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Abstract 

In systemic autoimmune rheumatic diseases (SARDs), immune dysregulation leads to systemic 

inflammation, organ damage, complications, and disability.  I examined the longitudinal, 

incremental direct medical costs of newly-diagnosed SARDs, incremental productivity costs, and 

impact of socioeconomic status (SES) on costs, at the general population level. 

 

Methods:  

Nine population-based cohorts, one for each SARD, were identified from the administrative 

health databases of the province of British Columbia (BC), Canada.  Nine non-SARD 

comparison cohorts were selected from the general population of BC, and matched to each 

SARD cohort on age, sex, and index-year.  

 

Direct Medical Costs: Administrative data captured provincially-funded outpatient 

encounters and hospitalisations, and all dispensed medications.  From these data, I estimated 

direct medical costs of each SARD and non-SARD cohort for up to five years after 

diagnosis/index date.  I used generalised linear models to determine incremental costs of each 

SARD overall, and by SES group, controlling for covariates, and incremental costs of systemic 

lupus erythematosus (SLE, the most common SARD) before diagnosis. 

 

Productivity Costs: Random sample of the population-based cohorts completed a survey 

on absenteeism and presenteeism (working at reduced levels/efficiency) from paid and unpaid 
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work.  Survey data were used to determine adjusted, incremental lost productivity costs of three 

SARDs: SLE, systemic sclerosis (SSc), and Sjogren’s (SjS). 

 

Results: 

Direct Medical Costs: I identified 8,858 incident adult SARD cases for the years 1996-

2010 (79.8% female) and 32,727 non-SARDs (79.0% female).  Adjusted mean per-person-year 

incremental costs (over-and-above non-SARDs’) ranged from $7,851 to $54,061 2013 CDN, 

mainly from hospitalisations. For nearly every SARD, incremental costs of the low-SES 

exceeded the high-SES, by ~$2,000-$3,000 per-person-year.  In each of the five pre-index years, 

adjusted costs for SLE were significantly greater than non-SLE; male sex and low SES were 

associated with greater costs among SLE.   

 

Productivity Costs: 671 surveys were completed: SLE=167, SSc=42, SjS=90, and non-

SARDs=375.  Adjusted incremental productivity costs averaged $4,494, $3,582, and $4,357 

annually for SLE, SSc, and SjS, respectively.  Major contributors were unemployment, 

presenteeism from paid work, and impairments with unpaid work.   

 

Conclusion: These novel findings should inform health resource allocation, and ongoing 

research to improve outcomes and reduce costs in these chronic diseases.   
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Lay Summary 

Systemic autoimmune rheumatic diseases (SARDs) are a group of inflammatory arthritides 

(including lupus) that cause organ damage and work disability.  Most cost estimates were 

determined over short periods from highly-selected clinic settings, and the ‘extra’ costs from 

SARDs in Canada are unknown.  

 

To address this, I used de-identified Ministry of Health data to study all BC adults newly-

diagnosed with SARDs during 1996-2010, and a sample of BC residents without SARDs.  I 

determined costs for outpatient care, hospitalisations, medications, and time lost from paid and 

unpaid work. 

 

I studied 8,858 SARDs and 32,727 non-SARDs.  After adjustment, ‘extra’ healthcare costs of 

SARDs (over-and-above costs of non-SARDs) averaged $7,851-$54,061 per-person-year, and 

were $2,000-$3,000 greater for patients of lower socioeconomic status.  Extra costs of work loss 

averaged $3,582-$4,494 per-person-year, mainly from unpaid work impairments. 

 

These estimates highlight the economic burden and unmet needs of these little-known chronic 

diseases, and will inform public healthcare spending. 
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1. Introduction1 

Systemic autoimmune rheumatic diseases (SARDs) are a group of complex but relatively 

unknown chronic inflammatory arthritides.  Immune dysregulation leads to systemic 

inflammation, organ damage, complications and comorbidities, disability, premature mortality, 

and reduced health-related quality-of-life(1–6).  Though distinct disorders, SARDs are often 

studied together due to their shared etiology, pathophysiology, manifestations, and treatments.  

There are two main subtypes, the connective tissue diseases (SARDs-CTD) and systemic 

vasculitides (SARD-SV).  Though the diagnoses included under the term SARDs can vary, the 

diagnoses included in this thesis are the following connective tissue disorders - adult forms of 

systemic lupus erythematosus (SLE), systemic sclerosis/scleroderma (SSc), Sjogren’s syndrome 

(SjS), polymyositis (PM), and dermatomyositis (DM) – and adult primary systemic vasculitides: 

polyarteritis nodosa (PAN), giant cell arteritis (GCA, sometimes referred to as temporal 

arteritis), Granulomatosis with polyangiitis (GPA, formerly known as Wegener’s 

granulomatosis), Takayasu’s arteritis, and Eosinophilic granulomatosis with polyangiitis (EGPA, 

formerly known as Churg-Strauss syndrome).   

 

                                                 

1 A portion of this chapter has been published: 
 
McCormick N, Marra CA, Aviña-Zubieta JA. Productivity Losses and Costs in the Less-Common Systemic 
Autoimmune Rheumatic Diseases. Curr Rheumatol Rep. 2017 Nov;19(11). 
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1.1: Overview of epidemiology and economic burden  

1.1.1 Epidemiology 

 According to recent estimates sourced from provincial administrative health databases, 

the incidence of SARDs-CTD in the province of British Columbia (BC), Canada, is 44.3 cases 

per-100,000 person-years (PY)(7) (in 2007), with a prevalence of 388.6(7).  SARDs-SV are less 

common, with reported incidence and prevalence in BC of 5.3 and 31.9 per-100,000(7), 

respectively. In 2007, when there were about 3.3 million adults in BC, our group estimated about 

12,966 BC adults (0.39% of the BC population) had a form of SARDs-CTD, and 1,065 (0.03%) 

had a form of SARDs-SV(7). SARDs affect far fewer individuals than do other arthritides, 

including osteoarthritis (OA), gout, and rheumatoid arthritis (RA). In studies using the same 

administrative data sources and similar case definitions as the BC estimates for SARDs, the 

incidence of OA, gout, and RA in BC was 1,170(8), 290(9), and 58-68(10) per 100,000 PY, 

respectively, while prevalence was 10,780(8), 3,800(9), and 760(11) per 100,000 BC residents, 

respectively.  

 

Broadly, SARDs predominantly affect females and mainly strike between the ages of 20 

and 60, peak childrearing and career years.  However, the incidence, prevalence, sex distribution, 

and age of onset do vary by subtype and specific diagnosis.  The female predominance is more 

apparent in SARDs-CTD, with SLE, SSc, and SjS about six-times more prevalent in females 

than males(7,12).  GCA affects about two-to-three times more females(13), while PAN(14), 

GPA(15), and EGPA(16) have a more even sex distribution. GCA strikes mainly those older than 

50 years of age(15), while Takayasu’s affects mainly young women(17). 
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 SARDs can afflict any racial/ethnic group, though certain diagnoses are more frequent in 

certain groups.  SjS and GPA are more common in those of White/Caucasian/European 

descent(15,18), and GPA appears to be more prevalent in Northern Europe than Southern 

Europe(19).  Conversely, SLE and SSc tend to be more common in those of non-

White/Caucasian races/ethnicities. Data from the United States (USA) suggests there is an 

increased prevalence of SLE among those of Hispanic(20,21), Middle-Eastern(22), Asian(20,21), 

and African-American(20,21,23–25) descent, as compared to Whites, and an increased 

prevalence of SSc among those of African American descent(26).  Both US and Canadian data 

have shown a higher prevalence among Indigenous groups(25,27–30), those of Native 

American/Canadian, First Nations, Metis, or Aboriginal descent. In the Canadian province of 

Alberta, SLE and SSc were twice as prevalent among Indigenous females > 45 years of age than 

non-Indigenous females in the same age group(27), though the prevalence of PM/DM(31) did 

not differ between Indigenous and non-Indigenous groups. 

 

1.1.2 Economic burden  

In this thesis, I define economic burden as the direct medical costs and lost productivity 

costs.  Direct medical costs are the costs paid for the provision of healthcare resources such as 

outpatient care, hospitalisations, and medications, while lost productivity costs (sometimes 

referred to as indirect costs) are the monetary value of production losses due to health.  The 

following is a brief overview of what is known about the economic burden of SARDs, with a 

focus on Canada; in Sections 1.5 and 1.6, I provide a comprehensive review of all-known 

estimates as available from the published, English-language literature.  All estimates are 

standardised to 2013 Canadian dollars.  The most recent Canadian data (from a clinic-based 
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cohort) suggest the direct medical costs of prevalent SLE average $11,182 per-patient annually: 

$15,862 for severe disease and $6,237 for non-severe(32).  The costs of prevalent SSc and 

PM/DM patients in the Canadian province of Quebec averaged $5,549(33) and $4,412(34), 

respectively, though the PM/DM estimate included only outpatient and hospitalisation costs, not 

medications.  The direct medical costs of other SARDs have not been determined in the 

Canadian setting, though some estimates are available from other countries: annual direct 

medical costs averaged $6,118(35) among a clinic-based cohort of prevalent SjS in the United 

Kingdom (UK), $7,195(36) among a clinic-based cohort of prevalent Takayasu’s arteritis in 

Italy, $42,638(37) among prevalent GPA in the USA, and $42,252(38) among newly-diagnosed 

GCA in the USA. As described in Section 1.6, there is a paucity of Canadian data on the lost 

productivity costs of SARDs, though four-year cumulative costs of SLE averaged $54,151(39) 

and the costs of SSc were $14,775 per-year(35). Both estimates were from tertiary clinic cohorts. 

 

1.2: Pathophysiology, manifestations, and treatments 

 SARDs are autoimmune diseases, meaning the body launches an immune response 

against its own organs, tissues, and blood vessels. Although the pathophysiology is not fully 

understood, a positive-feedback loop has been proposed for many SARDs wherein, upon the 

formation of immune complexes between auto-antibodies and auto-antigens, toll-like receptors 

stimulate innate immune cells to produce type I interferon(40).  This triggers an adaptive 

immune response, with maturation and differentiation of (sometimes abnormal, pro-

inflammatory) T-cells and B-cells(40). Generation of additional auto-antigens and auto-

antibodies serves to maintain this loop by forming additional immune complexes, and 

stimulating further production of interferon gamma. The T-cells themselves can induce direct 
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tissue damage, and evidence suggests that the target organs and tissues may also induce and 

maintain the abnormal immune response(40) 

 

 This immune dysregulation (or “continuous immune activation”(40)), and uncontrolled 

inflammation, leads to a variety of constitutional symptoms (i.e. fatigue, fever, malaise, myalgia, 

arthralgia/arthritis)(41) and organ-specific manifestations, the extent of which depends on the 

specific SARD.  For example, SLE can manifest in nearly every organ system while the other 

SARDs-CTD affect specific connective tissues: SjS the salivary, lachrimal, and other exocrine 

glands, SSc the skin, kidneys, gastrointestinal tract, and lungs, and PM/DM the muscle fibres and 

skin(40). The defining feature of SV is inflammatory narrowing and necrosis of the walls of 

specific blood vessels(41), which restricts blood flow, thereby damaging the target organs. In 

addition to these direct organ manifestations, SARDs are associated with a significantly 

increased risk of complications including myocardial infarction (MI), cerebrovascular accident 

(CVA), and venous thromboembolism(42–59); recent evidence even suggests those with SLE 

have worse functional outcomes and higher mortality after CVA than those without SLE(60). 

SARD patients have also been found to have an increased risk of comorbidities such as 

diabetes(61), chronic obstructive pulmonary disease(62), and certain cancers(63–76). 

 

1.2.1 Treatments 

To ameliorate the inflammation and underlying immune dysregulation, the mainstay 

therapies for SARDs are glucocorticoids (GC) and immune-modulating and immunosuppressing 

agents, many of which are also used to treat cancer and prevent (or address) rejection of 

transplanted organs and tissues.  The immune-modulators used in SARDs include methotrexate, 
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azathioprine, and the anti-malarials hydroxychloroquine (HCQ) and chloroquine.  

Immunosuppressants include cyclophosphamide, mycophenolate, ciclosporin, and tacrolimus.  

GC are associated with an array of acute and chronic adverse effects including cataracts, 

hypertension, osteonecrosis, diabetes, and opportunistic infections(77–80).  Thus, to avoid (or at 

least reduce) GC exposure, HCQ, immune-modulators, and immunosuppressants, so-called 

‘steroid-sparing agents’, are used in place of (or alongside) GC. Moreover, as cyclophosphamide 

can cause infertility, gonadal failure, and bladder cancer, therapies such as mycophenolate(81) or 

ritixumab(82) may be used instead.  Biologics are used far less-frequently in SARDs than in 

other inflammatory arthritides, but three are indicated for SARDs in Canada: belimumab for 

SLE, rituximab for GPA, and (as of October 2017) tocilizumab for GCA.   

 

1.3: Burden of specific SARD diagnoses 

 To help one appreciate the disease, healthcare, and productivity burden of SARDs, I 

provide below a brief description of the pathophysiology, epidemiology, and distinct clinical 

features and treatments for each.  Where possible, I provide data from Canadian settings.   

 

1.3.1 Systemic lupus erythematosus (SLE) 

 Systemic lupus erythematosus (SLE), the prototypical SARD, is the most common and 

well-known of these disorders.  SLE can manifest in nearly every organ system, though the main 

areas of involvement are the mucocutaenous, pleuropulmonary, musculoskeletal, cardiovascular, 

renal, haematological, and neuropsychiatric(83) systems. The two main mechanisms of SLE 

pathogenesis are deposition of immune complexes in body tissues (such as the skin and kidneys), 

and binding of circulating auto-antibodies against antigens present in specific tissues(84).  These 
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processes cause tissue injury and further immune system activation and heightened repair 

response(84).  SLE affects mainly females, with a mean age at diagnosis of around 30-35 

years(85–88) among clinic-based cohorts, but older (around 45 to 50 years)(89–92) in 

population-based cohorts  

 

According to a 2017 systematic review(93), the incidence of SLE in North America is up 

to three cases per-100,000 PY, with prevalence ranging between 30 and 60 cases per-100,000 

adults.  In Canada, the reported incidence of SLE has ranged from 2.8 per-100,000 PY(94) (in 

2003 in the province of Quebec) to 14.1 per-100,000 PY(7) (in 2007 in BC), with prevalence 

ranging from 51.0(94) to 113.9 per-100,000(7).  The authors of the aforementioned systematic 

review(93) concluded that the prevalence of SLE may indeed have increased over time, as 

supported by investigations from the UK, Scandinavia, and Minnesota, USA. However, the 

trends for incidence were less clear, with reports from the UK and Minnesota suggesting the 

incidence has decreased over time(93). 

 

SLE generally has a relapsing-remitting course, with disease activity fluctuating over 

time.  Clinically-significant increases in disease activity, which usually necessitate changes in 

treatment, are referred to as disease flares(95).  However, a number of patterns have been 

observed, including long quiescent (no disease manifestations for at least one year) and chronic 

active (constantly active disease for at least one year)(96), and patients may switch between 

patterns over time(97).  Though mortality has decreased over the decades(98–100), SLE is still 

associated with an approximately three-fold increased risk of mortality as compared to the 

general population(101,102).   
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The major therapeutic goals in the management of SLE, as identified by an international 

taskforce, are prevention of flares and damage accrual, achievement of complete remission of 

systemic symptoms and organ manifestations (or if not possible, then the lowest-possible level of 

disease activity), and addressing fatigue, pain, depression, and other aspects of health-related 

quality-of-life(103).  Taskforce members suggested that hydroxychloroquine be used in all SLE 

patients who do not have an absolute contraindication, due to its role in reducing flares, 

preventing damage accrual, and reducing mortality(103). 

 

Belimumab, which inhibits a B-cell stimulator protein, is indicated for reducing disease 

activity in adults with active, antibody-positive SLE when used alongside standard 

therapies(104), though was not trialed in lupus nephritis or neuropsychiatric lupus.  The 

regulatory approval of belimumab in 2011 was met with great excitement since it was the first 

therapy in over 50 years that was developed specifically for SLE(105).  However, given its high 

cost (about $20,000 per-patient annually) and a lack of evidence that belimumab can reduce GC 

exposure or the risk of organ damage, Canada’s health technology assessment agency, the 

Canadian Agency for Drugs and Technologies in Health (CADTH), recommended that 

belimumab not be listed by Canada’s provincial and other publicly-funded drug plans(104). As 

such, it is not covered by the BC government(106), though is available to patients if they have 

coverage through private insurance or are willing to pay out-of-pocket.  Though the 2017 British 

Society of Rheumatology guidelines(103) suggest using belimumab or rituximab for moderate to 

severe SLE (in the UK, limited public funding is available for SLE patients with refractory active 

disease(107,108)), rituximab is not licensed in Canada (or the UK) for the treatment of SLE. 
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1.3.2 Sjogren’s syndrome (SjS) 

Sjogren’s syndrome has two forms: primary (pSjS, occurring on its own) and secondary 

(sSjS, occurring in conjunction with another rheumatic disease, such as SLE or rheumatoid 

arthritis).  It is characterised by salivary gland dysfunction (resulting from autoimmune-mediated 

destruction of these glands), and chronic inflammation of the tear ducts (lacrimal glands), which 

reduce tear secretion and salivary flow(109).  As such, the distinguishing features of SjS are 

ocular and oral dryness, which can damage the eyes, cause difficulty speaking or swallowing, 

and lead to oral candidiasis and tooth decay(109).  Extraglandular manifestations include 

depression, fatigue, joint pain, dysphagia, peripheral neuropathy, and lung involvement(109).  It 

is important to emphasise that while the manifestations of SjS may not seem life-threatening, SjS 

is associated with an increased risk of complications such as venous thromboembolism(110,111) 

and chronic obstructive pulmonary disease(62), and an increased risk of lymphoma(112–114).   

 

Treatments for SjS include topical therapies, and systemic ones such as 

hydroxychloroquine(115). Topical therapies for ocular dryness include lubricating drops (to 

replace tears), and steroid- or ciclosporin-containing drops or ointments to reduce inflammation.  

High fluoride toothpastes, fluoride-containing mouthwashes or gels, saliva substitutes (sprays, 

gels, or rinses), and xylitol-containing chewing gum can promote good oral hygiene and relieve 

oral dryness by replacing or stimulating saliva production.  Oral pilocarpine may be used to 

stimulate ocular and systemic secretions(115).   

 

SjS affects about nine-times as many females as males(116), with a peak incidence 

during the sixth decade(117).  In data from BC, the incidence of SjS (in 2007) was 4.3 per-
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100,000 PY and prevalence was 21.3 per-100,000 overall, and 54.4 per 100,000 females aged ≥ 

45 years(7).  Prevalence estimates for pSjS vary with the reference standard: lower when based 

upon fulfillment of classification criteria (22 per-100,000), as compared to a physician-recorded 

diagnosis (103 per-100,000), since many of the requisite tests for evaluating the criteria are not 

performed(118).   

 

1.3.3 Systemic sclerosis (SSc) 

Systemic sclerosis (SSc) is characterised by vasculopathy (affecting the small arteries, 

arterioles, and capillaries), and thickening and fibrosis of the skin and internal organs. Vascular 

injury usually occurs first: the vessel cells proliferate, and collagen and other extracellular matrix 

components accumulate, thickening the vessel walls and reducing blood flow(119). As such, 

Raynaud’s phenomenon (pain, loss of sensation, and cyanosis in the fingertips, resulting from 

cold- or stress-induced vasospasm(120)) is usually the first clinical sign of SSc.  Fibrosis occurs 

from tissue hypoxia, and excess deposition of collagen and other extracellular matrix 

components into the tissues, mainly the skin, lungs, heart, gastrointestinal tract, and tendon 

sheath(119).  The manifestations of this vasculopathy and fibrosis include skin thickening and 

hardening, digital ulcers and gangrene, arthralgia and joint contractures, gastrointestinal disease, 

lung fibrosis or interstitial lung disease, pulmonary arterial hypertension (PAH), cardiac fibrosis, 

and scleroderma renal crisis(121).  SSc has two major subsets, limited cutaneous (lcSSc) and 

diffuse cutaneous (dcSSc), which are classified based on the degree of skin involvement.  lcSSc 

affects the skin below the knees and elbows (as well as the face and neck), while dcSSc affects 

the torso and upper portions of the limbs(121).  Although dcSSc is the more severe form of the 
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disease, and associated with elevated mortality(122,123), patients with either subset can suffer 

from lung disease and severe gastrointestinal manifestations. 

 

Unlike most SARDs, GC are not widely used in SSc, and may actually increase the risk 

of scleroderma renal crisis(124). Instead, treatment depends on the organ systems affected.  

ACE-II inhibitors should be used to treat scleroderma renal crisis, but are not recommended as a 

preventative therapy, while methotrexate is used to treat skin manifestations, and 

cyclophosphamide for interstitial lung disease(124).  Treatments for SSc-associated PAH include 

endothelin receptor antagonists (i.e. ambrisentan, bosentan, and macitentan), phosphodiesterase-

5 (PDE-5) inhibitors (i.e. sildenafil, tadalafil), prostacyclin analogues (i.e. epoprostenol, 

treprostinil), and riociguat, the first of a new class of drug that stimulates soluble guanylate 

cyclase(124)). Due to their vasodilating action, many of these therapies, along with calcium 

channel receptor antagonists like nifedipine, are also used to heal or prevent the development of 

digital ulcers, and reduce the impact of Raynaud’s. As detailed more in Section 1.4, these 

therapies for PAH can cost as much or more than biologic therapies, with annual costs (for the 

drug alone) ranging from about $7,000 for sildenafil(125,126) to $47,000 for macitentan(125), 

riociguat(126), and brand-name bosentan(125).  Patients with severe lung disease may also be 

considered for lung transplant(120). 

 

 SSc is much rarer than SLE, affecting between 21.3 per-100,000 adults (in 2007 in 

BC)(7) and 44.3 per-100,000 (in 2003 in Quebec)(12), where it was most prevalent among 

females over 45 years of age (161.2 cases per 100,000)(12).  The mean age at onset is 35-50 

years(120).   

https://en.wikipedia.org/wiki/Soluble_guanylate_cyclase
https://en.wikipedia.org/wiki/Soluble_guanylate_cyclase
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1.3.4 Polymyositis and dermatomyositis (PM/DM) 

Polymyositis (PM) and dermatomyositis (DM) are characterised by muscle inflammation, 

weakness, and fatigue, usually in the neck, shoulders, pelvis, and thighs(127).  In DM, a rash is 

also present.  These disorders can occur on their own, or in conjunction with other SARDs 

including SLE, SSc, and SjS.  PM/DM are thought to result from a combination of immune-

mediated attack of muscle fibers and capillaries, and non-immune processes(127).  The muscle 

weakness and fatigue can develop over weeks or months, will progress if left untreated(127), and 

about one-third of patients will experience long-term disability to a certain extent(128).  

Treatment starts with high-dose GC, often in conjunction with an immune-suppressant or 

immune-modulator(127,128), after which the GC dose can be tapered, and the immune-

suppressant/modulator eventually replaced by methotrexate(127,128).  PM/DM are associated 

with an increased risk of MI, CVA, and venous thromboembolism(44,45), and malignancy(129), 

with the risk of cardiovascular complications in PM(44,45), and malignancy in PM and 

DM(129), greatest at the time of diagnosis  

 

The mean age of onset is 50-60 years for PM and 45-65 years for adult DM(127).  The 

reported Canadian prevalence of PM/DM combined has ranged from 21.5 per-100,000 

individuals(130) (in 2003 in Quebec) to 33.8 per-100,000(31) (in 2007 among non-Indigenous 

Albertans), with a higher prevalence in females.  In the only Canadian study reporting incidence 

data(7), the incidence rates were 1.4 and 1.0 per-100,000 PY for PM and DM, respectively, in 

BC over 1996-2007.   

 



13 

 

1.3.5 Systemic vasculitides (SV) 

The defining feature of the systemic vasculitides (SV) is inflammation and necrosis of the 

walls of specific blood vessels.  SV are classified according to the size and type of vessel 

affected, and the presence or absence of anti-neutrophil cytoplasmic antibodies (ANCA), which 

form against antigens within certain white blood cells (neutrophils and monocytes)(15). While 

there are many forms of SV, the ANCA-associated SV described in this thesis include 

Granulomatosis with polyangiitis (GPA) and Eosinophilic granulomatosis with polyangiitis 

(EGPA), while the ANCA-negative forms include polyarteritis nodosa (PAN), giant cell arteritis 

(GCA), and Takayasu’s arteritis.  

 

1.3.6 Polyarteritis nodosa 

 Polyarteritis nodosa (PAN) is an ANCA-negative SV affecting the small and medium-

sized muscular arteries. There are three subsets: idiopathic generalised PAN (affecting the skin, 

nervous and cardiovascular systems, abdominal organs, and renal arteries(14)), cutaneous PAN 

(affecting only the skin and surrounding muscles, joints, and nerves(131)), and one induced by 

the hepatitis B virus (HBV).  In HBV-associated PAN, antibodies form immune complexes with 

the viral antigens and deposit in blood vessels(131), damaging them and leading to further 

inflammation and immune system activation(14).  Newly-diagnosed patients are treated with 

GC, sometimes in combination with cyclophosphamide(131,132); to clear the immune 

complexes, HBV-associated PAN is treated with GC, antivirals, and plasma exchange(82,132).   

 

  PAN typically strikes between the ages of 40 and 60(14) and is one of the rarest SV(131), 

with a reported incidence of 0.9 per million(133) and prevalence of 31 per million(134,135).  
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However, the incidence and prevalence in BC in 2007 were slightly higher: 6 per million and 40 

per million, respectively(7).   

 

1.3.7 Giant cell arteritis (GCA) and Takayasu’s arteritis (Takayasu’s)  

Giant cell arteritis (GCA) and Takayasu’s arteritis (Takayasu’s) are both large-vessel 

vasculitides that may actually be subsets of one disorder(136).  GCA (also known as temporal 

arteritis) is the most common form of SV in adults over 50 years of age(137). There were about 

17.3 prevalent cases per 100,000 BC adults of any age in 2007, including 30.8 cases per 100,000 

adults ≥ 45 years of age(7). The mean age of onset is about 79 years, and it strikes at least twice 

as many females than males(17).  Indeed, in 2007 the incidence in BC was 2.7 per 100,000 PY 

overall: 3.8 in females and 1.6 in males(7).  Takayasu’s predominantly strikes females between 

the ages of 20 and 40, though there is a less of a female predominance in Western countries than 

in Asia(138).  Moreover, findings from a Japanese survey suggest there is no age predominance 

in males(139).  The incidence and prevalence of Takayasu’s in BC in 2007 was 0.4 and 1.7 per 

100,000, respectively(7). 

 

GCA affects the medium- and large-sized muscular arteries, including the aorta and its 

branches like the temporal artery.  The classic symptom is new-onset, continuous, severe 

headache (usually over the temporal or occipital lobes), while the most serious initial 

manifestation is vision loss (stemming from occlusion of the ciliary or retinal arteries) which can 

become permanent(13). Temporal artery biopsy is considered the gold-standard for establishing 

the diagnosis(13), but false-negatives results do occur(140); thus, in an effort to prevent vision 

loss, treatment is often started before a biopsy is conducted or results are available(141).  Some 
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of the long-term consequences of GCA are aortic dissection/aneurysm and neuropathies(13), but 

studies of population-based cohorts do not indicate there is a significantly increased risk of 

mortality(142). 

