year)
billing of G31060.
Results
The primary cohort included 128,726 patients with rheumatic disease, seen by 29 intervention and 17
comparator rheumatologists. No statistically significant effect change in level or trend of unique
patients (pβ6=0.682 & pβ7=0.231) or service units (pβ6=0.744 & pβ7=0.419) attributable to the
iii

introduction of G31060 was detected in the primary analysis. Sensitivity analyses revealed statistically
significant, increases in patients seen for rheumatologists billing “consistently” (62%) and with “high
intensity” (168%) in April 2015 as compared to ‘status quo’.
Conclusion
The introduction of G31060 does not appear to impact the number of service units billed per month,
nor does it necessarily increase the number of patients seen. However, consistent and high-intensity
users of G31060 appear to increase the number of unique patients seen per month.
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Lay Summary
In 2010, BC rheumatologists became concerned they were too few to support the needs of the
province in future. Rheumatology concerns rheumatic diseases – chronic conditions ranging from
localized arthritis to auto-immune conditions affecting multiple body systems. The sooner such
conditions are treated the better. To help ensure access for patients, the BC Ministry of Health
introduced nurse-supported care to rheumatology, hoping nurses could free up rheumatologist time
by performing part of care. This time could allow rheumatologists to perform more tasks than under
the status quo. By comparing the number of services provided and patients seen across
rheumatologists who use nurses and those who do not, I am able to estimate the effect of introducing
nurse-supported consultations on access to rheumatology care in BC. No effect on number of service
units was found, but rheumatologists who frequently used nurses were able to increase the number of
unique patients they saw.
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Chapter 1: Introduction

1.1 Background – a “looming crisis”

A 2010 survey of rheumatology specialists (rheumatologists) in British Columbia (BC), Canada
sounded the alarm regarding a “looming crisis” within rheumatology care. The survey revealed that
there were simply too few rheumatologists available in BC; around 40 full-time-equivalents to cover
all referred cases(1). Estimates from the BC Society of Rheumatologists (BCSR) placed the ratio of
full-time rheumatologists per head of population at 1:140,000 in 2010 and 1:112,000 in 2014(1,2).
Compared with the 2010 Canadian Rheumatology Association recommended ratio of 1:75,000, the
ratio in BC represented a shortfall of approximately 30 full-time specialists(1). In a follow-up survey
conducted in 2014, 60% of BC rheumatologists had been practicing for at least 20 years and 48%
reported planning to retire within the next 10 years(2). If this trend continued unmitigated, BC would
face a serious challenge in how to care for its citizens with rheumatic disease.

1.1.1 What is Rheumatic Disease?

“Rheumatic disease” is an umbrella term for many different conditions including: rheumatoid arthritis,
osteoarthritis, gout, systematic lupus erythematosus, psoriatic arthritis, axial spondyloarthritis,
fibromyalgia, osteoporosis, and systemic scleroderma. There are more than 200 rheumatic diseases,
typically involving chronic pain, inflammation and damage of the joints and/or connective tissue as
1

well as the potential to harm organs. The BC Ministry of Health operationally defines complex
rheumatic diseases as those for which care requires “continuing management by a rheumatologist”
and/or “patients with rheumatoid arthritis or similar inflammatory disease.”(3) Rheumatic diseases
have a broad range of impact upon the lives of those they affect, including: ability to work, financial
situation, and use of the health care system, in addition to physical and mental health(4).

1.1.2 The epidemiology of rheumatic disease in British Columbia

A 2010 review of worldwide prevalence of arthritis and rheumatic disease by the Arthritis Community
Research and Evaluation Unit (ACREU) identifies the overall prevalence of all forms of “arthritis” in
BC as 14.7% or approximately 639,000 individuals, which is congruent with estimates from Ontario
(16.9%) and Alberta (14.2%) (5) These Canadian provinces appear to be in line with national estimates
from the United Kingdom (13%) and Australia (15%). The ACREU report also described the
prevalence of several specific rheumatic disease categories in Canada; the most prevalent disease being
osteoarthritis (10%). The review also identified the prevalence of rheumatoid arthritis (1%), ankylosing
spondylitis (1%), systemic lupus erythematosus (0.02-0.05%) and gout (up to 3%) (5). Broten et al
(2014) conducted a Canada-wide evaluation of prevalence among a subset of “SARDs”, or systemic
autoimmune rheumatic diseases, that also stratified by sex, age, and rurality. The authors presented
prevalence data for systemic lupus erythematosus, systemic sclerosis, primary sjögren’s syndrome, and
polymyositis-dermatomyositis from 1988 to 2007. The study found that BC the overall prevalence of
SARDs was 4.2 per 1,000 individuals. SARDs were more prevalent among women than men (6.1 per
1,000 [95% CI: 5.9-6.2] vs 2.2 per 1,000 [95% CI: 2.1-2.4]) and more prevalent in those over 45. The
study also found that prevalence of SARDs tended to be higher in urban areas, a pattern that was
more pronounced in British Columbia, where the prevalence was estimated to be 4.5 per 1,000 (95%
2

CI: 4.2-4.8) for women under 45 in an urban locale compared with 1.0 per 1,000 (95% CI: 0.8-1.2])
for women under 45 in a rural area. The authors speculate that British Columbia’s position in the
“Asia-Pacific gateway” and proportionally large, urbanized population of Canadians from East-Asian
backgrounds may contribute to this difference in prevalence, as East-Asian ethnicity is associated with
an increased risk of systemic lupus erythematosus and other SARDs. Unfortunately Broten et al did
not have data containing immigration status or ethnicity, and this explanation could not be explored
empirically(6). Rai et al conducted a study focusing on the prevalence and incidence of gout in BC
from 2000-2012, noting that both prevalence and incidence increased over the time period. The study
found that in 2012, incidence was 2.9 per 1,000 person-years and prevalence for the overall population
was 3.8% (over 8% for those 60-69 years old)(7). High proportions of gout patients had other
comorbid conditions, with 72% of 2012 gout patients having hypertension and 52% having
hyperlipidemia (7).

It is more difficult to describe the incidence of various rheumatic diseases, perhaps in part to the rarity
of some variants and the long diagnostic pathway. Consequently, I did not find many incidence rates
specific to British Columbia. However, the United States and United Kingdom are comparable
countries that do have incidence estimates available for some rheumatic diseases. In the United
Kingdom, incidence of rheumatoid arthritis was found to be 54 per 100,000 person-years for women
and 24 per 100,000 person-years for men at baseline in 2010(8). The United Kingdom also has a range
of estimates for the incidence of gout, with the Rochester Epidemiology Project placing it around 46
per 100,000 person-years in 1995/96, and the Health Improvement Network primary care database
at 268 per 100,000 person-years from 2000 through 2007 (9). Systemic Lupus Erythematosus has an
estimated incidence rate of between 1.8 and 7.6 cases per 100,000 person-years within the United
States, though this number stems from an older study(10).
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A British Columbian patient-resource website, “Arthritis BC and Me”, reports that 1/5 British
Columbians have “some form of arthritis” – with many being unaware of it. They further state that
around 615,000 British Columbians are living with osteoarthritis, and approximately 40,000 were living
with rheumatoid arthritis in 2010. Most striking are their projected estimates – by 2040 they expect ¼
(1.49 million) British Columbians will be living with osteoarthritis and 1/71 (~80,000) with
rheumatoid arthritis. The authors translate this to concrete terms in a striking manner: “one person in
British Columbia will be diagnosed [with osteoarthritis] every 8.8 minutes” and for rheumatoid
arthritis “one person in British Columbia will be diagnosed with RA every 2.6 hours.”(11) What is
clear that is that British Columbia has a present and growing challenge in how to diagnose, manage,
and treat the growing number of its citizens living with rheumatic disease.

1.1.3 Diagnosis, Management, and Monitoring

Inflammatory rheumatic disease is diagnosed clinically, and cannot be definitively identified through
any single form of investigation (x-ray, blood test, joint-pain count). Perhaps the most well-established
guidelines for any rheumatic disease are those for rheumatoid arthritis, and so I will use those as the
prototypical example when describing the care pathway for rheumatic disease in BC. The first step is
to ensure that symptoms patients experience are the result of an inflammatory condition rather joint
and/or ligament damage resulting from injury some other form of “wear-and-tear”(12). Diagnosis
then proceeds to distinguishing rheumatoid arthritis from other forms of inflammatory arthritis, such
as systemic lupus erythematosus or ankylosing spondylitis. When the most probable diagnosis is
determined then disease management begins as soon as possible. Early treatment is critical because
untreated synovitis, the swelling and inflammation of the joint lining, leads to joint destruction and
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subsequent reduction in capabilities. Evidence suggests that a delay of more than 12 weeks from
symptom onset to therapy initiation significantly lowers the chance of remission and increases chances
of joint damage(13,14). Consequently, timely access to rheumatology care is crucial. In British
Columbia, general practitioners who identify what they believe to be either early (less than three
months of symptoms) or established (symptomatic inflammation and/or joint damage) rheumatoid
arthritis are expected to refer the patient both to a rheumatologist and to a physical or occupational
therapist for specialized care. The general practitioner then proceeds to patient education and pain
management. For early rheumatoid arthritis, patients may be started on hydroxychloroquine until the
diagnosis is confirmed by a rheumatologist or, if the general practitioner is confident about their
diagnosis, may proceed directly to treatment with sulfasalazine and methotrexate. Ongoing disease
management involves physiotherapy or occupational therapy, 3-6 month follow up with a general
practitioner, and 6-12 month follow up with rheumatologist monitoring to ensure best disease
control(12).

The care of complex rheumatic diseases varies considerably between the different diseases that fall
under this description, as diagnosis, prognosis, and treatment mechanisms tend to be disease-specific.
Even within a given disease cluster, individual patients may receive different pathways of care
depending on when the disease is diagnosed, the speed of progression, the patient’s own treatment
goals, their response to and ability to tolerate various pharmacological interventions, and of course
patient and provider preference. However, common to all diseases is a need for timely access to care
to initiate treatment and prevent progression of disease and associated damage.

Unfortunately, real world implementation of diagnosis and management guidelines for any disease
rarely matches the text perfectly, and this is true for rheumatology care in British Columbia. Reviewing
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administrative data from 1996-2000, Lacaille et al found that only 43% of rheumatoid arthritis patients
had received a disease modifying anti-rheumatic drug at least once over 5 years, and only 48% had
seen a rheumatologist during that period, well below recommendations(15). For patients continuously
followed by a rheumatologist, the use of disease modifying anti rheumatic drugs was 84%, declining
to 73% of patients who “intermittently” saw a rheumatologist. For patients who did not see a
rheumatologist, these figures were even lower; 40% of those who saw an internist, and 10% of those
following a family physician, were using disease modifying anti rheumatic drugs(15). In this instance,
it would appear that patients being unable (or unwilling) to access rheumatology care contributed to
the therapeutic failure to maintain guidelines. Fortunately, it does seem as if providers and the BC
health system have responded to this problem. A 2017 evaluation of hospitalization rates in gout and
rheumatoid arthritis in BC, found that the annual hospitalization rate for rheumatoid arthritis what
declined from 15.4 to 7.9 per 100,000 from 2000-2011, a 49% decline that the authors credit in part
to improved management strategies for the disease (16). However, the same study identifies that the
annual rate of hospitalization for gout double from 3.8 to 7.6 per 100,000 during the same time period,
despite effective, available pharmacological options for disease management (16). It is the opinion of
Rai et al that, while incidence for gout has increased, much of the inpatient trend is likely due to
suboptimal care. Rai et al cited an abstract from the 2014 Boston American College of Rheumatology
meeting that claims 89% of hospitalizations with gout as the primary diagnosis were preventable –
implying said hospitalizations occurred due to inefficient or inadequate care (16). So it would appear
that while strides have been made for some conditions, management of other rheumatic diseases may
still lag behind recommended standards of care.
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Rheumatology care is often complicated by the impacts of chronic inflammation on other
comorbidities, as explored by De Vera et al in a 2011 study of the relationship between statin
discontinuation and acute myocardial infarction among rheumatoid arthritis patients in British
Columbia(17). Rheumatoid arthritis is a known risk factor for cardiovascular disease, and patients in
the study that discontinued statin use experienced a 67% increase in risk of acute myocardial infarction,
with the risk of increasing 2% for every one-month off statins (17). This suggests that appropriate
management of rheumatic disease likely encompasses more than specifically rheumatologic concerns,
with a holistic assessment of patient health, risk factors, and medications required in order to provide
the highest quality care.

1.1.4 How would a patient receive rheumatology care?

Maintaining rheumatoid arthritis as my prototypical case, the diagnostic and care pathway would most
likely begin with a primary care provider, such as a general practitioner, performing initial, clinical
assessment of a patient to determine whether they have clinical features recommending referral to a
rheumatologist. It should not be based on the results of lab tests if there are no clinical features
recommending referral, as there is no test that can reliably diagnose rheumatoid arthritis(18).

Within British Columbia, rheumatologists primarily work as independent owner-operators of
outpatient clinics. Patients visit the rheumatologist at their clinic for a consultation, and are then billed
for the services received. In most cases, the billing will be applied to the patient’s Medical Services
Plan (MSP), British Columbia’s public health insurance. All BC residents are required to be enrolled
in the Medical Services Plan the under the Medicare Protection Act. The Medical Services Plan covers
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all medical procedures and services that are deemed by the Province of British Columbia to be
“required care”, which is operationally defined as:

“…medically necessary services provided by physicians and midwives, dental and oral surgery
performed in a hospital, eye examinations if medically required and some orthodontic services. In
addition, MSP pays for diagnostic services including x-rays.” (19)

For purposes of billing, all procedures recognized as being “required”, or medically necessary, are
assigned a code that defines the context of their usage and the amount to be paid for the service. Items
given in hospital are considered to be medically necessary, though those same drugs may not be
covered outside of that setting – including if prescribed at an outpatient clinic. These list and its details
are compiled by the Medical Services Commission and can be viewed on the provincial government’s
website(20). A corollary of this is that if any given procedure does not have a code, it could only be
undertaken if paid out-of-pocket or by a private insurer. A theoretical framework for the diagnostic
and treatment pathway of inflammatory rheumatic disease can be seen in Figure 1.1, used with
permission of the Arthritis Alliance of Canada.
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Figure 1.1 Ideal care pathway for rheumatic disease diagnosis and management, Arthritis Alliance Canada (21)
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There is little practice-level data available to describe the provision and operation of outpatient
rheumatology clinics in British Columbia, and Canada more broadly. A 2010 provincial survey in BC
identified 49 rheumatologists contributing 32 clinical full-time equivalents (FTE) for a population of
over four million. A FTE of 1 for rheumatologist was defined as 5 clinical working days per week.
Accounting for FTE, British Columbia had a ratio of 1 rheumatologist for every 140,000 residents,
almost half as many rheumatologists the Canadian Rheumatology Association’s recommended 1 per
75,000(22). This shortfall is by no means restricted to British Columbia. “Stand Up and Be Counted”
was a 2015 workforce survey run by the Canadian Rheumatology association, in response to concerns
that policymakers and researchers had insufficient data for workforce planning and assessment in
rheumatology(23). This survey found that no Canadian province met the recommended 1
rheumatologist per 75,000 resident ratio. The deficit per province ranged from 1 to 77 full time
rheumatologists, with a shortfall of 203 full time rheumatologists nationwide(23). Of the 355 national
respondents, 51 rheumatologists from British Columbia participated in this survey, 40 of which
indicated they “bill as a rheumatologist” (24). In an average week, British Columbian rheumatologists
survey conducted 7 (IQR 4-9) half-day clinics, saw 10 (IQR 6-16) new patients, and conducted 40
(IQR 18-61) follow-ups. The number of half-day clinics, used to define clinical FTE, is in line with
the national overall average of 7 (IQR 4-8) but lower than the national community-based median of 8
half-day clinics a week (IQR 6-9) (23). Of possible importance to this study is the national median of
2.5 days per week spent on clinical paperwork – a significant portion of time (23). With the
introduction of G31060, it is possible that rheumatologists could complete some of this paperwork
during the nurse portion of the assessment, or delegate some of this work to nurses, thereby freeing
up other time later for additional consultations.
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Additional practice level data was reported from the Canadian Council of Academic Rheumatologists
in 2014, finding an average FTE of 0.81, of which 0.55 (range 0.15-0.75) was spent on clinical care
(22). The approximate 1/3 of time spent on non-clinical duties is significant if true in British Columbia,
as it could mean slower uptake of G31060. However, rheumatologists consistently report a lack of
access to appropriate allied health professionals as a barrier to rheumatology care, with 57% reporting
inadequate access to nurses in a 2013 survey(22). This is encouraging for the uptake of G31060, which
is meant to integrate nurses into community practice. The Arthritis Alliance of Canada has proposed
that the number of rheumatologists per capita be used as a performance measure for care, but this is
stymied by a lack of reporting regarding the regional location of rheumatologists in relation to the
population they serve (22). This is unfortunate as data that is available would suggest that there is
significant regional and national disparity in access to rheumatology care (22).

1.1.5 Proposed solutions to the challenge of access in British Columbia

In 2011, Kur and Koehler, both rheumatologists with practice experience in BC, suggested three
possible approaches to expand the supply of, and thereby access to, rheumatology care in British
Columbia (25). First, they suggested improving the remuneration of rheumatologists, claiming that a
gap in pay exists between rheumatologists and other specialties. They argued this gap is exacerbated
by high overhead costs associated with outpatient practice, and that these financial pressures may drive
prospective rheumatologists into other disciplines during training(25). A second suggestion was to
expand the number of funded positions for trainees in rheumatology – at the time (2011), only two
were available. This study focuses on the impact of their last suggestion - to fund a multidisciplinary
model of care for rheumatology in BC. The authors argued that stable funding for multidisciplinary
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care would “…increase the ability of the rheumatologist to provide care to a wider spectrum of
patients and have an impact on the lengthy waits that exist for access to rheumatology
consultation.”(25)

Shifting to a multi-disciplinary model of care has been integrated into rheumatology practice guidelines
in Europe and the United Kingdom (26,27). The BC Society of Rheumatologists successfully lobbied
the BC Ministry of Health for funds towards the facilitating the new care model identified by Kur and
Koehler, resulting in a Medical Services Commission specialty billing code (G31060) that would shift
to a multidisciplinary model of care by integrating nurses into rheumatology consultations and follow
ups(25). This intervention is the subject of this thesis.

1.1.6 Global evidence in support of multidisciplinary care models for rheumatology

As far back as 2004, The Arthritis and Musculoskeletal Alliance (ARMA) Standards of Care for
Inflammatory Arthritis suggested that, during the an initial consultation, “[s]ome of this time may be
spent with a specialist nurse …” and that “[p]eople should be offered the opportunity to talk to a
clinical nurse … in order to enable a more in-depth discussion than may have been possible when the
diagnosis was first given.”(28) ARMA’s 2004 Standards of Care are listed as a key resource by the
current Royal College of Nursing, demonstrating that these standards have been at least nominally
provide guidance for clinical practice(29). These recommendations persist into contemporary National
Institute for Health and Care Excellence (NICE) guidelines for the management of rheumatoid
arthritis in adults, whose latest guidance makes specific reference to ongoing access to a
multidisciplinary team in order to ensure the opportunity for periodic assessment and disease
management, using “specialist nurse” as an example(30).
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International harmonization regarding the role of nurses in rheumatology appears to have begun
around 2010. In 2011, the European League Against Rheumatism (EULAR) task force identified
recommendations regarding the role of nursing in managing chronic inflammatory arthritis. Strong
evidence was found supporting patient access to a nurse for: education on disease management,
improving communication, and continuity and satisfaction with care. High evidentiary support was
also found for nurses participating in comprehensive disease management to control disease activity
and improve patient preferred outcomes – as well as assessing and addressing psychosocial issues(31).
The British Society of Rheumatologists (BSR) guideline for the management of rheumatoid arthritis
explicitly outlines multidisciplinary teamwork between doctors, nurses, physical/occupational
therapists, pharmacists, and others in the first two years of treatment(32). BSR guidelines for beyond
this initial two year period following RA diagnosis do not expand upon this, but clearly exist within a
multidisciplinary team framework(33).