 

 In Takayasu’s, immune-mediated destruction of the walls of the aorta and other major 

arteries (including the coronary, pulmonary, and renal arteries) leads to stenosis, thrombosis, and 

vessel aneurysm and rupture(138), which limits blood flow to the target organs.  Major 

complications include aortic regurgitation, hypertension, brain ischaemia, ischaemic heart 

disease, and aneurysm(139), and a major cause of death is renovascular hypertension(138).  Most 

patients have relapsing-remitting or progressive disease(17), and in a report from the Mayo 

Clinic(143), mortality was three-times higher in Takayasu’s than the general population 

(absolute mortality of 3% after 10 years, and 14% after 15 years, among the 79 patients 

followed). 

 

Upon diagnosis with GCA or Takayasu’s, patients are prescribed high-dose GC (40-60 

mg of prednisone per day) for at least the first month, sometimes in conjunction with low-dose 

aspirin, after which time the GC dose can be tapered if symptoms have resolved(144,145).  

However, especially in the case of relapse, methotrexate or immunosuppressants may also be 

required(144,145).   
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1.3.8 Granulomatosis with polyangiitis (GPA) 

 A key feature of Granulomatosis with polyangiitis (GPA), formerly known as Wegener’s 

disease, is the presence of inflammatory granulomatous lesions(146).  It impacts the small- and 

medium-sized vessels, including arteries, arterioles, veins, and capillaries.  There are two 

subsets, localised or limited, which affects the upper respiratory tract, and systemic or diffuse, 

which affects the lungs, kidneys and other vital organs, resulting in lung nodules, alveolar 

haemorrhage, glomerulonephritis, and skin lesions and ulcerations(146).  Upon diagnosis or 

relapse, patients are started on a regimen of immune-suppressing (GC plus cyclophosphamide or 

rituximab for up to six months(147)) or immune-modulating therapies (GC plus 

methotrexate(82,147) or mycophenolate(82) for at least 12 months) to induce remission.  

Maintenance therapy (low-dose GC plus an immune-modulator or rituximab) is continued for at 

least 18 months once patients have achieved remission(147).  Unlike belimumab, rituximab was 

recommended for listing on Canada’s public drug formularies(148), and public coverage for 

rituximab in BC is available for eligible GPA patients upon special request(149).   

 

Mortality is most elevated within the first six months after diagnosis (~10%), mainly 

from treatment-related infections, and remains somewhat elevated over the longer-term, due to 

infection, malignancy, and renal and cardiovascular disease(16). Still, evidence suggests that 

mortality in GPA and other ANCA-associated vasculitides has improved over time(150).  

Patients who survive the initial period after diagnosis often suffer from the effects of permanent 

organ damage to the lungs, kidneys, and sinuses(16). 
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 GPA tends to strike between the ages of 45 and 60(146), with no sex predominance.  In 

2007, the incidence in BC was 2.2 per 100,000 PY overall (2.0 among males and 2.5 among 

females), while prevalence was 10.3 per 100,000 (10.0 among males; 10.7 among females)(7).   

 

1.3.9 Eosonophilic granulomatosis with polyangiitis (EGPA) 

 Eosonophilic granulomatosis with polyangiitis (EGPA), formerly known as Churg-

Strauss syndrome, affects the small-to-medium-sized vessels, including the arterioles, venules, 

and capillaries, and is almost always accompanied by severe asthma(151).  Vascular 

inflammation and necrotising vasculitis in EGPA restricts blood flow to the organs and tissues, 

including the respiratory, cardiovascular, gastrointestinal, and peripheral nervous systems(151).  

EGPA is uncommon, with a prevalence of between 2.4 and 6.8(151) per million adults, but is 

more frequent among asthmatics (i.e. 64 per million asthmatics and 1.8 per million non-

asthmatics(152)).  GPA and EGPA are similar: both affect the small vessels and granulomas 

form in both, with asthma and eosinophilia being the distinguishing features of EGPA.  As the 

two have the same billing codes, they cannot be distinguished in the administrative data, so I will 

not be reporting on the direct medical costs of EGPA separately from GPA. 

 

1.4 Costs of treatments for SARDs 

1.4.1 Prescription medication costs and coverage in British Columbia, Canada  

 One motivation for learning more about the direct medical costs of SARD patients at 

present is the high cost of treatments (and treatment strategies) now emerging for SARDs.  In 

Canada, publicly-funded healthcare is available to all residents, regardless of ability to pay.  

Each of the country’s 13 provinces and territories administer their own healthcare systems which 
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cover the costs of all medically-necessary inpatient and outpatient care upfront, but prescription 

medication coverage is incomplete and varies by province.  Moreover, there is no publicly-

funded coverage for healthcare products available without a prescription including, for example, 

aspirin and most eye drops and oral care products used by individuals with SjS.  

 

Through a program called Fair Pharmacare(153), the BC Ministry of Health provides 

some coverage for prescription medication costs, on the basis of household income. Individuals 

are responsible for the full cost of their prescription medications until they reach their annual 

deductible, after which Pharmacare will cover 70-75% of eligible prescription costs. If a 

household’s annual prescription spending goes on to exceed a certain, household income-based 

threshold, Pharmacare will cover 100% of eligible costs for the rest of the year(153). Biologics 

and other high-cost medications are also covered on a case-by-case basis. Beyond this assistance, 

any remaining costs are paid by individuals out-of-pocket, or by private (often employer-based) 

insurance plans that many purchase or receive as an employment benefit. Thus, the costs for 

SARD treatments at present, and any increases in costs, impact many different payers: patients, 

their families, employers, private insurers, and the public healthcare system. 

 

1.4.2 Current and anticipated costs 

 The least expensive therapies used in SARDs are aspirin and GC, each of which cost less 

than $10 (Canadian) for a 30-day supply in Canada(141) (excluding dispensing fees and any 

administration costs).  Similarly, nifedipine(154) (main calcium channel blocker used in SSc), 

hydroxychloroquine, and azathioprine each cost less than $25 per month, and methotrexate less 

than $50 per month(81). The annual costs of these medications (again, excluding the dispensing 
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fee of approximately $10 per-prescription) translate roughly to $120 per-year for aspirin or GC, 

and $300 per-year for nifedipine, hydroxychloroquine, or azathioprine. 

 

 Mycophenolate costs more, $100 per-month, at minimum, for the drug alone(81), which 

translates roughly to $1,200 per-year.  Even still, the costs of the vasodilators used to treat digital 

ulcers and PAH in SSc, and the biologics indicated for use in SLE, GPA, and GCA, are 

considerably higher.  According to CADTH, the daily cost for the different vasodilators ranges 

from $19 for sildenafil(125,126) to $27 for tadalafil(125,126), $32 for generic bosentan(126), 

$123 for ambrisentan(125,126), and $128 for macitentan(125) and riociguat(126).  Of note, 

bosentan recently went off patent, and the daily cost for brand-name bosentan is much higher, 

about $128 per day(125).  These daily costs translate roughly to $6,935 per-year for sildenafil, 

$9,855 for tadalafil, $11,680 for generic bosentan, $44,895 for ambrisentan, and $46,720 per-

year for macitentan, riociguat, and brand-name bosentan.   

 

 A four-week course of rituximab for the treatment of GPA costs about $12,867, on-

average(148), while cyclophosphamide, the alternative therapy, costs between $128 and $341 for 

a three-to-six month course of the oral formulation, and between $115 and $173(148) for the 

intravenous formulation.  The biologic belimumab costs between $18,018 to $22,176 per-person 

during the first year of treatment for SLE, and $15,616 to $19,219 in subsequent years(104).  

Tocilizumab is still being reviewed by Canada’s health technology assessment agency(155), but 

data from its other indications suggest it will cost approximately $9,230 per-year, if administered 

every-other-week, and $18,460 per-year if administered on a weekly basis(156).   
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 Beyond their official indications, some of the above therapies are being investigated or 

used off-label for the treatment of other SARDs.  These include rituximab(157,158) and 

belimumab(159) for SjS, rituximab for SLE(160,161) and SSc(162–164), and tocilizumab for 

Takayasu’s(165) and possibly even PAN(166).  Additional biologic therapies being considered 

or trialed for SARDs include abatacept for GCA(167) and Takayasu’s(168), infliximab(169) for 

Takayasu’s, and epratuzumab(170,171) and anifrolumab(172) for SLE, while two non-biologics, 

mycophenolate(173) and nintedanib(174), are being investigated for the treatment of interstitial 

lung disease in SSc.  There is also growing interest in the use of autologous haematopoietic stem 

cell transplantation for severe, rapidly-progressing SSc(175–177).  Making this option more 

widely available to Canadians would not only come at a high direct cost, but require considerable 

capital investment(177). 

 

 With this expanding use of biologics and other expensive therapies, the treatment costs of 

SARDs are likely to rise. Some of this cost increase may be worthwhile, if these treatments offer 

incremental health gains over existing therapies, or provide other benefits of value. One example 

is rituximab, which is more expensive than cyclophosphamide, and considered non-inferior for 

the treatment of GPA, but was recommended for listing by CADTH as a better option for 

patients who wish to preserve gonadal function or fertility(148).  There may also be a decreased 

risk of malignancy with rituximab than with cyclophosphamide(178). But in order to allocate 

resources efficiently, decision-makers need high-quality evidence surrounding the economic 

burden of SARDs at the population level. 
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1.5 Direct medical costs in SARDs: a critical literature review 

 Due to the organ damage, complications, increased comorbidity rates, and adverse effects 

of the immune-modulating and immunosuppressive therapies needed to manage these chronic 

disorders, the direct medical costs of SARDs are likely substantial. I have summarised the 

published estimates of the all-cause (Table 1.1) and incremental or attributable (Table 1.2) direct 

medical costs of SARDs, as available in the peer-reviewed, English-language literature through 

September 2017, in Tables 1.1 and 1.2.  All cost estimates in these tables have been standardised 

to 2013 Canadian dollars using exchange rates from the Bank of Canada(179) and the general 

component of the Canadian Consumer Price Index(180).  To ensure comparability, these tables 

do not include estimates specific to children(181–183) or pregnant women(184), nor estimates 

that only include costs for a single healthcare component(185–191). 

 

Even still, I located 45 studies with data on direct medical costs from 14 countries, with 

some including patients from multiple countries: Canada (n=7)(32–34,192–195), USA 

(n=22)(37,38,91,92,193,194,196–211), UK (n=6)(35,193,194,212–214), Germany (n=3)(213–

215), Italy (n=3)(36,213,214), Sweden (n=3)(213,216,217), Hungary (n=2)(213,218), Spain 

(n=2)(213,214), France (n=2)(213,214), Hong Kong (n=2)(219,220), Taiwan (n=2)(221,222), 

South Korea(n=2)(223,224), Poland (n=1)(225), and Greece (n=1)(226)  Thirty-two were on 

SLE(32,91,92,192–195,198,201–212,214–217,219–226), five on SSc(33,196,199,213,218), two 

were on SjS(35,227), two on PM/DM(34,197), and four reported on a form of SV(36–38,200). 

Three studies(200,215,216) reported only on the incremental or attributable costs of the SARD, 

and not the total (all-cause) medical costs incurred by SARD patients.   
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1.5.1 Research gaps 

 These estimates have been useful in raising awareness of the healthcare costs of patients 

with these little-known disorders, and major drivers and contributors of these costs.  Higher costs 

were reported for SLE patients with flares(219) (especially severe flares(32,205,214)), 

renal(91,195,198,202,203,223,224,228) and neuropsychiatric(198,220) manifestations, and high 

levels of disease activity.  In PM/DM(34), female sex and older age were associated with higher 

costs, and longer disease duration with lower costs, while in SjS(35), longer disease duration was 

associated with higher costs, as was poorer physical function.  Moreover, studies that compared 

the costs of patients with different rheumatic diseases reported that hospitalisation rates were 

higher in SSc than in RA or psoriatic arthritis(218), and (early in the biologic era, at least), the 

healthcare costs of pSjS did not differ significantly from RA(35). 

 

 Still, there remain gaps in the literature that limit our understanding of the healthcare 

burden of SARDs, especially at the population-level.  First, though some estimates of SjS, GCA, 

and GPA have emerged in recent years, the vast majority (32 of 45) were determined for SLE; 

there were only two studies of direct medical costs in each of SjS(35,227), PM/DM(34,197), and 

GCA(38,200), and one in each of GPA(37) and Takayasu’s(36).  Second, many estimates have 

been determined from small, clinic-based samples. A key advantage of clinic-based/disease 

registry data is the extent of clinical and patient-reported variables available. However, patients 

attending tertiary clinics may have more severe disease than patients followed by community-

based providers, and these studies may only include patients who consent to participate. Thus, 

estimates from clinic-based cohorts are prone to selection bias.  As well, since it can be hard to 

attribute healthcare utilisation to the patient’s SARD, and these tertiary clinics and registries do 
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not usually collect comparable healthcare utilisation data on the general population, it is difficult 

(if not impossible) to determine the incremental burden of SARDs from these sources.  Evidence 

suggests that computing only the costs of utilisation deemed attributable to the disease (i.e. only 

the costs of physician visits coded for the SARD, or for immune-modulating/suppressing 

medications) will underestimate the incremental healthcare costs imparted by a disease.  The 

costs of complications associated with that disease, for example, will not be captured(229) using 

this approach. Administrative databases that capture healthcare utilisation from primary- and 

tertiary-care settings can be used to produce more comprehensive and generalisable estimates, 

though some databases cover only selected populations (i.e. the US Medicaid database(203,205), 

which covers only poor or disabled individuals, and the US Medicare database(208), which 

covers mainly those ≥ 65 years of age).   

 

 Third, most cost estimates for SARDs have been conducted on prevalent cohorts.  These 

have limited generalisability since the costs of patients who consume a high level of healthcare 

resources around the time of diagnosis, and quickly succumb to the disease, will not be included. 

With prevalent cohorts, it is also difficult to determine the temporal relationship between many 

variables and costs. As detailed more in the Section 1.7, low socioeconomic status (SES) is 

associated with poorer clinical outcomes in SLE(230–235), and is likely associated with higher 

healthcare costs, but it may be unclear whether low SES contributed to poorer health (and higher 

costs), or resulted from it.   

 

 There is also a paucity of data on the long-term patterns of healthcare use and costs in 

SARDs, from the time of diagnosis-onwards, and in the years leading up to diagnosis.  Such 
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information could inform those charged with health services delivery about the longitudinal 

patterns in costs or healthcare resource use, and guide the development of better models of care 

for SARDs.  Knowledge of the healthcare utilisation and costs in the years leading to diagnosis 

could help evaluate the cost-effectiveness of emerging strategies to expedite diagnosis and 

initiation of treatment(236), and even slow(237) or prevent(236) their development via, for 

example, pre-emptive use of hydroxychloroquine.  However, at the time of this writing, the 

longitudinal costs of SARDs had only been described in three reports: one on the costs of 

outpatient encounters and hospitalisations (but not prescription medications) for GCA patients 

before and after diagnosis(200), one on outpatient costs of SLE patients in the years leading up 

to diagnosis(191), and one on the costs of SLE patients for five years after diagnosis(203).  The 

latter study, which was restricted to Medicaid beneficiaries, only assessed the costs of patients 

followed for the entire five years after diagnosis, and did not examine costs prior to diagnosis.   

 
 
1.6 Productivity losses and costs in SARDS: a critical literature review 

In addition to the increased levels of healthcare resource utilisation, the physical, 

psychological, and neurocognitive effects of SARDs also limit patients’ participation in paid 

employment(238–245), family life(246–248), and other meaningful activities(249,250). Indeed, 

in earlier investigations of Canadian clinic-based cohorts, the lost productivity costs of SLE and 

SSc (monetary value of time lost from paid and unpaid work) exceeded direct medical costs by 

two- to three-fold(33,39,192).  A systematic review and meta-analysis of 26 studies(238) 

reported that only 46% (95% CI: 40%-52%) of SLE were employed, while 34% (95% CI=24%-

44%) were work disabled; what’s more, these effects on productivity can strike early.  For 

example, 21% of Chinese SLE patients became unable to work within two years of 
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diagnosis(251), and 22%(252) to 28%(241) of SSc patients (in Sweden and Canada, 

respectively) were work disabled within three years of diagnosis.   

 

Building upon earlier reviews(253–255), I have tabulated the published estimates of the 

lost productivity costs of SLE in Table 1.3. For the other SARDs, I have tabulated the published 

(English-language) literature on productivity losses and costs through July 2017 (published(256) 

and summarised in Table 1.4), since, aside from two systematic reviews on productivity loss in 

SSc(257,258), and a narrative review on productivity loss in SV(259) (which only profiled two 

studies), these data have not been previously synthesised.   

 

1.6.1 Research gaps 

As with the literature on direct medical costs, these productivity studies have value, but 

are characterised by several limitations.  Most estimates pertained to SLE; of 20 studies reporting 

lost productivity costs, 13 reported on SLE(39,91,192,209,211,212,215–217,219,220,224,243), 

five on SSc(33,199,213,218,260), one on SLE and SSc(261), and just one reported on the costs 

of SjS(262).  There were no cost estimates for PM, DM, or any SV.  Most were conducted on 

highly-selected, clinic based samples.  This reduces their generalisability, and makes it difficult 

to determine the incremental productivity burden of SARDs over-and-above the general 

population.  As well, although presenteeism (working, but at reduced level/efficiency) is a major 

driver of productivity loss, accounting for 41% of productivity costs in a study of Canadians with 

RA and OA(263), most estimates of paid work loss have only included absenteeism (i.e. hours or 

days of work missed).   
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Another issue has been the handling of productivity losses from unpaid work activities, 

including housework, yard work, child or elder care, studying, and volunteering.  Some studies 

did not include unpaid work losses at all, while others have valued the time losses from unpaid 

work at a lower rate than paid work losses (replacement cost approach).  From a societal 

perspective, there are costs associated with all forms of productivity loss, and such practices 

undervalue the economic contributions of work-disabled individuals (those unable to perform 

paid work, due to health) and those not-employed for other reasons, such as homemakers, 

students, and retirees.  Eliciting unpaid work losses can also reveal the trade-offs some patients 

make between time spent on paid and unpaid work(264), and the resultant costs. Employment 

offers many benefits, and those with health impairments may continue in their paid work for 

personal and social rewards, to meet current financial needs, or remain eligible for pensions and 

insurance.  But participation in paid work can leave them with limited time or capacity to 

complete household tasks, especially if their paid working tasks take longer to complete(264).   

 

Finally, as with direct medical costs, there have been few longitudinal assessments of 

productivity costs and work cessation.  Estimates of paid work loss from prevalent cohorts may 

be influenced by the ‘healthy-worker’ effect(265), wherein those with the greatest impairments 

died or left the paid workforce at an earlier time.  Moreover, with cross-sectional studies of 

prevalent cohorts, it is unclear whether some of the main drivers of lost productivity (costs), 

including overweight(266)/increased body mass index(216), depression(266,267), and 

fatigue(241,266,268–271), contributed to productivity loss and work cessation, or developed 

afterwards (and perhaps even resulted from it).  This, in turn, makes it difficult to identify factors 

that newly-diagnosed patients should modify to help preserve their productivity.   
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1.7 Impact of socioeconomic status on costs in SARDs 

 Better knowledge of the significant drivers (or predictors) of costs in SARDs may help 

reduce their burden if these drivers/predictors can be modified or addressed earlier-on. One 

potential driver in SARDs is socioeconomic status (SES), a known determinant of health 

status(272), healthcare costs(273), work disability(274), and mortality(275,276) in general 

populations.  Some measures of SES include income level, educational attainment, occupation, 

and employment status. While these factors may not always be modifiable, evidence that lower-

SES SARD patients are likely to have worse health or productivity outcomes, and incur higher 

costs, would at least provide the impetus to devote more resources towards reducing these 

disparities and costs.   

 

 Low SES (defined mainly as low education) has been associated with work disability or 

employment status in SLE(238), SSc(242,252,260,269), and SjS(277), though the impact of SES 

on productivity costs, especially those associated with presenteeism and unpaid work loss, is 

largely unknown.  In SLE, there is a wide body of literature showing that low SES is associated 

with reduced access to specialist care(278), more avoidable hospitalisations(279), and higher 

levels of disease activity(230,280,281), damage(231,232,282,283), depressive symptoms(235), 

complications(234,284), and mortality(285–287). These associations have been observed across 

different countries, healthcare settings, and measures of SES including educational 

attainment(232,235,280,281), individual(231,234,235,282) and neighbourhood(235,285) income 

levels, and health insurance source/status(285).  Beyond the financial barriers that low SES 

individuals may face in accessing healthcare (or health insurance), other mechanisms proposed 

for this relationship include higher levels of depressive symptoms or perceived stress(283) 
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among low-SES patients, and lower levels of social support or self-efficacy(288).  The latter can 

impact health by decreasing one’s ability to manage their disease, communicate effectively with 

their healthcare providers, or adhere to medical care(288).   

 

 As such, SES is likely a predictor of healthcare and productivity costs in SLE, but this 

has not been well-investigated, especially at the general population level.  One study from the 

USA reported that higher neighbourhood income was associated with higher hospitalisation 

charges(186), and another, from South Korea(224), found that lower education was associated 

with lower direct (medical and nonmedical) costs, but income was not. Unfortunately, neither 

assessed the impact of SES at diagnosis, and little is known about the impact of SES on health 

outcomes or costs in other SARDs.  Findings from one Canadian study of prevalent PM/DM(34), 

wherein patients in the highest income tertile had significantly-lower costs than others, suggest 

SES may be a significant driver of direct medical costs among the inflammatory myopathies.  

However, findings from a Canadian study of prevalent SSc(289), wherein low SES (defined as 

not completing high school) was not associated with mortality, suggests more investigation is 

needed.  Prevalent cohorts make it hard to assess directionality.  In the case of SES, lower levels 

of disease activity and higher levels of physical functioning have been predictive of work entry 

(becoming employed) in SLE(290).  In turn, higher levels of depressive symptoms(290), and 

increases in disease activity and number of organ manifestations(291), have been predictive of 

work loss, which could reduce financial and social resources.  Since early mortality is a feature 

of some SARDs, including SSc (5-year survival rate of 78%(123)) and GPA (1-year survival 

rates of 86%(292) to 88%(293); 5-year survival of 70%(294)), studies of prevalent cohorts are 

also subject to survival bias, with SES potentially having a different effect on those with longer 
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disease durations than those who succumb early-on.  This could be why SES was not associated 

with mortality in the Canadian SSc cohort (mean disease duration 11.0±9.5 years(289)). 

 

Another unanswered question is how SES impacts the incremental costs of SARDs.  

Since low SES is associated with higher healthcare costs in the Canadian general 

population(273), low SES may well be associated with increased all-cause healthcare costs in 

SLE and other SARDs.  However, knowledge of whether the incremental costs of SARDs differ 

across SES groups would inform policymakers about whether (and how much) the extra costs 

incurred by low-SES patients are the result of SARDs.  This, in turn, could guide efforts to 

reduce socioeconomic disparities in health outcomes, and healthcare use and costs. 

 

1.8 Summary of knowledge gaps and thesis objectives 

 Considering the intense inflammation and multiple systemic manifestations and 

complications of SARDs, their economic burden is likely considerable and complex.  Of note, 

the treatment costs listed in Section 1.4 only included the costs of therapies used to manage the 

direct manifestations, and not the costs of other therapies used to prevent or manage the 

associated comorbidities and complications such as cardiovascular disease.  The improvements 

in mortality over time and emergence of new therapies are positive developments, but do mean 

the economic impact of SARDs on healthcare systems and society is likely to increase alongside. 

More information on the current healthcare and lost productivity costs of individuals with 

SARDs, and key drivers and predictors of these costs, could help abate this burden.  Specifically, 

this information could be used to develop better quality, more efficient models of care delivery 

for SARDs, identify and address disparities in healthcare and productivity outcomes and costs, 
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and make responsible, evidence-based decisions on the cost-effectiveness of new therapies and 

vocational interventions.  

 

Unfortunately, our understanding of the long-term, population-level, incremental burden 

of SARDs is limited, especially in the Canadian setting.  For example, there are no estimates of 

the incremental healthcare costs of any SARD in Canada, and transnational differences in 

healthcare delivery, labour practices, health and social insurance systems, and the cost and 

availability of medications, make it difficult to apply cost estimates from other countries.   

 

In this thesis, I sought to address these research gaps by using administrative healthcare 

data from a single payer system (the province of British Columbia (BC), Canada), and 

prospectively-collected survey data from a sample of individuals in the administrative databases, 

to assess the incremental economic burden of SARDs at the general population level, and 

impact of socioeconomic status on costs.  My specific objectives were to:  

 

(1) Determine the total and incremental healthcare use and costs of each SARD cohort 

during the first five years after diagnosis, from the public healthcare payer perspective 

(Chapters 3 and 4); 

(2) Assess the total and incremental healthcare use and costs of SLE for the five years 

preceding diagnosis, from the public healthcare payer perspective (Chapter 4); 

(3) Determine the total and incremental productivity losses and costs of SLE, SjS, and SSc, 

from the societal perspective (Chapter 5); 
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(4) Assess the impact of baseline socioeconomic status on the direct medical costs of 

SARDs, and impact of socioeconomic factors on productivity costs for SLE, SjS, and SSc 

(Chapters 3, 4, and 5). 

 

1.9 Overview of thesis 

This thesis is comprised of six chapters.  Chapter 1, the current chapter, provides 

background knowledge about each SARD, and their current and prospective clinical, healthcare, 

and productivity impact.  Within this chapter, I also review what is known from the published 

literature on the direct medical and productivity costs of SARDs, and determinants of costs.  

Chapter 2 outlines the main data sources and methods employed in addressing my research 

objectives, including the novel procedures used to collect survey data from a sample of 

individuals in the administrative databases.   

 

Chapters 3, 4, and 5 are the analysis chapters.  In Chapter 3, I use administrative health 

data from the province of BC to identify cohorts of BC residents newly-diagnosed with each of 

the nine SARDs over the years 1996-2010, and a comparison group (one for each SARD cohort), 

selected from a random sample of the BC population and matched on sex, age, and calendar-year 

of the SARD index date. From these data, I assess the mean all-cause direct medical costs for 

each SARD cohort during the first five years after diagnosis, and trends in these costs over time.  

I also determine the incremental direct medical costs of SARDs during this period (adjusted for 

covariates and unequal follow-up times) and assess the impact of low SES at diagnosis on these 

incremental costs.   
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In Chapter 4, I use this same data source to assess the year-to-year changes in the 

incremental costs of SLE during the five years leading up to diagnosis.  To ensure five years of 

complete cost data for all individuals, this analysis was conducted only on SLE cases (and their 

matched non-SLE counterparts) diagnosed over the years 2001 through 2010.  I also examine the 

impact of sex and SES on costs among SLE during this pre-index period.   

 

In Chapter 5, I use the survey data collected from a subset of the population-based SARD 

and non-SARD cohorts to assess the incremental productivity losses and costs of the three most 

frequent SARD diagnoses, SLE, SjS, and SSc, and determinants of these costs. 

 

Chapter 6 is a summary of the findings presented in this thesis, and key limitations and 

strengths of this work.  In this final chapter I also describe the significance of my research 

contributions and their policy implications, and identify avenues for future research. 
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Table 1.1: Studies Reporting on the Total Direct Medical Costs of SARDs 

First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Poly/dermatomyositis 

Bernatsky(34) 2011 PM/DM 2003 1,102 Canada administrative data $4,412 - 

Furst(197) 2012 PM/DM 2003-2008 347 USA administrative data $32,042 incident DM 

    956   $22,979 incident PM 

    706   $26,086 prevalent DM 

    1,477   $21,380 prevalent PM 

Sjogren’s syndrome 

Birt(227) 2017 SjS 2006-2011 10,414 USA administrative data $22,117 - 

Callaghan(35) 2007 SjS 2001 129 UK clinic-based $6,118 - 

Systemic Lupus Erythematosus  

Aghdassi(195) 2011 SLE 2004-2009 79 Canada clinic-based $13,522 LN 

    62   $11,362 LNN 

Bertsias(226) 2016 SLE  215 Greece clinic-based $2,749 all 

    67   $5,118 severe 

    148   $1,676 non-severe 

Carls(91) 2009 SLE 2000-2005 6,269 USA administrative data $27,118 - 

Chen(204) 2015 SLE 2007-2011 50,230 USA administrative data $21,721 - 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Systemic Lupus Erythematosus 

Chiu(221) 2010 SLE 2000-2007 9,393 Taiwan administrative data $1,715 year 2000 

    15,463   $1,965 year 2007 

Chiu(222) 2016 SLE 2006-2010 22,258 Taiwan administrative data $5,530 all incident cases 

    3,738   $3,438 no organ damage 

Cho(224) 2014 SLE 2010-2011 201 
South 

Korea 
clinic-based $2,817 - 

Clarke(192) 1993 SLE 1989-1990 164 Canada clinic-based $9,434 year 1989 

       $11,563 year 1990 

Clarke(193) 1999 SLE 1995-1997 229 
Canada, 

USA, UK 
clinic-based $7,179 Canada 

    268   $6,906 USA 

    211   $6,579 UK 

Clarke(194) 2004 SLE 1995-2001 162 
Canada, 

USA, UK 
clinic-based $19,458 

Canada, four-year 

cumulative 

    157   $24,860 
USA, four-year 

cumulative 

    166   $21,671 
UK, four-year 

cumulative 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Systemic Lupus Erythematosus 

Clarke(32) 2015 SLE 2007-2010 109 Canada clinic-based $11,182 all 

    56   $15,862 severe 

    53   $6,237 non-severe 

Doria(214) 2013 SLE 2008-2010 427 

France, 

Germany, 

Spain, 

Italy, UK 

clinic-based $5,204 all 

    212   $6,694 severe 

    215   $3,736 Non-severe 

Furst(92) 2013 SLE 2003-2008 1,278 USA administrative data $23,509 incident 

    10,152   $18,984 prevalent 

Furst(198) 2013 SLE 2003-2008 907 USA administrative data $41,031 LN 

    1,062   $37,193 NPSLE 

Garris(207) 2013 SLE 2004-2008 2,990 USA administrative data $34,430 
two-year 

cumulative 

Garris(208) 2015 SLE 2003-2007 6,707 USA administrative data $19,368 - 

Gironimi(201) 1996 SLE 1990-1991 174 USA clinic-based $18,222 - 

Jonsen(217) 2015 SLE 2003-2010 127 Sweden 
clinic-based and 

administrative data 

$7,796 

 
- 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Systemic Lupus Erythematosus 

Kan(205) 2013 SLE 2003-2009 14,777 USA administrative data $43,199 - 

Kan(206) 2013 SLE 2004-2011 178 USA 
administrative data 

with clinical records 

$19,084 

 
- 

Li(203) 2009 SLE 1999-2005 2,298 USA administrative data $20,538 Year 1 

       $19,585 Year 2 

       $23,218 Year 3 

       $27,090 Year 4 

       $30,457 Year 5 

Narayanan(211) 2013 SLE 2004-2009 13,460 USA administrative data $32,970 - 

Oglesby(210) 2014 SLE 2000-2010 4,166 USA administrative data 
$17,535 

 
early SLE diagnosis 

    4,166   $22,577 late SLE diagnosis 

Panopalis(209) 2008 SLE 2004-2005 812 USA clinic-based $19,300 - 

Park(223) 2015 SLE 2010 749 
South 

Korea 
clinic-based $3,588 - 

Pelletier(202) 2009 SLE 2007-2008 15,590 USA administrative data $15,265 all 

    1,068   $35,167 with nephritis 

    14,522   $13,801 without nephritis 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Systemic Lupus Erythematosus 

Śliwczyński(225) 2015 SLE 2008-2012 694 Poland administrative data $796 year 2008 

    878   $889 year 2011 

Sutcliffe(212) 2001 SLE 1995-1996 105 UK clinic-based $7,681 - 

Zhu(219) 2009 SLE 2005-2007 62 
Hong 

Kong 
clinic-based $21,538 with flare 

    244   $7,702 without flare 

Zhu(220) 2009 SLE 2005-2007 306 
Hong 

Kong 
clinic-based $10,506 all 

    83   $15,721 NPSLE 

    223   $8,565 without NPSLE 

Systemic Sclerosis 

Bernatsky(33) 2009 SSc 2007? 457 Canada clinic-based $5,549 - 

Furst(196) 2012 SSc 2003-2008 1,648 USA administrative data $21,287 - 

         

         

         

         

         

         

         



38 

 

First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Systemic Sclerosis 

Lopez-Bastida(213) 2016 SSc 2011-2013 147 

Spain, 

Hungary, 

Germany, 

Italy, UK, 

Sweden, 

France 

patient associations, 

disease registry 
$10,934 Spain 

    38   $1,575 Hungary 

    65   $22,433 Germany 

    145   $9,101 Italy 

    24   $10,276 UK 

    23   $12,803 Sweden 

    147   $10,959 France 

Minier(218) 2010 SSc 2006? 80 Hungary clinic-based $5,292 all 

    20   $6,261 dcSSc 

    60   $4,970 lcSSc 

Wilson(199) 1997 SSc 1994 183 USA 
administrative and 

patient-level data 

$9,719 

 
- 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N 

Patients 
Country Data Source 

Overall Annual 

Mean  

Per-Patient Costs  

(2013 CDN) 

Parameter 

Systemic Vasculitis 

Babigumira(38) 2017 GCA 
2008-2013 

 
1,293 USA administrative data $42,252 - 

Krulichova(36) 2004 Takayasu’s 1998-2000 67 Italy clinic-based $7,195 all 

    45   $8,917 active 

    26   $2,343 inactive 

Raimundo(37) 2015 GPA 2010-2013 2,784 USA administrative data $42,638 12-month costs 

    1,926   $79,095 24-month costs 

dcSSc=diffuse systemic sclerosis; DM=dermatomysotitis; GCA=giant cell arteritis; GPA=Granuloamtosis with polyangiitis; 

lcSSc=limited cutaneous systemic sclerosis; LN=lupus nephritis; LNN=lupus nephritis-negative; NPSLE=neuropsychiatric lupus; 

PM=polymyositis; SjS=Sjogren’s syndrome; SLE=systemic lupus erythematosus; SSc=systemic sclerosis; UK=United Kingdom; 

USA=United States of America 
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Table 1.2: Studies Reporting on the Incremental or Attributable Direct Medical Costs of SARDs  

First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N Patients Country Data Source 

Overall 

Annual Mean 

Per-Patient 

Costs 

(2013 CDN) 

Incrementala 

or 

Attributableb 

Parameter 

Poly/dermatomyositis 

Furst(197) 2012 PM/DM 2003-2008 347 DM; 1,041 non-DM USA 
administrative 

data 
$25,861 incremental incident DM 

    956 PM; 2,868 non-PM   $16,931  incident PM 

    706 DM; 2,118 non-DM   $19,382  prevalent DM 

    1,477 PM; 4,431 non-PM   $14,909  prevalent PM 

Sjogren’s syndrome 

Birt(227) 2017 SjS 2006-2011 10,414 USA 
administrative 

data 

$1,888 

 
attributable - 

Callaghan(35) 2007 SjS 2001 129 SjS; 92 non-SjS UK clinic-based 
$3,463 

 
incremental  

Systemic Lupus Erythematosus  

Bexelius(216) 2013 SLE 2011? 339 Sweden 

clinic-

based/patient-

level 

$6,173 

 
attributable - 

Carls(91) 2009 SLE 2000-2005 
6,269 SLE; 6,269 non-

SLE 
USA 

administrative 

data 

$17,018 

 
incremental - 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N Patients Country Data Source 

Overall 

Annual Mean 

Per-Patient 

Costs 

(2013 CDN) 

Incrementala 

or 

Attributableb 

Parameter 

Systemic Lupus Erythematosus 

Furst(92) 2013 SLE 2003-2008 
1,278 SLE; 3,834 non-

SLE 
USA 

administrative 

data 
$17,491 incremental incident 

    
10,152 SLE; 30,456 non-

SLE 
  $12,664  prevalent 

Furst(198) 2013 SLE 2003-2008 907 SLE; 2,721 non-SLE USA 
administrative 

data 
$34,476 incremental LN 

    
1,062 SLE; 3,186 non-

SLE 
  $31,498  NPSLE 

Garris(208) 2015 SLE 2003-2007 
6,707 SLE and 13,414 

non-SLE 
USA 

administrative 

data 
$11,736 incremental - 

Huscher(215) 2006 SLE 2002 844 Germany national registry 
$5,799 

 
attributable - 

Jonsen(217) 2015 SLE 2003-2010 127 SLE; 508 non-SLE Sweden 

clinic-based and 

administrative 

data 

$5,704 

 
incremental - 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N Patients Country Data Source 

Overall 

Annual Mean 

Per-Patient 

Costs 

(2013 CDN) 

Incrementala 

or 

Attributableb 

Parameter 

Systemic Lupus Erythematosus 

Kan(205) 2013 SLE 2003-2009 
14,777 SLE; 14,262 non-

SLE 
USA 

administrative 

data 

$11,319 

 
incremental - 

Li(203) 2009 SLE 1999-2005 
2,298 SLE; 2,298 non-

SLE 
USA 

administrative 

data 
$8,722 incremental Year 1 

       $4,844  Year 2 

       $6,523  Year 3 

       $8,887  Year 4 

       $10,456  Year 5 

Narayanan(211) 2013 SLE 2004-2009 
13,460 SLE: 13,460 non-

SLE 
USA 

administrative 

data 

$6,224 

 
incremental - 

Oglesby(210) 2014 SLE 2000-2010 4,166 USA 
administrative 

data 
$2,697 attributable 

early SLE 

diagnosis 

    4166   $3,544  
late SLE 

diagnosis 

Pelletier(202) 2009 SLE 2007-2008 1,068 USA 
administrative 

data 
$7,451 attributable LN 

    14,522   $2,855  LNN 
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First Author 
Year of 

Publication 
Diagnosis 

Years of 

Data 

Collection 

N Patients Country Data Source 

Overall 

Annual Mean 

Per-Patient 

Costs 

(2013 CDN) 

Incrementala 

or 

Attributableb 

Parameter 

Systemic Sclerosis 

Furst(196) 2012 SSc 2003-2008 
1,648 SSc; 4,944 non-

SSc 
USA 

administrative 

data 

$14,535 

 
incremental - 

Systemic Vasculitis 

Babigumira(38) 2017 GCA 
2008-2013 

 

1,293 GCA; 6,465 non-

GCA 
USA 

administrative 

data 
$20,380 incremental - 

Koster(200) 2017 GCA 1987-2017 147 GCA; 147 non-GCA USA 
administrative 

data 
median=$5,050 incremental 

cumulative 

median 

difference in 

costs over five 

years 

Raimundo(37) 2015 GPA 2010-2013 2,784 USA 
administrative 

data 
$25,046 attributable 12-month costs 

    1,926   $46,078  24-month costs 

dcSSc=diffuse cutaneous systemic sclerosis; DM=dermatomyositis; GCA=giant cell arteritis; GPA=Granulomatosis with polyangiitis; 

lcSSc=limited cutaneous systemic sclerosis; LN=lupus nephritis; LNN=lupus nephritis-negative; NPSLE=neuropsychiatric lupus; 

PM=polymyositis; SjS=Sjogren’s syndrome; SLE=systemic lupus erythematosus; SSc=systemic sclerosis; UK=United Kingdom; 

USA=United States of America 
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aIncremental costs are the differences in mean per-person all-cause direct medical costs between those with and without a SARD (with 

or without adjustment for covariates) 

bAttributable costs are the mean per-person costs only for healthcare utilisation that was deemed SARDs-related  
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Table 1.3: Studies Reporting on the Lost Productivity Costs of Systemic Lupus Erythematosus 

First Author 
Year of 

Publication 

Years of Data 

Collection 
N Patients Country Study Population 

Overall Annual 

Mean Per-Patient 

Costs 

(2013 CDN) 

Parameter 

Bexelius(216) 2013 2011? 339 Sweden 
clinic-based/patient-

level 

$20,831 

 
- 

Campbell(243) 2009 2001 
198 SLE; 299 

non-SLE 
USA clinic-based $9,938 overall 

      $8,480 incremental 

Carls(91) 2009 2000-2005 
140 SLE; 140 

non-SLE 
USA administrative data $4,820 overall-absenteeism 

   
260 SLE; 260 

non-SLE 
  $3,118 overall-STD 

      -$1,428 
incremental-

absenteeism 

      $4,512 incremental-STD 

Cho(224) 2014 2010-2011 201 South Korea clinic-based $5,129 - 

Clarke(192) 1993 1989-1990 164 Canada clinic-based $11,075 year 1989 

      $11,672 year 1990 

Huscher(215) 2006 2002 844 Germany national registry $11,845 FCA 

      $26,190 HCA 
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First Author 
Year of 

Publication 

Years of Data 

Collection 
N Patients Country Study Population 

Overall Annual 

Mean Per-Patient 

Costs 

(2013 CDN) 

Parameter 

Jonsen(217) 2015 2003-2010 
127 SLE; 508 

non-SLE 
Sweden 

clinic-based and 

administrative data 
$20,399 overall 

      $13,122 incremental 

Kawalec(261) 2015 2012 1,600 Poland administrative data $5,884 
Gross Domestic 

Product per capita 

      $14,169 
Gross Value Added 

per worker 

      $4,333 
Gross Income per 

worker 

Narayanan(211) 2013 2004-2009 
756 SLE; 756 

non-SLE 
USA administrative data $1,745 overall absenteeism 

      $2,181 overall STD 

      $794 
incremental 

absenteeism 

      $1,113 incremental STD 

Panopalis(39) 2007 1995-2001 231 
Canada, USA, 

UK 
clinic-based $54,151 Canada 

   269   $76,129 USA 

   215   $62,364 UK 

Panopalis(209) 2008 2004-2005 651 USA clinic-based $13,210 - 

Sutcliffe(212) 2001 1995-1996 105 UK clinic-based $15,577 - 
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First Author 
Year of 

Publication 

Years of Data 

Collection 
N Patients Country Study Population 

Overall Annual 

Mean Per-Patient 

Costs 

(2013 CDN) 

Parameter 

        

Zhu(219) 2009 2005-2007 62 Hong Kong clinic-based $7,349 with flare 

   244   $6,263 without flare 

Zhu(220) 2009 2005-2007 306 Hong Kong clinic-based $6,483 all 

   83   $8,758 NPSLE 

   223   $5,636 without NPSLE 

FCA=friction cost approach; HCA=human capital approach; NPSLE=neuropsychiatric lupus; SLE=systemic lupus erythematosus; 

STD=short-term disability; UK=United Kingdom; USA=United States of America 

 

Incremental costs are the differences in mean per-person lost productivity costs between those with and without a SARD (with or 

without adjustment for covariates) 
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Table 1.4:  Studies Reporting on the Productivity Losses and Costs of SARDs (excluding SLE) 

Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Polymyositis/Dermatomyositis (PM/DM) 

Regardt, 

2016(295) 
2012 Sweden 

cross-

sectional 

self-report 

questionnaire 

or in-person 

interview 

clinic-based none 

48: 

23 DM and 

25 PM 

29 (60%) 54 (10) 9 (9) 

12/48=25% 

on full-time 

sick leave, 

21/48=44% 

working full-

time, 

15/48=31% 

working 

part-time 

- - - - - 

Rice, 

2016(296) 
1998-2014 

United 

States 

cross-

sectional 

healthcare and 

disability 

insurance 

claims 

commercial 

health 

insurance 

beneficiaries 

aged 18-64 

years 

sample of 

beneficiaries 

without a 

diagnosis of 

PM or DM 

611 PM/DM 

and 611 non-

PM/DM 

64% 

 

among 

whole 

cohort, while 

disability 

data were 

only 

available for 

a subset 

49.4 (10.6) 

 

among 

whole 

cohort, while 

disability 

data were 

only 

available for 

a subset 

n/a? - 

medically-

related 

absenteeism: 

10.7 days 

per-year for 

PM/DM vs. 

9.5 for non- 

PM/DM 

 

disability 

leave: 6.8 

days for 

PM/DM vs. 

- - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

6.0 for non-

PM/DM 

 

total work 

loss: 17.5 

days per-

year for 

PM/DM vs. 

15.5 for non-

PM/DM 

 

Sjogren’s syndrome (SjS) 

Bowman, 

2010(262) 
2003-2005 

United 

Kingdom 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

clinic-based 

sample of 

patients with 

RA; patients 

without SjS 

or RA 

recruited 

from a local 

general 

practitioner 

84 pSjS, 87 

RA, and 96 

non-SjS 

84 (100%) 60 (11) 7 (7) 

26/84=31% 

of SjS and 

68/96=71% 

of non-SjS 

employed 

(mean 26.7 

and 33.3 

hours 

worked per 

week); 

 

 15% of SjS 

and 49% of 

annual mean 

hours of 

missed 

work: 35.8 

(95% CI: -

3.3 -  74.9) 

for SjS and 

22.5 (6.9 - 

38.1) for 

non-SjS; 

 

 

- 

annual mean 

hours of 

household 

work loss: 

146.3 (70.2 

– 222.4) for 

SjS and 35.1 

(-3.7 – 74) 

for non-SjS; 

 

annual time 

losses from 

paid work: 

£6,155 to 

£11,612 for 

SjS and £540 

to £2,937 for 

non-SjS; 

 

annual time 

losses from 

household 

work: £1,376 

annual time losses from 

paid work: $13,000 to 

$24,525 for SjS and 

$1,141 to $6,203 for non-

SjS; 

 

annual time losses from 

household work: $2,906 

to $3,686 for SjS and 

$697 to $893 for non-SjS; 

 

annual time losses from 

paid work for carers: $308 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

non-SjS 

employed 

full-time 

(mean 35.0 

and 39.0 

hours 

worked per 

week) 

annual mean 

hours of 

missed work 

for carers: 

10.5 (2.3 – 

18.7) for SjS 

and 1.6 (-0.3 

– 3.4) for 

non-SjS 

to £1,745 for 

SjS and £330 

to £423 for 

non-SjS; 

 

annual time 

losses from 

paid work for 

carers: £146 

for SjS and 

£22 for non-

SjS 

 

[2008 British 

pounds] 

for SjS and $46 for non-

SjS 

Mandl, 

2017(297) 
2001-2012 Sweden 

Longitudin

al 

sick leave and 

disability 

pensions paid 

by the Swedish 

Social 

Insurance 

Agency 

clinic-based 

matched 

sample of 

the Swedish 

general 

population 

51 pSjS and 

204 non-SjS 
50 (98%) 45.6 (11.3) 

n/a (incident 

cohort) 

 

26% WD at 

SjD 

diagnosis; 

RR (vs. 

general 

population ) 

=1.30 (95% 

CI: 0.74-

2.28) 

at diagnosis: 

6.2 days of 

sick leave or 

disability 

pension per-

month; 

 

at 12 

months: 9.2 

- - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

 

37% WD at 

12 months 

after 

diagnosis; 

RR=1.47 

(0.83-2.61) 

 

41% WD at 

24 months 

after 

diagnosis; 

RR=2.10 

(1.34-3.30) 

days per-

month; 

 

at 24 

months: 10.2 

days per-

month 

Meijer, 

2009(277) 
n/a? Netherlands 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

age- and 

sex-specific 

Dutch 

population 

data 

195: 

pSjS=154 

sSjS=41;  

 

135 of 

working age: 

pSjS=109 

and sSjS=26 

179 (92%) 55.5 (15.0) 9.7 (8.8) 

63/135=47% 

of SjS, 

49/109=45% 

of pSjS and 

14/26=54% 

of sSjS (vs. 

2% of 

general 

population), 

receiving 

15.6±39 

days of sick 

leave per 

year, 

14.7±37.8 

for pSjS and 

22.3±50.0 

for sSjS  

- - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

disability 

benefits;  

 

69/135=51% 

were 

employed, 

58/109=53% 

of pSjS and 

11/26=42% 

of sSjS (vs. 

83% of non-

SjS)  

Segal, 

2009(267) 
2007 

United 

States 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

unrelated 

friends 

(same sex 

and age) of 

patient 

members of 

the Sjogren’s 

Syndrome 

Foundation 

277 pSjS 

and 606 non-

SjS 

90% 62 (12.6) 9.0 (8.4) 

12% of SjS 

and 0% of 

non-SjS not 

employed 

due to 

disability 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Westhoff, 

2012(268) 
2009-? Germany 

cross-

sectional 
questionnaire clinic-based 

friends of 

the SjS 

cohort, of 

same sex 

and similar 

age 

128 pSjS 

and 84 non-

SjS 

128 (100%) 50.2 (9.4) n/a? 

10.4% of 

SjS and 

1.5% of non-

SjS 

employed 

but on sick 

leave (p < 

0.01); 

 

28.3% of 

SjS and 

10.7% of 

non-SjS 

retired early 

(p < 0.01) 

19.8±30.6 

days for SjS 

and 4.5±9 

for non-SjS 

over past 6 

months 

- - - - 

Systemic Sclerosis (SSc) 

Bérezné , 

2011(298) 
2008-2009 France 

cross-

sectional 

self-report 

questionnaire 

clinic-based 

and French 

SSc patient 

association 

none 189 164 (87%) 54.1 (13.3) 9.3 (8.4) 

36/113=32% 

of working-

age 

receiving 

full 

disability 

pension 

- 

mean SSc-

related 

decrease in 

productivity 

of 3.4±3.8 

over the past 

month 

(range 0-10) 

mean hours 

of SSc-

related 

household 

help per-

month: 

  

paid=4.0 

±13.5 

- - 



54 

 

Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

(8.0±21.5 for 

those with 

DU and 

2.0±6.3 for 

those 

without 

DU); 

 

unpaid=9.0 

±27 

(18.7±40.8 

for those 

with DU and 

4.0±15 for 

those 

without DU) 

Bernatsky, 

2009(33) 
2007? Canada 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 

457: 

lcSSc=272 

dcSSc=185 

401 (88%) 55.1 (12.1) 10.5 (8.6) - - - - 

$13,415 

overall ($5,345 

from paid 

work and 

$8,070 from 

unpaid); 

 

$11,277 for 

lcSSc ($4,101 

$14,775 overall ($5,887 

from paid work and 

$8,888 from unpaid); 

 

$12,420 for lcSSc ($4,517 

from paid work and 

$7,903 from unpaid); 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

from paid 

work and 

$7,176 from 

unpaid); 

 

$16,416 for 

dcSSc ($7,092 

from paid 

work and 

$9,324 from 

unpaid) 

 

[2007 CDN] 

$18,080 for dcSSc 

($7,811 from paid work 

and $10,269 from unpaid)  

 

Decuman, 

2012(299) 
2008-2009 Belgium 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 84 64 (76%) 47.8 (8.9) 56.5 months 

47/84=56% 

made a work 

transition 

due to 

health: 

34/84=40% 

stopped 

working, 

13/84=15% 

reduced 

hours and/or 

changed jobs 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Hudson, 

2009(241) 
2004-2008 Canada 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 365 83% 

WD: 50.2 

(8.2); non-

WD: 48.4 

(9.4) 

WD: 11.0 

(8.6);  

non-WD: 9.0 

(7.7) 

133/365=36

% of 

working-age 

participants; 

  

133/643=21

% of all 

participants 

- - - - - 

Kawalec, 

2015(261) 
2012 Poland 

cross-

sectional 

sick leave and 

disability 

pensions paid 

by the Social 

Insurance 

Institution of 

Poland 

population-

based 

sample, from 

among 

virtually all 

working 

patients in 

the country 

population-

based 

samples of 

SLE and 

sarcoidosis 

500 n/a? n/a? n/a? - - - - 

€3341 (Gross 

Income per 

worker); 

€4537 (Gross 

Domestic 

Product); 

€10,927 

(Gross Value 

Added) 

 

[2012 Euros] 

$4,332 (Gross Income per 

worker); 

$5,883 (Gross Domestic 

Product); 

$14,168 (Gross Value 

Added) 

López-

Bastida, 

2016(213)a 

2011-2013 

France, 

Germany, 

Hungary, 

Italy, Spain, 

Sweden, 

cross-

sectional 

self-report 

questionnaire 

national and 

regional 

patient 

associations, 

and Spanish 

none 
589 SSc and 

57 carers 
n/a? 

50 

(range 45-

54) 

n/a? - - - - 

Caregivers’ 

time: 

France: 

€1,875, 

Germany: 

€594, 

Caregivers’ time: 

France: $2,431, Germany: 

$770, Hungary: $1,361, 

Italy: $3,646, Spain: 

$6,073, Sweden: $0, UK: 

$4,878 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

United 

Kingdom 

rare diseases 

registry 

Hungary: 

€1,050, Italy: 

€2,812, Spain: 

€4,684, 

Sweden: €0, 

UK: €3,762 

 

Sick Leave: 

France: 

€1,501, 

Germany: 

€1,369, 

Hungary: €20, 

Italy: €790, 

Spain: €1,445, 

Sweden: 

€2,558, UK: 

€4,912 

 

 

Early 

Retirement: 

France: 

€8,123, 

Germany: 

 

Sick Leave: 

France: $1,946, Germany: 

$1,775, Hungary: $1,469, 

Italy: $1,024, Spain: 

$1,874, Sweden: $3,317, 

UK: $6,369 

 

 

Early Retirement: 

France: $10,532, 

Germany: $13,656, 

Hungary: $2,906, Italy: 

$1,181, Spain: $7,822, 

Sweden: $0, UK: $12,359 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

€10,532, 

Hungary: 

€2,241, Italy: 

€911, Spain: 

€6,033, 

Sweden: €0, 

UK: €9,532 

 

[2012 Euros] 

 

Mau, 

2005(245) 
1993-2001 Germany 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

German 

population 

data 

802 667 (83%) 47 (10) n/a? 

SER=0.77 

(0.85 for 

males and 

0.75 for 

females);  

 

adjusted RR 

for 

employment 

(vs. RA 

reference 

group) of 

0.98 (disease 

duration ≤ 5 

years) and 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

1.03 (disease 

duration > 

10 years)  

Minier, 

2010(218) 
2006? Hungary 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

clinic-based 

samples of 

patients with 

RA and PsA 

80: 60 lcSSc 

and 20 

dcSSc 

72 (90%) 57.4 (9.6) 6.2 (6.6) 

39/80=49% 

receiving 

disability 

benefits (vs. 