In North America, it is unclear to what extent nursing has become a standard part of rheumatology
care. A 2014 EULAR multinational evaluation of the management of chronic inflammatory arthritis
estimates 37% of US patients had access to nursing care, based on the responses of 19 American
individuals(31). The American College of Rheumatology (ACR) 2015 guidelines for the treatment of
rheumatoid arthritis do not mention nurses, allied health professionals, or even multidisciplinary care.
Discussion of models of care and multidisciplinary teams is similarly absent from the Canadian
Rheumatology Association (CRA) recommendations for the treatment of rheumatoid arthritis (34–
36). In both countries, pharmacological treatment appears the focus of national-level rheumatology
organizations.
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Prior to the introduction of the multidisciplinary conference code (G31060), British Columbia seems
to recognize that multidisciplinary teams should be a part of care, but had not introduced any
mechanisms to promote their use. Patient education materials suggest working with a physiotherapist
and/or occupational therapist to help them manage pain(37). Provider guidelines recognize that
psychosocial support is necessary and that “[o]ptimal outcome is achieved through a multi-disciplinary
approach coordinated by the primary care physician”(12). However, there do not appear to be formal
structures defining multidisciplinary team care or the framework in which such a team would operate.
Before the introduction of G31060, there was also no funding available for outpatient rheumatology
clinics to begin building their own multidisciplinary teams.

In both Europe and the United States, nurses have begun to take on more of leadership role in the
multidisciplinary teams that care for rheumatology patients(38). Typically, the role is taken on by
Licensed Practical Nurses (LPN) and Registered Nurses (RN), with experience and/or training in
rheumatology. Trials in these European nations have suggested that the patient care and level of
satisfaction provided by rheumatology nurses could be similar to that provided by a specialist (39–41).
I worked with Hall et al in 2018 to summarize the economic evaluation of nurse-supported care across
various European countries. The studies we summarized suggested that the cost-effectiveness of
nurse-led care varies by the health-system in question – with nurse-led care more effective and less
costly than rheumatologist-led care in Denmark but the reverse being true in the United Kingdom.
This suggests that the patterns and models of care within a nation may have a significant impact on
cost-effectiveness (38). Earlier work by Hall within Canada suggests that Canadians have higher
patient satisfaction in collaborative care models which incorporate allied health professionals beyond
the physician than physicians working alone (or in teams from their own profession) (42).
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1.1.7 The Multidisciplinary Conference for Community-based patients with complex
rheumatic diseases (G31060) in BC

In April 2011, the billing code of interest in this thesis, G31060: “Multidisciplinary Conference for
Community-based patients”, was approved for coverage by the medical services plan after successful
lobbying from the BC Society of Rheumatologists. Also approved as special rheumatology services
alongside G31060 were G31050, “extended consultation”, and G31055 “rheumatology
immunosuppressant review”. Level and trends of these three codes are evaluated in section 3.1.2, but
the introduction of G31060 is the intervention of interest for the purpose of this study.

G31060 is intended “for the ongoing management of complex disorders of the musculoskeletal system
where the complexity of the condition requires the continuing management by a rheumatologist”,
restricted to rheumatology, once every 6 months per patient, and requires either an LPN or an RN to
be present for part of the process(20). It cannot be paid in addition to 31010, 31012, or G31050 (other
consultation codes), or 31007 (subsequent office visit). The code also calls for “assessment, written
treatment plan, and any other counselling the patient needs for management”, which suggests the code
is intended to be used differently than the other special services consultation code, G31050, which
calls for “examination, review of history, laboratory, X-ray findings, necessary to initiate care.” That
G31060 refers only to “management” while G31050 refers specifically to initiation of care suggests
that the former could be used for follow-up as well as initial consultation after referral(3).
For the remainder of this thesis, “multidisciplinary conference code for community-based patients”,
“multidisciplinary conference code”, and “G31060” should all be taken to referring to the same billing
code.
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1.1.8 Assessments of multidisciplinary rheumatology consultations in BC under G31060

A 2014 electronic chart review of three Vancouver, BC rheumatology clinics using the
multidisciplinary conference code showed that nurse-supported consults typically involved disease and
rheumatic drug counselling, as well as general education – tasks that would traditionally be performed
by the rheumatologist alone(43). The majority of patients receiving multidisciplinary care had
rheumatoid arthritis (53%), lupus (17%) or connective tissue disorders (17%)(43). Preliminary data
from a 2018 BCSR internal survey shows that 66% of BC rheumatologists (51 of 77 respondents)
were already using nurse-supported care in their clinics (44).

To date there has been no formal evaluation of how introducing G31060 has impacted rheumatology
care on a population level in either grey or academic literature. As the code has significant room for
heterogeneity in implementation, how the code may impact care and the magnitude of that impact
remain uncertain for BC at this time.

1.2 Research Objectives

1.2.1 What are the aims of the proposed analysis?

This study aims to evaluate the impact on access to rheumatology care of the introduction of the
“multidisciplinary conference code for community-based patients” (G31060). My thesis assessed the
impact of this change as a natural experiment, analyzed according to two objectives:
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1) To describe the population of persons living with rheumatic in disease in British Columbia
and the patterns of rheumatology care that they receive, both before and after the
introduction of G31060

2) To evaluate the introduction of G31060 with regard to impact on access to rheumatology
care as defined by the number of unique patients treated per month and number of
rheumatology service units billed per month

Objective 1 is descriptive analysis and does not involve the testing of a formal hypothesis. It is
explored in Chapter 3 of this thesis.
Objective 2 is the primary analysis of this study, explored in Chapter 4. The development of the
hypothesis for objective 2 is outlined in section 2.2.6.

1.3 Thesis Outline
The thesis consists of five chapters. This first chapter has introduced the context of rheumatic disease
and rheumatology care in BC, and the overall structure for this thesis. The second chapter outlines
the methodology used in addressing the aims of this thesis. Chapter 3 addresses aim 1, describing the
population of persons living with rheumatic in disease in British Columbia, and the patterns of
rheumatology care that they receive. The fourth chapter describes the results of aim 2, examining the
impact of the billing code on access to rheumatology care. The fifth and final chapter synthesizes and
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summaries my finding in order to discuss their implication for patients, rheumatologists, and the
Ministry of Health.

1.4 Disclaimer Statement
All inferences, opinions, and conclusions drawn in the production of this thesis reflect the author, and
do not reflect the opinions or policies of the Ministry of Health and their data stewards.
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Chapter 2: Methodology

2.1 Data Sources
This study considers entire population of individuals living with rheumatic disease in British Columbia
and receiving active rheumatology treatment from April 1st 2009 through to March 31st 2016, and their
rheumatologists. It is therefore retrospective, and will use the linkage of routinely collected
administrative databases to generate analysis of rheumatology care in British Columbia over the study
period. Patient health identification numbers and practitioner numbers will be anonymized.

Data were obtained through Population Data BC, “a multi-university data and education resource that
works to facilitate interdisciplinary research on the determinants of human health, well-being, and
development.”(45) Population Data BC has existing relationships with both federal and provincial
administrative databases that allow the linkage of individual-level, anonymized, longitudinal data on
British Columbia’s residents. The linked datasets are then made available on a secure server that
approved study members can access through a two-step encrypted Virtual Private Network. For my
thesis, I will be using the following data sources:

1) Medical Services Plan Payment Information File (April 1st, 2006- March 31st, 2016)
•

Identification of population under study via anonymized unique patient identifier codes
associated with rheumatology billing codes and the International Classification of Disease
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(ICD) -9/10 diagnostic codes affiliated with those billings (2006-2008 two-year lookback for
prevalent cases, 2009-2016 for identification and analysis)
•

Assignment of rheumatologists to nurse and status quo arms, as identified by practitioner
number and billing patterns

•

Assignment to nurse and ‘status quo group’s for patients, as identified by the practitioner
number(s) affiliated with rheumatology billings for patient’s unique study identification
number in the population

•

Computation of number of rheumatology service units billed by practitioners and number of
unique patients seen by practitioners

2) Consolidation File (April 01, 2006 – March 31 2016)
•

Used to provide descriptive data on the population under study. Available for patients

•

Demographic dataset: local health area, health service delivery area, health authority

•

Registry dataset: sex, month and year of birth, days registered in Medical Services Plan

2.2 Methods: Preparing for analysis

2.2.1 Preparation of data sources for analysis

Population Data BC provides raw data files in a highly compressed data-format that requires extraction
to the desired working data-format and then subsequent “cleaning” of the data for each variable to
ensure that it matches the variable-format as described in the data dictionary for that particular dataset
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(e.g. character versus numeric, length of variable, easily interpretable dates, interpretable labels for
categorical levels). As my thesis work is a portion of a larger, Canadian Institutes for Health Research
grant, data files had been extracted and formatted by a statistician (Daphne Guh, Centre for Health
Evaluation and Outcome Sciences) prior to my beginning analysis.

During the early stages of analysis, I identified an implausible increase in billing numbers for several
years during the study period. We (myself in consultation with my supervisor, Mark Harrison, and the
statistician, Daphne Guh) identified these patterns as stemming from how the medical services plan
corrects erroneous, cancelled, or unapproved billings. Medical Services Plan data does not remove
erroneous or inappropriate billings retroactively, but corrects those billings in one of two ways. Either
the initial billing has its number of service units set to 0, or a new billing item is generated with negative
service units equal to the number of units billed for in error. In order to ensure accurate counts, the
duplications generated by instances of 0 and negative service units have been stripped from the MSP
dataset.(46)

2.2.2 Defining the population under study

My study examines all British Columbians living with rheumatic disease identified prior to (prevalent)
or during the study (incident), as identified by ICD-9 or ICD-10 diagnostic codes contained in Medical
Services Plan billing data, and receiving treatment from a rheumatologist during the study.
Rheumatologists were identified using a list containing the practitioner/payee number for all
practicing rheumatologists which was submitted to PopData and included in the MSP file as an
anonymous provider number. This ensures that I am assessing the impact of introducing nursesupported consultations on the largest possible number of persons receiving active rheumatology care.
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As I hypothesize that G31060 will free up additional rheumatologist time, any patient encounter with
a rheumatologist will be included in this study (irrespective of diagnosis). I include any diagnosis
because even though the nurse-supported consultation requires an inflammatory diagnosis, the
rheumatologist could use the hypothesized time-saved to conduct follow-up with non-inflammatory
patients.

To be considered for part of the cohort, patients must have been identified as living with rheumatic
or disease either during the lookback period of April 1st 2006-December 31st 2008 or during the study
period of April 1st 2009 through March 31st 2016. I use an algorithm designed to identify people
living with rheumatic disease that has been validated in prior BC administrative data studies (47–51).
This prior research used a three-stage algorithm to confirm diagnosis using ICD-9/10 code:

1) The first stage assigns a patient to our population if they have an ICD-9/10 code that
identifies a rheumatic disease attached to a billing by a rheumatologist in their Medical
Services Plan data.
2) Second, any patient in hospital separations data (the nationally collected discharge abstract
database) whose discharge data contains an ICD-9/10 code that identifies a rheumatic
disease.
3) Finally, a patient with two consistent ICD-9/10 codes over a period of greater than two
months but less than two years attached to Medical Services Plan billings from a service
provider other than a rheumatologist.

For the purposes of my research, I have restricted the full algorithm to only the first stage. This is
because my population of interest is individuals living with rheumatic disease and receiving care from
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a rheumatologist. While the latter two stages of the algorithm may successfully identify persons with
rheumatic disease, those persons may never actually see a rheumatologist during the study period.
Consequently, such persons would not be considered part of my population of interest. In the event
that an individual who would have been identified by stage two or three does see a rheumatologist,
those persons would be identified by the first stage of the algorithm. The complete list of ICD-9/10
codes used is provided in table 2.1 below.

Table 2.1: Identifiable rheumatic diseases and their ICD codes
Rheumatic Disease
Rheumatoid arthritis
Systemic lupus erythematosus and
other connective tissue diseases
Psoriatic arthritis
Ankylosing spondylitis
Juvenile idiopathic arthritis
Gout
Systemic vasculitis
Soft tissue pain
Osteoporosis
Osteoarthritis
Back pain
Tendonitis
Joint issues
Crystal arthritis

ICD Codes
714.X; M05.X; M06.X
710.X, M30.X - M36.X

Inflammatory
Yes
Yes

696.X, L40.X
720.X, M45.X
714.X, M08.X, M09.X
274.X, M10.X
446.X, M31.X
729.X, M79.X
733.X, M81.X
715.X, M19.X
724.X, M54.X
729.X, M79.X
719.X, M79.X, M25.X
712.X

Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No

2.2.3 Identifying rheumatologists and rheumatology billings

The Medical Services Commission fee schedule divides possible “necessary” medical interventions
and their respective fee codes into specialty disciplines. Fee codes specific to a given specialty are only
billable by practitioners with that specialty. In this study, “rheumatology billings” refers to billings in
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MSP data whose fee code corresponds to services listed under “rheumatology” in the Medical Services
Commission fee schedule. A complete list of rheumatology fee codes is provided in table 2.2 below.
In MSP datasets, each rheumatologist is assigned a unique identifier for billing purposes. For this
study, those have been anonymized into unique “practitioner numbers”. These are used to track
individual rheumatologist billings in the data, and the ‘nurse group’ or ‘status quo group’ designation
is tagged to those practitioner numbers.

Table 2.2 Rheumatology services under the British Columbia Medical Services Plan
Category
Continuing Care

Code
31005
31006
31007
31008

Service
Emergency visit when specifically called
Directive Care
Subsequent office visit
Subsequent hospital visit

P31015

Rheumatology management of complex
joint(s) requiring aspiration and/or injection

31010
31012
31014
Telehealth
31106
31107
31108
31110
31112
Special Services G31050

Consultation
Repeat or limited consultation
Prolonged visit for counselling
Telehealth directive care
Telehealth subsequent office visit
Telehealth subsequent hospital visit
Telehealth consultation
Telehealth repeat or limited consultation
Extended consultation

G31055

Rheumatology immunosuppressant review

G31060

Multidisciplinary conference for communitybased patients

Referred Cases
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2.2.4 Defining the intervention (“nurse”) and comparator (“status quo”) groups

For this study, I treat rheumatologists who bill for the nurse-supported consultation fee code, G31060,
as my intervention group, and rheumatologists who never use G31060 as my comparator group. My
intervention group is hereafter known as the ‘nurse group’, and my comparator group hereafter as the
‘status quo group’. After the introduction of G31060 in April 2011, any rheumatologist who uses that
code once at any point during the remaining study period is considered to be a nurse-group
rheumatologist. Assignment to the ‘status quo group’ is then a negative definition, with status-quo
rheumatologists being those that never bill G31060. See figure 2.1 for an overview of the study groups
and their assignment over the study period.

Figure 2.1 Overview of time-periods, intervention, and comparator group
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2.2.5 Defining “access” in the context of British Columbian rheumatology care

Rheumatology care: All services listed under the rheumatology section(s) of either the standard or
specialist Medical Services Commission payment schedule (see table 2.2) are considered
“rheumatology care” for the purposes of this study.

Access: From a population perspective, impacts on access are likely best understood as change in the
rate of utilization. A given level of billing or number of patients seen does not, in itself, say much
about access. However, when that level shifts in response to policy, it is reasonable to state that access
“increased” if the rate of billing increases, and “decreased” if the rate of billing decreased. What has
shifted is the level of “reasonable access” possible under the health system(52). Reasonable access in
terms of physical availability of medically necessary services has been interpreted under the Canada
Health Act using the “where and as available” rule. Thus, residents of a province or territory are
entitled to have access on uniform terms and conditions to insured health services at the setting
“where” the services are provided and “as” the services are available in that setting.” (52) Given the
hypothesized impacts of introducing G31060, this study will measure access two ways: (1) the number
of rheumatology service units, and (2) the number of unique rheumatology patients seen, both per
month. This ensures I capture both access of the same individuals to a wider range of, or more
frequent care, and also the increased pool of individuals able to access rheumatology care.
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2.2.6 Hypothesized impact on access to rheumatology care

The multidisciplinary conference code requires that both a nurse and a rheumatologist participate in
the consultation, but it does not define specific roles or time allotment to those roles(3). This permits
wide variation in models of care. One could imagine nurses independently conducting segments of
the consultation, such as assessment or education, and then bringing in the rheumatologist for final
discussion and decision making. However, more restrictive roles where nurses perform fewer tasks,
perhaps even seeing the patient at the same time as the rheumatologist may also be utilized. In the
former, the potential impact on access is that during this nurse-supported portion of the consultation,
the rheumatologist could be using that time to see other patients or catch up on other administrative
work. I would expect that this allows rheumatologists to perform more tasks within their clinic, and
consequently I anticipate that the number of billings per month should increase. If a standard consult
is approximately 60 minutes and the nurse performs patient assessment and education, the
rheumatologist could be out of the room for half an hour or more. Assuming the rheumatologist also
sees those with well-managed disease for follow up, those patients could be seen under billing code
31007 (subsequent office visit) essentially parallel to multidisciplinary conference. In the latter case,
it seems probable that access is unchanged from the status quo, as no additional rheumatologist time
is “freed up”. It may, however, facilitate or normalize the 6-month cycle of follow-up for complex
patients. If such patients are normally only seen annually, the shift in care to a 6-month cycle as
described in G31060 would still constitute an expansion of access.

I am basing this expectation on the theoretical framework of physician utility outlined by Chandra
and Skinner in their discussion of Technological Growth and Expenditure Growth in health care (53).
In brief, this framework treats physician utility as derived both from their own remuneration and the
27

utility of their patients, as measured by health gains experienced while under the care of the physician.
This model allows for altruistic behavior by physicians, and an explanation for behaviors beyond
profit-maximization in their billing activity.

2.3 Methods: Descriptive statistics

The population that met inclusion criteria for this study will be characterized by number, rheumatic
condition, sex, health authority, age, rurality, income, and death. Continuous numeric variables will be
described by mean and standard deviation or median and interquartile range. Categorical variables will
be summarized by N and proportion of the population or subgroup under analysis.

Trends in billing will be analyzed over time in a stepwise manner from the largest billings into overall
service categories, with a focus on special services billing – to which G31060 belongs. These trends
will be shown both in absolute (total) and relative (proportional) terms. Rheumatologist entry and exit
from billing in Medical Services plan will tracked over time, both overall and stratified by group. I will
compute frequency tables for the number of rheumatologists that patients see in each calendar year
of the study period. This will also be done for the primary cohort, stratified by group assignment. I
will also use frequency tables to evaluate the number unique rheumatology service days per patient for
each calendar year of the study. This will also be done for the primary cohort, stratified by group
assignment.

The primary cohort will be summarized by the same characteristics as the population, with testing for
statistically significant differences between ‘nurse’ and ‘status quo’ groups. Two-sample t-tests will be
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used for continuous numeric variables, and chi-squared tests for categorical variables where
appropriate.

2.4 Methods: Interrupted Time Series with Comparator

2.4.1 Simple Interrupted Time Series

My analytical approach to explore the impact on access of introducing nurse-supported consultations
via G31060 will use comparative interrupted time series. It will utilize a bespoke dataset from
Population Data BC. This approach is an extension of multilinear regression analysis, specifically time
series analysis. The basic principle of an interrupted time series is that if I know when a given
intervention or policy change has taken place, I can estimate the impact of that change by fragmenting
the time-series data into pre- and post-intervention periods around the date of intervention. This
facilitates modelling of a counterfactual, or what would have been expected had the change not
occurred. The counterfactual is then compared to the observed post-intervention data. The difference
in how level (magnitude on the y-axis) and trend (the slope of the line) change between the
counterfactual and observed data provide our estimates of the policy’s effect. Standard interrupted
time series projects the pre-intervention period level and trend into the post-intervention period to
generate the counterfactual, which is then compared to the post-intervention observed values(54).
Figure 2.2 illustrates a simple interrupted time series.

Figure 2.2 Relationship of regression coefficients to plot, simple interrupted time series

29

Outcome of interest

time of intervention, t*

ϐ3, trend change

ϐ1, existing trend

ϐ2, level change

ϐ0, existing level

Time

Pre-intervention period
Observed values of outcome
Projection of counterfactual
Level marker

Post-intervention period

outcomejt = ϐ0 + ϐ1*timet + ϐ2*levelj +
ϐ3*trendjt + єjt

The components of the interrupted time series equation are:
•

outcome, measure of access (monthly number of rheumatology service units or unique
patients per month)

•

time, is a discrete numeric variable that counts the number of time periods elapsed from the
beginning of the study (e.g. t=1 indicates the first time period of the study, t=2 indicates the
second, & etc.)

•

level, indicator variable for level change post-intervention. Takes value of 1 in post
intervention period, 0 otherwise
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•

trend, is a discrete numeric variable that counts the number of time periods elapsed from the
introduction of the intervention (e.g. trend=1 indicates the first time period of the study postintervention, t=2 indicates the second, & etc.)

Note that all coefficients should be interpreted as the average magnitude of an effect. The estimates
(ϐ) from the model are as follows:

•

β0 is the y-intercept of the regression line, and the value of y at time 0 in the pre-period

•

β1 is the effect on y of moving forward one period in time, on average. The “pre-trend”.

•

β2 is the effect on y of moving from the pre to post-intervention period, the “level change”.

•

β3 is the interaction of moving forward in time in the pre-period vs the post-period, the “trend
change”

The key variables of interest for standard interrupted time series are β2 and β3. These reflect how the
existing level and trend change, respectively, when moving from pre- to post-intervention periods.

2.4.2 Interrupted time series with comparator

In a complex system such as healthcare there may be several effects either ongoing, beginning, or
ending that would also impact access to rheumatology care in parallel with the multidisciplinary
conference code. As a hypothetical example, if the Medical Services Commission revised the
rheumatology code for subsequent office visits (31007) so that it was capped at two uses per patient
per year, we may anticipate a reduction in access for patients seeking follow up appointments with
rheumatologists. The introduction of this cap on the number of follow up appointments per patient
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per year would affect both rheumatologists using nurses and those that do not. Assuming the
restriction of 31007 occurred around the same time as the introduction of G31060, standard
interrupted time series would only show me the net effect of the two policies without being able to
isolate any impact on access attributable to the introduction of nurse-supported consultations.

However, by expanding the standard interrupted time series to include a comparator group, I can
mitigate the effect of factors other than the intervention of interest. An appropriate comparator group
is one that would not be affected by the policy of interest, but would plausibly be affected by the same
cluster of shocks and trends as the intervention group (55). As the comparator group should not have
been affected by the introduction of this policy, this gives us a more accurate estimate of the policyeffect, as it models what would have happened absent the intervention.

For this study, I treat rheumatologists who bill for the multidisciplinary conference code, G31060, as
my intervention group, and rheumatologists who never use G31060 as my comparator group. While
both groups would be affected by a secular trend or history shock, such a restriction on the number
of follow ups per patient per year, only the intervention group is affected by the introduction of
G31060. The comparator group persists in status quo rheumatology care during and after the policy
change. As observed values of the comparator in the post-intervention period are theoretically
unaffected by the intervention of interest, we use them to model the counterfactual. The observed
values of my comparator group should reflect the impact of shocks and/or existing trends that, while
unrelated to the intervention of interest, my intervention group would also be exposed to. This allows
us to “net-out” the effect of those factors when comparing the intervention group post-intervention
with the counterfactual, the resulting difference attenuated to the effect of the policy. Figure 2.3
illustrates the modelling of the comparator group, note the similarity to the simple case presented in
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Figure 2.2. Figure 2.4 then demonstrates how the counterfactual from the comparator is used to
generated estimates of the intervention effect for the study.

Figure 2.3 Relationship of regression coefficients to plot of comparator (‘status quo group’)

Outcome of interest

time of intervention, t*

ϐ5, trend change

ϐ0 + ϐ1(t*-0.5)
ϐ0 + ϐ1(1)

ϐ1, existing trend

ϐ0, existing level

ϐ4, level change
ϐ0 +
ϐ1(t*+0.5)+ϐ4(1)
+ ϐ5(1)

ϐ0 + ϐ1(t*)+ϐ4(1) +
ϐ5(tlast-[t*+0.5])

Time
Pre-intervention period
Observed values of outcome
Projection of counterfactual
Level marker

Post-intervention period

outcomejkt = ϐ0 + ϐ1timet + ϐ2groupk +

ϐ3(groupk*timet) + ϐ4*leveljt + ϐ5*trendjt +
ϐ6(leveljt*groupk) + ϐ7(trendjt*groupk) + єjt

Figure 2.4 Relationship of regression coefficients to plot, comparator vs intervention groups
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Outcome of interest

time of intervention, t*

trend change attributable to
intervention
level change attributable to
intervention
existing trend, nurse group
existing level difference
between groups

trend change that would
have occured without
intervention
level change that would have
occured without intervention

Time
Pre-intervention period
Observed values of outcome
Projection of counterfactual
Level marker

Post-intervention period

outcomejkt = ϐ0 + ϐ1timet + ϐ2groupk +

ϐ3(groupk*timet) + ϐ4*leveljt + ϐ5*trendjt +
ϐ6(leveljt*groupk) + ϐ7(trendjt*groupk) + єjt
Nurse Group

Status Quo Group
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The components of the interrupted time series with comparator equation are:

•

outcome, our measure of access, as in standard interrupted time series

•

time, is a discrete numeric variable that counts the number of time periods elapsed from the
beginning of the study (e.g. t=1 indicates the first time period of the study, t=2 indicates the
second, & etc.) time

•

group, a categorical variable with unique levels for each of the different groups under analysis,
for this study k=0 describes the ‘status quo group’, and k=1 describes the ‘nurse group’

•

level, indicator variable for level change post-intervention. Takes value of 1 in post
intervention period, 0 otherwise

•

trend, is a discrete numeric variable that counts the number of time periods elapsed from the
introduction of the intervention (e.g. trend=1 indicates the first time period of the study postintervention, trend=2 indicates the second, & etc.)

As with standard interrupted time series, all coefficients should be interpreted as the average
magnitude of an effect. The estimates (ϐ) from the model are as follows:

•

β0, is the value of outcome at time 0 in the pre-intervention period

•

β1, is the effect on the outcome of shifting from the comparator to intervention group

•

β2, is the “pre-trend” from standard ITS, draws from both groups

•

β3, is the interaction of time and being in the intervention group, the “pre-trend” specific to
the intervention group
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•

β4, the level change that occurs moving from the pre- to post-intervention periods, estimate
computed from observations in both groups

•

β5, the trend change that occurs moving from the pre- to post-intervention periods, estimate
computed from observations in both groups

•

β6, the interaction of moving from pre to post and being in the intervention group. The level
change associated with being in the intervention group

•

β7, the interaction of time, moving from pre to post, and being in the intervention group. The
trend change associated with being in the intervention group

The key estimates for interrupted time series with comparator are β6 and β7, as they tell us the level
change and trend change specific to the intervention group, respectively. These estimates are, in turn,
interpreted as the average level change and average trend change attributable to the intervention (the
billing code reflecting nurse involvement in rheumatology care).

2.4.3 Time series and adjusting for autocorrelative processes

Multiple linear regression typically uses the “Ordinary Least Squares” method to compute the
estimates of regression coefficients. This method has four core assumptions. First, that the
relationship between the outcome and explanatory variables is linear. Second, the error term for any
given set of values for explanatory variables is independent of the error for any other given set. Third,
that the distribution of those error terms is normally distributed. Fourth and finally, that those error
terms have the same variance for any given values of the explanatory variables. The assumptions
underpinning ordinary least squares regression should be tested and verified for any regression model,
however, time-series regression in particular is likely to violate them.
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The reason that time-series analysis is prone to break the assumptions of ordinary least squares
regression is because a time-series uses the passage of time itself as a key explanatory variable. In timeseries analysis, we are tracking the impact of the same set of observation-generating process on our
outcome over time. In this study, I am analyzing the billing activity of a set of rheumatologists from
month to month over the study period. The notion that the billing activity of a given rheumatologist
in this month (time t) may be well predicted by their billing activity in prior month (time t-1) seems
reasonable barring a massive shock in the interim. Unfortunately, the existence of this pattern within
billing activity month-to-month implicitly violates the ordinary least squares assumption of
independence of errors. The notion that month-to-month billings may be correlated is a fairly
straightforward example of how ordinary least squares assumptions may break in the time-series
context. However, there are a number of ways that prior outcomes may be correlated to the present,
or that the error of our current measure may be correlated with prior errors. These sorts of
relationships fall under the umbrella of “autocorrelation”, the correlation of future values of a
regression variable with its past values. Failing to identify and adjust for these broken assumptions
renders the estimates of regression coefficients generated by ordinary least squares method unreliable
(56).

In this study, I have used the Durbin-Watson test to identify the presence of autocorrelation. The
Durbin-Watson test assumes that the error of time t can be described as a linear product of prior error
terms (єt = a єt-1 + νt) and constructs the following test statistic:

d=

2
∑𝑇𝑇
𝑡𝑡=2(𝑒𝑒𝑡𝑡 −𝑒𝑒𝑡𝑡−1 )
2
∑𝑇𝑇
𝑡𝑡=1 𝑒𝑒𝑡𝑡
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The null hypothesis is that the Pearson correlation between the residual of the current period (et) and
the residual of the prior period (et-1) is 0, indicating that there is no autocorrelation, and the alternative
that it is non-zero, indicating that there is autocorrelation. The equation above is a test for
autocorrelation at one “lag”, one time period into the past, but Durbin-Watson can be run for any
number of lags (56). In my analysis, I test lags from 1 to 12, or one month in the past to 12 months
into the past. The decision of how many lags to evaluate is a judgement call based on contextual
understanding of the data under analysis. The rule of thumb is that one should only test for (or up to)
the number of lags for which there is a reasonable explanation of what may lie behind the
autocorrelation. Lags were consequently capped at 12 (representing 12 months into the past) as it is
not clear what process would drive correlation between billings more than a year apart in a way not
explained by fluctuations within a year-long period.

Once detected, one must determine the form of autocorrelation in order to determine how to adjust
the model. This can be done by plotting the autocorrelation function against lagged terms. The
autocorrelation function contains the complete set of correlations between terms across time. This
includes the correlation moderated by intermediate terms. For example, if Xt is correlated with Xt-1,
and Xt-1 is correlated with Xt-2, then there will be a transitive component of correlation between Xt and
Xt-2. The plot of this function is used to identify the “moving average” (MA) processes of the ARMA
(AutoRegressive Moving Average) model used to adjust for autocorrelation. To identify the
“autoregressive” processes (the AR), we plot the partial autocorrelation function for various lags. The
partial autocorrelation function contains only the direct correlations between terms at different times,
without the moderated correlation being based through subsequent intermediate terms. For both
plots, one looks for the largest “spike” in correlation at a given lag followed by geometric decay in
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correlation. The spike tells us the “order” of the MA and AR processes, identified as q and p
respectively(57).

Moving Average Process:

Xt = µ + εt + θ1 εt-1 + … + θqεt-q

єt ~ iid(0,σ2)

For a moving average process of order “q”, the value of X at time t can be described as a sum of: 1)
the mean of the series, 2) the value of the residual at time t, 3) the values of prior residuals multiplied
by a time-specific constant for all t-1 to q. In other words, the value of X at time t under a moving
average process order q is a linear combination of the value of residuals from time t back to time t-q.
In simplest terms, the value of X at time t is dependent on the residuals of prior time periods.

Autoregressive Process:

𝑝𝑝

𝑋𝑋𝑡𝑡 = 𝑐𝑐 + ∑𝑖𝑖=1 𝜑𝜑𝑖𝑖 𝑋𝑋𝑡𝑡−𝑖𝑖 + 𝑒𝑒𝑡𝑡

єt ~ iid(0,σ2)

For an autoregressive process of order “p”, the value of X at time t can be described as a sum of: 1) a
constant associated with X at time t, 2) the values of X in prior time period t-1 to p, multiplied by a
time-period specific constant, and 3) the residual at time t, treated as white noise. In other words, the
value of X at time t under an autoregressive process order p is a linear combination of the prior values
of X from time t-1 back to time t-p. In simplest terms, the value of X at time t is dependent on the
prior values of X up to p periods in the past.

39

2.4.4 Predicting absolute and relative change

In the context of this study, absolute and relative change is based on the difference in the outcome’s
observed values as compared to the counterfactual. The “change” is the difference between the
outcome value that I observe post-intervention, and what I expect the outcome’s value would have
been had the intervention not occurred.

Absolute change is calculated by subtracting the computed value of the counterfactual at a given time
point from the fitted (or predicted) values of the intervention group from the model at the same time:

∆absolute[t] = predicted[t] – counterfactual[t]

Relative change is the conversion of the absolute measure into percentage change. To do so we divide
absolute change by the counterfactual at the same time point. (58)

∆relative[t] = absolute[t]/counterfactual[t]

Relative change is most salient when it would be misleading to measure change purely on magnitude.
If we were comparing the impact of several different interventions, the populations affected by those
interventions may differ in size. The magnitude of those populations will necessarily be reflected in
the estimated absolute change. Let us take two hypothetical policies to expand access to rheumatology
care in BC. Policy X is designed in such a way that it would affect 100,000 individuals, and results in
500 more unique patients seen at time t than would have been seen had the intervention not taken
place. Policy Y is designed to affect 10,000 individuals, and results in 80 more unique patients being
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seen at time t than would have been seen had the intervention not taken place. Absolute change would
show 500 more unique patients for Policy X and only 80 more unique patients for Policy Y at the
same point in time, which implies that X is superior. However, when accounting for the size of
population affected, policy Y is almost twice as effective. The relative importance of absolute versus
relative change depends on the question one is aiming to answer, and the context in which one is
operating. Reporting only one of the two may be misleading, and so both must be considered in
combination within the greater context of the research question.

2.5 Cohort specifications

The primary cohort considers all rheumatologists who are actively billing throughout the study period.
In other words, the cohort of rheumatologists is longitudinal (or closed) for the study period. This is
to ensure that we have observations of billing patterns both prior to and after the introduction of
G31060, and that those observations are taking place over the same amount of time. Rheumatologists
are assigned to the nurse (intervention) group if they ever billed G31060 in the post-intervention period,
as it indicates that they had a nurse working in their practice, and to the status quo (comparator) group
if they never billed this code. This gives us the most comprehensive view of the impact of the
introduction of G31060 on access at a population level, but has caveats. First, interrupted time series
with comparator requires longitudinal data. Therefore, I can only analyze data produced by the subset
of rheumatologists who are active during the entire study period. This will necessarily only be a portion
of all rheumatologists practicing within British Columbia during the study period. Consequently, while
the interrupted time series with comparator method provides strong internal validity, my analysis is
not necessarily reflective of all rheumatology practice in British Columbia. Secondly, the criteria for
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assigning a rheumatologist to the ‘nurse group’ is quite inclusive. That a rheumatologist uses a nurse
at least once during the post-intervention period does not mean that they use nurses on a consistent
basis. Even among rheumatologists who do use nurses consistently, the frequency at which nursesupported consultations are utilized may vary substantially from practice to practice. This
heterogeneity in how, and how frequently, G31060 is utilized within the ‘nurse group’ of
rheumatologists may add significant noise to my estimate of how nurse-supported consultations
impact access to rheumatology care.

2.5.1 Sensitivity Analysis of interrupted time series specification

In order to determine whether, and to what degree, my estimates are distorted by this heterogeneity
within nurse group rheumatologists, I generated two alternative cohorts that vary the criteria by which
a rheumatologist is assigned to the ‘nurse group’ (table 2.3). The first restricts the nurse group to those
rheumatologists billing for G31060 at least once in each calendar year of the study period, as a check
on “consistent” use of nurses. The second identifies “high-intensity” users of G31060, defined as
rheumatologists who average 30 or more service units of G31060 per month over the study period,
as a check on how frequency of nurse-supported consultations may impact access.

Table 2.3 Summary of criteria for inclusion to ‘nurse group’ by cohort specification

Cohort
Primary
Consistency
High-Intensity

Criteria for rheumatologist to be assigned to nurse group
Active full study Bill ≥1 units of Bill G31060 in every Bill ≥30 units of G31060
period
G31060
possible year
per month, on average


x
x



x
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Chapter 3: Characterizing the population of individuals with
rheumatic disease and patterns of rheumatology care in
British Columbia
3.1 Results
3.1.1 Characteristics of the population of individuals with rheumatic disease in British
Columbia

Using the algorithm described in 2.2.3, 152,251 individuals with rheumatic disease and actively under
care of a rheumatologist were identified during the period of 2009-2016. Table 3.1 outlines the
characteristics of this population. Most of these patients are identified as having non-inflammatory
conditions (55%). The second most likely diagnosis was rheumatoid arthritis (22%), followed by
connective tissue disorders (7%), ankylosing spondylitis and psoriatic arthritis (both 5%), and all other
rheumatic diseases with less than 5% per condition. The population is heavily urban (72%), and
concentrated in Fraser and Vancouver Coastal health authorities (35% & 28% respectively). Those
health authorities are also the largest two in the 2011/2012 BC Auditor General’s report (59).
Estimates of prevalence have been computed in table 3.2 using the 2009 population of British
Columbia, sourced from the government of British Columbia statistics. As there may be individuals
with rheumatic disease who are not, or were not, undergoing active rheumatology care during the
study and lookback period, these estimates are likely conservative. For rheumatoid arthritis, the
estimates appear to be approximately accurate (753 per 100,000 in study population versus the
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common figure of ~1%, or 1,000 per 100,000). Estimates of the prevalence of other rheumatic disease,
such as gout, seem lower than expected. It may be the case that individuals with long-term gout receive
care through their primary care provider rather than a rheumatologist, in which case they would not
have been captured by our inclusion algorithm. Comparison of the prevalence of each condition to
other Canadian markers is difficult due to heterogeneity in methodology and varying definitions for
combining or splitting rheumatic disease categories.
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Table 3.1 Characteristics of the population of individuals with rheumatic disease in British
Columbia
Population Summary
N
%
Unique Patients
N 152,251
100%
Condition
Non-inflammatory
83,763
55%
Rheumatoid arthritis
33,197
22%
Connective tissue disorders
11,307
7%
Ankylosing spondylitis
7,909
5%
Psoriatic arthritis
7,075
5%
Gout
4,183
3%
Systemic lupus erythematosus
4,281
3%
Systemic vasculitides
806
1%
Sex
Female 103,924
68%
Male
48,589
32%
Health Authority
Fraser
53,926
35%
Vancouver Coastal
42,575
28%
Interior
27,688
18%
Vancouver Island
24,894
16%
Northern
2,814
2%
Unknown or Missing
270
0%
Age
Median
56
Interquartile Range
67 - 45
Urban/Rural
Urban 109,260
72%
Rural
20,845
14%
Missing or Unknown
22,059
14%
Income Quintile
1 - Highest
30,014
20%
2
30,156
20%
3
30,174
20%
4
29,828
20%
5 - Lowest
30,361
20%
Missing or Unknown
1,525
1%
Death
No 142,265
93%
Yes
10,256
7%
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Table 3.2 Estimated prevalence per 100,000 of rheumatic disease by category
Rheumatic disease

Prevalence per 100,000*

Non-inflammatory
Rheumatoid arthritis
Connective tissue disorders
Ankylosing spondylitis
Psoriatic arthritis
Systemic lupus erythematosus
Gout
Systemic vasculitides

1,899
753
256
179
160
97
95
18

* Based on the 2009 population of British Columbia: 4,410,506(60)

3.1.2 Patterns of rheumatology service provided in British Columbia, 2009-2015

Evaluating the number of service units billed for each rheumatology service reveals two predominant,
or “core”, services provided by rheumatologists. Figure 3.1 shows the absolute counts of
rheumatology billings for those two codes and the aggregation of all other codes, while figure 3.2
shows the proportion of total billings that each core code and the aggregation of all other codes
constitute in each time period. The first core code is the “subsequent office visit” (31007), used as
follow-up for established patients in a rheumatology practice, and constituting 45-55% of all
rheumatology billings in each calendar year. While the absolute number of 31007 billings increases
from 45,594 in 2009Q2-Q4 to 59,895 in 2015 (figure 3.1), its share of total rheumatology billings
proportionally declines from 55% in 2009Q2-Q4 to 45% in 2015 (figure 3.2).

The second is “consultation” (31010), used for the first meeting with a newly referred patient. While
the absolute number of 31010 billings increases from 25,929 in 2009Q2-Q4 to 31,835 in 2015 (figure
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3.1), its share of total rheumatology billings proportionally declines from 30% in 2009Q2-Q4 to 25%
in 2015 (figure 3.2).

The aggregation of all other billings only constitutes around 15% in 2009 and 2010, but grow steadily
from 2011 to become 30% of all rheumatology billings by the end of the study period (figure 3.2).
This suggests that while 31007 and 31010 grow in absolute terms, other billings are increasingly being
substituted for the core codes as the time progresses.