35% of RA 

and 25% of 

PsA) 

- - - 

mean annual 

informal care: 

€246 overall, 

€197 for lcSSc 

and €393 for 

dcSSc 

 

mean annual 

disability 

pension: 

€5,305 overall, 

€5,025 for 

lcSSc and 

€6,142 for 

dcSSc 

 

mean annual informal 

care: $395 overall, $316 

for lcSSc and $630 for 

dcSSc 

 

mean annual disability 

pension: $8,508 overall, 

$8,059 for lcSSc and 

$9,850 for dcSSc 

 

mean annual sick leave: 

$136 overall, $178 for 

lcSSc and $13 for dcSSc 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

mean annual 

sick leave: €85 

overall, €111 

for lcSSc and 

€8 for dcSSc 

 

total lost 

productivity 

costs (sick 

leave and 

pension): 

€5390 overall, 

€5134 for 

lcSSc and 

€6150 for 

dcSSc 

 

[2006 Euros] 

total lost productivity 

costs: $8,644 overall, 

$8,237 for lcSSc and 

$9,863 for dcSSc 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Morrisroe, 

2016(300) 
2007-2015 Australia 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

Australian 

population 

data 

802 670 (84%) 

employed: 

50.4±10.7; 

not 

employed: 

51.9±10.4 

employed: 

9.6±9.0; not 

employed: 

11.1±10.9 

160/802=20

% not 

employed 

- - - - - 

Nguyen, 

2010(301) 
2007 France 

cross-

sectional 

self-report 

questionnaire 

clinic-based 

and French 

SSc patient 

association 

none 87 72 (83%) 48.6 (8.5) 8.1 (6.4) 

53/87=61% 

on full-time 

sick leave; 

 

31/87=36% 

receiving 

disability 

benefits 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Ouimet, 

2008(242) 
2002-2003 Canada 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

clinic-based 

sample of 

patients with 

RA 

61:  

35 lcSSc and 

26 dcSSc 

52 (85%) 52.0 (1.2) 11.0 (1.2) 

34/61=56% 

overall (95% 

CI: 43%-

68%), vs. 

36/104=35% 

(26%-44%) 

of RA 

 

17/26=65% 

of dcSSc, 

17/35=49% 

of lcSSc 

- - - - - 

Sandqvist, 

2008(270) 
n/a? Sweden 

cross-

sectional 

patient 

interview 
clinic-based? none 44 lcSSc 44 (100%) 

median 52 

(range 24-

60) 

median 8 

(range 2-44) 

23/44=52% 

on full or 

partial sick 

leave: 

15/44=34% 

partial and 

8/44=18% 

full sick 

leave or 

disability 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Sandqvist, 

2010(271) 
2008 Sweden 

cross-

sectional 

self-report 

questionnaire 
clinic-based? none 

57:  

47 lcSSc and 

10 dcSSc 

53 (93%) 
median 58  

(IQR 47-62) 

median 14 

(IQR 9-19) 

41/57=72% 

on full or 

partial sick 

leave: 

20/57=35% 

partial and 

21/57=37% 

on full sick 

leave or 

disability 

- - - - - 

Sandqvist, 

2015(252) 
2003-2009 Sweden 

longitudin

al 

sick leave and 

disability 

pensions paid 

by the Swedish 

Social 

Insurance 

Agency 

clinic-based 

matched 

sample of 

the Swedish 

general 

population 

32 SSc and 

128 non-SSc 
26 (81%) 

median 48 

(IQR=43-53) 

n/a (incident 

cohort) 

7/32=22% 

full-time 

WD after 

three years 

(4/8=50% of 

dcSSc and 

3/24=13% of 

lcSSc); 

 

compared to 

reference 

group, OR 

for WD was 

mean of 

103±130 full 

or partial 

days for 

lcSSc over 

the first 

three years, 

and 190±151 

for dSSc 

- - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

0.95 (95% 

CI: 0.39-

2.33) at 

baseline, 

2.09 (1.17-

3.73) after 

one year and 

2.41 (1.28-

4.55) after 

three years 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Sharif, 

2011(269) 
1998-? 

United 

States 

Longitudin

al 

patient 

questionnaire 
clinic-based none 255 212 (83%) 

non-WD at 

baseline: 

45.3±13.0, 

WD at 

baseline: 

50.9±12.5 

non-WD at 

baseline: 

2.41±1.61, 

WD at 

baseline: 

2.71±1.57 

124/255=49

% working-

age were 

WD at 

baseline; 

 

35/131=27% 

became 

disabled, 

after mean 

4.4±3.8 

years of 

follow-up 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Singh, 

2012(260) 
2010? 

United 

States 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 162 131 (81%) 51.8 (14.2) 7.6 (8.2) 

39/162=24% 

WD due to 

SSc; 

10/43=23% 

of lcSSc and 

24/46=52% 

of dcSSc 

mean 

2.6±6.3 days 

per month 

among all 

employed 

(n=60), 

3.5±7.8 for 

lcSSc and 

1.5±2.9 for 

dcSSc; 

 

24/60=40% 

missed ≥ 1 

work day per 

month; 

 

 

mean 

2.5±6.1 days 

of ≤ 50% 

productivity 

among all 

employed 

(n=60), 

3.4±7.5 for 

lcSSc and 

1.2±2.6 for 

dcSSc; 

 

mean  

2.2±2.9 days 

where SSc 

interfered 

with 

productivity 

among all 

employed, 

2.1±3.0 for 

lcSSc and 

2.7±2.9 for 

dcSSc; 

 

8.0±10.6 

household 

work days 

missed 

among all, 

6.2±9.4 for 

lcSSc and 

10.9±11.8 

for dcSSc, 

8.9 for 

employed 

and 6.4 for 

not 

employed; 

 

6.0±9.7 days 

of ≤ 50% 

productivity 

for 

household 

work among 

all, 5.5±9.5 

for lcSSc 

and 7.3±10.7 

for dcSSc; 

mean income 

loss of $897 

(range $127 to 

$2,792)  per 

month 

($10,764 

annually) from 

absenteeism; 

 

$3,577 

±$1,303 per 

month 

($42,924 

annually) for 

WD 

 

[2010 USD] 

mean income loss of $974 

per month ($11,686 

annually) from 

absenteeism; 

 

$3,883 per month 

($46,599 annually) for 

WD 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

 

 

 

2.0±5.0 days 

with hired 

help, 1.4±4.0 

for lcSSc 

and 2.7±6.2 

for dcSSc 

 

4.0±3.4 days 

where SSc 

interfered 

with 

household 

work 

productivity 

among all, 

3.4±3.3 for 

lcSSc and 

5.1±3.5 for 

dcSSc 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Wilson, 

1997(199) 

n/a?  

(~1974-?) 

United 

States 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 183 86% n/a? n/a? 

18.8% on 

disability or 

sick leave 

mean 2.1 

days of paid 

work lost 

each year 

- 

mean 11.8 

days of 

unpaid work 

(among 

unemployed) 

lost per year 

mean total 

indirect costs 

of $10,228 

($8,392 for 

morbidity and 

$1,835 for 

mortality); 

 

males: $10,149 

overall ($8,393 

for morbidity 

and $1,756 for 

mortality); 

 

females: 

$10,254 

overall ($8,392 

for morbidity 

and $1,862 for 

mortality) 

 

[1994 USD 

 

 

] 

mean total indirect costs 

of $20,026 ($16,431 for 

morbidity and $3,593 for 

mortality); 

 

 

 

males: $19,871 overall 

($16,433 for morbidity 

and $3,438 for mortality); 

 

females: 

$20,077 overall ($16,431 

for morbidity and $3,646 

for mortality) 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

Systemic Vasculitis (SV) 

Basu, 

2014(266) 
n/a? 

United 

Kingdom 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 

208: 

144 GPA, 40 

MPA, 22 

EGPA 

109 (52.4%) 51.1 (12.3) n/a? 

54/208=26% 

not working 

due to health 

- - - - - 

Barra, 

2016(302) 
2012-2014 Canada 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 

103: 

32 GPA, 12 

EGPA, 5 

MPA, 24 

GCA, 2 

Takayasu's, 

7 IgA 

vasculitis, 6 

PAN, 4 

Behcet's 

disease, 3 

cryoglobulin

aemic 

vasculitis, 2 

hypocomple

mentemic 

urticarial 

vasculitis, 1 

secondary 

vasculitis, 5 

60% 58 (17) 4 (4) 

22/103=21% 

(22/51=43% 

of working 

age) were 

WD due to 

SV: not 

working 

(n=13), early 

retirement 

(n=3), or 

working 

reduced 

hours (n=6) 

- 

mean work 

productivity 

loss due to 

health 

(measured 

by WLQ): 

8.2% 

- - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

unclassifiabl

e 

Boomsma, 

1999, 

2002(244,3

03)b 

n/a? (~1998) 

 
Netherlands 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

clinic-based 

sample of 

patients with 

SLE 

79 GPA 35 (44%) 
60 (range 27 

to 90) 

median 5 

years (range 

0 to 25) 

27% 

receiving 

disability 

benefits 

- - - - - 

Hoffman, 

1998(304) 
n/a? (~1997) 

United 

States 

cross-

sectional 

self-report 

questionnaire 
clinic-based none 60 GPA 47% 

54 (range 

17-84) 

median 5 

years (range 

< 1 to 33) 

11/35=31% 

of once-

employed 

receiving 

disability 

benefits 

- - - - - 

Mau, 

2005(245) 
1993-2001 Germany 

cross-

sectional 

self-report 

questionnaire 
clinic-based 

German 

population 

data 

385 GPA 189 (49%) 46 (11) n/a 

SER=0.76 

(0.74 for 

males and 

0.79 for 

females);  

 

adjusted RR 

for 

employment 

(vs. RA 

reference 

group) of 

0.83 (disease 

- - - - - 
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Study Characteristics Characteristics of Study Population Productivity Outcomes 

First Author, 

Year 

Study 

Year(s) 
Country Design Data Source 

Study 

Population / 

Recruitment 

Source 

Comparison 

Group 

N 

Participants 

N (%) 

Female 

Mean (SD) 

Age, years 

Mean (SD) 

Disease 

Duration, 

years 

Work 

Disability 

(WD) 

Paid Work 

Losses: 

Absenteeism 

Paid Work 

Loses: 

Presenteeism 

Unpaid 

Work Losses 

Costs 

(as reported) 

Costs 

(2013 CDN) 

duration ≤ 5 

years) and 

0.62 (disease 

duration > 

10 years) 

Reinhold-

Keller, 

2002(305) 

1996 Germany 
cross-

sectional 

self-report 

questionnaire 
clinic-based none 60 GPA 34 (57%) 

median 36 

(range 17 to 

48) 

median 39 

months 

(range 0 to 

228) 

16/60=27% 

unemployed 

due to GPA 

median 14 

workdays 

lost over 

past 12 

months 

(range 0 to 

18) 

- - - - 

aThis article reported on costs from each of the seven European countries that participated in this study.  The findings from Spain(306) and France(307) are also reported separately. 

bData from one study were reported across two manuscripts 

 

95% CI: 95% confidence interval; dcSSc=diffuse systemic sclerosis; DU=digital ulcers; EGPA= Eosinophilic Granulomatosis with polyangiitis (Churg-Strauss syndrome); GCA=giant cell arteritis; GPA=Granulomatosis with polyangiitis; 

IQR=interquartile range; lcSSc=limited cutaneous systemic sclerosis; MPA=Microscopic polyangiitis; PsA=psoriatic arthritis; pSjS=primary Sjogren’s syndrome; PAN=polyarteritis nodosa; RA=rheumatoid arthritis; RR=relative risk; 

SER=standardised employment ratio; SLE=systemic lupus erythematosus; sSjS=secondary Sjogren’s syndrome; WLQ=Work Limitations Questionnaire 
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2. Methods2 

 In this thesis, I used administrative health data to identify cohorts of prevalent SARDs 

residing in the province of British Columbia (BC), Canada, the third most-populous province in 

the country, at any time during the years 1996 through 2010. From these data, I also established a 

matched comparison group for each SARD cohort, selected from a random sample of the BC 

population. For my analysis of direct medical costs, I captured healthcare utilisation data for the 

SARD and non-SARD cohorts from the provincial administrative data. These databases did not 

contain information on productivity, so I collected this information from a sample of these 

cohorts using a survey.  I start this chapter by describing the administrative databases (Section 

2.1) and how the population-based cohorts were identified (Section 2.2). In Sections 2.3 to 2.5, I 

describe how I analysed direct medical costs from the administrative data.  In Section 2.6, I 

outline the procedures used to recruit a sample of the population-based SARD and non-SARD 

cohorts for the productivity survey, while in Section 2.7, I describe the components of the survey 

itself.  Detailed information on how I analysed the survey data, and my findings on productivity 

costs, are reported in Chapter 5. 

 

                                                 

2 A portion of this chapter has been published:  
 
McCormick N, Reimer K, Famouri A, Marra CA, Aviña-Zubieta JA. Filling the gaps in SARDs research: collection 
and linkage of administrative health data and self-reported survey data for a general population-based cohort of 
individuals with and without diagnoses of systemic autoimmune rheumatic disease (SARDs) from British Columbia, 
Canada. BMJ Open. 2017 Jun 21;7(6):e013977. 
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2.1 Data source 

The administrative data were sourced through Population Data BC, which uses 

population-based linkable administrative data files to capture provincially-funded/administered 

health care utilisation for virtually all BC residents. Healthcare systems in Canada are publicly-

funded, with each of the country’s 13 provinces and territories responsible for financing and 

administering their own systems. These are funded by the provinces/territories themselves, and 

by transfer payments from the federal government. All eligible BC residents and their 

dependents (including Canadian citizens, permanent residents, and those holding ≥ 6-month 

study or work permits who live in BC) must enroll in the BC Medical Services Plan (MSP)(308).  

This entitles them to full, first dollar coverage (without co-payment) for all medically-necessary 

hospital and physician services, including outpatient medical visits, interventions, and 

investigations. The maximum monthly premium was $75 per-adult in 2017 (in January 2018, this 

decreased by half, to $37.50 per-month), and financial assistance is available(308).  Moreover, 

while residents must pay out-of-pocket for non-medically-necessary items such as cosmetic 

procedures, and for most visits to allied health professionals, nearly all physician and hospital 

care are provided through the public system. A small number of elective surgeries are performed 

in privately-operated surgical centres, but there are no privately-operated acute-care hospitals. 

Thus, through these linked data, healthcare utilisation records are available for virtually all BC 

residents (population of approximately 4.6 million in the year 2013, with about 3.6 million 

adults(309)), though coverage for First Nations individuals (about 5% of the population(310)) is 

more limited.  The exceptions are members of the Canadian Armed Forces, inmates of federal 

correctional facilities, and members of the Royal Canadian Mounted Police, all of whom receive 

healthcare coverage through the federal government(308). Numerous general population-based 
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studies have been successfully conducted using these databases(42,311–315).  All inferences, 

opinions, and conclusions drawn in this thesis are mine, and do not reflect the opinions or 

policies of the Data Steward(s). 

 

The linked healthcare utilisation datasets used in this thesis included the Medical Services 

Plan Payment Information File(316), the Discharge Abstract Database(317), and 

PharmaNet(318). These healthcare utilisation datasets were linked with demographic(319) and 

vital statistics data(320). Additional details about these datasets are provided in the paragraphs 

below.  Population Data BC used Personal Health Numbers to link these data at the individual 

level, then released them in de-identified form, with health numbers and any other potentially-

identifying information removed.  Participant consent was not required for the analysis of direct 

medical costs, since it was conducted solely from the de-identified, routinely-collected 

administrative data.  Ethical approval was granted by the Behavioural Research Ethics Board of 

The University of British Columbia (# H12-03093).   

 

2.1.1 Medical Services Plan Consolidation File 

 This dataset contained demographic data for each individual, including their sex, date of 

birth, date their MSP enrollment started (if not continuously enrolled), number of days of MSP 

enrollment each year, and Forward Sorting Area (first three digits of the postal code of the 

address they had registered with MSP each year)(321). Through geographic coding, Population 

Data BC used this address to determine the health service delivery area, census division, and 

neighbourhood income level of each individual each year they were enrolled with MSP(321).  
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These data were also linked to the vital statistics files, which contained data on the date and 

cause of death for all deaths within BC(322). 

 

2.1.2 Medical Services Plan Payment Information File (MSP) 

 This dataset contained records of provincially-funded outpatient medical visits, 

interventions, and investigations from 1990 through 2013(323).  Specifically, it included records 

of virtually all services provided by fee-for-service practitioners, including office 

visits/consultations, care provided in acute care hospitals or long-term care facilities, and 

laboratory and diagnostic tests and procedures. Practitioners submit these records to MSP in 

order to receive payment for services rendered, which lends support to their completeness.  The 

majority of practitioners were physicians, but there were also claims from midwives and 

supplemental benefits practitioners (i.e. physiotherapists, naturopathic doctors, 

chiropractors)(323). Of note, MSP stopped providing coverage for most supplemental benefit 

services on April 1, 2002, meaning there are few claims for these services in the MSP datafiles 

after this time(323). While some non-fee-for-service practitioners participate in ‘shadow billing’ 

(submitting a record of services rendered, without a claim for payment), most services provided 

by these practitioners were not captured. Records associated with a motor vehicle accident 

insurance claim or workers compensation claim (and thus not paid by the Medical Services Plan) 

were not captured either(323). But for every encounter that was captured in this dataset, up to 

five International Classification of Diseases Ninth Revision (ICD-9) diagnoses were recorded, 

along with the date of service, practitioner type/specialty, service provided, amount paid, and 

location of service (i.e. practitioner’s office, patient’s home, hospital, emergency room)(323). 
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2.1.3 Discharge Abstract Database (DAD) 

 The Discharge Abstract Database, or hospital separations file, contained records of 

provincially-funded inpatient and day hospital admissions and discharges from 1990 through 

2013, for MSP beneficiaries hospitalised within and outside BC(324). Data on abortion 

procedures were not included(324).  Hospital separations were processed internally, according to 

standardised national reporting requirements, then submitted to the Canadian Institution for 

Health Information (CIHI).  Using hospital separations data collected from BC and the other 

Canadian provinces (except Quebec), they derived additional variables (including those used for 

costing) then sent the information back to the BC Ministry of Health. There were up to 25 

diagnoses recorded for each hospitalisation, with the first or primary diagnosis indicating the 

condition most responsible for the patient’s stay, or if there were multiple conditions, the one 

responsible for the greatest portion of the hospital stay or consumption of resources(325).  For 

separations occurring before April 1, 2001, these diagnoses were recorded using ICD-9 codes 

only.  From April 1, 2001 through March 31, 2007, provinces were transitioning to the ICD-10 

system, so both ICD-9 and ICD-10 (ICD 9th and 10th Revision) codes were included for these 

separations, after which time only ICD-10 codes were recorded(324). As the Discharge Abstract 

Database did not contain data on ambulatory (‘treat-and-release’) emergency room visits, I could 

not tabulate the number or reasons for these visits.  However, it has been reported that the costs 

for majority of these emergency room visits are captured in the outpatient billings and (in the 

case of hospital admissions through the ER) inpatient separations data(326). 
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2.1.4 PharmaNet 

 Included in PharmaNet were records of virtually all prescription medications dispensed 

by community and outpatient pharmacies (plus some medications dispensed during hospital 

emergency department visits) for all BC residents for the years 1996 through 2013. Prescriptions 

were included in database regardless of age or funding source (i.e. government subsidy/public 

insurance, private insurance, or out-of-pocket). This is an advantage over many Canadian 

provinces, including the two largest, Ontario(327,328) and Quebec(329), where prescription 

medication data are only available for selected populations, such as seniors and those receiving 

social assistance. However, PharmaNet did not include records of anti-retroviral medications, 

chemotherapy dispensed by the BC Cancer Agency, or medications, vitamins, minerals, or 

supplements purchased without a prescription(330). Of note, while medications dispensed during 

a hospitalisation were not recorded in PharmaNet, the costs for those medications were captured 

as part of the cost for the hospitalisation.  Each dispensing record had information on the 

dispensing date, medication and dose dispensed (via the Drug Information Number/Product 

Information Number (DINPIN)), quantity and days’ supply dispensed, and total drug cost and 

dispensing fee claimed by the pharmacist(330). There was also a variable indicating which type 

of publicly-funded coverage the individual was receiving, though not their actual income level.  

Most residents fell under Plan E or I (which provides partial coverage, based on household 

income(331,332)), but permanent residents of long-term care facilities and those receiving 

income assistance, for example, fell under other plans. This field was blank for prescriptions 

funded by the federal government, but dispensed to MSP beneficiaries, including those for First 

Nations individuals and dependents of members of the Royal Canadian Mounted Police. 
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2.2 Study populations 

2.2.1 SARD individuals 

From the administrative data files, population-based cohorts of all BC adults (aged ≥ 18 

years) newly-diagnosed with a SARD from January 1, 1996 to through December 31, 2010 were 

assembled.  SARD cases were identified using the ICD-9/10 diagnostic codes recorded for 

outpatient encounters and hospitalisations; specifically, either: (a) ≥ two ICD-9 codes for SARDs 

≥ two months apart but within a two-year period by a non-rheumatologist physician; or (b) one 

ICD-9 code for SARDs by a rheumatologist; or (c) one ICD-9/10 recorded on an inpatient or day 

hospitalisation discharge abstract. The ICD code (listed in Table 2.1) could have been in any of 

the five diagnostic positions available in the outpatient billing data, or 25 positions available in 

the hospital separations data. In addition, GCA cases needed to be at least 40 years of age at 

diagnosis, and to have been dispensed a prescription for oral glucocorticoids between one month 

before, and six months following, the second GCA-coded encounter (or first encounter if 

diagnosed in hospital or by rheumatologist). The SARD index date was the date of the first 

SARD-coded encounter.   

 

Since my direct costs analysis examined the costs of SARDs from the time of diagnosis, 

and prescription medication data were only available from 1996-onwards, I only included SARD 

cases who were incident (newly-diagnosed) for the period 1996-2010.  Incident SARD cases 

were individuals with at least five years of follow-up in the databases prior to diagnosis, during 

which time they did not fulfill the case definition for that particular SARD in the outpatient or 

hospitalisation databases, although they could have had a single SARD-coded outpatient 

encounter with a non-rheumatologist physician.  However, since I was unable to assess 
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productivity data from the time of SARD diagnosis (I collected these data prospectively during 

calendar years 2015 and 2016), all prevalent SARDs were potentially eligible for the 

productivity survey.  Prevalent SARD cases were individuals who met the case definition for 

SARDs during the years 1990 (the outpatient and hospitalisation data were available from 

January 1, 1990-onwards) through 2010, and were still registered with MSP at any time during 

1996 through 2010. 

 

The validity of these case definitions for SARDs have been evaluated in a Canadian 

context, wherein the sensitivity for most SARDs was ≥ 88% and positive predictive value was ≥ 

57%(333).  Moreover, when similar criteria were used to identify GCA within the United 

Kingdom (UK) General Practice Research Database, the GCA diagnosis was confirmed in 91% 

of potential cases(334). The validity of these algorithms and diagnostic codes for GPA and 

Takayasu’s is additionally supported by data from the UK(335,336), Sweden(76), and 

Finland(337).  Nevertheless, to further improve specificity, potential SARD cases were excluded 

if they had at least two visits ≥ two months apart (subsequent to the SARD index visit) with 

diagnoses of other inflammatory arthritides, including rheumatoid arthritis, psoriatic arthritis, 

and spondyloarthropathies. An individual could be included in more than one SARD cohort (i.e. 

SLE and SjS); however, those meeting the criteria for both a connective tissue SARD and a form 

of systemic vasculitis were excluded.   

 

Arthritis Research Canada statistician Dr. Eric C. Sayre used these definitions to identify 

the initial pool of eligible, prevalent SARD cases for the years 1996-2010, and exclude those 

with subsequent diagnoses of other inflammatory arthritides.  From this pool, I created the final 
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cohorts of newly-diagnosed SARDs for the direct cost analysis, including only those with at least 

five-years’ follow-up in the databases before diagnosis. 

 

2.2.2 Comparison group 

The non-SARD cohorts were established from data for a random sample of the BC 

population (n≈400,000) registered with MSP during the study period.  I randomly-assigned each 

non-SARD individual an index date (from all possible dates from January 1, 1996 through 

December 31, 2010), and eliminated those whose random index date fell outside their actual 

follow-up period (i.e. after their death), or did not have continuous follow-up in the databases for 

five years prior to this index date. I then matched each SARD individual, without replacement, to 

a maximum of ten non-SARD individuals (maximum of five for SLE) based on age (± two 

years), sex, and calendar year of study entry, and eliminated any with a SARD diagnosis. 

 

2.3 Healthcare utilisation and cost calculation 

Individuals were followed from their index date for up to five years, or until death, de-

registration from MSP, or December 31, 2013, whichever came first.  All healthcare use captured 

in the databases from the index date through end-of-follow-up (for any reason, not just SARDs-

related care) was included, and the unit costs summed. Costs were calculated in accordance with 

guidelines issued by Canada’s health technology assessment agency, the Canadian Agency for 

Drugs and Technologies in Health (CADTH)(338).  The unit cost of each outpatient encounter 

(available in the dataset) was the amount (‘fee-item’) paid to the practitioner by the BC Ministry 

of Health, as specified in the provincial fee-for-service agreement(323). There were thousands of 

distinct fee items, each one specific to the type and specialty of practitioner, service rendered, 
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and location of service (i.e. in-hospital vs. office visit), and more than one fee item could be 

billed for a single encounter. 

 

The cost for each prescription medication (also available in the dataset) included the 

complete drug cost and dispensing fee.  Cost data were available for most prescriptions but not 

all, namely those dispensed to individuals registered with MSP, but receiving federal prescription 

medication coverage, such as First Nations individuals and dependents of members of the Royal 

Canadian Mounted Police.  To account for these potentially non-differentially missing cost data, 

I used the available cost data to compute the cost of each DINPIN-days’ supply combination, and 

imputed that cost for all prescriptions. 

 

Costs for inpatient and day hospitalisations (excluding in-hospital physician services 

billed to the medical services plan, as described above) were calculated using the Canadian 

Institute for Health Information (CIHI)’s well-established case-mix methodology(338), in which 

the resource intensity weight (RIW) of each hospitalisation is multiplied by the cost for a 

standard hospital stay in the province of British Columbia (Table 2.2).  The RIW is a measure of 

the relative resource consumption of a hospitalisation, in relation to the provincial ‘average’ (for 

which the RIW would equal 1.0), and is determined annually by CIHI (using data from a sample 

of Canadian hospitals) based on the patient’s age group (for adults, either 18-59 years, 60-79 

years or ≥ 80 years) and case-mix group(338).  There are 528 case-mix groups, each one 

pertaining to cases with similar diagnoses receiving similar interventions.  For example, in 2013, 

the RIWs for the simple appendectomy case-mix group were 0.57984 for those aged 18-59 years, 
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0.66083 for those 60-79 years, and 0.87377 for those ≥ 80 years, while for the open 

cholecystectomy case-mix group, the respective RIWs were 1.21414, 1.32732 and 1.50784(339). 

 

The cost for a standard hospital stay (previously known as the cost-per-weighted-case) is 

also determined by CIHI.  Although I was computing costs for the years 1996 through 2013, 

CIHI does not make older cost-per-standard-hospital-stay values available to researchers.  Thus, 

I extrapolated values for the earlier years (years 1996-2003) from a best-fit line I constructed 

from the published values (for fiscal years 2004-2005 to 2013-2014).  The linear equation used 

to extrapolate the earlier values (153.95*year-304,015) had an R2 value of 0.9305.  When 

multiplying the aforementioned RIW values for the simple appendectomy and open 

cholecystectomy case-mix groups by the year 2013 cost-per-standard-hospital-stay ($5,816), the 

computed cost of those hospitalisations would be $3,372, $3,843, and $5,082 for simple 

appendectomy in the 18-59, 60-79, and ≥ 80 years age groups, respectively, while the 

corresponding costs for open cholecystectomy would be $7,061, $7,720, and $8,770. 

 

All costs were adjusted for inflation and standardised to 2013 Canadian dollars using the 

general component of the Canadian Consumer Price Index (available from Statistics 

Canada(180) and provided in Table 2.3). 

 

2.4 Independent variables (direct medical costs analysis) 

2.4.1 Baseline comorbidities 

A modified version of the Charlson-Romano comorbidity index for administrative 

data(340), one that excluded SARD diagnoses (ICD-9 710; ICD-10 M31, M32, M34, M35), was 
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calculated for the 365-day period before index date, and collapsed into categories of 0 or ≥ 1. 

When examining the incremental costs of SLE before diagnosis, I also calculated the 

comorbidity score for each pre-index year, from the comorbidities recorded during the prior 365 

days. For example, when assessing the costs incurred during the final 365 days before diagnosis, 

I used the comorbidities recorded during the second-last 365-day period before diagnosis.   

 

2.4.2 Baseline healthcare resource utilisation 

The number of healthcare encounters in the 365 days before index date was included to 

control for individuals’ baseline volume of healthcare resource utilisation.  Since a single 

physician consultation may result in multiple records in the outpatient database (i.e. one for each 

service rendered or investigation ordered during that consultation), and individuals may have 

multiple admissions recorded during the same day if transferred between hospitals, I only 

included the first outpatient encounter or hospitalisation for each person each day.  This variable 

was not included in the models examining costs for SLE in the years leading up to diagnosis. 

 

2.4.3 Baseline socioeconomic status 

As the administrative databases did not have information on absolute individual or 

household income level, occupation, or educational attainment, socioeconomic status (SES) was 

defined primarily using Statistics Canada neighbourhood income data, as per previous 

analyses(311,312,341–344). From self-reported annual household income data collected during 

the Canadian census, Statistics Canada calculates the mean equivalised per-person income in 

each neighbourhood (400 to 700-person census dissemination area, the approximate equivalent 

of a census block group in the United States(345)), then ranks all neighbourhoods within a larger 
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census area on income, and divides this list into fifths. Baseline neighbourhood SES was 

categorised according to the neighbourhood income level of the address recorded for each 

individual (by the provincial medical plan) during their index year.  The five levels were 

collapsed into three neighbourhood SES groups: low SES (lowest- and second-lowest income 

groups), moderate SES (middle income group), and high SES (second-highest and highest 

income groups). 

 

Since neighbourhood income data has shown poor agreement with self-reported income 

data for cohorts of diabetes, RA, and asthma(346), the impact of individual-level SES was 

assessed in an exploratory analysis.  I did not have access to data on absolute individual or 

household income, so individual-level SES was defined (as done previously(312)) by whether 

the person was receiving income assistance from the provincial government.  This assistance 

includes income support and 100% coverage for the costs of prescription medications and 

dispensing fees(331,332); thus, receipt of income assistance was captured from the prescription 

medication datafiles.  As someone may start receiving income assistance immediately following 

a SARD diagnosis, and I wanted to include the best-possible measure of SES at baseline (before 

diagnosis), receipt of income assistance was determined for the 365-days before index date.  Due 

to the low numbers of SARD and non-SARD individuals receiving income assistance, this 

analysis was only conducted in SLE. 

 

2.4.4 Urban/rural residence 

Since urban/rural residence can impact the types of healthcare resources used by 

individuals with SARDs (potentially due to reduced access to specialty care in rural 
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areas(130,347)), urban/rural residence may also impact healthcare costs.  Administrative data 

have been used to determine the incidence and prevalence of SARDs in several Canadian 

provinces, and in these studies, hospital separations data had greater sensitivity for cases living in 

rural areas (versus urban)(12,130).  In turn, rheumatologist billings data had greater sensitivity 

for cases living in urban areas(12,348).  For example, urban-dwelling SSc had 40% lower odds 

of being detected in the hospitalisation data, as compared to rural-dwelling SSc, and 1.5-times 

greater odds of being detected in the rheumatologist billings data(12).  Thus, an indicator 

variable for urban/rural residence was included in the models.  It was derived from the first three 

digits of the postal code recorded for each individual during their index year, wherein a second-

digit of 0 indicated a rural address.  This definition has been used in Canadian studies of urban-

rural disparities in outcomes and patterns of care for heart failure(349) and prevalence and 

mortality rates in diabetes(350), and patterns of urban-rural migration following RA 

diagnosis(351).  Moreover, similar percentages of the BC population have been classified as 

rural under both this definition (14.6%) and a census-based definition (15.5%), which defined 

rural as living outside the commuting zone of a larger urban centre (population ≥ 10,000)(352).  

 

2.5 Statistical analysis (direct medical costs analysis – Chapters 3 and 4) 

 As described by Glick et al.(353) and many others, medical cost data have features that 

necessitate special considerations in its analysis.  These costs tend to follow a non-normal, right-

skewed distribution, with a portion of individuals incurring costs that are higher than the average, 

though not in the extremes, and a small number of complex individuals incurring extremely high 

costs(353).  At the same time, while negative cost values are not possible, a notable proportion of 

individuals will not consume any healthcare resources (or incur any costs).  Thus, one must 
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account for both the skewness in these data and large number of zero values, and consider both 

the odds of utilisation, as well as the costs incurred by those with healthcare utilisation.  

 

Approaches typically used in the analysis of continuous variables, such as t-tests, 

ANOVA, and ordinary least squares (OLS) regression models, are often not suitable for cost 

data since they assume a normal distribution and are sensitive to extreme values(353).  Log-

transformation of costs can make the distribution more normal, though not always, and zero-

values will be undefined.  When the arithmetic mean of the log-transformed data is 

exponentiated (converted back to the untransformed scale), what results is the geometric mean, 

which can be a downward-biased estimate of arithmetic mean(353).  Moreover, when 

comparing costs between groups using univariable or log-transformed OLS regression analysis, 

the p-value for the difference in geometric mean costs may not be applicable to the difference 

in arithmetic mean costs(353).   

 

 A more suitable model for the analysis of cost data is the generalised linear model 

(GLM), since both the mean and variance can be modelled on the original scale.  Instead of 

transforming the raw data, one specifies a link function that represents the relationship between 

the mean cost and the covariates, allowing zero-cost values to be included(353). When analysing 

cost data, one usually specifies a log-link, thus modelling the relationship between the log of the 

arithmetic mean cost and the covariates, and not mean of the log(cost), as happens in a log-

transformed OLS model(353).  In addition to the link function, a ‘family’ must also be specified, 

which represents the relationship between the variance and the mean.  The choices of family 

include Gaussian (constant variance), Poisson (variance proportional to the mean), gamma 

https://en.wiktionary.org/wiki/exponentiated
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(variance proportional to the mean-squared), and inverse Gaussian (variance proportional to the 

mean-cubed).  The modified Park’s test(354) can be used to select the appropriate family, 

although misspecification of the family will not bias the results as long as the appropriate link 

function is specified(353).    

 
 

Note that, despite the skewed nature of cost data, wherein estimates of median costs are 

usually lower than mean costs, my outcome measure in this thesis is arithmetic mean cost.  This 

measure is more useful for healthcare decision making because it encompasses the costs of all 

individuals, including those in the right tail with extremely high costs.  Cost effectiveness 

decisions are based upon the difference in the arithmetic mean cost of two interventions, and the 

difference in their mean effect.  As well, when assessing a new programme or intervention, the 

total costs (number of individuals affected*per-person cost) need to be considered(355).  If 

median values are used in this calculation instead of means, the total costs of the program will be 

underestimated (since they will not include the extremely high costs incurred by those 

outliers(355)), potentially leading to less-efficient allocation of scarce resources.  Item 19 of the 

CHEERS (Consolidated Health Economic Evaluation Reporting Standards) statement specifies 

that mean values of estimated costs should be reported, along with mean differences in costs 

between groups(356), and the International Society for Pharmacoeconomics and Outcomes 

Research (ISPOR)(357), and health technology assessment agencies in Canada(358), the 

UK(359), and Ireland(360), also recommend that mean costs/values be reported. 
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2.5.1 Unadjusted analysis (Chapters 3 and 4) 

 Unadjusted comparisons between each SARD cohort and its matched comparison group 

were made using chi-squared tests (for frequencies) and t-tests (for continuous variables).  

Unadjusted mean per-person healthcare use and costs for each year (365-day period) after index 

date (Years +1 to +5) were determined for each SARD and non-SARD cohort, as were 

annualised costs incurred over the whole five-year period.  I also assessed healthcare use and 

costs for the SLE and non-SLE groups during each of the five years leading up to 

diagnosis/index date (Years -5 to -1).  Knowing that the annual costs of individuals followed for 

shorter periods of time may differ from those with complete follow-up, separate estimates were 

also produced for individuals with the full five-years’ of follow-up after diagnosis/index date.   

 

2.5.2 Adjusted analysis – direct medical costs of SARDs after index date (Chapter 3) 

Multivariable generalised linear models(361), adjusted for sex (reference=male), age at 

index year (centered to the mean), baseline comorbidity score, urban/rural residence 

(reference=urban), level of healthcare utilisation, year of follow-up (reference=first year after 

index date), and SES group (reference=highest), were then used to determine the relative levels 

of healthcare costs associated with SARDs.  Odds of hospitalisation were determined with 

generalised logistic regression models, while utilisation ratios were determined from generalised 

negative binomial count models. Log-link and negative binomial distribution were specified in 

these multivariable cost models to account for skewness in these data.  

 

The unit of analysis was person-year of follow-up, with each person contributing up to 

five observations, one for each year after their index date. To account for unequal follow-up 
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times within each year, I included an offset variable, equal to the log of the follow-up time 

contributed by the individual that year.  All observations were entered into a single generalised 

estimating equation (GEE) model, which accounted for the correlation of data between SARD 

individuals and their matched non-SARD counterparts, and the multiple annual observations that 

each individual could contribute. Though I hypothesised that an autoregressive correlation 

structure was the best choice for these time-series data, I assessed the choice of correlation 

structure by comparing the QIC goodness-of-fit statistics derived from models where either a 

first-order autoregressive (higher correlation among observations closer together in time), 

unstructured (all possible correlations for within-subject observations are estimated), or 

exchangeable/compound structure (all observations within subjects are equally correlated)(362) 

was specified.  While the parameter estimates from GEE models are robust to misspecification of 

the correlation structure(362), there can still be efficiency losses(363).   

 

As many individuals did not incur costs for each healthcare component in each year 

(especially hospitalisation costs), two-part models were used.  The first part (logistic regression 

model) assessed one’s probability of incurring any cost in each year (i.e. being hospitalised at 

all), controlling for covariates, while the second part (linear regression model) assessed costs 

only among those with non-zero costs.  Year*SARDs interaction terms were included in all 

models to assess whether the longitudinal patterns in utilisation and costs differed between those 

with and without SARDs, while SES*SARDs interactions were included to assess the impact of 

SES in those with and without SARDs.  As I was examining the impact of baseline SES and 

urban/rural residence on longer-term costs, baseline values were used in all observations after 

diagnosis/index date, regardless of whether one changed neighbourhoods after index date.  
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The GLM models specified above generate estimates of relative costs between groups. A 

more relevant metric is the incremental cost, which is the difference in absolute direct medical 

costs between groups. To derive the adjusted value for this quantity, I used G-computation(364), 

as has been applied previously on these data(312). With this approach, multivariable regression 

models are used to predict costs for each individual multiple times, each time with the same 

person in a different disease (and SES) group, but with their other covariates set at the observed 

value.  The difference between estimates represented the incremental costs, and per-person 

incremental costs were averaged across all individuals.  Two sets of two-part regression models 

were constructed.  In the first, costs were predicted for each person two times, coded once as 

SARD and once as non-SARD, and the incremental costs of SARDs was the mean difference in 

predicted costs when coded as SARD versus non-SARD.  In the second set of models, costs were 

predicted for each person six times, once for each SARD-SES combination (SARD-low, SARD-

moderate, SARD-high, non-SARD-low, non-SARD-moderate, and non-SARD-high).  I used 

these estimates to determine the incremental costs of SARDs by SES group (i.e. difference in 

predicted costs when the person was coded as SARD-low-SES and non-SARD-low-SES).  

Parametric bootstrapping was used to derive 95% credible intervals (95% CI) for these estimates, 

and make inferences about the differences in mean all-cause costs for SARDs and non-SARDs, 

and mean incremental costs for the low-SES and high-SES groups.  All analyses were generated 

using the SAS Enterprise software package, version 7.13 (SAS Institute Inc., Cary, NC, USA). 
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2.5.3 Adjusted analysis – direct medical costs of SLE prior to index date (Chapter 4) 

 My analysis of the direct medical costs of SLE in the years leading up to index date was 

conducted in a similar manner to the analysis of post-index direct medical costs just described.  

The key differences are listed below: 

• Since prescription medication data were only available from 1996-onwards, I only 

included individuals with an index date on-or-after January 1, 2001.  This ensured five 

years of complete pre-index cost data for each person. 

• I used multivariable two-part generalised linear models adjusted for sex 

(reference=male), age at index year (centered to the mean), and comorbidity score, 

urban/rural residence (reference=urban), and SES (reference=highest), but not level of 

healthcare utilisation or year of follow-up.   

• When analysing post-index costs, all per-person-year observations (up to five per-person) 

were entered into a single GEE model, but when analysing pre-index costs, I constructed 

separate regression models for each year of study.  

• I entered year-specific values for comorbidity score, urban/rural residence, and SES in 

the regression models for Years -5 through +1.  For example, when assessing costs 

incurred during the final 365 days before SLE diagnosis (Year -1), I adjusted for 

comorbidities recorded during the second 365-day period before diagnosis (Year -2).   

• Pre-index follow-up time was the same for all individuals (five full years), but post-index 

follow-up time could be less than one year if an individual died, was de-registered from 

MSP, or reached the end of the study period.  To account for this, an offset variable (log 

of each person’s follow-up time) was used in the negative binomial count models, while 
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the cost models for Years +1 through +5 (GLM with gamma distribution instead of 

negative binomial) only included individuals followed for that entire post-index year.   

• Finally, I used five SES groups in this analysis instead of three (corresponding to each of 

the five Statistics Canada neighbourhood income quintiles), and assessed the impact of 

SES on all-cause medical costs among SLE instead of the incremental medical costs. 

 

2.6 Survey recruitment (productivity costs analysis) 

2.6.1 Study populations 

The administrative health datasets described in Section 2.1 are released to researchers in a 

de-identified form, stripped of any names, addresses, or phone numbers that would allow 

researchers to identify or contact these individuals.  However, there is a new process in BC 

where researchers may apply for access to the names and contact information of a sample of 

individuals in administrative health databases, for the sole purpose of recruiting them to 

participate in a specific health research study.  This ‘Request-to-Contact’ application must be 

approved by a number of governing bodies, including the institutional research ethics board, the 

BC Ministry of Health’s Data Stewardship Committee, and the Office of the Information and 

Privacy Commissioner for BC. 

 

Our group submitted such an application for this project, and upon receiving final 

approval from all governing bodies in April 2015, myself and Dr. Sayre assembled a subset of 

the prevalent SARD and comparison cohorts who were still registered with MSP in 2015.  

Included in the subset were 9,335 prevalent SARD cases (82.3% female, mean age in 2015 of 

60±15.8 years) and 55,431 matching non-SARD individuals (82.8% female, mean age 62.4±16.0 
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years).  The BC Ministry of Health selected a random sample (n=12,000) of these individuals, 

and on July 9, 2015, their names, addresses, and phone numbers were released to the research 

team.  Although 6,000 of these individuals were selected because they met the case definition for 

SARDs in the administrative databases, and 6,000 were selected because they did not, the 

information on all 12,000 individuals was provided in a single file, and I was blinded to the 

disease status of each individual.  

 

2.6.2 Recruitment procedures 

The recruitment strategy was developed using the Dillman method(365), and adapted, 

where necessary, to meet Office of the Information and Privacy Commissioner regulations 

concerning the number of contacts that could be made, and timing and format of each contact.  

Potential participants were mailed an invitation package complete with a personalised letter of 

invitation from the Principal Investigator, a separate invitation from the BC Ministry of Health, 

two copies of the consent form, and an addressed, pre-paid envelope for returning one copy of 

the consent form. Included in the invitation letters and consent form were a description of the 

study, and how and why the recipient’s name and contact information were disclosed to the 

research team.  We emphasised the importance of having both people with and without SARDs 

participate, and described the measures in place to protect the privacy of each participant’s 

personal information, including their disease status.    

 

A $2 coin was included in the invitation package as a token of appreciation for the 

recipient’s time, and an incentive to participate. Small tokens (between $1-$5) delivered as part 

of the initial request to respond to mail questionnaires have been found to increase response 
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rates(366), whereas promises of tokens upon completion are less effective(365,367). All 

contacted individuals, regardless of whether they chose to participate in the study, were given the 

option of keeping the $2, or mailing it back to the research team for donation to one of five 

SARD-related charities of their choice.   

 

Individuals who wished to participate in the study were asked to review and sign the 

consent form, return one copy to the research team, and retain the other copy for their records.  

Potential participants who did not respond to the invitation package after two weeks were mailed 

a reminder letter.  Four weeks after the invitation package was mailed, I was permitted to make 

up to two attempts to contact non-respondents by phone.  This was critical as some individuals 

had moved (such that their address on file with the BC Ministry of Health was out-of-date), but 

could still be reached at the same phone number.   

 

Recruitment was carried out in four mailouts (n=2,400 invitations total), starting with two 

pilot mailouts (n=200 invitation packages each), one in July 2015 (two weeks after receiving the 

contact information from the BC Ministry of Health), and one in September 2015. Two pilots 

were conducted to see if the recruitment process would be different outside of the summer 

months.  The main mailouts (n=1,000 invitation packages each) commenced in November 2015 

and March 2016.  As such, survey data were collected from July 2015 through December 2016. 

 

2.7 Data collection (productivity costs analysis) 

 The survey was distributed upon receipt of the completed consent form.  Participants who 

opted to complete the survey online were e-mailed a link to the survey, along with a unique six-
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digit username that allowed them to complete the survey over multiple sessions and save their 

responses as they went along.  The online survey was developed using Sawtooth survey software 

(Sawtooth Software Inc., Orem, Utah, USA), and hosted on a secure webserver at The University 

of British Columbia.  Participants who requested a paper survey were mailed a copy of the 

survey along with a prepaid return envelope.  A copy of the paper survey is available in 

Appendix A.  All participants were asked to complete and submit the survey within two weeks of 

receipt.  Participants who did not submit the online survey within this time were sent an e-mail 

reminder, while those who did not return their paper survey were mailed a reminder letter.  As 

requested by the Data Stewards, the reminders included explicit instructions on how participants 

could withdraw from the study, if they so desired.  Follow-up phone calls were made to 

participants who did not return the survey within four weeks. 

 

2.7.1 Survey components 

 The cross-sectional survey was self-administered, and comprised of six sections.  The 

survey and other study documents were reviewed and pilot-tested by research staff at Arthritis 

Research Canada and volunteer members of the SARDs Consumer Advisory Council.   

• Section One: Using questions from the Canadian Community Health Survey(368) and 

other established health research questionnaires, data were collected on 

sociodemographic variables (i.e. marital status, race, educational attainment, household 

income), health exposures and behaviours (i.e. height, weight, smoking history, alcohol 

use), diagnoses of SARDs and any other forms of arthritis and selected comorbid 

conditions, month and year of SARD diagnosis by a health professional (and start of 

symptoms), use of healthcare resources not captured in the provincial administrative 
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databases (i.e. non-prescription medications, complementary care, medical devices, visits 

to allied health professionals), and out-of-pocket costs.   

• Section Two: The EQ-5D-5L instrument(369,370) was used to collect data on health-

related quality-of-life.  This instrument asked respondents to rate five separate 

dimensions of their health on that day: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression.  Respondents were also asked to rate their 

current health on a 100-point scale. 

• Section Three: Data were collected on health status, including level of disability (using 

the Health Assessment Questionnaire Disability Index(371)), and severity of pain and 

fatigue over the past seven days (using a 100-point visual analogue scale).   

• Sections Four and Five: Data on employment status, occupation, and lost productivity 

during the past seven days were collected using the Work Productivity and Activity 

Impairment (WPAI) questionnaire(372) in Section Four, and Valuation of Lost 

Productivity (VOLP)(373) questionnaire in Section Five.  The WPAI has been used to 

assess productivity losses in SLE(374,375) and SSc(376).  Two productivity 

questionnaires were included because the WPAI is fairly short (maximum of six 

questions presented over two pages), but only allows for the valuation of absenteeism 

from paid employment. The VOLP, a newer questionnaire which has been validated in a 

population of rheumatoid arthritis (RA) patients(377), and used to assess the productivity 

costs of RA(378) and asthma(379), allows for the valuation of productivity losses from 

paid and unpaid activities.  It also considers the productivity losses experienced by the 

workplace when one member of the team is away from work or less productive.   
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• Section Six: Participants were asked if they were interested in receiving information 

about the results of the study, and about future health research studies conducted at The 

University of British Columbia.  This served to facilitate the establishment of a 

population-based SARD cohort and comparison group for long-term study, although 

individuals will need to provide additional consent before participating in future research.   

 

2.7.2 Protection of privacy and confidentiality 

A number of measures were enacted to ensure the privacy of potential participants’ 

personal information, and the security of data throughout the recruitment, data collection and 

analysis processes.  All electronic information, including names, contact information, and survey 

data, remained in Canada, housed in encrypted, password-protected computerised files on 

secured network servers.  Participants were only identified on study documents by a survey ID 

number; personal information (i.e. names, contact information) were not linked to survey results, 

nor administrative health data, at any time.   

 

It was also important to ensure that an individual’s disease status was not unwittingly 

revealed to the research team or other individuals during the recruitment process.  To prevent 

this, the invitation letter was carefully worded to communicate that the individual had been 

randomly selected to participate in the study as someone who “may or may not” have been 

diagnosed with a SARD.  Furthermore, when leaving phone messages for potential participants, 

the study was referred to only as a “health research study conducted at The University of British 

Columbia”, without mention of the specific diagnoses under study. 
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Table 2.1: International Classification of Diseases 9th (ICD-9) and 10th (ICD-10) Revision Diagnostic Codes 

for Systemic Autoimmune Rheumatic Diseases (SARDs) 

Diagnosis 

 

ICD-9 ICD-10 

All connective tissue diseases  710 710.X M32.1 M32.8 M32.9 

M34.X 

M35.0 M35.1 

M33.0, M33.1, M33.9 

M33.2 

Systemic lupus erythematosus (SLE) 710.0 M32.1 M32.8 M32.9 

Scleroderma/systemic sclerosis (SSc) 710.1 M34.X 

Sjogren’s syndrome (SjD) 710.2 M35.0 

Dermatomyositis (DM) 710.3 M33.0, M33.1, M33.9 

Polymyositis (PM) 710.4 M33.2 

Polyarteritis nodosa (PAN) 

Granulomatosis with polyangiitis (GPA) 

Giant cell arteritis (GCA) 

Takayasu disease 

446.0 

446.4 

446.5 

446.7 

M30.0 

M31.3 

M31.5 

M31.4 
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Table 2.2: Annual Cost-Per-Standard-Hospital-Stay Values Used to Compute 

Hospitalisation Costs 

 

aExtrapolated from the values provided for the years 2004-2013 by the Canadian Institute for 

Health Information 

bActual values provided by the Canadian Institute for Health Information(339)  

Calendar Year Cost of a Standard Hospital Stay 

1996 $3,093a 

1997 $3,247a 

1998 $3,401a 

1999 $3,555a 

2000 $3,709a 

2001 $3,863a 

2002 $4,017a 

2003 $4,171a 

2004 $4,325b 

2005 $4,767b 

2006 $4,802b 

2007 $4,939b 

2008 $5,166b 

2009 $5,304b 

2010 $5,589b 

2011 $5,329b 

2012 $5,804b 

2013 $5,816b 
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Table 2.3: Multiplier Values Used to Standardise Medical Costs to 2013 Canadian Dollars 

Calendar Year Percent-Change from 2013 Multiplier 

1996 0.38133 1.381327 

1997 0.35841 1.358407 

1998 0.34502 1.345016 

1999 0.32185 1.321851 

2000 0.28721 1.287212 

2001 0.25562 1.255624 

2002 0.22800 1.22800 

2003 0.19455 1.194553 

2004 0.17287 1.172875 

2005 0.14766 1.147664 

2006 0.12557 1.125573 

2007 0.10135 1.101345 

2008 0.07625 1.076249 

2009 0.07343 1.073427 

2010 0.05408 1.054077 

2011 0.02419 1.024187 

2012 0.00904 1.009039 

2013 0 1 

 

Source: Statistics Canada. Table 326-0021 - Consumer Price Index (CPI), annual, Canada, All-

items: http://www5.statcan.gc.ca/cansim/a26?id=3260021  

  

http://www5.statcan.gc.ca/cansim/a26?id=3260021
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3. Total and Incremental Direct Medical Costs in Systemic 

Autoimmune Rheumatic Diseases and the Influence of 

Socioeconomic Status: A Longitudinal Population-Based Study 

 

3.1 Introduction 

 Systemic autoimmune rheumatic diseases (SARDs) include systemic lupus 

erythematosus (SLE), systemic sclerosis/scleroderma (SSc), Sjogren’s syndrome (SjS), 

polymyositis (PM), dermatomyositis (DM), and the following forms of adult systemic 

vasculitides: polyarteritis nodosa (PAN), giant cell arteritis (GCA), Granulomatosis with 

polyangiitis (GPA), and Takayasu’s arteritis  Immune dysregulation in SARDs leads to systemic 

inflammation, organ damage, and complications(42–51,53–56,58), including significantly 

increased risks of myocardial infarction, cerebrovascular accident, and venous 

thromboembolism. Due to the organ damage, complications, and adverse effects of immune-

modulating and immunosuppressive therapies, the incremental direct medical costs of SARDs 

(additional costs for the provision of healthcare resources, over-and-above non-SARDs’) are 

likely substantial.  However, the long-term burden imparted by SARDs, especially at the 

population-level, is largely unknown.   

 

 To date, estimates of direct medical costs for SARDs have focussed mainly on SLE, and 

have been largely determined from patients with prevalent disease receiving care at tertiary 

centres. Such cost estimates have limited generalisability, since clinic-based samples tend to 

have more severe disease, and may not capture the costs of patients who consume a high level of 
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healthcare resources around the time of diagnosis.  As well, tertiary centres and disease registries 

that collect data on SARDs typically do not collect comparable information on the general 

population. This makes it difficult (if not impossible) to determine the incremental burden of 

these disorders.   

 

 With prevalent cohorts, it is also difficult to determine the temporal relationships between 

many sociodemographic factors and costs, which have implications for health policy and clinical 

care.  One factor of particular interest in SARDs is socioeconomic status (SES).  Low SES is a 

well-recognised determinant of health status(272), healthcare costs(273), and mortality(275,276) 

in general populations, and is associated with poorer clinical outcomes in SLE, including higher 

levels of disease activity(230,280,281), damage(231,232,282,283), and depressive 

symptoms(235), and higher complication(234,284) and mortality(285–287) rates. These 

associations have been observed across different countries, healthcare settings, and measures of 

SES including educational attainment(232,235,280,281), individual(231,234,235,282) and 

neighbourhood(235,285) income levels, and health insurance source/status(285).  Beyond 

financial barriers in accessing healthcare (or health insurance), lower levels of social support or 

self-efficacy among low SES patients(288), and higher levels of depressive symptoms or 

perceived stress(283), may also contribute to these disparities. 

 

 As such, SES is likely a predictor of healthcare costs in SLE (and perhaps other SARDs), 

but its impact has not been well-investigated, especially at the general population level.  The few 

studies known to have assessed the impact of SES on costs in SARDs(34,186,224) were 

conducted on prevalent cases, which brings directionality into question, since low SES may 
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contribute to poorer health (and higher costs), or result from it.  For example, lower levels of 

disease activity and higher levels of physical functioning have been predictive of work entry 

(becoming employed) in SLE(290), while higher levels of depressive symptoms(290), and 

increases in disease activity and number of organ manifestations(291), have been predictive of 

work loss.  Studies of prevalent cohorts are also subject to survival bias; early mortality is a 

feature of some SARDs, especially SSc(123) and GPA(292–294), and low-SES ‘survivors’ may 

differ from low-SES patients who succumb to the disease early-on.  Another key limitation is 

that the previous studies only assessed the impact of SES on the all-cause medical costs incurred 

by those with SARDs, not the incremental costs.   