Constribution of core
rheumatology servces to overall

Figure 3.1 Core rheumatology services versus others over time, number of billings
140,000
120,000
100,000
80,000
60,000
40,000
20,000
0

2009* 2010 2011 2012 2013 2014 2015
11,258 15,060 18,929 24,995 28,607 34,268 41,580
25,929 34,292 33,585 31,856 32,696 30,170 31,835

all other other codes
31010 - Consultation
31007- Subsequent office
45,594 58,726 58,057 59,481 58,184 56,822 59,895
visit
*2009 only contains data from Q2-Q4
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Constribution of core
rheumatology services to overall

Figure 3.2 Core rheumatology services versus others over time, proportion of total number
of billings
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2009* 2010
2011
2012
2013
2014
2015
11,258 15,060 18,929 24,995 28,607 34,268 41,580
25,929 34,292 33,585 31,856 32,696 30,170 31,835

all other other codes
31010 - Consultation
31007- Subsequent office
45,594 58,726 58,057 59,481 58,184 56,822 59,895
visit
*2009 only contains data from Q2-Q4

A more granular investigation of “all other billings” was warranted to explore their expansion. These
billings were broken down by the category of service, according to the medical services commission
fee schedule for rheumatology: The fee schedule breaks rheumatology codes into four categories:
“referred cases”, “continuing care”, “telehealth”, and “special services.” (3) The core consultation
code, 31010 is technically categorized as “referred cases”, the category of codes to be billed for newly
referred patients. However, it has been excluded from the analysis of “all other billings”, as its
magnitude would overwhelm the other codes and render it impossible to determine trends of less
frequently billed codes. The core follow-up code, 31007, is technically categorized under “continuing
care”, the category of codes to be billed for established patients. It has also been excluded from the
analysis of all other billings, for the same reason as 31010 – the volume of billing is so much larger
than other codes of its kind that it would impede the ability to make any inferences.
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As with the core codes, the four categories of other billings were observed over time both in absolute
number of billings (figure 3.3) and proportion of total billings (figure 4.4). Note that “total” here refers
to the total of all other billings, not the total of all rheumatology billings. First impressions reveal that
telehealth is almost never used, continuing care appears to be in decline from 2010 onwards, and
referred cases is effectively flat (figure 3.3). Examination of the proportion of total, other billings held
by each category shows that both continuing care and referred cases are in decline over the study
period, with special services increasing their share dramatically from their introduction in 2011 (figure
3.4). Indeed, the growth in all other billings appears to be explained largely by the service category of
“special services”, which rapidly expands from its introductory level of 25% in 2011 to around 75%
of all other rheumatology services billed by the end of the study (figure 3.4).

Figure 3.3 “Other” rheumatology services by rheumatology service category over time,
number of billings
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
Special Services
TeleHealth
Continuing Care
Referred Cases

2009*
0
0
5,477
5,781

2010
0
0
7,524
7,536

2011
5,060
2
6,518
7,349

2012
11,941
0
5,645
7,409

2013
17,408
1
4,159
7,039

2014
24,178
2
3,674
6,414

2015
32,054
13
2,452
7,061

*2009 only contains data from Q2-Q4
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Figure 3.4 “Other” rheumatology services by rheumatology service category over time,
proportion of total number of billings not including 31007 or 31010
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5,477
5,781
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0
0
7,524
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2011
5,060
2
6,518
7,349

2012
11,941
0
5,645
7,409

2013
17,408
1
4,159
7,039

2014
24,178
2
3,674
6,414

2015
32,054
13
2,452
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The special service codes, those funded by the special services committee (see section 1.1.7), are made
up of G31060 “Multidisciplinary conference for community-based patients”, G31055 “Rheumatology
Immunosuppressant Review” and G31050 “Extended consultation”. They were all introduced
simultaneously in 2011. The multidisciplinary conference for community based-patients (G31060), is
the code whose impact I am interested in for the purposes of this thesis. The use of these codes has
increased from approximately 5,000 billings in 2011 to over 32,000 by 2015 (figure 3.3).

As with the previous two iterations, special services billings have been broken out over time both in
terms of absolute billings (figure 3.5) and proportion of the total billings (figure 3.6), where the total
refers to the total number of special services billings. The use of G31060 “Multidisciplinary conference
for community-based patients”, which facilitates the use of nurses in rheumatology consultations, has
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increased from 1,445 in 2011, ~30% of special services billings, to 15,003 in 2015 (figure 3.5), and
constitutes almost 50% of special services billings by 2015 (figure 3.6). Although use of all service
billing codes has expanded significantly since their introduction, the use of G31060 has grown faster
than the rest, ending around 10 times higher than its initial level, compared with the use of G31050
“Extended consultation”, which increased to around 7 times higher than its initial level and G31055
“Rheumatology Immunosuppressant Review”, which ended around 3.5 times higher than its initial
level. This suggests G31060, my code of interest, was the primary driver of growth in special services
from 2009Q2-Q4 to 2016Q1, and thereby also the primary driver of all other billings.

Figure 3.5 Special rheumatology services over time, number of billings
35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
31060 - Multidisciplinary
conference for communitybased patients
31055 - Rheumatology
immunosuppressant review
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Consultation

2011

2012
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2014

2015
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7,750
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15,003

2,328

4,075

5,589

6,551

8,089

1,287

3,178

4,069

5,968

8,962
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Figure 3.6 Special rheumatology services over time, proportion of total number of special
services billings
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
2011
2012
2013
2014
2015
31060 - Multidisciplinary
conference for community1,445
4,688
7,750
11,659
15,003
based patients
31055 - Rheumatology
2,328
4,075
5,589
6,551
8,089
immunosuppressant review
31050 - Extended
1,287
3,178
4,069
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3.1.3 Patterns of rheumatologist entry and exit from billing activity, by group

A total of 77 unique rheumatologist practitioners were identified from 2009Q2 through 2016 Q1,
though there were never more than 72 active at one time. The population of active rheumatologists
changed over time, with 25 rheumatologists beginning to bill and 6 who ceased billing during the study
period. Eleven of the 25 new rheumatologists began billing in 2015. Only 46 of 77 rheumatologists
were active in every period of the study. Table 3.3 illustrates the entry and exit of rheumatologists to
active billing in MSP for all rheumatologists, and stratified by rheumatologists who used G31060 in
that year and those that did not.
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There were 51 unique rheumatologists who used the code G31060 following its introduction. 29 (57%)
of these rheumatologists who billed G31060 were active for the entire study period, and will form the
‘nurse group’ for the primary cohort. Use of the G31060 was common amongst the 25 new
rheumatologists entering the study; 15 (60%) used G31060 during the study period. Uptake of G31060
is low initially (by 15 of 52 active rheumatologists in 2011) but grew steadily over the course of the
study, suggesting a lag in the adoption of a new model of care. By the end of the study period, the
rheumatologists using G31060 constitute a majority (45/72) of active rheumatologists within the
province (table 3.3). In contrast, there were 26 rheumatologists who never billed code G31060. 17
(65%) of these rheumatologists who never billed G31060 were active for the entire study period and
will form the ‘status quo group’ for the primary cohort.
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Table 3.3 Rheumatologist entry and exit from MSP billing: all active, using G31060, not using G31060

Active Rheumatologists
Entering MSP
Exiting MSP
Active During Full Study
Active & Using G31060
Entering MSP
Exiting MSP

2009Q2-Q4
52
0
0
0
0

2010
52
1
1
1
0

2011
52
2
2
15
2
2

2012
56
3
0
23
2
0

2013
58
3
1
30
2
1

2014
61
4
1
38
4
1

2015
71
11
1
45
3
1

2016Q1
72
1
0
45
1
0

Total
Unique
77
25
6
46
51
15
5

Active & Using G31060 During
Full Study
Active & Not Using G31060
Entering MSP
Exiting MSP

52
0
0

52
0
1

37
0
0

33
1
0

28
1
0

23
0
0

26
8
0

27
0
0

29
26
10
1

Active & Not Using G31060
During Full Study

-

-

-

-

-

-

-

-

17
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3.1.4 Number of rheumatologists seen per patient, per calendar year

It is possible that patients may receive rheumatology care from more than one rheumatologist. This
may occur if they are a patient at a group practice, the management of their disease is sufficiently
complex to require collaboration among sub-specialties, or the patient may prefer seeing one specialist
for certain issues and another provider for others. As we are tracking individual practitioner numbers,
it may be difficult to make inferences on how individual billing activity reflects access to care if a large
proportion of patients actually receive multi-specialist care. Table 3.4 gives the frequency counts for
number of rheumatologists in absolute terms for each calendar year of the study. Table 3.5 converts
these frequency counts into proportions for easier interpretation. From 2009 Q2 to 2016 Q1, between
97.05% and 99.86% of ‘nurse group’ patients saw a single rheumatologist in any given calendar year,
with an average of 97.80% across all years. Approximately 2% saw two rheumatologists, on average,
and an extremely small minority saw multiple rheumatologists (tables 3.4 & 3.5). The highest observed
number of rheumatologists for a ‘nurse group’ patient was 7. For ‘status quo group’ patients, the
proportion seeing a single rheumatologist ranged between 99.08% and 99.72%, with an average of
99.34% across all years. Just under 1% of ‘status quo group’ patients saw more than one
rheumatologist in a year, and no patient in the ‘status quo group’ ever saw more than three
rheumatologists in a year (tables 3.4 & 3.5).
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Table 3.4 Frequency of observed number of rheumatologists per patient by year and group in primary cohort, total
Rheumatologists Per Patient
2009Q2-4
2010
2011
2012
2013
2014
2015
1
23,587 27,575 27,314 27,431 27,776 28,157 27,414
Nurse Group
2
422
670
582
665
668
537
726
3
94
101
77
61
37
44
87
4
8
14
5
8
8
12
16
5
4
2
1
0
3
1
3
6
1
0
0
0
1
0
0
7
0
0
1
0
0
0
0
Status Quo
1
11,819 14,177 14,315 14,009 13,922 13,925 13,990
Group
2
54
103
103
100
100
98
129
3
0
2
2
2
1
0
1

2016Q1
10,607
11
3
1
0
0
0
5,736
16
0

Table 3.5 Frequency of observed number of rheumatologists per patient by year and group in primary cohort, proportional
Rheumatologists Per Patient
2009Q2-4
2010
2011
2012
2013
2014
2015
2016Q1
‘nurse group’
1
97.81% 97.23% 97.62% 97.39% 97.48% 97.93% 97.05%
99.86%
2
1.75%
2.36%
2.08%
2.36%
2.34%
1.87%
2.57%
0.10%
3
0.39%
0.36%
0.28%
0.22%
0.13%
0.15%
0.31%
0.03%
4
0.03%
0.05%
0.02%
0.03%
0.03%
0.04%
0.06%
0.01%
5
0.02%
0.01%
0.00%
0.00%
0.01%
0.00%
0.01%
0.00%
6
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
7
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
1
99.55% 99.26% 99.27% 99.28% 99.28% 99.30% 99.08%
99.72%
‘status quo group’
2
0.45%
0.72%
0.71%
0.71%
0.71%
0.70%
0.91%
0.28%
3
0.00%
0.01%
0.01%
0.01%
0.01%
0.00%
0.01%
0.00%
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3.1.5 Number of unique service days per patient, per calendar year

This section examines the number of visits per year rheumatology patients have in British Columbia
in each year of the study (2009Q2-Q4 to 2016Q1), as described by unique dates of rheumatology
service recorded in MSP data. Table 3.6 summarizes the average proportion of patients who have only
a single visit to the rheumatologist each year, stratified by whether or not they have an inflammatory
condition and whether they are assigned to the ‘nurse group’ or ‘status quo group’. Tables 3.7 and 3.8
summarize the frequency of visits by inflammatory patients to the rheumatologist by counts and
proportions in each calendar, respectively, stratified by ‘nurse group’ and ‘status quo group’. Tables
3.9 and 3.10 do the same for non-inflammatory patients.

Over the study period, between 94.88% and 96.48% of ‘nurse group’ patients with an inflammatory
condition had a single visit (unique service date) with a rheumatologist during the year, with an average
of 95.88% across all years (tables 3.6 & 3.8). On average, 3.74% of inflammatory, ‘nurse group’ patients
had two visits, around half a percent had 3 visits, and an extremely small minority had in excess of
three visits (tables 3.7 & 3.8). For ‘status quo group’ patients with an inflammatory condition, the
proportion with a single rheumatologist visit per year ranged between 94.77% and 97.12%, with an
average of 96.26% across all years (tables 3.6 & 3.8). On average, 3.52% of inflammatory, ‘status quo
group’ patients had two visits, around half a percent had 3 visits, and an extremely small minority had
in excess of three visits (tables 3.7 & 3.8)

Between 91.10% and 95.56% of ‘nurse group’ patients with non-inflammatory conditions had a single
visit with a rheumatologist during the year, with an average of 92.72% across all years (tables 3.6 &
3.10). On average, 5.24% of the non-inflammatory ‘nurse group’ patients had two visits, around 1%
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had 3 visits, and a small minority had in excess of three visits (tables 3.9 & 3.10). For ‘status quo group’
patients with a non-inflammatory condition, the proportion with a single rheumatologist visit per year
ranged between 96.35% and 97.55%, with an average of 97.14% across all years (Tables 3.6 & 3.10).
On average, 3.52% of inflammatory, ‘status quo group’ patients had two visits, around half a percent
had 3 visits, and an extremely small minority had in excess of three visits (Tables 3.9 & 3.10)

Table 3.6 Average proportion of patients with one unique service visit per year, by group
and inflammatory status of condition
Inflammatory

Non-Inflammatory

Nurse

95.88%

92.72%

Status
Quo

96.26%

97.14%
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Table 3.7 Frequency of unique service days per patient by year and group, totals – inflammatory conditions of primary cohort
Unique service days per year
‘nurse group’
1
2
3
4
5
6
7
8
9
10+
1
‘status quo group’
2
3
4
5
6
7
8

2009Q2-4
26,489
982
175
66
33
14
12
4
1
6
12,165
565
75
26
6
0
0
0

2010
36,272
1,254
189
64
27
13
9
8
2
14
16,999
636
94
20
4
3
0
0

2011
37,448
1,411
219
75
48
10
6
1
3
5
17,225
709
64
19
1
0
0
0

2012
39,806
1,745
236
74
38
15
9
7
0
7
17,768
724
98
19
14
3
2
1

2013
41,704
1,760
228
62
33
15
13
5
3
13

2014
43,053
2,016
187
63
36
14
5
2
1
1

2015
2016Q1
43,908
9,776
1,780
304
193
35
70
13
22
1
8
2
13
1
4
1
1
0
2
0

18,313
708
70
25
5
3
1
2

18,158
572
73
23
8
4
0
0

18,017
580
55
13
3
2
0
0

3,845
98
12
2
1
0
1
0
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Table 3.8 Frequency of unique service days per patient by year and group, proportions – inflammatory conditions of primary
cohort
Unique service days per year
‘nurse group’
1
2
3
4
5
6
7
8
9
10+
1
‘status quo group’
2
3
4
5
6
7
8

2009Q2-4
2010
2011
2012
2013
2014
2015
2016Q1
95.35% 95.83% 95.47% 94.92% 95.14% 94.88% 95.45% 96.48%
3.53% 3.31% 3.60% 4.16% 4.01% 4.44% 3.87%
3.00%
0.63% 0.50% 0.56% 0.56% 0.52% 0.41% 0.42%
0.35%
0.24% 0.17% 0.19% 0.18% 0.14% 0.14% 0.15%
0.13%
0.12% 0.07% 0.12% 0.09% 0.08% 0.08% 0.05%
0.01%
0.05% 0.03% 0.03% 0.04% 0.03% 0.03% 0.02%
0.02%
0.04% 0.02% 0.02% 0.02% 0.03% 0.01% 0.03%
0.01%
0.01% 0.02% 0.00% 0.02% 0.01% 0.00% 0.01%
0.01%
0.00% 0.01% 0.01% 0.00% 0.01% 0.00% 0.00%
0.00%
0.02% 0.04% 0.01% 0.02% 0.03% 0.00% 0.00%
0.00%
94.77% 95.74% 95.60% 95.38% 95.74% 96.39% 96.50% 97.12%
4.40% 3.58% 3.93% 3.89% 3.70% 3.04% 3.11%
2.48%
0.58% 0.53% 0.36% 0.53% 0.37% 0.39% 0.29%
0.30%
0.20% 0.11% 0.11% 0.10% 0.13% 0.12% 0.07%
0.05%
0.05% 0.02% 0.01% 0.08% 0.03% 0.04% 0.02%
0.03%
0.00% 0.02% 0.00% 0.02% 0.02% 0.02% 0.01%
0.00%
0.00% 0.00% 0.00% 0.01% 0.01% 0.00% 0.00%
0.03%
0.00% 0.00% 0.00% 0.01% 0.01% 0.00% 0.00%
0.00%
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Table 3.9 Frequency of unique service days per patient by year and group, totals – non-inflammatory conditions of primary
cohort
Unique service days per year
‘nurse group’
1
2
3
4
5
6
7
8
9
10+
1
‘status quo group’
2
3
4
5
6
7
8

2009Q2-4
2010
12,994 15,472
715
994
167
140
34
74
38
27
24
15
19
22
24
29
16
15
27
44
10,163 13,332
350
322
31
29
2
8
1
0
1
1
0
0
0
0

2011
13,977
983
165
61
35
30
29
21
16
25
12,658
381
26
6
0
0
0
0

2012
13,202
916
127
48
20
20
18
14
15
37

2013
12,224
771
154
31
28
13
10
4
9
9

2014
11,530
634
141
35
21
10
30
8
16
46

2015
10,752
455
115
30
8
17
1
2
4
0

2016Q1
1,938
67
20
2
0
0
0
0
1
0

12,140
400
33
4
2
2
0
0

12,065
367
29
4
3
1
0
0

12,212
383
42
7
5
0
0
0

12,165
375
22
6
5
0
1
0

2,470
51
11
0
0
0
0
0
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Table 3.10 Frequency of unique service days per patient by year and group, proportions – non-inflammatory conditions of
primary cohort
Unique service days per year
‘nurse group’
1
2
3
4
5
6
7
8
9
10+
1
‘status quo group’
2
3
4
5
6
7
8

2009Q2-4
2010
2011
2012
2013
2014
92.43% 91.92% 91.10% 91.57% 92.24% 92.45%
5.09% 5.91% 6.41% 6.35% 5.82% 5.08%
1.19% 0.83% 1.08% 0.88% 1.16% 1.13%
0.24% 0.44% 0.40% 0.33% 0.23% 0.28%
0.27% 0.16% 0.23% 0.14% 0.21% 0.17%
0.17% 0.09% 0.20% 0.14% 0.10% 0.08%
0.14% 0.13% 0.19% 0.12% 0.08% 0.24%
0.17% 0.17% 0.14% 0.10% 0.03% 0.06%
0.11% 0.09% 0.10% 0.10% 0.07% 0.13%
0.19% 0.26% 0.16% 0.26% 0.07% 0.37%
96.35% 97.37% 96.84% 96.49% 96.76% 96.55%
3.32% 2.35% 2.91% 3.18% 2.94% 3.03%
0.29% 0.21% 0.20% 0.26% 0.23% 0.33%
0.02% 0.06% 0.05% 0.03% 0.03% 0.06%
0.01% 0.00% 0.00% 0.02% 0.02% 0.04%
0.01% 0.01% 0.00% 0.02% 0.01% 0.00%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

2015
94.45%
4.00%
1.01%
0.26%
0.07%
0.15%
0.01%
0.02%
0.04%
0.00%
96.75%
2.98%
0.17%
0.05%
0.04%
0.00%
0.01%
0.00%

2016Q1
95.56%
3.30%
0.99%
0.10%
0.00%
0.00%
0.00%
0.00%
0.05%
0.00%
97.55%
2.01%
0.43%
0.00%
0.00%
0.00%
0.00%
0.00%
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3.1.6 Characteristics of patients within the primary cohort, by group

Table 3.11 shows that the patients under care of ‘nurse group’ rheumatologists are statistically
significantly different from the ‘status quo group’ in nearly all characteristics. When compared against
the ‘status quo group’, the ‘nurse group’ has: 1) fewer non-inflammatory patients, 2) fewer female
patients, 3) a different distribution across health authorities, 4) older patients, 5) arguably more rural
patients, 6) more patients dying, and 8) lower income patients (Table 3.11). For age, it is unclear if the
difference is clinically significant, as median age is only a year higher in the ‘nurse group’ for the
primary cohort. The same could be said of the distribution of sex, as the ‘status quo group’ is only 1
percentage point higher more female than the ‘nurse group’. Rurality is difficult to gauge in this case
as the ‘status quo group’ appears to have significant missing data with respect to residence. As that
group also has fewer patients with inflammatory conditions, it may be that non-inflammatory patients
captured during the lookback period are missing study-period data on residence.

The impression generated by these differences is that the ‘nurse group’ patients may be more complex
and likely face more barriers to access than their ‘status quo group’ counterparts.
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Table 3.11 Characteristics of patients within the primary cohort, by group
Nurse
Variable
Level or Measure
N
%
Unique Patients
N
91,999
Unique Rheumatologists
N
29
Condition
Ankylosing spondylitis
4,963
6%
Connective tissue disorders
6,029
7%
Gout
2,384
3%
Psoriatic arthritis
4,701
5%
Rheumatoid arthritis
20,313 23%
Systemic lupus
erythematosus
2,604
3%
Systemic vasculitides
553
1%
Noninflammatory
46,966 53%
Sex
Female
59,837 68%
Male
28,669 32%
Health Authority
Interior
16,796 19%
Fraser
30,424 34%
Vancouver Coastal
25,879 29%
Vancouver Island
12,947 15%
Northern
2,117
2%
Unknown or Missing
167
0%
Age
Median
57
Interquartile Range 68 to 45
Geographic Location
Rural
13,972 16%
Urban
62,919 71%
Missing or Unknown
11,439 13%
Income Quintile
1 - Highest
17,182 20%
2
16,727 19%
3
17,434 20%
4
17,759 20%
5 - Lowest
18,239 21%
Missing or Unknown
933
1%
Death
No
81,488 92%
Yes
7,025
8%
* chi-squared test, ** two-sample t-test

Status Quo
N

%

42,113
17
1,680
2,862
1,072
1,271
7,576

4%
7%
3%
2%
19%

1,292
79
24,381
27,728
12,483
8,492
13,510
12,958
4,591
542
61
56
67 to 47
3,272
27,851
9,031
8,226
8,497
7,984
7,432
7,558
425
37,968
2,245

P-value

<0.01*

3%
0%
61%
69% <0.01*
31%
21%
34%
32%
11%
1%
0%
- 0.08**
8% <0.01*
69%
23%
21% <0.01*
21%
20%
19%
19%
1%
94% <0.01**
6%
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3.2 Discussion

3.2.1 Overview

The aim of this chapter was to address objective 1, “to describe the population of persons living with
rheumatic in disease in British Columbia, the patterns of rheumatology care that they receive, both
before and after the introduction of G31060.” The population of individuals living with rheumatic
disease and receiving treatment from a rheumatologist in BC over 7 years appears to be representative
of what would be expected from a population of rheumatic disease patients in British Columbia,
though prevalence estimates may be lower than expected (gout, for example, with 95 per 100,000).
This reduced prevalence may be due to the inclusion criteria requiring active treatment by a
rheumatologist – this may miss long term patients with stable disease who are primarily being managed
by a general practitioner or other primary care provider.

Examination of rheumatology billings shows that the “core” codes of 31007 (follow up) and 31010
(initial consultation) are proportionally being crowded out by rapid growth in special services billings,
driven primarily by G31060, which increased from ~30% to almost 50% of all special services billings
by end of the study. It is likely that G31060 is being substituted for 31007, as we can see the latter
decline and neither G31050 (an extended consult) or G31055 (immunosuppressant review) are
plausible substitutes for the core follow up code. It is probable that that G31060 is being substituted
for 31010 as well, as we see a proportional decline in overall billings for 31010 and G31060 is billed
more frequently than G31050, the only plausible alternative.
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Of 77 unique rheumatologists identified, 46 are actively billing through the study. The population of
rheumatologists fluctuates, with 25 rheumatologists beginning to bill and 6 ceasing billing over the
course of the study. Calendar year 2015 sees an influx of 11 rheumatologists, nearly three times more
than any other year (table 3.3). New rheumatologists disproportionately (60%) use nurses. To
construct my primary cohort for interrupted time series with comparator, 29 of the 46 with
longitudinal data were assigned to the ‘nurse group’ and 17 ‘status quo group’ (3.1.3). This
disproportionate growth in rheumatologists in one group illustrates why interrupted time series with
comparator must be performed with longitudinal data on a closed cohort. Allowing new
rheumatologists to enter the cohort may lead to an increase in access related to the disproportionate
increase in new rheumatologists who employ a nurse via G31060 being mistakenly attributed to the
introduction of this code, when in fact it is simply the that the number of providers has increased.

The vast majority (over 97%) of patients see a single rheumatologist in any given year. ‘nurse group’
patients have a higher proportion seeing multiple rheumatologists, and the maximum number of
rheumatologists seen is higher in that group (3.1.4). This may be the case if the case-mix of patients
in the ‘nurse group’ are more complex, requiring consultations from colleagues and /or more frequent
follow up.

Patients with inflammatory conditions are almost always seen once a year (around 95% or higher),
with about 3-4% having two visits, and around half a percent have three visits. This is true for both
groups, though the ‘nurse group’ distribution has a larger tail, with an extremely small number having
many visits in a year (3.1.5). Non-inflammatory patients in the ‘status quo group’ have a single annual
visit over 96% of the time, with ~3% having two visits and less than half a percent having three visits.
In the ‘nurse group’, Over 91% of patients have a single visit, ~5% have two visits, and another 1%
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have three visits. This is an unexpected result, but may be a result of including non-inflammatory
patients who are actively seeing a rheumatologist. The selection bias here would be that these patients
may still be engaged in the diagnostic pathway, and require multiple visits to conclusively rule out
inflammatory disease.

The vast majority of patients receiving a single annual visit likely has auto-correlative implications, as
“cohorts” of patients receive care on a 12-month cycle.

The results of analysis between ‘nurse group’ and ‘status quo group’ characteristics, would seem to
show that the patients of the ‘nurse group’ are systematically older, poorer, have more complex
disease, and may be more rural than the ‘status quo group’. If this is the case, it may explain why ‘nurse
group’ patients see more rheumatologists and similarly why they have more visits per year - they may
have a more complex diagnostic and treatment pathway requiring more intensive care.

3.2.2 Strengths

The administrative datasets provided by Population Data BC provide a reliable basis for analysis on
many patient characteristics and rheumatologist billing activity. This allows us to observe all patients
in the province seeing a rheumatologist and then classify rheumatologists by billing pattern to obtain
both an intervention and control group. That patient population appears to be largely representative
of what would be expected for a rheumatic disease population in BC, based on observed: sex (68%
female), age (median 56, IQR: 45-67), income (evenly distributed quintiles), geographic location (14%
rural) and concentration in the Fraser (35%) and Vancouver Coastal (28%) health authorities.
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The method employed for identifying patients with rheumatic disease has been validated in prior
studies, and with the restriction to those actively seeing a rheumatologist it seems likely that diagnoses
are accurate. (2.2.3 & 3.1.1).

3.2.3 Limitations

It is a persistent limitation of British Columbian administrative data that one cannot view any physician
related characteristics, only their outputs (like number of billings). I cannot see FTE, or how time
balanced between research and clinical practice, type of clinical practice (solo or group), or hospital
affiliation. While these aspects do not affect the results presented, it makes interpretation difficult.
Adoption of G31060 could be higher among community practitioners as it assists them in their
professional focus on clinical work. Conversely, it could be higher among researchers who find nurses
useful in reducing their workload within the clinic. The former is likely to increase access, the latter
may have no discernable effect. Solo practitioners may be systematically less likely to take on a nurse
as they may have fewer resources and less physical space than a group practice. Conversely, they may
prefer to use nurses as they are particularly vulnerable to shocks in workload. Not knowing who is
driving the adoption of G31060 makes it more difficult to know why I am observing these results,
and consequently more difficult to make a cogent policy recommendation. However, this limitation is
in no way unique to this study and represents a pervasive limitation to the study of the rheumatology
workforce in Canada (1.1.9).
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Unfortunately, the medical services plan dataset only has partial 2016 and 2009 billings. The
2008/2009 fiscal year billings are substantially lower than 2009/2010, and so is not a complete record
of MSP billings but rather only those pertaining to identifying patients with rheumatic disease in the
lookback period.

It is a limitation of the study that I cannot directly observe demand for rheumatology services and so
I operate under the assumption that if more billings occur or more patients are seen that is reflective
of genuine need.

3.3 Conclusion
The Multidisciplinary Conference for Community-based patients with complex rheumatic diseases
(G31060) appears to have had good uptake, though it has been more of a steady build than immediate
adoption. While many rheumatologists use the nurse code, only a minority do so consistently. Most
new rheumatologists use the nurse code (60%), suggesting that G31060 billings will continue to grow.
Comparison across the ‘nurse’ and ‘status quo’ groups suggest that rheumatologists that use nurses
may treat patients who face greater barriers to access and/or more complex rheumatic disease than
the status quo arm.
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Chapter 4: Impact on access to rheumatology care, an
interrupted time-series analysis

4.1 Overview of Results

This chapter contains results from the interrupted time series with comparator analysis conducted on
the primary cohort, as well as secondary analyses performed on two alternate cohort specifications.
The aim of this analysis was to evaluate the impact on access to rheumatology care of introducing the
multidisciplinary conference code for community-based patients. Access to rheumatology care has
been measured two ways for the purposes of this analysis. First, I consider the impact on the number
of unique patients seen for rheumatology care per month. This can be conceptualized as an extensive
margin for rheumatology care, and answers the question “how many people are being seen within
British Columbia and how has it changed since introducing the multidisciplinary conference code for
community-based patients?” Second, I consider the impact on the number of rheumatology service
units billed per month. This can be conceptualized as an intensive margin for rheumatology care, and
answers the questions “what is the volume of rheumatology service provided within British Columbia
and how has it changed since introducing the multidisciplinary conference code for community-based
patients?” Complete regression outputs of mean effect corresponding to each regression coefficient,
95% confidence intervals, and p-value are available in Appendix 2.
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4.1.1 Cohort Descriptions

The definition for my primary analysis relied (1) on a rheumatologist being present (i.e. billing at least
once per year) during the entire study period (2009Q2-Q4-2016), and (2) that rheumatologist ever
having billed G31060. I identified 46 rheumatologists who were active in MSP through the study
period, 60% of the 77 unique practitioners identified. 29 (63%) of these rheumatologists present for
the full study period had ever used G31060 and were classified as the ‘nurse group’. The remaining 17
(37%) rheumatologists who has never billed for G31060 were classified as ‘status quo group’. The
numbers of patients and rheumatologist assigned to each group can be seen in table 4.1.

Applying the first of my secondary analysis definitions, consistently billing for the code G31060 at
least once in each calendar year, reduced my cohort of rheumatologists active in MSP through the
study to 40; reducing the ‘‘nurse group’’ to 13 of 29 (45%) consistently that used the code at least once
in each calendar year (tables 3.3 & 4.1). The number of rheumatologists and patients in the ‘status quo
group’ was unaffected.

The second of my secondary analysis definitions further restricted my cohort of rheumatologists active
in MSP through the study to 23. Of those, only 6 met the criteria of billing an average of at least 30
service units per month of G31060 throughout the study period, and were so assigned to the ‘nurse
group.’ The remaining 17 were the same ‘status quo group’ rheumatologists as the primary and
consistency analysis.
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A small proportion of patients (5%, 4%, and 3% in the primary and each of the secondary cohorts
respectively) are seen by more than one rheumatologist, some of whom are in different groups.

Table 4.1 Number of rheumatologists and patients in each group, by cohort
Cohort

N

‘nurse group’

‘status quo group’

Both

Primary

Rheumatologists

29

17

-

Patients

91,999

42,113

5,386

Rheumatologists

13

17

-

Patients

44,093

42,113

2,738

Rheumatologists

6

17

-

Patients

23,580

42,113

1,425

Consistency
High Intensity

4.1.2 Testing and correcting for auto-correlative processes

Identification and adjustment for auto-correlative processes was performed in accordance with the
methods outlined in section 2.4.3. More detailed summary of the results of each step are available in
Appendix 1. Durbin-Watson tests were performed up to 12 lags (12 months into the past), as there
was reasonable basis to suspect an annual pattern to billing. This assumption is supported by the
results in section 3.1.5, which demonstrated in excess of 90% of patients are seen for one visit per
year. For patients with chronic conditions, it is then to be expected that patients will return around
approximately the same time each subsequent year for follow-up. Significant, positive autocorrelation
was identified at 6 and 12 lags for all models. This appears to be corroborated by the Partial
Autocorrelation Function plots, which showed strong auto-correlative effects of order 12 (or 12 lags),
as well as some at order 6. Likelihood ratio tests of ARMA(6,0) and ARMA(12,0) models consistently
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showed ARMA(12,0) to have better fit. Consequently, ARMA(12,0) specification was used for all
subsequent analysis.

Interpretation of AR(6) process: An autoregressive process of order 6 means that yt is correlated with
yt-6 for all t. In the context of my analysis this means that the billing activity in any given month is
correlated with the billing activity of the period six months prior. In the context of rheumatology, it
is recommended that patients with inflammatory rheumatic disease are assessed twice a year. The
billing code G31060 has this built in, as it is restricted to one usage every six months for any given
patient. We can therefore think of the order 6 autocorrelation as reflecting the set of patients under
the care of a given rheumatologist returning for assessment on this bi-annual cycle, in any given month.
Concretely, if you are a patient who first sees your rheumatologist in January 2011, you would be
expected for a follow up in July 2011, and then January 2012, &etc.

Interpretation of AR(12) process: An autoregressive process of order 12 means that yt is correlated
with yt-12 for all t. In the context of my analysis this means that the billing activity in any given month
is correlated with the billing activity of the period twelve months prior. Put another way, the billing
activity in any given month is correlated with the activity in that same month of the prior year. In the
context of rheumatology care, an order 12 process may be at work if rheumatologists tend to follow
a certain pattern of billing activity over the course of each year. For example, if rheumatologists tend
to take holidays in December, we would expect to observe a pattern of lower billing activity in the
month of December across each year of the study. The Decembers of consecutive years would then
be correlated on a 12-month lag. Additionally, if rheumatologists conduct patient follow up on an
annual rather than bi-annual basis, then AR(12) has an interpretation much like AR(6), only shifted to
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an annual rather than bi-annual pattern. Given the results of 3.1.5 show the vast majority of patients
are seen annually, there is contextual evidence that a 12th-order lag may be at work in the billing data.

4.2 Primary analysis – comparison of rheumatologists who
ever billed G31060 with those who never billed

4.2.1 Impact on number of unique patients seen per month

The number of unique patients treated by the 29 rheumatologists in the ‘nurse group’ was higher than
the number treated by the 17 rheumatologists in the comparison group, in absolute terms (5,199 vs
2,742 unique patients at t=1, April 2009). This difference equates to approximately 179 unique patients
per rheumatologist in the ‘nurse group’ compared with 161 unique patients per rheumatologist in the
‘status quo group’. The trend in the number of unique patients before the introduction of the G31060
billing code were increasing slightly in the ‘status quo’ group (Time, β1: 4 per month, 95% CI -11,19)
but decreasing slightly in the ‘nurse group’ (β3, -12 per month, 95% CI -33, 10). There were significant
differences between the pre-intervention levels of each group (β2, p=0.000) but time was not
statistically significant for either group (β1, p=0.624 & β3, p=0.293). The difference in pre-intervention
level is likely only reflective of the ‘nurse group’ being larger than the ‘status quo group’. Following
the introduction of the G31060 code in 2011, there was no significant change in the level of unique
patients in the ‘nurse group’ (β6, p=0.682) or the ‘status quo’ group (β4, p=0.815). The trend in the
‘status quo’ group appeared to plateau, and there was no statistically significant difference in the trend
(β5, p=0.564). In the ‘‘nurse group’’ the trend in unique patients also appeared to plateau (β7, p=0.231).
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In the 60 months following the introduction of G31060 to the end of the study period, there was no
statistically significant change in the level or trend for the ‘nurse’ or ‘status quo’ groups (α=0.05) of
unique patients per month attributable to the introduction of G31060 in the Primary analysis. Figure
4.1 visually represents the results of the analysis, plotting according to the mean values represented by
the regression coefficients.

Figure 4.1 Number of unique patients billed per month before and after the introduction of
“Multidisciplinary conference for community-based patients” (G31060) in April 2011 by
rheumatologists in the ‘nurse’ and ‘status quo’ groups. Primary analysis using ARMA(12,0) model.

Hatched line indicates the counterfactual, what would be expected absent the intervention

4.2.2 Impact on service units billed per month

The number of rheumatology service units billed by the 29 rheumatologists in the ‘nurse group’ was
higher than by the 17 rheumatologists in the ‘status quo group’, in absolute terms (6,225 vs 2,921
service units at t=1, April 2009). This difference equates to approximately 215 service units per
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rheumatologist in the ‘nurse group’ compared with 172 service units per rheumatologist in the ‘status
quo group’. The trend in the number of service units before the introduction of the G31060 billing
code is flat in the ‘status quo’ group (Time, β1: 0 per month, 95% CI -17,18) but decreasing slightly in
the ‘nurse group’ arm (β3: -11 per month, 95% CI -35, 14). There were significant differences between
the pre-intervention levels of each group (β2, p=0.000) but time was not statistically significant for
either group (β1: p=0.9612 & β3: p=0.3964). The difference in pre-intervention level is likely only
reflective of the ‘nurse group’ being larger than the ‘status quo group’. Following the introduction of
the G31060 code in 2011, there was no significant change in the level of service units in the ‘nurse
group’ (β6: p=0.744) or the ‘status quo’ group (β4: p=0.654). The trend in the ‘status quo’ group
appeared to plateau, and there was no statistically significant difference in the trend (β5: p=0.842). In
the ‘nurse group’ the trend in service units also appeared to plateau (β7, p=0.810). In the 60 months
following the introduction of G31060 to the end of the study period, there was no statistically
significant change in the level or trend for the ‘nurse’ or ‘status quo’ groups (α=0.05) of service units
per month attributable to the introduction of G31060 in the Primary analysis. Figure 4.2 visually
represents the results of the analysis, plotting according to the mean values represented by the
regression coefficients.
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Figure 4.2 Number of service units billed per month before and after the introduction of
“Multidisciplinary conference for community-based patients” (G31060) in April 2011 by
rheumatologists in the ‘nurse’ and ‘status quo’ groups. Primary analysis using ARMA(12,0) model.

Hatched line indicates the counterfactual, what would be expected absent the intervention

4.3 Sensitivity analysis 1: restricting the definition of
intervention in the ‘‘nurse group’’ to consistent users (at least
one billing of G31060 in every calendar year)
In order to determine whether, and to what degree, my estimates are distorted by this heterogeneity
within ‘nurse group’ rheumatologists, I generated two alternative cohorts that vary the criteria by
which a rheumatologist is assigned to the ‘nurse group’ (see table 2.8). This section (4.3) considers an
alternative cohort specification that restricts the ‘nurse group’ to those rheumatologists billing for
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G31060 at least once in each calendar year of the study period, as a check on “consistent” use of
nurses.

There was a statistically significant, positive change in the trend (slope) of the number of unique
patients per month attributable to the introduction of G31060 in the consistency cohort (α=0.05).
The trend change associated with being in the ‘nurse group’ was +15 unique patients per month
(p=0.03) in the Consistency cohort, with the baseline trend change being -1 unique patients per month
but not statistically significant (p=0.821). Results are summarized in table 4.2.

4.3.1 Impact on number of unique patients seen per month

The number of unique patients treated by the 13 rheumatologists in the intervention ‘nurse group’
was lower than the number treated by the 17 rheumatologists in the ‘status quo group’, in absolute
terms (2,501 vs 2,742 unique patients at t=1, April 2009). This difference equates to approximately
192 unique patients per rheumatologist in the ‘nurse group’ compared with 161 unique patients per
rheumatologist in the ‘status quo group’. The trend in the number of unique patients before the
introduction of the G31060 billing code were increasing slightly in the ‘status quo group’ (β1: 1 per
month, 95% CI -9,11) but decreasing in the ‘nurse group’ (β3: -13 per month, 95% CI -26, 1). There
were significant differences between the pre-intervention levels of each group (β2, p=0.004) but time
was not statistically significant for either group (β1: p=0.860 & β3: p=0.076). The difference in preintervention level is likely only reflective of the ‘nurse group’ being smaller than the ‘status quo group’.
Following the introduction of the G31060 code in 2011, there was no significant change in the level
of unique patients in the ‘nurse group’ (β6: p=0.097) or the ‘status quo’ group (β4: p=0.898). There
was no statistically significant difference in the baseline trend (β5: p=0.821). In the ‘nurse group’ the
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trend change in unique patients was statistically significant and positive (β7: +15 unique patients per
month, 95% CI 2, 29). In the 60 months following the introduction of G31060 to the end of the study
period, there was no statistically significant change in the level for the ‘nurse’ or ‘status quo’ groups
(α=0.05) However, positive trend change was observed for the nurse-group, suggesting the number
of unique patients seen per month can be expanded for a threshold level of consistency in use of the
multidisciplinary conference code for community-based patients. Figure 4.3 visually represents the
results of the analysis, plotting according to the mean values represented by the regression coefficients.