 

 Finally, there is also a paucity of data on the long-term patterns of healthcare use and 

costs in SARDs, which could assist policymakers in developing better models of care. To my 

knowledge, such patterns in costs from diagnosis onwards have been described in only two 

reports at the time of this writing: one describing the costs of outpatient encounters and 

hospitalisations (but not prescription medications) for GCA patients before and after 

diagnosis(200), and one on the costs of SLE patients for the first five years after diagnosis(203).  

Unfortunately, the latter study was not generalisable to the Canadian population (it was 

conducted on a sample of Medicaid beneficiaries in the USA), and only assessed the costs of 

patients who were followed for the entire five years. 

 

 In this Chapter, I address these knowledge gaps by using administrative health databases 

from the province of British Columbia (BC), Canada, to assess the longitudinal, incremental 

direct medical costs of newly-diagnosed SARDs, mainly from the perspective of the public 
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healthcare payer. My specific objectives were to determine the total and incremental direct 

medical costs of each SARD cohort during the first five years after diagnosis, and assess the 

impact of baseline SES on the incremental costs of SARDs during this time. 
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3.2 Methods 

3.2.1 Data source 

The administrative health databases were sourced through Population Data BC, which  

uses population-based linkable administrative data files to capture provincially funded health 

care services including outpatient medical visits, interventions, and investigations(316), and 

hospital admissions and discharges(317), from 1990 through 2013, as well as demographic(319) 

and vital statistics data(320). Furthermore, it encompasses the comprehensive prescription drug 

database PharmaNet(318), which includes virtually all community-dispensed medications for all 

BC residents, regardless of age or funding source, for the years 1996 through 2013, though does 

not capture non-prescription/over-the-counter medications. Many general population-based 

studies have been successfully conducted using these databases(42,311–315).   

 

3.2.2 Study populations 

From the administrative data files, I assembled population-based cohorts of all BC adults 

(aged ≥ 18 years) newly-diagnosed with a SARD from January 1, 1996 through December 31, 

2010. To ensure only incident cases were included, all individuals needed at least five years of 

follow-up in the databases prior to diagnosis, during which time they did not fulfill the case 

definition for that particular SARD in the outpatient or hospitalisation databases (which 

contained records of encounters from 1990-onwards). SARD cases were identified using 

International Classification of Diseases Ninth (ICD-9) and Tenth (ICD-10) Revision diagnostic 

codes recorded for outpatient encounters and hospitalisations; specifically, either: (a) ≥ two ICD-

9 codes for SARDs ≥ two months apart but within a two-year period by a non-rheumatologist 

physician; (b) one ICD-9 code for SARDs by a rheumatologist; or (c) one ICD-9/10 code from 
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hospitalisation. The ICD codes (listed in Table 2.1) could have been in any of the five diagnostic 

positions available in the outpatient billing data, or 25 positions available in the hospital 

separations data. In addition, GCA cases needed to be at least 40 years of age at diagnosis, and to 

have been dispensed a prescription for oral glucocorticoids between one month before, and six 

months following, the second GCA-coded encounter (or first encounter if diagnosed in hospital 

or by rheumatologist). The SARD index date was the date of the first SARD-coded encounter.   

 

The validity of these case definitions for SARDs have been evaluated in a Canadian 

context, wherein the sensitivity for most SARDs was ≥ 88%, specificity was ≥ 95%, and PPV 

was ≥ 57%(333).  Moreover, when similar criteria were used to identify GCA within the United 

Kingdom (UK) General Practice Research Database, the GCA diagnosis was confirmed in 91% 

of potential cases(334). Nevertheless, to further improve specificity, potential SARD cases were 

excluded if they had at least two visits ≥ two months apart (subsequent to the SARD index visit) 

with diagnoses of other inflammatory arthritides, including rheumatoid arthritis, psoriatic 

arthritis, and spondyloarthropathies.   

 

The non-SARD cohorts were established from data for a random sample of the BC 

population (n≈400,000) registered with the provincial medical plan during the study period.  I 

randomly-assigned each non-SARD individual an index date (from all possible dates during the 

period January 1, 1996 through December 31, 2010), and eliminated those whose random index 

date fell outside their actual follow-up period (i.e. after their death), or who did not have 

continuous follow-up in the databases for five years prior to this index date. I then matched each 

SARD individual, without replacement, to a maximum of ten non-SARD individuals (maximum 
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of five for SLE) based on age (± two years), sex, and calendar year of study entry, and 

eliminated any with a SARD diagnosis. 

 

3.2.3 Healthcare utilisation and cost calculation 

Individuals were followed from their index date for up to five years, or until death, de-

registration from BC’s universal health insurance provider, or December 31, 2013, whichever 

came first.  All healthcare use captured in the databases from the index date through end-of-

follow-up (for any reason, not just SARDs-related care) was included, and the unit costs 

summed.  The unit cost of each outpatient encounter (available in the dataset) was the amount 

paid to the practitioner by the BC Ministry of Health, as specified in the provincial fee-for-

service agreement. The cost for each prescription medication (also available in the dataset) 

included the complete drug cost and dispensing fee as listed on each dispensing record.  Costs 

for inpatient and day hospitalisations were calculated using the Canadian Institute for Health 

Information (CIHI)’s well-established case-mix methodology(338), in which the resource 

intensity weight (RIW) of each hospitalisation (as determined by CIHI), the relative resource 

consumption in relation to the provincial ‘average’ (for which the RIW would equal 1.0), is 

multiplied by the cost for a standard hospital stay in the province of British Columbia.  All costs 

were adjusted for inflation using the general component of the Canadian Consumer Price 

Index(180) (listed in Table 2.3) and are reported in 2013 Canadian dollars.   
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3.2.4 Independent variables 

3.2.4.1 Baseline comorbidities 

A modified version of the Charlson-Romano comorbidity index for administrative 

data(340), one that excluded SARD diagnoses (ICD-9 710; ICD-10 M31, M32, M34, M35), was 

calculated for the 365-day period before index date, and collapsed into categories of 0 or ≥ 1.  

 

3.2.4.2 Baseline healthcare resource utilisation 

The number of healthcare encounters in the 365 days before index date was included to 

control for individuals’ baseline volume of healthcare resource utilisation.  Since a single 

physician consultation may result in multiple ‘encounters’ in the outpatient database (i.e. one for 

each service rendered or laboratory investigation ordered during that consultation), and 

individuals may have multiple hospital admissions recorded during the same day if they were 

transferred between hospitals, I only included the first outpatient encounter or hospitalisation for 

each person each day. 

 

3.2.4.3 Baseline socioeconomic status 

As the administrative databases did not have information on absolute individual or 

household income level, occupation, or educational attainment, SES was defined primarily using 

Statistics Canada neighbourhood income quintile data, as per previous analyses(311,312,341–

344).  From self-reported annual household income data collected during the Canadian census, 

Statistics Canada calculates the mean per-person income in each neighbourhood (400 to 700-

person census dissemination area, the approximate equivalent of a census block group in the 

United States(345)), then ranks all neighbourhoods within a larger census area, and divides this 
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list into fifths. Baseline neighbourhood-level SES was grouped according to the income quintile 

of the address recorded for each individual (by the provincial medical plan) during their index 

year, and collapsed into three groups: low (two-lowest quintiles), moderate (middle quintile), and 

high SES (two-highest quintiles). 

 

Since neighbourhood income data have shown poor agreement with self-reported income 

data(346) for cohorts of diabetes, RA, and asthma, the impact of individual-level SES was 

assessed in conjunction with neighbourhood SES in a secondary analysis.  As I did not have 

access to data on absolute individual or household income, individual-level SES was defined (as 

done previously(312)) by whether or not the person was receiving income assistance benefits 

from the provincial government.  These benefits include income support and 100% coverage for 

the costs of eligible prescription medications (including the dispensing fee)(331,332); thus, 

receipt of income assistance was captured from the prescription medication datafiles.  As 

someone may start receiving income assistance upon SARD diagnosis, and I wanted to include 

the best-possible measure of SES at baseline (before diagnosis), receipt of income assistance was 

determined during the 365-days before index date.  Due to the low numbers of SARD and non-

SARD individuals receiving income assistance, this analysis was only conducted in SLE. 

 

3.2.4.4 Urban/rural residence 

Evidence suggests that urban/rural residence may impact the types of healthcare 

resources used by individuals with SARDs.  When administrative data was used to assess the 

incidence and prevalence of different SARDs in Canada, hospital separations data had greater 

sensitivity for detecting cases in rural areas (versus urban)(12,130), while rheumatologist billings 
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data had greater sensitivity for cases in urban areas(12,348).  Consequently, urban/rural 

residence may also impact costs (potentially confounding any associations between SES and 

costs), so an indicator variable for urban/rural residence was included.  Urban/rural residence 

was categorised from the first three digits of the postal code recorded for each individual during 

their index year, with a second-digit of 0 indicating a rural address.  This definition has been 

used in Canadian studies of urban-rural disparities in outcomes and patterns of care for heart 

failure(349) and prevalence and mortality rates in diabetes(350), and urban-rural migration 

following RA diagnosis(351).   

 

3.2.5 Statistical analysis 

Mean per-person healthcare use and costs for each year (365-day period) after index date 

(Years +1 to +5) were determined for each SARD and non-SARD cohort.  Knowing that the 

annual costs of individuals followed for shorter periods of time may differ from those with 

complete follow-up, separate estimates were also produced for individuals with the full five-

years’ of follow-up after diagnosis/index date.   

 

Unadjusted comparisons between each SARD cohort and its matched comparison group 

were made using chi-squared tests (for frequencies) and t-tests (for continuous variables).  

Multivariable generalised linear models (GLM)(361), adjusted for sex (reference=male), age at 

index year (centered to the mean), baseline comorbidity score, urban/rural residence 

(reference=urban), level of healthcare utilisation, year of follow up (reference=first year), and 

SES group (reference=highest), were then used to determine the adjusted relative levels of 
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healthcare costs associated with SARDs.  Log-link and negative binomial distribution were 

specified in these multivariable cost models to account for skewness in these data.  

 

The unit of analysis was person-year of follow-up, with each person contributing up to 

five observations, one for each year after index date.  To account for unequal follow-up times 

within each year, I included an offset variable, equal to the log of follow-up time contributed by 

the individual that year. All observations were entered into a single generalised estimating 

equation model (with autoregressive correlation structure), which accounted for the correlation 

of data between SARD individuals and their matched non-SARD counterparts, and the multiple 

annual observations that each individual could contribute.   

 

As many individuals did not incur costs for each healthcare component in each year 

(especially hospitalisation costs), two-part models were used to account for the zero-inflated 

nature of the data.  The first part (logistic regression model) assessed one’s probability of 

incurring any cost in each year (i.e. being hospitalised at all), controlling for covariates, while the 

second part (negative binomial GLM) assessed costs only among those with non-zero costs.  

Year*SARDs interaction terms were included in all models to assess whether the longitudinal 

patterns in costs differed between those with and without SARDs, while SES*SARDs 

interactions were included to assess the impact of SES in those with and without SARDs.  As I 

was examining the impact of baseline SES and urban/rural residence on longer-term costs, 

baseline values were used in all observations, regardless of whether the individual changed 

neighbourhoods during the study period.  
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The GLM models above generate estimates of relative costs (cost ratios) between groups. 

A more relevant metric is the incremental cost, which is the difference in absolute direct medical 

costs between groups. To derive the adjusted value for this quantity, I used G-computation(364), 

as has been applied previously on these data(312).  With this approach, multivariable regression 

models are used to predict costs for each individual multiple times, each time with the same 

person in a different disease (and SES) group, but with their other covariates set at the observed 

value.  The difference between estimates represented the incremental costs, and per-person 

incremental costs were averaged across all individuals.   Two sets of two-part regression models 

were constructed.  In the first, costs were predicted for each person two times, coded once as a 

SARD and once as a non-SARD, and the incremental costs of SARDs was the mean difference 

in predicted costs for the SARD and non-SARD groups.  In the second set of models, costs were 

predicted for each person six times, once for each SARD-SES combination (SARD-low, SARD-

moderate, SARD-high, non-SARD-low, non-SARD-moderate, and non-SARD-high).  I used 

these estimates to determine the incremental costs of SARDs by SES group (i.e. difference in 

predicted costs when the person was coded as SARD-low-SES versus non-SARD-low-SES).   

 

The impact of individual- and neighbourhood-level SES was compared in an exploratory 

analysis where I assessed changes in the predicted incremental costs of SLE (overall, and by SES 

group) after individual-level SES was added to the model.   Substantial changes in predicted 

costs would suggest the two SES measures influence costs in separate ways.   

 

Parametric bootstrapping was used to derive 95% credible intervals (95% CI) for these 

estimates, and make inferences about any differences in mean costs between SARDs and non-
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SARDs, and incremental costs between the low- and high-SES groups.  All analyses were 

generated using the SAS Enterprise software package, version 7.13. 
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3.3 Results 

Altogether, I included 8,858 newly-diagnosed adult SARD cases for the years 1996-2010 

(79.8% female) and 32,727 non-SARDs (79.0% female) from the general population. Baseline 

characteristics of each SARD and comparison cohort are shown in Tables 3.1 to 3.9. 

 

3.3.1 Longitudinal patterns in healthcare use and costs from diagnosis 

Annual mean per-person costs for each SARD and comparison cohort, for each of the 

five years after diagnosis, are shown in Table 3.10, and illustrated for SLE in Figure 3.1.  While 

the magnitude of costs differed among diagnoses (highest in GPA, $38,197 per-person, and 

lowest in SjS, at $11,630 per-person), a similar pattern was observed across all SARDs with 

costs highest during the first year after diagnosis (Year +1).  Mean per-person costs decreased 

sharply in the second year after diagnosis (Year +2), and, in general, were relatively stable in 

Years +3 and +4, before increasing slightly between Years +4 and +5 (Figure 3.1, left).  For 

example, Year +1 costs in SLE averaged $13,038 per-person (61% from hospitalisations, 23% 

outpatient, and 16% from medications), then decreased by 42% the next year to $7,570 (42% 

from hospitalisations, 28% outpatient, and 30% medications). This pattern was not exhibited by 

the comparison cohorts, whose costs increased slightly from Years +1 to +2 (Table 3.10). 

 

The biggest cost contributor during Year +1 was hospitalisations, with the percent-

contribution ranging from 57% of costs for SSc to 74% of costs for DM and GPA. 

Hospitalisation rates were highest in Year +1; for example, 38% of SLE and 47% of SSc had at 

least one inpatient admission during Year +1, while in Year +2, only 18% of SLE and 23% of 

SSc were hospitalised. Day hospitalisations were a minor contributor, accounting for less than 
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5% of costs each year in the SARD and non-SARD groups.  Outpatient encounters were the 

second-highest cost contributor during Year +1 (15% of costs in GPA, and 23% of costs in each 

of SLE, SjS, and Takayasu’s), followed by prescription medications. Among non-SARDs, the 

three components each accounted for about one-third of costs in Year +1 (with ~8% of non-

SARDs hospitalised at least once) and this changed little in subsequent years. 

 

When I restricted the analysis to just those individuals with full follow-up over the five 

years, the absolute costs were lower, but the same patterns were observed.  For example, Year +1 

costs in SLE patients with full follow-up (n=2,954, 63% of the entire SLE cohort) averaged 

$9,809 (compared to $13,038 among the whole cohort), and decreased by 36% the following 

year to average $6,279 (Figure 3.1, right).   

 

3.3.2 Incremental costs 

Displayed in Table 3.10 are the annual, unadjusted incremental costs of each SARD 

(difference in mean per-person costs between SARDs and non-SARDs) during each year of 

follow-up. Unadjusted incremental costs were highest during Year +1, ranging from $8,551 per-

person for SjS to $34,734 for GPA.  Hospitalisations accounted for about two-thirds of the 

incremental costs during this first year (i.e. $7,132 in SLE), while the contribution from 

medications was relatively small (i.e. $1,294 in SLE, 12% of all incremental costs).  

 

The predicted per-person-year costs for each SARD and non-SARD group, and adjusted 

incremental costs of each SARD, averaged over the first five years after diagnosis, are shown in 

Table 3.11.  Estimates were adjusted for sex, age, SES, urban/rural location, and baseline 



116 

 

comorbidities and healthcare utilisation, and accounted for unequal follow-up times and the odds 

of incurring any cost during each year.  Incremental costs ranged from $7,851 in SjS, to $10,078 

in SLE, and $54,061 in GPA (Figure 3.2), and were lower when restricting to individuals with 

full five-year follow-up (i.e. for SLE: $4,850 vs. $10,078 among all individuals).  

Hospitalisations accounted for the majority of incremental costs in all SARDs (about 85-90%), 

with about 10% from outpatient encounters and less than 5% from prescription medications.  

However, hospitalisations contributed less to the incremental costs of SLE (75% among all SLE, 

with 17% from outpatient) and SSc (76%, with 14% from outpatient).  Among those with SLE 

followed for the entire five years after diagnosis, hospitalisations accounted for 55% of 

incremental costs, and outpatient 28%.  Absolute incremental medication costs were just $319 in 

SjS, and $456 in GCA, but higher in SSc ($1,554) and GPA ($1,947).   

 

3.3.3 Impact of baseline socioeconomic status – neighbourhood-level 

Shown in Table 3.12 and Figure 3.3 are the predicted incremental per-person-year costs 

of SARDs, by SES group, and the excess in incremental costs for low-SES individuals 

(difference in predicted incremental costs between the low and high SES).  In every SARD 

except PM, overall incremental direct medical costs were significantly greater for the low SES 

group (versus the high SES).  This excess in costs averaged approximately $2,000 per-person-

year in each of SLE, SjS, and SSc, $2,790 in GCA, and $2,917 in GPA, but was considerably 

higher in PAN, Takayasu’s (~$6,000 per-person-year in each), and DM ($8,414 per-person-

year), the three smallest cohorts (n=331 DM, n=210 PAN, and n=50 Takayasu’s).  Incremental 

hospitalisation costs were significantly greater for each of the low-SES SARD groups (compared 

to the high SES), except PM.  However, the impact of SES on outpatient and medication costs 



117 

 

was more variable.  Incremental outpatient costs were significantly greater for most low-SES 

SARD groups except GCA and GPA, where predicted mean incremental costs were actually 

greater for the high-SES than the low-SES (by $12 and $77 per-person-year, respectively).  The 

biggest excesses in incremental medication costs were observed for SLE ($40 more per-person-

year than the high-SES), GPA ($47 more), and Takayasu’s ($226 more), while for SSc, predicted 

medication costs for the high-SES exceeded the low-SES by $41 per-person-year (mean excess 

of -$41, 95% CI: -$122 to -$12). 

 

3.3.4 Impact of baseline socioeconomic status – individual-level 

For SLE, I also examined the impact of neighbourhood-level SES on incremental costs 

before and after controlling for a measure of individual-level SES (receiving income assistance 

or not).  Eight percent of SLE (n=392) and 4.7% of non-SLE (n=1,098) received income 

assistance benefits during the year before index date, and 64% of these SLE (65% of non-SLE) 

were also in the low neighbourhood-level SES group.   

 

As shown in Table 3.13, there was little change (maximum 5% increase) in the overall 

predicted costs for SLE and non-SLE after individual-level SES was added to the model.  The 

excess in predicted incremental costs between the low- and high-SES neighbourhood groups did 

decrease, by $373 per-person-year (from $1,922 in the original model to $1,549).  Excess 

hospitalisation costs decreased by 17% (from $1,770 to $1,463), as did excess outpatient costs 

(from $111 to $92), but there was a greater change in excess medication costs.  Predicted 

incremental medication costs were $40 more per-person-year among the low SES (versus the 

high SES) before individual-level SES was included, and $7 less per-person year afterwards.  
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This stemmed mainly from increased costs for the high SES group (Figure 3.4).  For example, 

predicted medication costs for the low SES group were $798 beforehand and $808 afterwards, 

while predicted costs for the high SES group were $757 beforehand and $815 afterwards. 
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3.4 Discussion 

 In this first-ever population-based, Canadian longitudinal analysis, all-cause annual direct 

medical costs for SARD patients during the first five years after diagnosis averaged between 

$7,885 and $18,998 per-person-year (among SjS and GPA, respectively). Per-person costs for 

SARDs peaked during the first year after diagnosis (ranging from $11,630 for SjS to $38,197 for 

GPA), decreased sharply the following year, by 38% (in SjS) to 68% (in GPA), then stabilised.  

Adjusted annualised costs for individuals with SARDs exceeded those of the sex- and age-

matched non-SARD cohorts by $7,851 to $54,061 per-person, on-average (again, among SjS and 

GPA, respectively).  Moreover, in nearly every SARD, predicted incremental costs were 

significantly greater among patients of low socioeconomic status than those of high 

socioeconomic status.   

 

3.4.1 Longitudinal costs 

 The high costs incurred by SARD patients during Year +1 are likely related to the 

volume of healthcare resources consumed in establishing the diagnosis, and intense management 

(oftentimes in hospital) required initially upon diagnosis. The subsequent decrease in healthcare 

use and costs is likely due to the disease becoming controlled. It has been observed in SLE that 

disease activity decreases during the first year after diagnosis(88,380), and remains low(380), 

while disease damage increases over the first five years(380), potentially from extended use of 

GC(380); similar longitudinal cost trends have been reported in conditions outside of SARDs 

including diabetes(381,382), heart failure(383), and coeliac disease(384). Moreover, while the 

absolute costs were lower, the same pattern in costs was observed when restricting to individuals 

contributing five full years of follow-up. This implies that the decrease in costs from Years +1 to 
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+2 cannot be attributed simply to a small number of complex cases incurring high costs around 

time of diagnosis, and dying shortly after.   

 

3.4.2 Comparisons with prior estimates 

As nearly all published cost estimates for SARDs have been cross-sectional, it is difficult 

to compare these longitudinal estimates with those in previous studies. Li et al.(203) used 

Medicaid data (a selected sample) to assess the direct medical costs of 2,298 incident SLE and 

2,298 matched non-SLE for the first five years after diagnosis. While the absolute costs reported 

in that US study were far greater than those here, the longitudinal pattern (decrease from Year +1 

to Year +2) was similar to what I observed, with hospitalisation rates for that SLE cohort also 

highest during Year +1 (24.4%).  Of note, that Medicaid study only included individuals with 

full five-year follow-up, although it was mentioned that Year +1 costs amongst patients with 

only one year of follow-up were about 55% greater than those for patients with five years of 

follow-up (about $25,000 vs. $16,089 2006 USD).    

 

My longitudinal findings for SLE are also consistent with those of a longitudinal, 

population-based study of healthcare utilisation (but not costs) for incident SLE in another 

Canadian province(90).  There, the mean annual number of physician visits for SLE was highest 

during Year +1, then decreased over time, while for the non-SLE comparison group, utilisation 

increased gradually over time.  Specifically, there were substantial decreases in visits to 

rheumatologists, internists, and other specialist physicians, while visits to family physicians 

decreased by only 9%. The numbers of ambulatory emergency department visits (which I could 

not tabulate) and hospital admissions were also highest in the period early after diagnosis.   
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The second longitudinal study of costs available for comparison, published in 2017 by 

Koster et al.(200), used population-based data from the Mayo Clinic in Rochester, Minnesota, 

USA, to examine the annual direct medical costs of 147 newly-diagnosed GCA, and 147 

matched non-GCA. Combined costs for GCA were significantly greater than non-GCA during 

the final month before diagnosis, and each of the first four years after diagnosis, but not the fifth 

year. Of note, hospitalisation costs alone were not significantly different for GCA and non-GCA 

at any point during the study period. These findings differ somewhat from mine, as I found that 

unadjusted per-person costs for GCA were significantly higher than non-GCA during each of the 

first five years after diagnosis, and their predicted hospitalisation costs were significantly greater 

than non-GCA.  However, their estimates did not include costs for prescription medications, and 

their summary measure (median difference in costs between GCA/non-GCA pairs each year) and 

analytical approach, differed from mine.  Indeed, the standard and least-biased cost measure for 

economic evaluations is the arithmetic mean cost, not median cost, with health technology 

assessment agencies in Canada(358), the UK(359), and Ireland(360) all recommending that 

mean costs/values be reported.  Although estimates of mean medical costs are usually higher 

than median costs, mean costs are more useful for healthcare decision making because they 

encapsulate the costs of all individuals, including those few patients with very high costs(355).   

 

 While, to my knowledge, the studies by Li et al.(203) and Koster et al.(200) are the only 

longitudinal cost estimates currently available, several estimates have been produced (from US 

commercial claims databases) of the unadjusted, incremental costs of SLE during just the first 

year after diagnosis.  All cost estimates listed here have been converted to 2013 Canadian dollars 

(CDN). In a study by Carls et al.(91), total healthcare costs averaged approximately $27,118 
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2013 CDN, and incremental costs (difference between SLE and non-SLE) averaged $17,018, 

while in a study by Furst et al.(92), total and incremental costs averaged $23,509, and $17,491, 

respectively.  Oglesby et al.(210) also determined the costs of newly-diagnosed SLE ($17,535 to 

$22,577 2013 CDN), and while they did not examine costs for a non-SLE comparison group, the 

SLE-attributable costs of their cohort averaged between $2,697 and $3,544.  In additional studies 

using US commercial claims data, total and incremental costs for incident DM averaged $32,042 

and $25,861, respectively, during Year +1, while total and incremental costs for incident PM 

were $22,979 and $16,931, respectively(197).  Year +1 costs of newly-diagnosed GCA and SjS 

averaged $42,25(38) and $22,117(227), respectively.  For SSc and other forms of SV, published 

estimates are only available for prevalent cases (Table 1.1 and Table 1.2).   

 

Variation in these cost estimates may arise from differences in patient populations 

between studies.  My estimates for SSc and PM/DM were lower than prior estimates from 

Canada(33,34), but those were conducted on prevalent cohorts, and the authors acknowledge 

they may not reflect the higher costs of patients with new-onset disease.  Since a considerable 

proportion of individuals with diffuse SSc (the more severe subset) die soon after diagnosis 

(five-year cumulative survival of 69.6% for diffuse SSc and 90.9% for limited SSc in a recent 

meta-analysis(122)), cost estimates of SSc are particularly prone to survival bias.  Differences in 

prices and practices of healthcare delivery between countries may also contribute to variation in 

estimates.  My unadjusted estimates were far lower than those determined from US commercial 

claims databases, likely due to the higher costs of delivering healthcare in the US(201); others 

have attributed variation in the costs of SSc across European countries to trans-national variation 

in the amount of care delivered in hospital settings versus community settings(307).   
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3.4.3 Impact of socioeconomic status  

My most compelling finding was that the incremental costs of SARDs were significantly-

greater (by about $2,000 to $3,000 per-person-year, on-average) for those in the low SES group 

at diagnosis, compared to high SES.  Excess incremental costs were even greater in PAN ($6,263 

per-person-year), Takayasu’s ($5,992 per-person-year), and DM ($8,414 per-person-year), 

though those figures should be viewed with caution considering the small numbers of patients in 

those cohorts.  Hospitalisations were the major contributor, but low-SES was still associated with 

greater outpatient and medication costs with, for example, $111 and $77 per-person-year 

excesses in incremental outpatient costs for low-SES SLE and SSc, and a $47 per-person-year 

excess in incremental medication costs for low-SES GPA.  These differences across SES groups 

are striking since the outcome was incremental costs, ‘extra’ costs from SARDs that remained 

after the removal of ‘background’ medical costs incurred by those in the general population 

(along with the ‘background’(273) impact of SES on costs in the general population).  In sum, 

these findings suggest that SES influences not just all-cause medical costs, but more specifically, 

the costs incurred for the management and treatment of SARDs and associated complications.  