Figure 4.3 Number of unique patients billed per month before and after the introduction of
“Multidisciplinary conference for community-based patients” (G31060) in April 2011 by
rheumatologists in the ‘nurse’ and ‘status quo’ groups. Consistency analysis using ARMA(12,0)
model

Hatched line indicates the counterfactual, what would be expected absent the intervention
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4.3.2 Impact on service units billed per month

The number of rheumatology service units billed by the 13 rheumatologists in the ‘nurse group’ was
lower than the number billed by the 17 rheumatologists in the ‘status quo group’, in absolute terms
(3,181 vs 2,921 service units at t=1, April 2009). This difference equates to approximately 245 service
units per rheumatologist in the ‘nurse group’ compared with 172 service units per rheumatologist in
the ‘status quo group’. The trend in the number of service units before the introduction of the G31060
billing code is in slight decline for the ‘status quo’ group (β1: -2 per month, 95% CI -14,10) and
decreasing in the ‘nurse group’ arm (β3: -22 per month, 95% CI -28, 6). There were no significant
differences between the pre-intervention levels of each group (β2, p=0.978) and time was not
statistically significant for either group (β1: p=0.698 & β3: p=0.209). Following the introduction of the
G31060 code in 2011, there was no significant change in the level of service units in the ‘‘nurse group’’
(β6: p=0.407) or the ‘status quo’ group (β4: p=0.654). The trend in the ‘status quo’ group appeared to
plateau, but there was no statistically significant difference in the trend (β5: p=0.824). In the ‘nurse
group’ the trend change in service units also appeared to plateau (β7, p=0.151). In the 60 months
following the introduction of G31060 to the end of the study period, there was no statistically
significant change (α=0.05) in the level or trend for the ‘nurse’ or ‘status quo’ groups of service units
per month attributable to the introduction of G31060 in the Primary analysis. Figure 4.4 visually
represents the results of the analysis, plotting according to the mean values represented by the
regression coefficients.
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Figure 4.4 Number of service units billed per month before and after the introduction of
“Multidisciplinary conference for community-based patients” (G31060) in April 2011 by
rheumatologists in the ‘nurse’ and ‘status quo’ groups. Consistency analysis using ARMA(12,0)
model.

Hatched line indicates the counterfactual, what would be expected absent the intervention

4.4 Sensitivity analysis 2: restricting the definition of
intervention in the ‘‘nurse group’’ to high intensity users (at
least 30 billings of G31060 per month, on average)
In order to determine whether, and to what degree, my estimates are distorted by this heterogeneity
within ‘nurse group’ rheumatologists, I generated two alternative cohorts that vary the criteria by
which a rheumatologist is assigned to the ‘nurse group’ (Table 2.8). This section (4.4) considers an
alternative cohort specification that restricts the ‘nurse group’ to those rheumatologists billing for
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G31060 at least 30 times per month on average, as a check on the impact of “high-intensity” usage of
the multidisciplinary conference code for community-based patients.

There was a statistically significant, positive change in the trend (slope) of the number of unique
patients per month attributable to the introduction of G31060 in the high-intensity cohort (α=0.05).
The trend change associated with being in the ‘nurse group’ was +13 unique patients per month
(p=0.03), with the baseline trend change being 0 unique patients per month and not statistically
significant (p=0.821). Results are summarized in table 4.2.

4.4.1 Impact on number of unique patients seen per month

The number of unique patients treated by the 6 rheumatologists in ‘nurse group’ was lower than
number treated by the 17 rheumatologists in the comparison group, in absolute terms (1,041 vs 2,742
unique patients at t=1, April 2009). This difference equates to approximately 174 unique patients per
rheumatologist in the ‘nurse group’ compared with 161 unique patients per rheumatologist in the
‘status quo group’. The trend in the number of unique patients before the introduction of the G31060
billing code was flat in the ‘status quo’ group (β1: 0 per month, 95% CI -9, 11) but decreasing in the
‘nurse group’ (β3: -8 per month, 95% CI -20, 3). There were statistically significant differences between
the pre-intervention levels of each group (β2, p=0.000) but time was not statistically significant for
either group (β1: p=0.960 & β3: p=0.163). The difference in pre-intervention level is likely only
reflective of the ‘nurse group’ being smaller than the ‘status quo group’. Following the introduction
of the G31060 code in 2011, there was no significant change in the level of unique patients in the
‘nurse group’ (β6: p=0.067) or the ‘status quo’ group (β4: p=0.715). There was no statistically significant
difference in the baseline trend (β5: p=0.692). In the ‘nurse group’ the trend change in unique patients
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was statistically significant and positive (β7: +13 unique patients per month, 95% CI 1, 25). In the 60
months following the introduction of G31060 to the end of the study period, there was no statistically
significant change in the level for the ‘nurse’ or ‘status quo’ groups (α=0.05) of unique patients per
month attributable to the introduction of G31060 when the ‘nurse group’ was restricted to
rheumatologists billing G31060 at least 30 times a month on average. However, positive trend change
was observed for the nurse-group, suggesting the number of unique patients seen per month can be
expanded for a threshold level of intensity in use of the multidisciplinary conference code for
community-based patients. Figure 4.5 visually represents the results of the analysis, plotting according
to the mean values represented by the regression coefficients.

Figure 4.5 Number of unique patients billed per month before and after the introduction of
“Multidisciplinary conference for community-based patients” (G31060) in April 2011 by
rheumatologists in the ‘nurse’ and ‘status quo’ groups. High-Intensity analysis using ARMA(12,0)
model

Hatched line indicates the counterfactual, what would be expected absent the intervention
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4.4.2 Impact on service units billed per month

The number of rheumatology service units billed by the 6 rheumatologists in the ‘nurse group’ was
lower than the number billed by the 17 rheumatologists in the ‘status quo group’, in absolute terms
(1,206 vs 2,921 service units at t=1, April 2009). This difference equates to approximately 201 service
units per rheumatologist in the ‘‘nurse group’’ compared with 172 service units per rheumatologist in
the ‘‘status quo group’.’ The trend in the number of service units before the introduction of the
G31060 billing code is in slight decline for the ‘status quo’ group (β1: -3 per month, 95% CI -14, 10)
and the ‘nurse group’ (β3: -5 per month, 95% CI -18, 7). There were significant differences between
the pre-intervention levels of each group (β2, p=0.000) but time was not statistically significant for
either group (β1: p=0.572 & β3: p=0.422). Following the introduction of the G31060 code in 2011,
there was no significant change in the level of service units in the ‘nurse group’ (β6: p=0.279) or the
‘status quo group’ (β4: p=0.715). The trend in the ‘status quo’ group appeared to plateau, but there
was no statistically significant difference in the trend (β5: p=0.692). In the ‘nurse group’ the trend
change in service units also appeared to plateau (β7, p=0.114). In the 60 months following the
introduction of G31060 to the end of the study period, there was no statistically significant change in
the level or trend for the ‘nurse’ or ‘status quo’ groups (α=0.05) of service units per month attributable
to the introduction of G31060 in the Primary analysis. Figure 4.6 visually represents the results of the
analysis, plotting according to the mean values represented by the regression coefficients.
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Figure 4.6 Number of service units billed per month before and after the introduction of
“Multidisciplinary conference for community-based patients” (G31060) in April 2011 by
rheumatologists in the ‘nurse’ and ‘status quo’ groups. High-intensity analysis using ARMA(12,0)
model

Hatched line indicates the counterfactual, what would be expected absent the intervention

4.5 Summary of results

4.5.1 Interrupted time series

A positive, statistically significant effect on trend change in number of unique patients per month
attributable to introduction of the multidisciplinary conference code for community-based patients
was detected in secondary analyses of nurses billing the code at least once per calendar year
(“consistency”, β7: +15, p=0.030) and nurses billing the code at least 30 times per month, on average
(“intensity”, β7: +13, p=0.031). This is seen in the increased slope of the ‘nurse group’ in the postintervention period, as compared to the ‘status quo group’. No statistically significant effect on level
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change (a vertical shift of the regression line) attributable to the introduction of the multidisciplinary
conference code for community-based patients was identified at the 5% level for either secondary
analyses of unique patients (β6, consistency: p=0.097 & β6, high-intensity: p=0.067).
Secondary analyses of the number of rheumatology service units per month did not detect a statistically
significant level or trend change attributable to the introduction of the multidisciplinary conference
code for community-based patients at the 5% level (consistency β6: p=0.407, β7: p=0.151 & highintensity β6: p=0.279, β7: p=0.114).
Primary analysis did not reveal any statistically significant effect on level or trend change attributable
to the introduction of the multidisciplinary conference code for community-based patients for either
the number of unique patients treated (β6: p=0.682, β7: p=0.231) or for the number of rheumatology
service units billed (β6: p=0.744, β7: p=0.419). Table 4.2 summarizes the results by the regression
coefficients that measure the level and trend change attributable to the introduction of the
multidisciplinary conference code (β6 and β7, respectively).
Table 4.2 Summary output of level and trend change attributable to the introduction of the
multidisciplinary conference code for community-based patients (β6 and β7)

Unique patients
Primary analysis
Secondary analyses:
1. Consistency
2. High Intensity
Service items
Primary analysis
Secondary analyses:
1. Consistency
2. High Intensity

β6 ∆Level (Unique patients, n)
Mean
95%CI
p-value
-88
-509 to 333
0.682

β7 ∆Trend (Unique patients, n)
mean
95%CI
p-value
13
-9 to 36
0.231

-199
-432 to 35
0.097
-185
-381 to 12
0.067
β6 ∆Level (Service items, n)
Mean
95%CI
p-value
78
-388 to 544
0.744

15
2 to 29
0.030
13
1 to 25
0.031
β7 ∆Trend (Service items, n)
mean
95%CI
p-value
10
-15 to 35
0.419

-125
-113

-419 to 169
-427 to 91

0.407
0.279

13
10

-5 to 30
-7 to 10

0.151
0.114
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4.5.2 Absolute change in measures of access

I have calculated the absolute and relative change in both access measures for the analyses with
statistically significant results, the secondary analyses of unique patients per month, to describe the
clinical significance of the changes observed. Taking April 2011 as the baseline, I have computed the
number of patients at 12-month intervals as far as able for the duration of the study, using the method
described in section 2.4.4. The “absolute” number in April 2012 then refers to the additional number
of patients seen in April 2012 as a consequence of the introduction of the multidisciplinary conference
code for community-based patients. Thus, for rheumatologists using the code at least 30 times a
month on average, they were collectively able to see an additional 272 unique patients than otherwise
would have been possible in that month, a 36% increase over what would have been expected without
the introduction of the code.

Note that while the absolute change for the Consistency cohort is greater than the High Intensity
cohort at each annual evaluation, the reverse is true for relative change. This is because the Consistency
cohort is larger, both in terms of rheumatologists and patients, than the High Intensity cohort. Relative
change is more salient for interpreting the policy effect when comparing between cohorts.
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Table 4.3 Predicted absolute and relative change in number of unique patients per month, evaluated
annually from the introduction of G31060 in April 2011. Model is specified as ARMA(12,0).
Analysis

Measure
of change

April 2011

April 2012

April 2013

April 2014

April 2015

Sensitivity 1:

Absolute

0

+327

+511

+695

+879

Consistency

Relative

0

17%

30%

44%

62%

Sensitivity 2:

Absolute

0

+272

+428

+584

+739

High
Intensity

Relative

0

36%

66%

107%

168%

4.6 Discussion

4.6.1 Overview

This chapter sought to evaluate the impact of the introduction of the multidisciplinary conference
code for community-based patients (G31060) on access to rheumatology care, as represented by the
unique number of patients treated and number of rheumatology services billed per month. The
findings of my primary analysis indicated that the introduction of the code had no statistically
significant effect on level or trend change of unique patients seen by rheumatologists, or their overall
billing activity as measured by service units.

When I restricted membership in the ‘nurse group’ to require more consistent (Sensitivity analysis 1)
and then more intensive (Sensitivity analysis 2) billing of the code, a positive, statistically significant
trend change attributable to the introduction of the code was observed for both secondary analyses
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of the number of unique patients seen per month. However, there was no statistically significant trend
change attributable to the introduction of G31060 for the number of rheumatology service units billed
per month in the primary, consistency, or high-intensity cohorts.

No statistically significant effect on the level change attributable to the introduction of G31060 (β6) is
detectable for the number of rheumatology service units billed per month in the primary, consistency,
and high-intensity cohorts (α=0.05).

In the consistency cohort, an additional 879 unique patients were seen in April 2015, a 62% increase
over the number that would have been seen had G31060 not been introduced. In the high-intensity
cohort, an additional 739 unique patients were seen in April 2015, a 168% increase over the number
that would have been seen had G31060 not been introduced.

4.6.2 Interpretation and implications

This study appears to demonstrate that a threshold level of billing is required before benefits can
accrue from the multidisciplinary conference code as both secondary analyses saw an increase in the
number of unique patients seen, while primary analysis criteria for inclusion – ever having billed
G31060 – appears to be too relaxed, as it did not see any statistically significant effects on either
outcome.

Within the secondary analyses of unique patients per month, a stronger effect on relative change can
be seen for the high-intensity cohort. This can be thought of as similar to dose-response, wherein a
certain blood-concertation of the therapeutic drug is necessary in order to obtain a clinical outcome.
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It also corroborates concern that the base criteria for inclusion in the ‘nurse group’, billing G31060 at
least once at any time in the post-intervention period, is overly generous. Additionally, it confirms the
added value of the secondary, sensitivity analyses. It seems likely that there is some minimum
frequency of utilizing nurses that is necessary to expand access. A higher frequency of billing G31060
appears to provide a greater benefit when examining the relative change in unique patients seen per
month (table 4.3), with rheumatologists billing G31060 at least 30 times a month on average
experiencing greater predicted relative change in the number of unique patients seen in a given month
as compared to rheumatologists only billing at least once in every calendar year cohort (168% increase
over the number that otherwise would have been seen in April 2015 versus a 62% increase).

The lack of significant effect on number of service units billed while simultaneously observing a
positive effect on number of unique patients seen is intriguing but difficult to explain using
administrative data. One explanation would be that rheumatologists are using the nurses to permit
more time per appointment, and that the service units they are billing in order to see more patients
must be preventing the necessity of additional visits, or we would see an effect on service units. This
in turn implies that physicians may be attempting to maximize quality of care over financial benefit. A
physician providing fewer, longer consults when they could be billing a greater number of short
appointments suggests decision making outside of profit-maximizing behavior, possibly explained by
altruism toward the patient (2.2.6)

4.6.3 Limitations

There are a number of limitations in the data and analysis that require consideration.
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The number of rheumatologists active through the entire study period is only 46, which bifurcates
into 29 ‘nurse group’ and 17 ‘status quo group’ when assigning groups for the interrupted time series
with comparator (Table 3.3). Consequently, it cannot be said that this analysis is of the population of
rheumatologists, only a sample. For the sensitivity cohorts, the numbers in the ‘nurse group’ are
sufficiently small (13 and 6) that the external validity of conclusions drawn from those cohorts is
questionable.

The ‘nurse group’ appears to experience a pre-period downward trend that the ‘status quo group’
lacks. Without practice-level data, there is no clear explanation for why this is the case. Comparing the
characteristics of patients across the groups in the primary analysis cohort suggests that patients in the
‘nurse group’ may be lower income and more rural, both of which are known barriers to access (3.1.6).
However, without knowing which rheumatologists practice together, it is difficult to know if this is an
artifact of tracking billings using a practitioner number or can be said to be reflective of rheumatologist
behavior at the clinic level. It is also unknown whether, in the case of group practices, ‘nurse group’
and ‘status quo group’ rheumatologists may work in tandem. Additionally, such practices may use
nurse-supported conferences for all eligible patients, but only have one rheumatologist billing G31060
in the administrative data. This leaves considerable room for confounding, particularly when the
number of rheumatologists in the secondary analyses ‘nurse group’s is not large (13 and 6,
respectively). However, I suspect that it is a consequence of the type of patients that the ‘nurse group’
sees, who may be more complex cases and face more barriers to access (3.2.1).

4.4.3 Strengths
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This study constitutes the first population-based evaluation of introducing a billing code that facilitates
nurse-supported care in British Columbia. Pre- and post-intervention observations of the ‘status quo
group’ appear to be effectively flat, indicating that the choice of comparator was appropriate and no
significant shocks occurred during the study period.

Due to the interrupted time series with control study design, internal validity of my results is likely to
be high.

Tracking the longitudinal trends both before and after the introduction of the

multidisciplinary conference code for community based-patients means both pre- and postintervention periods are well described and estimates are unlikely to be distorted by unobserved shocks
or underlying trends. The major assumption of interrupted time series with comparator is that the
existing level and trend in the outcome among those exposed to the intervention would have changed
identically to the control group absent the intervention. My comparator, the ‘status quo group’, are
drawn from the same pool of individuals and show effectively no change after the introduction of the
change, suggesting this assumption is likely to hold. Selection-History, bias that stemming from a
historical shock around the time of the intervention that systematically affects one group greater than
the other, could have posed a concern if one group has been subject to a shock, but this does not
appear to be the case. The other possible threat to internal validity for interrupted time series with
comparator is Selection-Instrumentation, which stems from a change in measurement that
systematically affects one group around the same time as the intervention (55). Aside from the
introduction of the special services codes in 2011, no changes to the variables under measurement are
known to occur around this time, making such bias unlikely.

Sensitivity analysis that attenuated the primary cohort along consistency and intensity of billing acts as
an analogue to dose-response in a pharmaceutical intervention. The demonstration of this effect in
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4.3 and 4.4 deepens this study by examining the impact of consistency and intensity of use of the
multidisciplinary conference code for community based-patients. This should ensure it is of greater
use to policymakers and other interested stakeholders.

4.7 Conclusion
Rheumatologists that consistently use G31060 obtain a statistically significant increase in the number
of unique patients they see per month (α=0.05). For the Consistency cohort, this translates to an
additional 879 unique patients, or a 62% increase, in the number of unique patients seen in April 2015
(four years out) over the number of unique patients that would have been seen had G31060 not been
implemented. For the High-Intensity cohort, this translates to an additional 739 unique patients, or a
168% increase, in the number of unique patients seen in April 2015 (four years out) over the number
of unique patients that would have been seen had G31060 not been implemented. The use of nursesupported consultations does not appear to have a statistically significant impact on the number of
rheumatology services billed per month, regardless of the consistency or intensity of use. Infrequent
and/or intermittent use of G31060, as represented by the primary cohort, does not have any
significant effect on either number of unique patients seen or rheumatology services billed per month.
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Chapter 5: Discussion and Conclusions
The Multidisciplinary Conference for Community-based patients with complex rheumatic diseases
(G31060) appears to be well established by the end of the study based on its apparent growth and
status as the highest billed special service code, the class of codes that experienced the greatest growth
over the period of 2009 Q2 to 2016 Q1. However, this has been a gradual, if steady, process rather
than a sudden transition. Comparison of patient characteristics across the ‘nurse’ and ‘status quo
group’ suggest that rheumatologists that use nurses may treat patients who face greater barriers to
access and/or more complex rheumatic disease than the status quo arm.

While there was no statistically significant effect detectable in the primary cohort, rheumatologists that
consistently use G31060 (at least once per calendar year) obtain a statistically significant increase in
the number of unique patients they see per month (α=0.05). There was a statistically significant,
positive change in the trend (slope) of the number of unique patients per month attributable to the
introduction of G31060 in the Consistency (Figure 4.2) and High Intensity (Figure 4.3) Cohorts
(α=0.05). The slope increased by 15 unique patients per month (p=0.03) in the Consistency cohort
and by 13 unique patients per month (p=0.03) in the High-Intensity cohort.

The positive trend change attributable to G31060 resulted in an additional 879 unique patients were
seen in April 2015, a 62% increase over the number that would have been seen had G31060 not been
introduced in the consistency cohort. In the high-intensity cohort, an additional 739 unique patients
were seen in April 2015, a 168% increase over the number that would have been seen had G31060
not been introduced.
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No statistically significant effect on level or trend change attributable to the introduction of the
multidisciplinary conference code was detectable for the number of rheumatology service units billed
per month for any cohort specification.