 

Very few studies have reported on the relationship between SES and healthcare costs in 

SARDs.  Although higher neighbourhood income was associated with higher hospitalisation 

charges among SLE patients in the USA(186), and lower education was associated with lower 

direct (medical and nonmedical) costs among SLE in South Korea(224), neither study assessed 

the impact of SES at diagnosis, nor the impact of SES on the incremental costs of SLE.  Still, my 

findings are consistent with the well-established association between low SES and poorer clinical 

outcomes specific to SLE, including disease activity and damage(230,231,235), development of 
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lupus nephritis(284), and SLE-related mortality(285).  The body of published literature for SSc is 

much smaller, and more mixed.  In a study from the Canadian Scleroderma Research Group 

(CSRG), being in the highest income tertile was associated with a higher volume of physician 

visits for any reason (> or ≤ 6 per-year)(385), but SES (measured by educational attainment) was 

not associated with all-cause healthcare costs(33).  Another CSRG study looked at the impact of 

education (high school completion) on organ damage and mortality in SSc(289), and found no 

significant relationship.  But unlike mine, those investigations were conducted on prevalent 

cohorts (mean disease duration of 9.7(385) to 11(289) years), and are likely subject to survival 

bias.  SES may have more of an impact on outcomes (and thus healthcare costs) earlier-on in the 

disease course.  This supposition is supported by the fact that the mortality rate during the first 

12 months after diagnosis was considerably higher among the low-SES members of my SSc 

cohort than the high-SES (15.5% of the low-SES SSc died versus 7.9% of the high-SES; rates of 

17.2 and 8.3 deaths per 100-person-years).  There are little published data on the impact of SES 

in the other SARDs, though high SES (specifically, high neighbourhood income level) was 

associated with significantly lower physician and hospitalisation costs among prevalent PM/DM 

in the Canadian province of Quebec(34).   

 

My research was observational and retrospective, and while I controlled for age, sex, and 

measures of baseline comorbidities, urban/residence, and baseline healthcare utilisation, my 

findings are still subject to residual confounding.  While this novel relationship between SES and 

incremental costs should be assessed in other population-based cohorts, moving forward, 

research should also focus on why low-SES individuals seem to incur more costs from SARDs, 

and how these disparities could be mitigated.  BC has a universal, publicly-funded healthcare 
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system where physician and hospital care are accessed without co-payment, and income-based 

subsidies are available for prescription medications.  Thus, if baseline SES does have an 

independent effect on the incremental costs of SARDs, it would impact patients in ways other 

than their ability to purchase health care, especially physician and hospital care.   

 

Low-SES individuals may put off seeking care for initial symptoms, or experience 

organisational barriers in accessing specialty or follow-up care, which delays diagnosis and 

initiation of treatment until the point where hospitalisation is required.  In the SLE and SjS 

cohorts, low SES patients were more likely than the high SES to be identified from 

hospitalisation data (versus physician billings data), controlling for urban/rural residence, age, 

sex, comorbidities, and baseline levels of healthcare utilisation (OR=1.42 (95% CI=1.22-1.65) 

for SLE and 1.47 (95% CI=1.07-2.02) for SjS).  Low household income has been associated with 

delayed presentation to rheumatology care among paediatric SLE patients in the USA(386), and 

while that may be less of an issue in BC, where access to primary and specialist care is more 

universal, socioeconomic disparities in specialist care and receipt of treatment have been 

reported for other arthritides in BC.  Among rheumatoid arthritis patients, high SES was 

associated with higher odds of receiving specialist care, or treatment with DMARDs(11), while 

among osteoarthritis patients, the highest-SES individuals were more likely to see an orthopaedic 

surgeon, and undergo total joint arthroplasty(311).   

 

Differences in health behaviours may also contribute to this disparity in costs since, in 

general populations(387–389), and SLE specifically(234), smoking and obesity rates tend to be 

higher in low SES groups. Smoking has been associated with poorer SARD-specific health 
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outcomes, including higher levels of disease activity in SLE(390), and poorer digital ischaemic 

(391,392) and respiratory(393) outcomes in SSc.  In turn, SLE disease activity, and SSc disease 

activity and severity, have been associated with higher direct medical costs(218,253).  While the 

role of body mass index (BMI) on SLE-specific outcomes is not clear(394), higher BMI did 

increase the risk for hospitalisation for SLE flare in one Canadian study(395). Unfortunately, as I 

did not have information on smoking or BMI in the administrative data, I could not assess the 

prevalence of these factors across SES groups or their impact on costs.   

 

Additionally, SARDs are associated with an elevated risk of certain cardiovascular 

complications, including myocardial infarction (MI), stroke, and venous thromboembolism(42–

51,53–56,58), and it is possible that the low-SES SARD patients in my cohort developed more of 

these complications than the high SES.  Support is provided by findings from the Hopkins Lupus 

Cohort(234), where the lowest-income White SLE patients had approximately three-times 

greater odds of MI and cerebrovascular accident (CVA) than the highest-income Whites, and 

from the UK(396), where GCA patients living in the most deprived areas had an increased risk 

of CVA and cardiovascular disease than the least-deprived. Assessing the risk of complications 

between SES groups was beyond the scope of my thesis, but should be investigated in future 

studies.  If low-SES SARD patients do have an excess risk of these costly complications, 

targeted efforts to mitigate these risks may help reduce disparities in outcomes and costs. 

 

The role of race/ethnicity also bears consideration since SLE and SSc are more prevalent 

among those of African(20,21,23–26), Hispanic(20,21,25), and Aboriginal descent(27–29), 

groups that tend to be more socioeconomically disadvantaged and have poorer health outcomes.  
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In a study from the Canadian province of Manitoba(28), Aboriginal patients with SLE had higher 

levels of disease activity at diagnosis than Caucasian patients, accumulated more damage over 

time, and had higher mortality. However, evidence suggests it is income level, and not ethnicity, 

that contributes to the higher damage accrual(231) and mortality(397) observed in these SLE 

patients, although race and genetics may be a determinant of the clinical course of SSc(398). 

Unfortunately, as with health behaviours, information on race/ethnicity was not available in the 

administrative data, so its impact could not be assessed. 

 

3.4.4 Measurement of socioeconomic status 

 My findings on the impact of SES must be considered in light of the complexities of 

defining and measuring SES.  Because my administrative data did not contain information on 

absolute individual or household income, educational attainment, or occupation, SES was 

defined primarily by neighbourhood income level.  This measure has been used in other studies 

from BC(311,312), and one strength is that it is a measure of relative income, within one area of 

the province.  Due to regional variations in housing prices and other aspects of cost-of-living, 

categories of absolute household income may not be a reliable measure of financial resources.   

 

It is certainly possible that the high-cost individuals residing in low-income 

neighbourhoods may not have had low incomes themselves, and vice-versa. Two studies from 

BC compared census-derived income groupings with actual household income data, and 

agreement between the two was fair/poor(346,399). In the first(399), the highest kappa values 

(measure of agreement, beyond that expected by chance, between neighbourhood income decile 

and household income as reported on tax returns) were 0.26 overall, and 0.31 among non-seniors 
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(considered as fair agreement(400)).  In the second study(346), which included cohorts of RA 

(79% female, mean age 61.2±13.8), diabetes (48% female, mean age 56.9±13.1), and asthma 

(64% female, mean age 36.8±8.4), the self-reported household income grouping tended to be 

lower than the area-derived income grouping, with intra-class correlation coefficients ranging 

from 0.15 (95% CI=0.03-0.28) for RA to 0.29 (95% CI=0.17-0.39) for asthma (correlation 

coefficients of < 0.40 were considered as poor agreement).  Agreement was poorest for those in 

the lowest self-reported income group.  However, those authors(346) point out that one’s current 

level of household income may not be the best measure of overall SES, especially if one or more 

household members are retired.  Moreover, particularly in a universal healthcare setting, 

neighbourhood-level factors such as walkability, levels of crowding and noise, and distance from 

healthcare services, may have a greater influence on health outcomes and costs than 

individual/household income.  Additional support is provided by the Lupus Outcomes 

Study(235) in the US, where there were similar associations between SES and levels of disease 

activity, physical functioning, and depressive symptoms when SES (poverty status) was 

measured at the individual- and neighbourhood-level.   

 

Still, in an exploratory analysis, I compared estimates of the incremental costs of SLE 

before and after income assistance (a proxy of individual-level SES) was added to the models. 

Nearly two-thirds of income assistance recipients were also in the low neighbourhood-SES 

group.  After controlling for individual-level SES, the excess in incremental hospitalisation and 

outpatient costs for the low neighbourhood-SES patients (over-and-above the high-SES) 

decreased by 17% (by $307 and $19 per-person-year, respectively), while the excess in 

medication costs decreased by 119%, from +$40 to -$7.  This suggests that individual-level SES 
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(at least, how it was defined in this study) had little influence on the incremental outpatient and 

hospitalisation costs of SLE beyond neighbourhood-level SES.  Individual-level SES had a 

greater impact on incremental medication costs, with predicted incremental costs increasing by 

$58 per-person-year among the high neighbourhood-SES, and $10 per-person-year among the 

low neighbourhood-SES.  However, this may be an artifact of using income assistance (which 

was captured from the prescription medication dataset) to classify individual SES.  Income 

assistance recipients were those dispensed at least one prescription coded as Plan C (income 

assistance plan) during the 365-days before index date, while the ‘non-recipient’ group was 

comprised of those with and without any prescriptions, and included those dispensed 

prescriptions under other BC public plans, and federal plans.  Nevertheless, these findings still 

provide evidence of an association between low SES (whether measured at the individual or area 

level) and an excess in the incremental medical costs of SLE. 

 

3.4.5 Strengths and limitations 

The strengths and limitations of this analysis stem mainly from the administrative data 

source.  Some of the limitations discussed earlier include the absence of data on race/ethnicity, 

educational attainment, absolute individual/household income, and health behaviours. Data on 

disease-specific measures such as disease activity, damage, and serological markers, were not 

available either, nor were patient-reported outcome measures. Thus, I was unable to determine 

the incremental costs associated with more severe disease, as has been done by other 

groups(32,214,219,220), or assess the impact of patient-reported outcomes (such as physical 

functioning and fatigue) on costs. 
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My SARD cohorts were identified from ICD codes, and the diagnoses were not clinically 

confirmed.  However, most were identified by a rheumatologist or hospitalisation (including 

85% of SLE, 88% of GPA, and 91% of SSc), and studies assessing the validity of these codes 

and algorithms have generally supported their use in identifying SARDs. In another Canadian 

province (Nova Scotia), Bernatsky et al.(333) assessed an algorithm nearly identical to the one I 

used, and the reported sensitivity and specificity for most SARDs were ≥ 88% and ≥ 95%, 

respectively. In a subsequent assessment of several case definitions for SLE in the Nova Scotia 

databases, the definition closest to the one I used had a sensitivity of 85%, specificity of 98%, 

and positive predictive value of 91%(401).  There is additional evidence from Europe supporting 

the validity of diagnostic codes for GCA(334), GPA(76,336,337), and Takayasu’s(335).   

 

To ensure only incident cases were included, all individuals were required to have five 

years of follow-up in the databases before index date, during which time they did not meet the 

case definition for the SARD in question.  The mean age at diagnosis for my SLE cohort (49.9 

years) is higher than often reported in clinic-based studies(209,231,380), but consistent with that 

reported for population-based cohorts of newly-diagnosed SLE in multiple countries(59,89–

92,202,203,210).  It may be that individuals with late-onset SLE (≥ 50 years of age at diagnosis), 

a subset associated with milder disease, including lower disease activity(402–407), fewer 

flares(407), and less renal involvement/nephritis(402–408), are under-represented in clinic-based 

cohorts.  

 

This analysis was conducted mainly from the provincial healthcare system (payer) 

perspective, but I nevertheless acknowledge my estimates do not include costs for healthcare 
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utilisation not funded by the provincial government (aside from filled prescriptions, whose costs 

are captured regardless of payer), and not captured in the databases, including non-prescription 

medications, complementary therapies, and most allied health visits after April 2002. 

 

Still, accessing administrative data from a single-payer healthcare system allowed me to 

study nearly all newly-diagnosed individuals who sought care for SARDs in the province over 15 

years, regardless of age, employment status, urban/rural residence, disease severity, or care 

provider (i.e. rheumatologist, nephrologist, or general practitioner).  I was able to capture their 

longitudinal healthcare costs, including virtually all community-dispensed prescription 

medications (regardless of age or funding source), right from diagnosis.  This is an improvement 

upon registries and clinic-based inception cohorts, where patients may be enrolled up to 15 

months after diagnosis(380), and those who die shortly after diagnosis may not be enrolled at all.  

The databases also allowed me to compare the costs of SARD cases to a sample of the general 

population, which served to enhance the external validity of my findings.   

 

3.5 Conclusion 

In this chapter, I reported on the total and incremental healthcare utilisation and direct 

medical costs of SARDs at the general population level.  I found costs are highest in the first 

year after diagnosis, with the majority of costs from hospitalisations, decrease sharply in the 

second year, then remain relatively stable for the next three years.  A similar pattern was 

observed among individuals followed for the entire five-year period.  This is encouraging and 

suggests the decrease in costs during Year +2 is likely due to stabilisation of the disease and 

fewer hospitalisations, and not just removal of high-cost individuals due to mortality.  These cost 
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estimates will serve as the benchmark for future studies, and could contribute to cost-

effectiveness analyses of new therapies or models of care for SARDs, particularly in the 

Canadian setting.   

 

Using data from the SARD and non-SARD individuals, I also determined the adjusted, 

incremental per-person-year healthcare costs of SARDs overall, and by SES group.  After 

adjustment for age, sex, urban/rural residence, baseline comorbidities, and baseline healthcare 

utilisation, and accounting for unequal follow-up times, the incremental costs of SARDs ranged 

from $7,851 to $54,061 per-person-year.  More importantly, I found these incremental costs 

(costs for SARDs over-and-above those expected for the general population) tended to be higher 

among individuals of low socioeconomic status.  Research should now focus on identifying the 

reasons for this variation (i.e. delayed diagnosis or gaps in care for SARDs, higher rates of 

SARDs-associated complications), and how to reduce these disparities and mitigate the burden 

of these chronic diseases.   

 

 In the next chapter, I assess the incremental healthcare utilisation and direct medical costs 

of SLE patients over the five years leading up to diagnosis.  Specifically, I build on this work on 

the impact of low SES after diagnosis, and assess the impact of SES on costs for SLE in each of 

the five years before diagnosis.  I also investigate the impact of sex on these costs.   
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Table 3.1: Baseline Characteristics of Individuals With and Without Systemic Lupus Erythematosus (SLE) 

 SLE Non-SLE p-value 

N 4,679 23,219 - 

N (%) Female 4,004 (86%) 19,851 (86%) 0.89 

Mean (SD) Age 49.9 (16.0) 50.0 (15.6) 0.72 

Median (IQR) Age 50 (13) 50 (12) 0.74 

N (%) Rural Residence 695 (15%) 2,732 (12%) < 0.01* 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.43 (0.50) 0.13 (0.34) < 0.01* 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
26.8 (21.3) 11.6 (11.9) < 0.01* 

Mean (SD) Months of Follow-Up 

(maximum 60) 
51.5 (15.5) 56.9 (7.3) < 0.01* 

N (%) Complete Five-Year 

Follow-up 
2,954 (63%) 17,981 (77%) < 0.01* 

N (%) Deaths During Follow-Up 701 (15%) 360 (2%) < 0.01* 

Source of Diagnosis, N (%) 

Hospitalisation 1,287 (28%) - - 

Physician Billings - 

Rheumatologist 
2,720 (58%) - - 

Physician Billings - Other 

Physician 
690 (15%) - - 
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 SLE Non-SLE p-value 

Socioeconomic Status, N (%) 

Low  1938 (41%) 9,244 (40%) 

< 0.01* Moderate  981 (21%) 4,599 (20%) 

High 1,760 (38%) 9,371 (40%) 
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Table 3.2: Baseline Characteristics of Individuals With and Without Systemic Sclerosis (SSc) 

 SSc Non-SSc p-value 

N 1,230 12,271 - 

N (%) Female 1,011 (82%) 10,083 (82%) 0.98 

Mean (SD) Age 57.4 (0.41) 57.3 (0.13) 0.75 

Median (IQR) Age 58 (21) 58 (21) 0.72 

N (%) Rural Residence 203 (17%) 1,455 (12%) < 0.01 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.46 (0.50) 0.16 (0.37) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
28.1 (21.7) 12.8 (12.6) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
45.9 (19.5) 56.9 (7.4) < 0.01 

N (%) Complete Five-Year Follow-

up 
617 (50%) 9,530 (78%) < 0.01 

N (%) Deaths During Follow-Up 373 (30%) 311 (3%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 517 (42%) - - 

Physician Billings - 

Rheumatologist 
605 (49%) - - 

Physician Billings - Other 

Physician 
115 (9%) - - 
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 SSc Non-SSc p-value 

Socioeconomic Status, N (%) 

Low  478 (39%) 4,843 (39%) 

0.68 Moderate  258 (21%) 2,444 (20%) 

High 494 (40%) 4,983 (41%) 
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Table 3.3: Baseline Characteristics of Individuals With and Without Sjogren’s Syndrome (SjS) 

 SjS Non-SjS p-value 

N 1,120 11,156  

N (%) Female 983 (88%) 9,795 (88%) 0.97 

Mean (SD) Age 57.6 (14.8) 57.4 (14.5) 0.61 

Median (IQR) Age 58 (20) 57 (20) 0.53 

N (%) Rural Residence 159 (14%) 1,340 (12%) 0.03) 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.44 (0.50) 0.17 (0.34) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
27.2 (21.1) 12.9 (12.6) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
49.9 (15.7) 55.8 (8.0) < 0.01 

N (%) Complete Five-Year 

Follow-up 
582 (52%) 7,559 (68%) < 0.01 

N (%) Deaths During Follow-Up 201 (18%) 328 (3%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 273 (24%) - - 

Physician Billings - 

Rheumatologist 
732 (65%) - - 

Physician Billings - Other 

Physician 
116 (10%) - - 



138 

 

 SjS Non-SjS p-value 

Socioeconomic Status, N (%) 

Low  446 (40%) 4,540 (41%) 

0.76 Moderate  213 (19%) 2,149 (19%) 

High 461 (41%) 4,465 (40%) 
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Table 3.4: Baseline Characteristics of Individuals With and Without Polymyositis (PM) 

 PM Non-PM p-value 

N 427 4,254 - 

N (%) Female 245 (57%) 2,447 (58%) 0.95 

Mean (SD) Age 61.6 (15.0) 61.4 (14.8) 0.77 

Median (IQR) Age 63 (22) 63 (20) 0.76 

N (%) Rural Residence 59 (14%) 537 (13%) 0.46 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.49 (0.50) 0.19 (0.39) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
33.0 (21.4) 13.5 (14.2) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
42.4 (21.6) 56.5 (8.1) < 0.01 

N (%) Complete Five-Year 

Follow-up 
183 (43%) 3,243 (76%) < 0.01 

N (%) Deaths During Follow-Up 156 (37%) 171 (4%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 194 (45%) - - 

Physician Billings - 

Rheumatologist 
155 (36%) - - 

Physician Billings - Other 

Physician 
80 (19%) - - 
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 PM Non-PM p-value 

Socioeconomic Status, N (%) 

Low  198 (46%) 1,680 (39%) 

0.02 Moderate  76 (18%) 881 (21%) 

High 153 (36%) 1,693 (40%) 
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Table 3.5: Baseline Characteristics of Individuals With and Without Dermatomyositis (DM) 

 DM Non-DM p-value 

N 331 3,292  - 

N (%) Female 211 (64%) 2,104 (64%) 0.95 

Mean (SD) Age 57.4 (16.1) 57.2 (16.0) 0.88 

Median (IQR) Age 58 (24) 58 (24) 0.92 

N (%) Rural Residence 51 (15%) 408 (12%) 0.11 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.47 (0.50) 0.17 (0.38) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
30.1 (20.3) 12.8 (14.0) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
41.5 (22.6) 56.7 (8.1) < 0.01 

N (%) Complete Five-Year 

Follow-up 
146 (44%) 2,511 (76%) < 0.01 

N (%) Deaths During Follow-Up 118 (36%) 97 (3%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 150 (45%) - - 

Physician Billings - 

Rheumatologist 
123 (37%) - - 

Physician Billings - Other 

Physician 
61 (18%) - - 
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 DM Non-DM p-value 

Socioeconomic Status, N (%) 

Low  148 (45%) 1,300 (40%) 

0.15 Moderate  59 (18%) 681 (21%) 

High 123 (37%) 1,310 (40%) 
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Table 3.6: Baseline Characteristics of Individuals With and Without Polyarteritis Nodosa (PAN) 

 PAN Non-PAN p-value 

N 210 2,099 - 

N (%) Female 131 (62%) 1,309 (62%) > 0.99 

Mean (SD) Age 65.9 (16.3) 65.8 (16.2) 0.92 

Median (IQR) Age 69.5 (22) 70 (22) 0.86 

N (%) Rural Residence 29 (14%) 262 (13%) 0.59 

Mean (SD) Charlson-Romano  

Comorbidity Score 
0.53 (0.50) 0.23 (0.42) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
33.9 (24.5) 14.7 (13.7) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
42.8 (21.4) 55.8 (9.0) < 0.01 

N (%) Complete Five-Year 

Follow-up 
93 (44%) 1,519 (72%) < 0.01 

N (%) Deaths During Follow-Up 70 (33%) 142 (7%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 78 (37%) - - 

Physician Billings - 

Rheumatologist 
81 (39%) - - 

Physician Billings - Other 

Physician 
51 (24%) - - 
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 PAN Non-PAN p-value 

Socioeconomic Status, N (%) 

Low  79 (38%) 85 (41%) 

0.33 Moderate  40 (19%) 443 (21%) 

High 91 (43%) 800 (38%) 
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Table 3.7: Baseline Characteristics of Individuals With and Without Giant Cell Arteritis (GCA) 

 GCA Non-GCA p-value 

N 844 8,214 - 

N (%) Female 608 (72%) 5,952 (72%) 0.79 

Mean (SD) Age 76.4 (9.1) 75.5 (8.9) 0.01 

Median (IQR) Age 78 (12) 77 (12) < 0.01 

N (%) Rural Residence 122 (14%) 1,003 (12%) 0.06 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.53 (0.50) 0.29 (0.45) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
31.5 (19.0) 17.4 (15.5) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
39.5 (21.2) 53.7 (12.3) < 0.01 

N (%) Complete Five-Year 

Follow-up 
296 (35%) 5,610 (68%) < 0.01 

N (%) Deaths During Follow-Up 389 (46%) 1,135 (14%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 401 (48%) - - 

Physician Billings - 

Rheumatologist 
235 (28%) - - 

Physician Billings - Other 

Physician 
212 (25%) - - 
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 GCA Non-GCA p-value 

Socioeconomic Status, N (%) 

Low  342 (41%) 3,528 (43%) 

0.04* Moderate  151 (18%) 1,626 (20%) 

High 351 (42%) 3,060 (37%) 
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Table 3.8: Baseline Characteristics of Individuals With and Without Granulomatosis with Polyangiitis (GPA) 

 GPA Non-GPA p-value 

N 472 4,710 - 

N (%) Female 248 (53%) 2,472 (52%) 0.98 

Mean (SD) Age 60.9 (16.4) 60.8 (16.3) 0.89 

Median (IQR) Age 63 (22) 63 (23) 0.86 

N (%) Rural Residence 69 (15%) 603 (13%) 0.27 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.56 (0.50) 0.20 (0.40) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
35.3 (30.4) 13.4 (13.3) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
42.9 (22.2) 55.9 (8.8) < 0.01 

N (%) Complete Five-Year 

Follow-up 
229 (49%) 3,487 (74%) < 0.01 

N (%) Deaths During Follow-Up 161 (34%) 215 (5%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 329 (70%) - - 

Physician Billings - 

Rheumatologist 
93 (20%) - - 

Physician Billings - Other 

Physician 
55 (12%) - - 
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 GPA Non-GPA p-value 

Socioeconomic Status, N (%) 

Low  206 (44%) 1,885 (40%) 

0.25 Moderate  88 (19%) 991 (21%) 

High 178 (38%) 1,834 (39%) 
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Table 3.9: Baseline Characteristics of Individuals With and Without Takayasu’s Arteritis 

 Takayasu’s arteritis Non-Takayasu’s arteritis p-value 

N 50 500 - 

N (%) Female 41 (82%) 410 (82%) > 0.99 

Mean (SD) Age 51.9 (20.6) 51.9 (20.3) 0.99 

Median (IQR) Age 50.5 (34) 51 (35.5) 0.99 

N (%) Rural Residence 7 (14%) 52 (10%) 0.44 

Mean (SD) Charlson-Romano 

Comorbidity Score 
0.60 (0.49) 0.16 (0.37) < 0.01 

Mean (SD) Number of Healthcare 

Visits Prior to Diagnosis 
35.9 (32.1) 13.1 (13.1) < 0.01 

Mean (SD) Months of Follow-Up 

(maximum 60) 
46.4 (19.4) 56.9 (7.3) < 0.01 

N (%) Complete Five-Year 

Follow-up 
27 (54%) 399 (80%) < 0.01 

N (%) Deaths During Follow-Up 13 (26%) 16 (3%) < 0.01 

Source of Diagnosis, N (%) 

Hospitalisation 23 (46%) - - 

Physician Billings - 

Rheumatologist 
24 (48%) - - 

Physician Billings - Other 

Physician 
< 6 - - 
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 Takayasu’s arteritis Non-Takayasu’s arteritis p-value 

Socioeconomic Status, N (%) 

Low  25 (50%) 202 (40%) 

0.42 Moderate  9 (18%) 103 (21%) 

High 16 (32%) 195 (39%) 

 

Values not reported for cell sizes < 6



Table 3.10: Unadjusted Annual Overall Mean Per-Person Direct Medical Costs for each SARD and non-SARD Group, and Incremental Costs 

 

 

 

Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Systemic Lupus Erythematosus: All Individuals 

1 $13,038 - $2,431 - $10,607 5.4 

2 $7,570 -42% $2,647 9% $4,923 2.9 

3 $7,192 -5% $2,698 2% $4,494 2.7 

4 $6,768 -6% $2,720 1% $4,047 2.5 

5 $7,183 6% $2,791 3% $4,392 2.6 

Five-Year 
Average $8,514 - $2,653 - $5,861 3.2 

Systemic Lupus Erythematosus: Individuals with Five Years’ Follow-Up 

1 $9,809 - $2,216 - $7,593 4.4 

2 $6,279 -36% $2,383 8% $3,896 2.6 

3 $5,897 -6% $2,480 4% $3,417 2.4 

4 $6,114 4% $2,661 7% $3,453 2.3 

5 $6,569 7% $2,850 7% $3,719 2.3 

Five-Year 
Average $6,939 - $2,519 - $4,420 2.8 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Systemic Sclerosis: All Individuals 