5.1 Discussion

This study evaluated the impact of the introduction of the multidisciplinary conference code for
community-based patients (G31060) on access to rheumatology care in British Columbia. Access was
measured in two ways: first, as the number of unique patients seen per month, and second, as the
number of rheumatology service units billed per month. In order to properly contextualize access to
rheumatology care in British Columbia during the period of analysis (2009 Q2 – 2016 Q1), descriptive
statistics of the study population, trend of rheumatology billings, and characteristics of patientrheumatologist interaction were also explored. These tasks pertain to objective two and objective one
of my thesis, as stated in section 1.2.1. To my knowledge, this is the first study to use administrative
data to develop a population-based evaluation of the impact of the introduction of the
multidisciplinary conference code for community-based patients.

5.1.1 Uptake of the billing code and substitution effect

A small core of 15 rheumatologists were earlier adopters of the code in 2011, constituting a minority
of active rheumatologists at the time (15/52). However, the number of active rheumatologists using
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G31060 steadily increased by 7-8 per year (23 in 2012, 30 in 2013, 38 in 2014, 45 in 2015) until they
finally constituted a majority by the end of the study (45 of 72 in 2016 Q1). This is a notably steady,
linear uptake by rheumatologists, with no sudden jumps or drops in number of users. A description
of the entry and exit of rheumatologists to active billing, and whether or not they use G31060, is
available in table 3.3.

Trends in the billing codes themselves show two core rheumatology codes. Those codes are 31007
(subsequent office visit), constituting between 45-55% of all rheumatology billings between April 2009
and 2015, and 31010 (consultation), constituting 15-30% of all rheumatology billings in that same
period. The first, 31007 “subsequent office visit”, is the standard code for follow-up with an
established patient. The second, 31010 “consultation”, is the standard code for an initial consultation
for a newly referred case. While 31007 continues to increase in absolute terms and 31010 remains
approximately stable (figure 3.1), they both decline proportionally over the study period compared to
all other rheumatology codes, reaching their lowest relative levels in 2015 (figure 3.2). When exploring
the “other” codes that 31007 and 31010 are losing out to in relative terms, it becomes clear that the
codes driving the growth in billing are the special services codes introduced in 2011, with other
categories of care (TeleHealth, Continuing Care, Referred Cases) either flat or declining over the study.
This can be seen in absolute terms in figure 3.3, and relative terms in figure 3.4. Within special services,
the multidisciplinary conference code for community-based patients (G31060) initially accounts for
around 30% of all special services billings, but increases to almost 50% by the end of the study (figure
3.6), reflecting the higher rate of growth of G31060 compared to other special services billings. From
this, I conclude that G31060 is being substituted for 31010, 31007, or both. My reasoning is that the
largest proportion of growth in ‘special services’ billing is attributable to G31060, and the growth in
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other billings versus 31007 and 31010 is attributable almost entirely to ‘special services’ billing.
Furthermore, I found evidence of a proportional decline of billing for 31007 and 31010 compared
with all other billings. The text of the G31060 code is sufficiently open-ended enough to allow a
“multidisciplinary conference” to be used to replace either a standard consultation or standard follow
up, so this substitution seems plausible (3).

Interrupted time series with comparator revealed what appears to be a downward sloping trend for
the ‘nurse group’ in the pre-intervention while the ‘status quo group’ remained flat (figures 4.2-4.6).
This suggests that there is may be some inherent difference between ‘nurse group’ and ‘status quo
group’ rheumatologists, prior to G31060 being introduced. This could be due to the characteristics of
their patients, the characteristics of their practices, both, or some other unknown influence.
Examination of patient characteristics in section 3.1.6 does suggest that ‘nurse group’ patients differ
from ‘status quo group’ patients, being more inflammatory, lower income, and possibly more rural.
As these all complicate access to rheumatology care, the suggestion of a more challenging case mix
for rheumatologists who go on to use nurses may explain why they were having difficulty maintaining
access in the pre-intervention period. The observed pre-period differences in trend may also be the
result of a selection effect, wherein rheumatologists who were having difficulty maintaining access
were more likely to adopt the multidisciplinary conference code. The opportunity cost of introducing
a new model of care may not be worthwhile in practices that had no such issues. This issue is discussed
further in section 5.2.2, as many of the possible explanations cannot be answered either within the
scope of this study or with available data and so constitute limitations.
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5.1.2 Access outcomes measured by unique patients

The primary analysis involved comparison of a ‘nurse group’ consisting of 29 rheumatologists who
billed G31060 at least once in the post-intervention period and a ‘status quo group’ consisting of 17
rheumatologists who never did. This analysis did not reveal a statistically significant effect on the level
or trend change in number of unique patients per month attributable to the introduction of the
multidisciplinary billing code for community-based patients. Details are available in section 4.2.

The first sensitivity, or secondary, analysis involved a ‘nurse group’ consisting of 13 rheumatologists
who billed G31060 at least once in every calendar year of the post-intervention period and the same
‘status quo group’ as primary analysis. This was conceived as a test of consistent use of the billing code
over time, and has been referred to as the “consistency” cohort throughout this thesis. This analysis
identified a positive, statistically significant effect on the trend change in number of unique patients
per month attributable to the introduction of the multidisciplinary billing code for community-based
patients. The trend change was an increase of 15 unique patients per month (95% CI: 2-29). This
resulted in a predicted absolute increase of 879 unique patients seen in the month of April 2015, a
62% increase over the number that would have been seen had G31060 not been introduced. No
significant level change attributable to the introduction of the code was identified. Further detail is
available in section 4.3.

The second sensitivity, or secondary, analysis involved a ‘nurse group’ consisting of 6 rheumatologists
who billed G31060 at least 30 times per month on average in the post-intervention period and the
same ‘status quo group’ as primary analysis. This was conceived of a test on high-intensity use of the
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billing code, and has been referred to as the “high-intensity” cohort throughout this thesis. This
analysis identified a positive, statistically significant effect on the trend change in number of unique
patients per month attributable to the introduction of the multidisciplinary billing code for
community-based patients. The trend change was an increase of 13 unique patients per month (95%
CI: 1-25). This resulted in a predicted absolute increase of 739 unique patients seen in the month of
April 2015, a 168% increase over the number that would have been seen had G31060 not been
introduced. No significant level change attributable to the introduction of the code was identified.
Further detail is available in section 4.4.

5.1.3 Access outcomes measured by service units billed

The primary analysis involved a ‘nurse group’ consisting of 29 rheumatologists who billed G31060 at
least once in the post-intervention period and a ‘status quo group’ consisting of 17 rheumatologists
who never did. This analysis did not reveal a statistically significant effect on the level or trend change
in number of service units per month attributable to the introduction of the multidisciplinary billing
code for community-based patients. Details are available in section 4.2.

Neither the secondary analysis involving 13 rheumatologists ‘nurse group’ who billed G31060 at least
once in every calendar year of the post-intervention period (the “consistency” cohort), nor secondary
analysis of the 6 rheumatologists who billed G31060 at least 30 times per month on average (the “highintensity” cohort) revealed statistically significant effects on the level or trend change in number of
service units per month attributable to the introduction of the multidisciplinary billing code for
community-based patients. Details are available in sections 4.3 and 4.4.
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5.1.4 Interpretation of results

Synthesizing the results from Chapters 3 and 4, I would suggest that rheumatologists in the ‘‘nurse
group’’ were in practices facing barriers to access for their patients, and/or had particularly complex
patients. This case-mix was likely present in both the pre- and post-intervention periods, and may
explain why a downward trend was observed in the pre-intervention period for the ‘nurse group’
(before they employ a nurse) versus the ‘status quo’ group (4.4.2). While the assignment of
rheumatologists to each group is based on post-intervention billing of G31060, the group status is
retroactively applied in the pre-intervention period in order to control for the pre-period trends within
each group. It is important to recall that at the pre-intervention stage the only elements differentiating
the ‘status quo’ and ‘nurse group’ are their patients and their practice-level characteristics. Both groups
are rheumatologists in BC with access to subgroups of patients within the same population and using
the same billing codes (as G31060 has not yet been introduced). If rheumatologists in the ‘nurse group’
do, in fact, have a more difficult set of patients, this then suggests that ‘nurse group’ rheumatologists
may actively choose to take on challenging cases. There may be a certain outlook or approach to
practice brought by these rheumatologists that has spillover effects to their billing activity.

There is also an a priori argument for this apparent difference between ‘nurse’ and ‘status quo’ groups
during the pre-intervention period. The BC Society of Rheumatologists proposed G31060 as a
solution to the problem of access (1.1, 1.1.7), so at least some portion of BC rheumatologists were
likely aware of the purpose of the code. Dr. Jason Kur was key in pushing for the introduction of a
multidisciplinary billing code, publishing twice on the demographic challenges that BC
rheumatologists were facing (25,61) in British Columbian health journals and becoming president of
the BC Society of Rheumatologists shortly after the introduction of the special services codes(62). It
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seems likely that, given Dr. Kur’s interest in the matter and prominence within the BC rheumatology
community, that a significant portion of BC rheumatologists were both aware of G31060 and its
intended effects regarding access. From a data-naïve perspective, one would anticipate that
rheumatologists experiencing problems with access to care would be more likely to adopt and continue
to use the code than those who are not. Consequently, rheumatologists with access-related challenges
in the pre-intervention period might be those who adopt and fully utilize the G31060, and thereby
became the ‘nurse group’. Rheumatologists who did not face similar challenges had no reason to
change their current practice, and in absence of a benefit to be gained from doing so may have decided
the cost and disruption of modifying their model of care to be unjustified. These rheumatologists
would continue standard practice as the ‘status quo’ arm.

The multidisciplinary conference code for community-based patients does not set any specific time
limit for the consultation, does not assign roles to the required elements (assessment, written treatment
plan, counselling), and does not specify how much time the nurse and rheumatologist respectively
need to spend in the consultation (3) . There is a great deal of room for heterogeneity in the use of
nurses within this code, and consequently it is not possible to a priori determine the time saved per
use. In order to build a reliable estimate, one would have to obtain data on how the code is used from
each rheumatology practice that does so. While this is beyond the scope of this thesis, with some basic
assumptions I believe it is possible to hypothesize on why, based on my secondary analyses, it would
appear that a certain threshold level of billing G31060 must be reached before any impact is visible.

First, the length of time that a multidisciplinary conference takes will likely depend on whether it is
being used in lieu of 31010, the standard consultation code for newly referred cases, or is replacing
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31007, the most commonly used follow-up code for established patients. Evidence in the trends of
billing for rheumatology services suggests that G31060 is likely being used as a replacement for both
(section 3.1.2). It is unclear how long a follow-up appointment (31007) would be expected to take,
and this likely varies substantially by patient. However, it seems reasonable to assume that a followup should be expected to take less time than an initial consultation. Dependent on which code G31060
is replacing, the impact may be different, because the time involved may vary. The total length of the
appointment determines the amount of potential time “saved” by delegating to a nurse, and
consequently shorter appointments would contributed proportionately less to overall time “saved.”
The immediate implication of this is that for any given number of substitutions, 31010 will generate a
stronger impact on access than the same number of substitutions for 31007. However, due to the
variable nature of time-saved, it is likely that multiple billings per rheumatologist would have to be
observed in order to extract any definitive signal regarding gains to access that result through
substitution of either 31010 or 31007 by the multidisciplinary conference code.

Another potential reason that it appears a threshold of G31060 billings must be met in order to
observe an impact on access is that the multidisciplinary conference code may be subject to a form of
economy of scale. The initial process of training a nurse for the rheumatology outpatient setting,
determining and implementing the division of labour, establishing productive communication, and
then streamlining that division of labour, is likely to be an intensive one. The rheumatologist and nurse
are not only learning to utilize what constitutes an entirely novel model of care within the BC
rheumatology context, they are also learning to work with one another as colleagues. Infrequent or
intermittent uses of the multidisciplinary code may not provide sufficient time to properly integrate
the nurse(s) into the rheumatology practice. Once the nurse and rheumatologist are comfortable
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communicating, coordinating, and have a defined plan regarding how to run such multidisciplinary
conferences, then efficiencies may accrue. Before that point, introduction of the nurse(s) may actually
impede access in the short term as the new model of care is integrated into clinical practice. Dr.
Michelle Teo, an early-adopter of the multidisciplinary conference code, acknowledges that the initial
integration period may actually be more inefficient than prior practice in her 2017 presentation at
Arthritis Alliance of Canada annual meeting (63).

Given the heterogeneity possible in use of the multidisciplinary conference code for community-based
patients, it is not altogether surprising that no significant signal was found in the primary cohort.
Variation in the frequency of use alone was likely enough to bias the result to the null, as 16 of 29
members of the ‘‘nurse group’’ did not even bill G31060 in every calendar year (see section 4.1.1).
However, it may also be the case that frequency of use and the way in which nurses are used to support
practice of use are correlated. That is, rheumatologists who use nurses more frequently may
operationalize the multidisciplinary conference in a distinct way from those that use nurse less
frequently. This is further reason to obtain practice-level data on clinics that use nurses, especially with
regard to how they use the nurse. The increase in number of unique patients this study attributes to
consistency and/or intensity of billing may be dependent on a particular operational structure that
administrative data cannot capture.

The flexibility of the multidisciplinary conference code for community-based patients also allows for
the possibility that not all rheumatologists adopted the code with the primary intention of expanding
access. Rheumatology care has begun to follow a broader trend in medicine towards multidisciplinary,
patient centered care. Such care models are becoming preferred because of beliefs regarding their
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ability to better incorporate and support patient decision making, and to fully utilize the skills of allied
health practitioners in providing patient care. The Arthritis Alliance of Canada advocates for the use
of multidisciplinary care teams for the care of inflammatory arthritis (64), as does the European League
Against Rheumatism (26). Rheumatologists who are drawn to the multidisciplinary conference code
on the basis of improving their quality of care may operationalize its implementation differently than
those concerned primarily with access. A 2014 chart review of 3 BC rheumatology clinics who adopted
G31060 soon after its introduction reveals that at least some BC rheumatologists were aware of the
potential benefits to both access and quality of care (65). The consequence of rheumatologist variation
in what aspects of care they chose to prioritize when implementing multidisciplinary conferences
would likely be to bias the impact on access toward the null versus the ‘status quo’ group.

An interesting and somewhat surprising result of this study is that while consistency (billing G31060
at least once a year) and high-intensity (billing G31060 at least 30 times per month, on average) do
have a positive impact on the number of unique patients seen, no statistically significant effect was
observed for the number of service units per month. The simplest explanation for this would be that
the multidisciplinary conference reduces the need to repeat appointments while allowing more unique
patients to be seen. The explicit requirement for patient counselling and a written treatment plan (3)
may promote a more comprehensive coverage of the patient’s needs during the visit, and allows the
patient to have a document to reference regarding their ongoing care. Fewer, but higher quality careepisodes reduce the necessity of additional follow up before the next recommended visit. It is also
worth considering the profit-motive, a single billing of G31060 is $225.96, nearly three times more
than the standard follow-up code, which bills for $86.84. Condensing follow up into a single highquality episode of care rather than repeated follow ups may not only be more efficient but actually
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profit-maximizing from the rheumatologist’s perspective, assuming one can substitute a sufficient
number of standard follow-up codes (31007) for G31060. However, these interests are not necessarily
mutually exclusive and under the Chandra and Skinner framework for physician utility, a utility
function that contains both the health status of the patient and the physician’s own utility, this pattern
of rheumatology behavior would be both perfectly rational and beneficial to patients (53).

5.2. Strengths and Limitations

5.2.1 Strengths

The administrative datasets provided by Population Data BC provide a reliable basis for analysis on
many patient characteristics and rheumatologist billing activity. For any fee-for-service rheumatologist
in BC, this means a complete capture of any procedure or service they performed, assuming that he
or she seeks reimbursement. This also means that all patients seen in this fee-for-service manner are
captured. This provided the opportunity to observe 152,251 patients as they received care in either
the ‘nurse group’ or ‘status quo’ group during the period in which the billing code was conducted. The
patient population appears to be largely representative of what one would expect for a rheumatic
disease population in BC, reflecting a highly urbanized population living predominantly in the Fraser
and Vancouver Coastal health authorities, and possessed of an even distribution of income across
quintiles. Stratification of rheumatic disease by sex corroborates the expected proportion of women
across diseases with well-known disparities in the sex of those they affect. Of these, 87% of persons
with systematic lupus erythematosus were women, which is consistent with the 9:1 female-male ratio
often associated with the condition(66). 73% of those with rheumatoid arthritis were women, which
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is slightly higher than the expected 3:1 female-male ratio(67). However, as these are patients receiving
active rheumatology care, rather than all diagnosed patients, factors such as the propensity of genders
to remain under consistent rheumatology care may be at play. Finally, only 19% of persons with gout
were women, which is on the higher end of the 7:1-9:1 ratio of males to females often cited for those
under 65 (68). The proportion of women for each rheumatic disease can be found in Appendix 3.

This study constitutes the first population-based evaluation of introducing a billing code that facilitates
nurse-supported care in British Columbia – certainly for rheumatology care.

The use of interrupted time series with comparator provides protection from many potential biases
that can occur from tracking data observationally over time. This is predominantly accomplished by
tracking the longitudinal trends both before and after intervention of interest. Shocks (unpredictable
events) that affect the outcome being measured will be visible and adjusted for provided they are
sufficiently far from the intervention, and any underlying trends within the data are built into the
analysis and “netted-out” when assessing the final impact of introducing the multidisciplinary billing
code for community-based patients. Both pre- and post-intervention periods are well described by
tens of thousands of observations and estimates and with no other shocks known near the time of
intervention in April 2011. Interrupted time series with comparator makes one major assumption: that
existing level and slope of the outcome in the “exposed”, intervention group (nurse) changes in the
same way as the ‘unexposed’, comparator group (‘status quo’) absent the intervention. My comparator,
the ‘status quo’ group, are drawn from the same pool of individuals and show effectively no change
after the introduction of the change, suggesting this assumption is likely to hold. Consequently, the
internal validity for this study is likely to be high.
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I conducted a sensitivity analysis that explored the impact of tightening the definition of intervention
to require consistency (as defined by billing G31060 at least once per year) and high-intensity (billing
G31060 at least 30 times per month, on average) billing. This is conceptually similar to the idea of
testing increasing doses of a therapeutic agent in order to determine the necessary threshold for the
intended effect (“dose-response”). Observing this gradient of response strengthens the likelihood that
increased use of G31060 is, in fact, causal in the observed increase in unique patients per month (69).
Although the increasingly strict definitions of the secondary analyses reduced the number of
rheumatologists under observation in the ‘nurse group’ from the primary analysis cohort, doing so
revealed a positive, significant impact of introducing G31060 on the post-period change in trend for
the ‘nurse group’ in both secondary analyses of unique patients treated per month.
While the behavior of 13 or 6 rheumatologists should be not taken to be reflective of the general
pattern of rheumatologist behavior, the real-world nature of this study does mean that, were other
rheumatologists to adopt those same behaviors of consistency and intensity of billing, it is likely that
they would experience a similar increase in the number of unique patients per month seen. Unlike a
randomized clinical trial, which can strictly control clinical conditions, practitioner behavior, and
participant characteristics, an observational study must take the world as it is. While there is
undoubtedly a great deal of noise introduced by the natural heterogeneity of a population-based study,
it also means that the findings of such a study are reflective of real-world practice. The lessons learned
from this analysis have strong external generalizability within British Columbia and other Canadian
provinces with similarly structured health care systems, such as Ontario.
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5.2.2 Limitations

As interrupted time series with comparator requires longitudinal data, this study has to rely on
relatively few rheumatologists present throughout the full study period. This may compromise the
generalizability of these results, as it is difficult to claim that the 13 rheumatologists who billed G31060
at least once per year or the 6 rheumatologists that billed G31060 at least 30 times a month are
representative of the general patterns of rheumatologist behavior. However, if the consistency and
high-intensity cohorts are thought of more as a proof of concept than descriptive of broader behavior,
they still have value in demonstrating what could be achieved if the behavior of those ‘nurse group’
rheumatologists were adopted more broadly.

I am presently unable to explain the apparent difference in pre-period slope between the ‘nurse-group’
and ‘status quo’ group. Analysis of the patient characteristics in either arm of the primary cohort
suggest there are some differences that may contribute to the ‘nurse group’ having a more challenging
case-mix with regard to access. These include the ‘nurse group’ having more inflammatory conditions,
lower income patients, and likely fewer urban patients. However, given the large sample sizes involved,
a simple test of statistically significance difference in means or frequency between the groups is
insufficient to support this hypothesis. An extension of this thesis would be further exploration of
whether the patient characteristics discernable from my administrative dataset can answer this
question at all, as the difference may come down to characteristics of the rheumatology practices (ex.
group or solo, female or male practitioner(s), researcher or community clinician, time to retirement)
that are unobservable in my datasets. It is worth considering that “time” and “nurse*time”, variables
whose coefficients (β1 and β3 respectively) describe the pre-period slope for either group, were not
statistically significant at the 5% level in any primary or secondary analyses for either measure of
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access, so it is possible that the apparent discrepancy is only that – apparent. Appendix 2 has a
complete list of regression variables, the mean value of their coefficient, 95% confidence interval, and
p-value for all primary and secondary analyses.

As I am not able to observe any data at the rheumatology practice level, I am also not able to observe
or adjust for any practice level shocks, existing trends, or inherent barriers that may confound this
analysis. If, for example, a group practice lost a colleague, they may find it more desirable to use a
nurse. Group practices may also have a nurse, or set of nurses, that see all the eligible patients in the
practice while only one of multiple rheumatologists takes responsibility for running them. These and
similar considerations may affect results and/or their interpretation in a way that BC administrative
data, as it currently stands, is not capable of addressing.

The situation described above would lead to my analysis falsely indicating his or her colleagues as
‘status quo’ practitioners and so biasing the impact toward the null. Solo practitioners may not
physically have enough space to bring in additional providers like nurses to assist them. If this is a
sufficiently common problem, then solo practitioners should likely have been excluded from analysis
as they could not have reasonably used the code. Rheumatologists approaching retirement may find it
desirable to take on a nurse to help them maintain access and quality of care while the work to wind
down their practice. While this is still a legitimate use of the code, it is not precisely the intended usage.
Generally speaking, lack of practice-level data leaves a lot of room for unexplained heterogeneity in
this study.

Patients in this study are heavily clustered in urban areas, with health authorities mostly represented
by Vancouver Coastal and Fraser Health, reflecting 28 and 35% of the study population respectively.
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While this is representative of the British Columbian population, it also means that we have
comparatively little data from rural regions, and what I do have is likely diluted significantly by the
urban presence in the cohorts. To understand the impact of introducing G31060 in rural or remote
environments, a more targeted study would need to be done that focuses specifically on patients and
practices in those regions.

Finally, on a personal level, time was an exogenous limitation in my analysis for this study, with the
complete dataset not being received until December of 2018. This left 8 months of time to develop,
test, and revise the code and analytic techniques used in this study. This thesis was originally intended
to include assessment of a quality of care outcome – medication adherence – to complement analysis
of the impact on access, but that avenue had to be dropped for feasibility reasons.

5.3 Implications

5.3.1 Implications: Patients

This study did not examine patient outcomes directly, but it would appear that the introduction of
G31060 has had a positive impact on patients whose rheumatologist consistently uses nurses. I
observed an increase in unique patients seen per month for the consistency and high-intensity cohorts.
This likely means less time for new patients to wait before a consultation, and greater access to followup appoints for established patients, if necessary. As noted in section 1.1.3, early treatment is critical
to avoid spread and intensification of inflammation, as well as reduce bone and organ damage. The
window to achieve remission and avoid permanent damage is brief – only about 3 months (70,71).
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Patients of a rheumatologist that uses the G31060 billing code consistently (at least once per year)
and/or with high-intensity (at least 30 times a month, on average) are more likely to be seen within
this window, and consequently have a greater likelihood of a better prognosis and quality of life.

Beyond the direct clinical outcomes, work done by Hall et al showed that nursing-led care of patients
with rheumatic disease generally had higher reported patient satisfaction than care from a
rheumatologist alone. Patients viewed nurse-led care as more person-centered, felt care was more
consistent, and that a stronger patient-provider relationship was built(42). This is consistent with the
proposed benefits of the “working alliance” concept within multidisciplinary care. A “working
alliance” is characterized by the relationship between patient and provider(s), specifically
communication of goals and tasks to take place over treatment, agreement on those goals, and mutual
like and trust (72). The former two are also key-components of “treat-to-target”, frequently employed
in rheumatology care. While overlapping personal preferences are the most likely source of harmony
between patient and physician , working alliance models believe trust can be built, and is built, through
the process of communication and agreement over shared goals (72). The multidisciplinary conference
code for community-based (G31060) patients actually requires certain elements of this working
alliance. The multidisciplinary conference code states that assessment, written treatment plan, and any
other counselling the patient needs for management of their particular diagnosis must be addressed
during each care episode. The latter is a condition that opens the door to open communication with
the patient regarding their needs and desires for management of their disease. While administrative
data cannot reveal the precise form by which these requirements are met, it is certainly suggestive of
a working-alliance structure. Such a structure is typically associated with better adherence, patient
satisfaction, and quality of life (72). Future research will be required to establish whether or not such
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alliance is generated by the use of G31060, but it holds promise for improved, more person-centered
patient care.

5.3.2 Implications: Rheumatologists

The findings of Chapter 3 and 4 in conjunction would suggest that rheumatologists facing a difficult
case-mix and/or caring for patients with barriers to access ought to consider implementing G31060,
if they have not done so already. However, the code must be applied consistently (as defined as at
least once a year) and/or with high-intensity (as defined as at least 30 times a month, on average) or it
is unlikely that any given rheumatology practice will see any improvement in access to care for their
patients. However, even maintaining access to care is important for quality rheumatology care, and
while no great improvement was observed for the primary cohort, the feared “crisis” of access did not
occur. As new rheumatologists were excluded, this cannot be wholly attributed to an incoming cohort
filling the gap. If it is the case that G31060 simply helps maintain the current level of access, it may
still be beneficial from a practice perspective. Lacaille et al demonstrated precipitous decline in use of
disease modifying anti-rheumatic drugs among rheumatoid arthritis patients unwilling or unable to
access a rheumatologist. For patients continuously followed by a rheumatologist, the use of disease
modifying anti rheumatic drugs was 84%, declining to 73% of patients who “intermittently” saw a
rheumatologist, 40% of those who saw an internist, and 10% of those following a family physician(15).
As such drugs are a core component of care for rheumatoid arthritis, as well as numerous other
rheumatic diseases, it would seem critical to ensure at least “intermittent” access to rheumatologists.
In this way, access is could be a considered a necessary condition to ensure quality of care.
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It remains to be seen what the impact of introducing the multidisciplinary conference code for
community-based patients may be on quality of care. Rheumatologists are often treating multi-morbid
patients, and having nursing support may help specialists keep track of non-rheumatology
considerations when managing their patients. For example, including a nurse in the consultation may
improve the chances of a discussion of cardiovascular disease risk and adherence to statins for a new
rheumatoid arthritis patient. As G31060 requires that the nurse and rheumatologist provide both a
written treatment plan and any counselling the patient needs for disease management, patients seeing
a nurse may be able to better manage their medications. The multidisciplinary conference code has
criteria that lend themselves well to medication management, and the additional time facilitate by the
presence of a nurse means that greater attention could be paid to adherence than was previously.

Analysis of the ‘status quo’ group in this study appears to show that rheumatologists who are not
presently facing challenges regarding access do not need to use G31060 to maintain their current level
of provision, as the level and trend of this group remains effectively flat for both number of unique
patients and service units per month across pre and post intervention periods. However, it is possible
that utilizing nurse-supported consultations may allow them to expand their practice beyond its
current size and/or see patients more frequently than present. If future research reveals quality of care
benefits, rheumatologists with no concerns regarding access may be able to boost the quality of their
practice by adopting the multidisciplinary conference code for community-based patients.
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5.3.3 Implications: British Columbia Ministry of Health

While the primary cohort does not show any significant effects, it is important to note that the
secondary analyses of consistent use (as defined as at least once a year) and high-intensity use (as
defined as at least 30 times a month, on average) of the multidisciplinary billing code for communitybased patients both showed a statistically significant, positive trend change in the number of unique
patients seen per month. This suggests the code has to be used in a certain way, or at least at a certain
frequency, in order to be of benefit to expanding access. Rheumatologists themselves likely do not
have the time or resources to evaluate the precise parameters of “how much” and “how often” are
necessary. However, the BC Ministry of Health could assist rheumatologists in determining the
appropriate level of billing for their clinic by providing additional resources to rheumatologists
interested in adopting G31060, and/or the Ministry could conduct its own research to determine the
optimal level of billing G31060. The BC Ministry of Health would be approaching the problem from
the payer perspective, and so this determination would likely be based on some form of cost-benefit
and/or cost-effectiveness analysis. Ideally, more research into the impact on quality of care of
introducing G31060 would be done prior to implementing any binding regulations, as the code likely
has impacts along more axes than access alone. Patients would also preferably be consulted for their
preferences regarding nurse-supported versus rheumatologists only care before any final decisions on
the appropriate level of billing is made. Computation of benefits and costs ought to incorporate the
improved prognosis and quality of life gained from earlier diagnosis and improved management.
However, it is certainly within the Ministry’s power to alter G31060 in such way that, on the lower
end of intervention, creates incentives for rheumatologists to bill to the optimum, or, on the higher
end of intervention, actually require rheumatologists to bill at a certain level according to the decision
rules the BC Ministry of Health has developed.
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Additionally, it would be helpful to both research community and the Ministry of Health itself if the
Ministry found a way to obtain data at the level of the rheumatology clinic (practice-level data) as part
of routine administrative data collection, in a manner than the rheumatologists themselves would find
acceptable. The ability to make accurate predictions and interpretations of the behaviour of
rheumatology practices is severely curtailed by the current dearth of data at this level. For example,
both practice type and the sex of the rheumatologist have been identified as relevant when predicting
rheumatology workforce needs, and neither variable is accessible to researchers or planners beyond
infrequent workforce surveys (73). The upcoming 2020 “Stand Up and Be Counted” workforce
survey may be a good time to begin building those bridges(74).

5.4 Next Steps

There are several areas for future research to further examine the impact of introducing G31060 on
access. First, a qualitative research design that interviews key stakeholders - patients, rheumatologists,
and nurses - at the clinic level would go a long way to explaining the “how” and “why” of
implementation. It would also provide an opportunity for patients to speak on their experience in a
way not possible using quantitative analysis.

Second, a targeted analysis focusing on health authorities with higher proportions of rural patients,
such as the Interior or Northern health authorities, would be of benefit to understanding access to
rheumatology care at the margins. Regional disparity is often discussed but few studies have explored
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this issue in great detail, likely due to the lack of available data (22). The focus of this thesis was the
impact on the entire BC population, but a consequence of that focus is the potential “washing-out”
of the impact of introducing G31060 in less populated, more remote, and more rural areas by the
supermajority (72%) of patients living in urban areas.

The work done within this thesis could be extended by using a regression discontinuity design that
tracks rheumatologists longitudinally as before, but uses a set number of months before and after the
rheumatologist uses G31060 as the “pre-intervention” and “post-intervention” periods. In this case
the “intervention” is the individual rheumatologist’s choice to begin using the multidisciplinary
conference code for community-based patients, as compared to the British Columbia-wide
intervention of introducing the code. This would allow the inclusion of rheumatologists who used
G31060 but were not present from 2009 Q2, if those rheumatologists have a sufficient amount of
time before they adopted the code to provide an appropriate assessment of pre-period level and trend.
As the low number of rheumatologists in the ‘nurse group’ of the secondary analyses is a limitation,
this could provide a more robust estimate of the impact of introducing G31060 than was possible in
this study. It may be necessary to extend the end of the study period in order to ensure appropriate
amounts of time in pre-G31060 and post-G31060 periods for late-adopting rheumatologists.
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5.5 Conclusion
The impact on access to rheumatology care of introducing the multidisciplinary conference for
community-based patients (G31060) varied depending on the consistency and intensity by which the
code is used. Primary cohort analysis, which assigned rheumatologists who ever billed G31060, did
not see any statistically significant impact on either the number of unique patients seen or
rheumatology service items billed per month (α=0.05). Secondary analyses that checked for
consistency in billing to be included in the ‘nurse group’, as defined by at least one use of G31060 per
year, found a statistically significant, positive increase in post-intervention slope attributable to the
introduction of the multidisciplinary code for unique patients per month, but no statistically significant
effect on the number of rheumatology service items per month. In an alternate secondary analysis that
tested for intensity, as defined by billing G31060 at least 30 times per month on average, a similar
significant and positive increase in post-intervention slope attributable to the introduction of the
multidisciplinary code was observed for unique patients seen per month, and similarly no effect on
rheumatology service items.

In conclusion, the multidisciplinary conference code has the potential

to improve the number of patients seen by rheumatologists, but requires an as-yet-to-be-determined
threshold of utilization in order to obtain this improvement. This analysis suggests that higher levels
of utilization are associated with higher levels of improvement with regard to the number of unique
patients per month seen.
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Appendix 1: Detail regarding autocorrelative process and
model specification
Table A1.1 Relationship of statistically significant autocorrelation lags to unique patients per
month by order of lag and cohort specification, as identified by Durbin-Watson (α=0.05),
Lag

Primary

Consistency

High-Intensity

1

not sig

-

-

3

not sig

not sig

+

6

+

+

+

7

not sig

-

-

10

-

not sig

not sig

12

+

+

+

Table A1.2 Relationship of statistically significant autocorrelation lags to service units per
month by order of lag and cohort specification, as identified by Durbin-Watson (α=0.05)
Lag

Primary

Consistency

High-Intensity

1

not sig

-

-

3

not sig

not sig

+

6

+

+

+

7

-

-

-

10

-

not sig

not sig

12

+

+

+

All cohort specifications have significant, positive autocorrelation processes at 6 and 12 lags. Both the
Consistency and High-Intensity specifications have significant order 1 lags. These cohorts are also
consistent in the significance and sign of each lag across outcomes. The Primary cohort has
consistency in sign across outcomes but lag of order 7 is significant for service units and not for unique
patients.
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Table A1.3 Order of moving average process identified by plot of autocorrelation function
Order Q
Primary

Consistency

High-Intensity

Unique Patients

0

0

0

Service Units

0

0

0

Plotting the autocorrelation function for all cohorts and outcomes reveals a large spike at 0 followed
by geometric decay of correlation as order increases. This suggests there is no moving average process.

Table A1.4 Order of autoregressive process identified by plot of partial autocorrelation
function
Order P
Primary

Consistency

High-Intensity

Unique Patients

12 or 6?

12 or 6?

12, 6 or, 1?

Service Units

12 or 6?

12 or 6?

12, 6 or, 1?

Plots of the partial autocorrelation function for each pairing of cohort and outcome are rather more
complicated than their respective autocorrelation function plots. All exhibit spikes followed by decay
followed by other spikes, a period of decay, and sometimes yet another spike in correlation and
subsequent decay as order increases. This would suggest that there may be several autoregressive
processes occurring simultaneously. ARMA only facilitates the selection of a single order for each
process and so a judgement call must be made. As all cohort-outcome pairs have significant lags at
order 12, and those correlation at those lags is universally the strongest, ARMA(12,0) specification is
likely the most appropriate across the three cohorts.
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Likelihood ratio testing of the nested models ARMA(1,0), ARMA(6,0), and ARMA(12,0) for each
cohort-outcome pair corroborates this assessment. ARMA(6,0) is always a better fit than ARMA(1,0),
and ARMA(12,0) is always a better fit than both, according to likelihood ratio tests (α=0.05).

Interpretation of AR(1) process:

An autoregressive process of order 1 means that yt is correlated with yt-1 for all t. In the context of this
analysis this means that the billing activity in any given month is correlated with the billing activity of
the prior month. This can be conceptualized as the prior month of activity providing the “baseline”
for the subsequent month. Unless something is particularly special about a given month in the study
period, we would expect it to be more or less the same as the last one for any given rheumatologist’s
billing activity.
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Appendix 2: Regression outputs from primary and secondary
analyses
Table A2.1: Primary cohort analyses of impact on the number of unique patients per month
achieved by the introduction of the multidisciplinary conference code for community-based
patients
Mean
intercept
2,594

β0

95% CI p-value
2375 to 2811
0.000

β1

time

4

-11 to 19

0.624

β2

‘nurse group’

2,013

1795 to 2411

0.000

β3

‘nurse group’ * time

-12

-33 to 10

0.293

β4

level

36

-262 to 333

0.815

β5

trend

-5

-20 to 11

0.564

β6

‘nurse group’ * level

-88

-509 to 333

0.682

β7

‘nurse group’ * trend

13

-9 to 35

0.231

Table A2.2: Primary cohort analyses of impact on the number of unique patients per month
achieved by the introduction of the multidisciplinary conference code for community-based
patients
Mean
95% CI p-value
β0
intercept
2,757 2,511 to 3,004
0.000
β1

time

0

-17 to 18

0.961

β2

‘nurse group’

2,725 2,376 to 3,073

0.000

β3

‘nurse group’ * time

-11

-35 to 14

0.396

β4

level

75

-254 to 405

0.654

β5

trend

2

-19 to 16

0.842

β6

‘nurse group’ * level

78

-388 to 544

0.744

β7 ‘nurse group’ * trend

10

-15 to 35

0.419
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Table A2.3: Consistent cohort analyses of impact on the number of unique patients per
month achieved by the introduction of the multidisciplinary conference code for
community-based patients
Mean

95% CI p-value

β0

intercept

2,623 2,485 to 2,761

0.000

β1

time

1

-9 to 11

0.86

β2

‘nurse group’

-294

-489 to -99

0.004

β3 ‘nurse group’ * time

-13

-26 to 1

0.076

β4

level

-11

-176 to 154

0.898

β5

trend

-1

-11 to 9

0.821

β6 ‘nurse group’ * level

-199

-432 to 35

0.097

β7 ‘nurse group’ * trend

15

2 to 29

0.030

Table A2.4: Consistent cohort analyses of impact on the number of service units per month
achieved by the introduction of the multidisciplinary conference code for community-based
patients
Mean

95% CI

p-value

2,790 2,620 to 2,960

0.000

β0

intercept

β1

time

-2

-14 to 10

0.698

β2

‘nurse group’

-3

-344 to 238

0.978

β3

‘nurse group’ * time

-22

-28 to 6

0.209

β4

level

33

-175 to 240

0.758

β5

trend

1

-11 to 13

0.824

β6

‘nurse group’ * level

-125

-419 to 169

0.407

β7 ‘nurse group’ * trend

13

-5 to 30

0.151
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Table A2.5: High-Intensity cohort analyses of impact on the number of unique patients per
month achieved by the introduction of the multidisciplinary conference code for
community-based patients
Mean

95% CI

p-value

β0

intercept

2632

2,514 to 2,750

0.000

β1

time

0

-8 to 9

0.96

β2

‘nurse group’

-1,559

-1,725 to -1,392

0.000

β3

‘nurse group’ * time

-8

-20 to 3

0.163

β4

level

-18

-157 to 121

0.796

β5

trend

0

-9 to 8

0.913

β6

‘nurse group’ * level

-185

-381 to 12

0.067

β7 ‘nurse group’ * trend

13

1 to 25

0.031

Table A2.6: High-Intensity cohort analyses of impact on the number of service units per
month achieved by the introduction of the multidisciplinary conference code for
community-based patients

Mean

95% CI

p-value

β0

intercept

2788

2,663 to 2,912

0.000

β1

time

-3

-11 to 6

0.572

β2

‘nurse group’

-1,573

-1,749 to -1398

0.000

β3

‘nurse group’ * time

-5

-18 to 7

0.422

β4

level

27

-117 to 171

0.715

β5

trend

2

-7 to 10

0.692

β6

‘nurse group’ * level

-113

-427 to 91

0.279

β7 ‘nurse group’ * trend

10

-2 to 22

0.114
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Appendix 3: Age and sex of patient population stratified by
rheumatic disease diagnosis
Table A3.1 Proportion of female patients (%) in study population, by primary rheumatic
disease diagnosis
Rheumatic disease

Systemic lupus erythematosus
Connective tissue disorders
Rheumatoid arthritis
Systemic vasculitides
Noninflammatory
Psoriatic arthritis
Ankylosing spondylitis
Gout

Proportion Female
(%)
87
80
73
73
69
54
46
19

N

4,281
11,307
33,197
806
83,763
3,828
7,909
4,183

Table A3.2 Median age and interquartile range of patients in study population, by primary
rheumatic disease diagnosis

Rheumatic disease

Median Age at
Diagnosis

IQR

N

Systemic vasculitides
Gout
Noninflammatory
Rheumatoid arthritis
Connective tissue disorders
Psoriatic arthritis
Systemic lupus erythematosus
Ankylosing spondylitis

72
63
60
59
53
53
49
47

64 to 79
52 to 73
49 to 71
49 to 69
43 to 64
43 to 61
38 to 60
36 to 57

806
4,183
83,763
33,197
11,307
3,828
4,281
7,909
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