1 $17,354 - $2,925 - $14,428 5.9 

2 $10,621 -39% $3,099 6% $7,522 3.4 

3 $10,628 0% $3,174 2% $7,454 3.3 

4 $11,116 5% $3,270 3% $7,846 3.4 

5 $9,593 -14% $3,456 6% $6,137 2.8 

Five-Year 
Average $12,234 - $3,177  $9,057 3.9 

 Systemic Sclerosis: Individuals with Five Years’ Follow-Up 

1 $10,530 - $2,614 - $7,916 4.0 

2 $6,616 -37% $2,829 8% $3,786 2.3 

3 $7,103 7% $2,941 4% $4,163 2.4 

4 $8,010 13% $3,182 8% $4,828 2.5 

5 $8,615 8% $3,455 9% $5,160 2.5 

Five-Year 
Average $8,181 - $3,005 - $5,176 2.7 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Sjogren’s Syndrome: All Individuals 

1 $11,630 - $3,079 - $8,551 3.8 

2 $7,159 -38% $3,302 7% $3,857 2.2 

3 $7,165 0% $3,370 2% $3,795 2.1 

4 $6,907 -4% $3,347 -1% $3,560 2.1 

5 $5,506 -20% $3,277 -2% $2,229 1.7 

Five-Year 
Average $7,885 - $3,274 - $4,611 2.4 

Sjogren’s Syndrome: Individuals with Five Years’ Follow-Up 

1 $6,845 - $2,734 - $4,111 2.5 

2 $4,818 -30% $2,962 8% $1,856 1.6 

3 $5,414 12% $3,081 4% $2,332 1.8 

4 $5,952 10% $3,369 9% $2,583 1.8 

5 $5,828 -2% $3,423 2% $2,404 1.7 

Five-Year 
Average $5,773 - $3,115 - $2,658 1.9 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Polymyositis: All Individuals 

1 $24,619 - $3,352 - $21,267 7.3 

2 $13,518 -45% $3,807 14% $9,711 3.6 

3 $11,426 -15% $3,926 3% $7,499 2.9 

4 $11,148 -2% $3,845 -2% $7,303 2.9 

5 $11,251 1% $3,898 1% $7,353 2.9 

Five-Year 
Average $15,326 - $3,761 - $11,565 4.1 

Polymyositis: Individuals with Five Years’ Follow-Up 

1 $16,427 - $2,935 - $13,492 5.6 

2 $6,860 -58% $3,243 11% $3,617 2.1 

3 $7,781 13% $3,585 11% $4,196 2.2 

4 $7,254 -7% $3,645 2% $3,609 2.0 

5 $8,611 19% $3,899 7% $4,712 2.2 

Five-Year 
Average $9,403 - $3,463 - $5,94 2.7 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Dermatomyositis: All Individuals 

1 $27,012 - $3,104 - $23,908 8.7 

2 $11,194 -59% $3,492 12% $7,703 3.2 

3 $11,408 2% $3,492 0% $7,916 3.3 

4 $8,823 -23% $3,647 4% $5,176 2.4 

5 $6,583 -25% $3,700 1% $2,883 1.8 

Five-Year 
Average $14,430 - $3,480  $10,950 4.1 

Dermatomyositis: Individuals with Five Years’ Follow-Up 

1 $19,984 - $2,843 - $17,142 7.0 

2 $7,063 -65% $3,250 14% $3,813 2.2 

3 $5,491 -22% $3,394 4% $2,097 1.6 

4 $6,087 11% $3,523 4% $2,564 1.7 

5 $5,951 -2% $3,783 7% $2,167 1.6 

Five-Year 
Average $8,964 - $3,360  $5,604 2.7 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Polyarteritis Nodosa: All Individuals 

1 $24,709 - $4,101 - $20,608 6.0 

2 $13,179 -47% $4,049 -1% $9,131 3.3 

3 $12,523 -5% $4,906 21% $7,618 2.6 

4 $8,320 -34% $5,017 2% $3,303 1.7 

5 $8,049 -3% $4,730 -6% $3,319 1.7 

Five-Year 
Average $14,440 - $4,551  $9,889 3.2 

Polyarteritis Nodosa: Individuals with Five Years’ Follow-Up 

1 $15,613 - $3,141 - $12,471 5.0 

2 $7,761 -50% $3,444 10% $4,317 2.3 

3 $6,397 -18% $3,997 16% $2,400 1.6 

4 $6,026 -6% $4,509 13% $1,517 1.3 

5 $7,570 26% $4,809 7% $2,761 1.6 

Five-Year 
Average $8,684 - $3,983 - $4,701 2.2 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Giant Cell Arteritis: All Individuals 

1 $20,781 - $4,866 - $15,916 4.3 

2 $11,640 -44% $5,302 9% $6,338 2.2 

3 $11,003 -5% $5,751 8% $5,253 1.9 

4 $9,893 -10% $5,592 -3% $4,301 1.8 

5 $9,536 -4% $5,495 -2% $4,041 1.7 

Five-Year 
Average $13,503 - $5,401 - $8,102 1.6 

Giant Cell Arteritis: Individuals with Five Years’ Follow-Up 

1 $11,971 - $3,675 - $8,297 3.3 

2 $8,556 -29% $4,219 15% $4,337 2.0 

3 $8,110 -5% $4,928 17% $3,182 1.6 

4 $9,857 22% $5,128 4% $4,729 1.9 

5 $9,410 -5% $5,460 6% $3,949 1.7 

Five-Year 
Average $9,582 - $4,683 - $4,899 2.0 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Granulomatosis with Polyangiitis: All Individuals 

1 $38,197 - $3,462 - $34,734 11.0 

2 $12,341 -68% $3,729 8% $8,612 3.3 

3 $11,943 -3% $3,962 6% $7,980 3.0 

4 $11,162 -7% $3,831 -3% $7,331 2.9 

5 $13,378 20% $3,999 4% $9,379 3.3 

Five-Year 
Average $18,998 - $3,789 - $15,209 5.0 

Granulomatosis with Polyangiitis: Individuals with Five Years’ Follow-Up 

1 $27,316 - $2,903 - $24,413 9.4 

2 $9,793 -64% $3,226 11% $6,567 3.0 

3 $9,685 -1% $3,428 6% $6,256 2.8 

4 $10,236 6% $3,587 5% $6,649 2.9 

5 $13,459 31% $4,003 12% $9,456 3.4 

Five-Year 
Average $14,128 - $3,432 - $10,696 4.1 
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Year After 

Diagnosis 

/Index Date 

Mean Per-Person 

Costs  

Annual 

%-Change 

Mean Per-Person 

Costs 

Annual 

%-Change 
Unadjusted 

Incremental Costs 

Unadjusted 

Cost Ratio 
SARD Non-SARD 

Takayasu’s Arteritis: All Individuals 

1 $21,927 - $3,724 - $18,203 5.9 

2 $10,899 -50% $2,742 -26% $8,158 4.0 

3 $7,174 -34% $3,576 30% $3,599 2.0 

4 $12,627 76% $3,829 7% $8,798 3.3 

5 $8,414 -33% $3,264 -15% $5,151 2.6 

Five-Year 
Average $12,821 - $3,429 - $9,392 3.7 

Takayasu’s Arteritis: Individuals with Five Years’ Follow-Up 

1 $13,603 - $2,920 - $10,683 4.7 

2 $6,366 -53% $2,446 -16% $3,920 2.6 

3 $5,571 -12% $2,769 13% $2,802 2.0 

4 $8,637 55% $3,322 20% $5,314 2.6 

5 $9,326 8% $3,099 -7% $6,227 3.0 

Five-Year 
Average $8,696 - $2,911 - $5,785 3.0 



Table 3.11: Predicted Costs for SARDs and Non-SARDs, and Predicted Incremental Costs of SARDs 

 

 Overall Outpatient Medication Hospitalisation 

Systemic Lupus Erythematosus (SLE) 

SLE $12,787 $2,614 $1,841 $8,333 

Non-SLE $2,709 $866 $1,057 $786 

Difference, 95% CI 
$10,078 

($2,062-$32,254) 

$1,747 

($762-$4,342) 

$784 

($203-$2,541) 

$7,547 

($898-$25,823) 

Systemic Sclerosis (SSc) 

SSc $19,415 $3,314 $2,711 $13,389 

Non-SSc $3,257 $1,045 $1,157 $1,056 

Difference, 95% CI 
$16,157 

($3,473-$43,899) 

$2,270 

($838-$5,794) 

$1,554 

($362-$4,956) 

$12,333 

($2,040-$34,043) 

Sjogren’s Syndrome (SjS) 

SjS $11,268 $2,257 $1,585 $7,426 

Non-SjS $3,417 $1,048 $1,265 $1,104 

Difference, 95% CI 
$7,851 

($1,278-$26,218) 

$1,209 

($433-$3,281) 

$319 

($88-$994) 

$6,323 

($697-$22,396) 

Polymyositis (PM) 

PM $36,043 $4,482 $2,074 $29,488 

Non-PM $3,914 $1,152 $1,336 $1,426 

Difference, 95% CI 
$32,129 

($4,810-$82,161) 

$3,330 

($978-$8,685) 

$738 

($68-$2,560) 

$28,061 

($3,400-$71,995) 
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 Overall Outpatient Medication Hospitalisation 

Dermatomyositis (DM) 

DM $46,338 $6,089 $2,681 $37,569 

Non-DM $3,689 $1,075 $1,443 $1,171 

Difference, 95% CI 
$42,649 

($4,884-$99,304) 

$5,014 

($1,249-$12,581) 

$1,237 

($71-$4,194) 

$36,398 

($2,857-$85,341) 

Polyarteritis Nodosa (PAN) 

PAN $41,527 $4,850 $1,663 $35,014 

Non-PAN $4,607 $1,247 $1,400 $1,960 

Difference, 95% CI 
$36,920 

($3,336-$97,233) 

$3,603 

($993-$9,584) 

$263 

($3-$1,059) 

$33,054 

($2,092-$95,137) 

Giant Cell Arteritis (GCA) 

GCA $28,857 $4,112 $1,944 $22,801 

Non-GCA $5,570 $1,399 $1,488 $2,682 

Difference, 95% CI 
$23,287 

($4,168-$47,100) 

$2,713 

($915-$6,346) 

$456 

($184-$1,103) 

$20,119 

($2,875-$40,690) 
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 Overall Outpatient Medication Hospitalisation 

Granulomatosis with Polyangiitis (GPA) 

GPA $57,832 $7,034 $3,177 $47,621 

Non-GPA $3,772 $1,117 $1,230 $1,424 

Difference, 95% CI $54,061 

($6,330-$125,917) 

$5,917 

($1,597-$15,827) 

$1,947 

($404-$6,123) 

$46,197 

($3,070-$106,027) 

Takayasu’s arteritis 

Takayasu’s $21,149 $5,189 $3,754 $12,206 

Non-Takayasu’s $4,684 $1,303 $1,857 $1,524 

Difference, 95% CI $16,465 

($2,741-$60,656) 

$3,887 

($1,343-$14,162) 

$1,897 

($438-$9,622) 

$10,682 

($1,316-$52,701) 

All differences were statistically-significant 
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Table 3.12: Predicted Incremental Costs of SARDs, by Neighbourhood Socioeconomic Group 

 Overall Outpatient Medication Hospitalisation 

Systemic Lupus Erythematosus (SLE) 

Low $11,146 $1,805 $798 $8,544 

Moderate $9,584 $1,730 $806 $7,048 

High $9,225 $1,694 $757 $6,773 

Difference  
(Low – High), 95% CI 

$1,922 
($327-$5,645) 

$111 
($47-$266) 

$40 
($11-$131) 

$1,770 
($254-$5,246) 

Systemic Sclerosis (SSc) 

Low $17,425 $2,296 $1,509 $13,619 

Moderate $15,086 $2,313 $1,674 $11,099 

High $15,430 $2,219 $1,550 $11,661 

Difference  
(Low – High), 95% CI 

$1,995 
($401-$4,753) 

$77 
($28-$198) 

-$41 
(-$122 - -$12) 

$1,958 
($391-$4,681) 

Sjogren’s Syndrome (SjS) 

Low $8,976 $1,239 $323 $7,414 

Moderate $7,180 $1,195 $335 $5,650 

High $6,978 $1,183 $308 $5,487 

Difference  
(Low – High), 95% CI 

$1,997 
($268-$6,176) 

$56 
($21-$147) 

$14 
($4-$45) 

$1,927 
($237-$5,986) 
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 Overall Outpatient Medication Hospitalisation 

Polymyositis (PM) 

Low $31,766 $3,347 $711 $27,708 

Moderate $32,895 $3,361 $848 $28,686 

High $32,140 $3,290 $713 $28,136 

Difference  
(Low – High), 95% CI 

-$374 
(-$2,695 - $228) 

$57 
($11-$151) 

-$3 
(-$5 - $2) 

-$428 
(-$2,862 - $203) 

Dermatomyositis (DM) 

Low $48,109 $5,095 $1,228 $41,785 

Moderate $37,870 $5,094 $1,369 $31,407 

High $39,694 $4,877 $1,179 $33,639 

Difference  
(Low – High), 95% CI 

$8,414 
($900-$17,172) 

$218 
($54-$548) 

$50 
(-$3 - $203) 

$8,147 
($802-$16,550) 

Polyarteritis Nodosa (PAN) 

Low $39,828 $3,650 $266 $35,912 

Moderate $37,075 $3,604 $306 $33,165 

High $33,565 $3,549 $233 $29,783 

Difference  
(Low – High), 95% CI 

$6,263 
($568-$13,847) 

$101 
($27-$269) 

$33 
($0-$138) 

$6,129 
($520-$13,528) 
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 Overall Outpatient Medication Hospitalisation 

Giant Cell Arteritis (GCA) 

Low $24,634 $2,710 $461 $21,463 

Moderate $22,993 $2,699 $474 $19,819 

High $21,844 $2,722 $440 $18,681 

Difference  
(Low – High), 95% CI 

$2,790 
($426-$5,491) 

-$12 
(-$28 - -$4) 

$21 
($9-$45) 

$2,782 
($417-$5,480) 

Granulomatosis with Polyangiitis (GPA) 

Low $55,276 $5,869 $1,904 $47,503 

Moderate $54,774 $5,957 $2,197 $46,620 

High $52,359 $5,946 $1,857 $44,557 

Difference  
(Low – High), 95% CI 

$2,917 
($180-$6,905) 

-$77 
(-$205 - -$21) 

$47 
($5 - $162) 

$2,946 
($171-$6,959) 

Takayasu’s arteritis 

Low $19,711 $4,035 $2,053 $13,624 

Moderate $16,066 $3,619 $1,922 $10,525 

High $13,719 $3,891 $1,827 $8,001 

Difference  
(Low – High), 95% CI 

$5,992 
($969-$22,437) 

$143 
($36-$416) 

$226 
($26-$569) 

$5,623 
($886-$21,087) 

Bold values are statistically-significant differences; 95% CI: 95% credible interval  
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Table 3.13: Predicted Incremental Costs of Systemic Lupus Erythematosus, Overall and by Neighbourhood-Level Socioeconomic Group, 

Before and After Adjustment for Individual-Level Socioeconomic Group 

 

Overall Outpatient Medication Hospitalisation 

Before Adjustment for Individual-Level SES 

SLE $12,787 $2,614 $1,841 $8,333 

Non-SLE $2,709 $866 $1,057 $786 

Difference, 95% CI 
$10,078 

($2,062-$32,254) 

$1,747 

($762-$4,342) 

$784 

($203-$2,541) 

$7,547 

($898-$25,823) 

Low $11,146 $1,805 $798 $8,544 

Moderate $9,584 $1,730 $806 $7,048 

High $9,225 $1,694 $757 $6,773 

Difference  

(Low – High), 95% CI 

$1,922 

($327-$5,645) 

$111 

($47-$266) 

$40 

($11-$131) 

$1,770 

($254-$5,246) 
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Overall Outpatient Medication Hospitalisation 

After Adjustment for Individual-Level SES 

SLE $13,087 $2,631 $1,818 $8,638 

Non-SLE $2,639 $862 $998 $779 

Difference, 95% CI 
$10,448  

($2,088-$34,037) 

$1,769  

($768-$4,415) 

$820  

($208-$2,777) 

$7,859  

($904-$27,203) 

Low $11,276 $1,816 $808 $8,652 

Moderate $10,134 $1,757 $859 $7,518 

High $9,728 $1,724 $815 $7,189 

Difference  

(Low – High), 95% CI 

$1,549 

($248-$4,569) 

$92 

($39-$221) 

-$7 

(-$24 - -$2) 

$1,463 

($204-$4,369) 

All differences were statistically-significant  

95% CI: 95% credible interval 

  



 

  

Figure 3.1: Unadjusted Annual Mean-Per-Person Direct Medical Costs for SLE and Non-SLE over the First Five Years after Diagnosis/Index 

Date, Among all Individuals (left) and Individuals with Complete Five-Year Follow-Up (right) 
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Figure 3.2: Predicted Incremental Mean Per-Person-Year Direct Medical Costs of SARDs, by Healthcare Component  
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Figure 3.3: Predicted Incremental Mean Per-Person-Year Direct Medical Costs of Selected SARDs, by Neighbourhood Socioeconomic Group 

(Left=Low SES, Middle=Moderate SES, Right=High SES) 
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Figure 3.4: Predicted Incremental Mean Per-Person-Year Direct Medical Costs of SLE by Neighbourhood Socioeconomic Group, Before 

(left) and After (right) Adjustment for Individual-Level Socioeconomic Status  
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4. Incremental Direct Medical Costs of Systemic Lupus 

Erythematosus Patients in the Years Preceding Diagnosis: A 

General Population-Based Study3 

 

4.1 Introduction 

According to a recent systematic review(93), about three of every 100,000 North 

Americans are diagnosed with systemic lupus erythematosus (SLE) each year, and up to six per-

100,000 Europeans. This disease tends to start slowly and insidiously, with SLE-associated 

autoantibodies present many years(409,410) before symptom-onset or diagnosis. Though 

complete SLE is characterised by intense inflammation, organ damage, and a high comorbidity 

burden(63), the early manifestations are often non-specific, typically involving arthritis(411,412) 

and photosensitivity(411), which makes diagnosis difficult.   

 

 The time from initial symptoms to formal diagnosis (accumulation of four American 

College of Rheumatology (ACR) Classification Criteria(413)) spans, on average, two years(414), 

but can be longer without the classic malar rash or symptoms suggestive of life-threatening organ 

involvement(412). During this time, however, the inflammatory effects of SLE are already 

setting in.  Evidence suggests there is an elevated risk of cardiovascular disease(415) during this 

                                                 

3 A version of this chapter has been accepted for publication: 
 
McCormick N, Marra CA, Sadatsafavi M, Aviña-Zubieta JA. Incremental Direct Medical Costs of Systemic Lupus 
Erythematosus Patients in the Years Preceding Diagnosis: A General Population-Based Study. Lupus. Accepted 
2018 March 8. doi: 10.1177/0961203318768882. 



 

 

173 

 

period and, by the time of diagnosis, many patients already have renal disease(416,417), 

including nephritis(88,418). 

 

The investigation of initial symptoms and management of serious health events preceding 

diagnosis is likely associated with additional medical costs. However, while several estimates are 

available on the costs of SLE patients following diagnosis(91,92,203), little is known about the 

years prior. Two recent analyses of primary care data in the United Kingdom (UK) reported 

substantial increases (65%(89) and 71%(419)) in primary care visits between the second and first 

year prior to SLE diagnosis. In the only report I could find on healthcare costs before diagnosis, 

which described the pre-diagnosis (pre-index) cost patterns in Taiwan(191), mean per-person 

costs for outpatient care more than doubled from the fifth to first year before diagnosis. 

Unfortunately, that study did not assess hospitalisation or medication costs, and their findings 

may not be generalisable to other countries or healthcare systems. Moreover, the impact of 

factors like socioeconomic status (SES) and sex on pre-index costs is also unknown. These are of 

interest since lower SES has been associated with reduced access to care and poorer 

outcomes(288) later-on in the disease course, and males tend to accrue damage more quickly 

than females(420).  Males are also more likely to have renal and cardiovascular disease at the 

time of diagnosis(421). 

 

 Knowledge of the pre-index healthcare utilisation and costs of SLE patients across 

multiple settings, not just primary care, would give policymakers more information about the 

real burden of this disease. It would also inform emerging strategies to expedite diagnosis and 
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initiation of treatment, and even slow(237) or prevent the development of complete SLE in those 

at high risk(236), with pre-emptive hydroxychloroquine therapy.  

 

 To generate such knowledge, I used routinely-collected administrative healthcare data 

from a single-payer setting capturing the entire population to estimate the incremental healthcare 

burden of SLE in the five years before diagnosis, and year following, and assess the impact of 

sex and socioeconomic status on costs.  
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4.2 Methods 

4.2.1 Data source 

The province of British Columbia (BC), Canada, has a publicly-funded, universal 

healthcare system through which all legal residents receive medically-necessary outpatient and 

hospital care.  The administrative data were sourced through Population Data BC, which uses 

population-based linkable administrative data files to capture records of all provincially-funded 

healthcare services, including all outpatient medical visits, interventions, and 

investigations(316), and hospitalisations(317), from 1990 through 2013, as well as 

demographic(319) and vital statistics data(320). Furthermore, it includes data on nearly all 

community-dispensed prescription medications for all BC residents, regardless of age or funding 

source, from 1996 through 2013(318). Numerous general population-based studies have been 

successfully conducted using these databases(49,311,312).   

 

4.2.2 Study populations 

From the administrative data files, we assembled a population-based cohort of all BC 

adults (aged ≥ 18 years) newly-diagnosed with SLE from January 1, 2001 through December 31, 

2010. SLE cases were identified using International Classification of Diseases Ninth/Tenth 

(ICD-9/10) Revision diagnostic codes (710.0/M32) recorded for outpatient encounters and 

hospitalisations as follows: (a) ≥ two ICD-9 codes for SLE ≥ two months apart but within a two-

year period by a non-rheumatologist physician (excluding codes recorded for laboratory tests and 

other diagnostic encounters); (b) one ICD-9 code by a rheumatologist; or (c) one ICD-9/10 code 

from a hospitalisation. The code could have been in any of the five diagnostic positions in the 
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outpatient billing data or in any of the up to 25 positions in the hospitalisation data. The first 

SLE-coded encounter was considered the index date. Potential cases were excluded if they had at 

least two visits ≥ two months apart (subsequent to the SLE index encounter) with diagnoses of 

other inflammatory arthritides, including rheumatoid arthritis, psoriatic arthritis, and 

spondyloarthropathies. The validity of this case definition has been evaluated in another 

Canadian province with reported sensitivity of 85% and specificity of 98%(401).   

 

The non-SLE group was selected from a random sample of the BC population whom I 

randomly-assigned an index date among all possible dates within the study period. Those whose 

random date fell outside of their actual follow-up (i.e. after their death) were eliminated. From 

this pool, I selected up to five individuals per SLE case, matched (without replacement) on age 

(± two years), sex, and calendar-year of study entry, and eliminated any with an SLE diagnosis. 

 

4.2.3 Healthcare utilisation and costs 

To ensure only incident cases were included, all individuals (SLE and non-SLE) needed 

at least five years of registration in the databases prior to meeting the case definition for SLE. 

This ‘run-in’ period also ensured there were complete healthcare utilisation and cost data for the 

preceding five years. Thus, all healthcare utilisations captured in the databases from five years 

prior to index date and for up to five years after index date (or until the earliest of death, de-

registration from BC’s universal health insurance provider, or December 31, 2013) were 

included, and unit costs summed. Though this chapter focusses on the pre-index period, costs 

were computed from Year -5 (fifth year before diagnosis) through Year +5 (fifth year after 
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diagnosis).  Costs were computed in accordance with guidelines issued by Canada’s health 

technology assessment agency, the Canadian Agency for Drugs and Technologies in 

Health(338).  The unit cost of each outpatient encounter (available in the dataset) was the amount 

paid to health care providers by the BC Ministry of Health. The costs for each prescription (also 

available in the dataset) included the complete drug cost and dispensing fee. Costs for inpatient 

and day hospitalisations were calculated using the Canadian Institute for Health Information 

(CIHI)’s well-established case-mix methodology(338), in which the resource intensity weight 

(RIW) of each hospitalisation (provided by CIHI), the relative resource consumption in relation 

to the provincial ‘average’ (for which the RIW would equal 1.0), is multiplied by the cost of a 

‘standard’ hospital stay in the province each year. All costs were adjusted for inflation using the 

general component of the Canadian Consumer Price Index (listed in Table 2.3), and reported in 

2013 Canadian dollars.   

 

4.2.4 Independent variables 

A modified version of the Charlson-Romano comorbidity index for administrative 

data(340), one excluding diagnoses of SLE and other systemic autoimmune rheumatic diseases, 

was calculated for each 365-day period before index date, and collapsed into categories of 0 or ≥ 

1. For example, when assessing costs incurred during the final 365 days before SLE diagnosis 

(Year -1), I adjusted for comorbidities recorded during the second 365-day period before 

diagnosis (Year -2).   
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SES was defined using Statistics Canada neighbourhood income quintile data, as per 

previous analyses(311,312). SES was grouped according to the income quintile of the address 

recorded for each individual (by the provincial medical plan) in each study year.  Urban/rural 

residence was defined using the first three digits of the postal code of this address (second-digit 

of 0 indicating a rural address).   

 

4.2.5 Statistical analysis 

Unadjusted comparisons between SLE and non-SLE individuals (and between male and 

female SLE) were made using chi-squared tests and t-tests. Mean per-person healthcare use and 

costs for each year (365-day period) were then determined for the (pre)-SLE and non-SLE 

cohorts. Along with mean annual costs, I also examined which inpatient and outpatient diagnoses 

were recorded most-frequently for the cohorts each year, and determined the prevalence of 

individual Charlson-Romano comorbidities in each pre-index year.  Multivariable generalised 

linear models (GLM), adjusted for sex, age at index year, and year-specific comorbidity score, 

urban/rural residence, and SES, were then used to determine the relative utilisation and costs 

associated with SLE each year. Negative binomial count models were used to compare volumes 

of outpatient encounters and dispensed medications. Log-link and gamma distribution were 

specified in the cost models to account for skewness in these data(361).   

 

The unit of analysis was person-year of follow-up. Thus, separate regression models were 

constructed for each year before diagnosis/index date and the year after. Pre-index follow-up 

time was the same for all individuals (five full years), but post-index follow-up time could be 
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less than one year for some individuals who might have died or reached the end of the study 

period. To account for this, an offset variable (log of each person’s follow-up time) was used in 

the count models, while the post-index cost models only included individuals followed for the 

entire post-index year. As some individuals did not incur healthcare costs during each follow-up 

year, two-part models(361) were used for cost calculation. The first part (a logistic regression 

model) assessed one’s probability of incurring any healthcare costs that year, controlling for 

covariates, while the second part (a gamma GLM) assessed costs only among those with non-

zero costs. Similar models assessed the impact of sex and SES on costs within the SLE cohort.   

 

To derive the incremental costs, which is the difference in costs between the SLE and the 

comparison group from the two-part model, I used G-computation(364), as has been applied 

previously on these data(312). With this approach, multivariable regression models are used to 

predict costs for each individual multiple times, each time with the same person in a different 

disease or sociodemographic group, but with their other covariates the same. The difference 

between estimates (i.e. predicted costs as if the same person did and did not have SLE) 

represented the incremental costs when the status of the variable changed (i.e. an individual was 

in the non-SLE or the SLE group), and per-person incremental costs were averaged across all 

individuals followed for the entirety of each year, with 95% credible intervals derived through 

parametric bootstrapping. Analyses were generated using the SAS Enterprise software package, 

version 7.13. 
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4.3 Results 

I identified 3,632 newly-diagnosed SLE patients for the years 2001-2010 (86% female, 

mean age 49.6±15.9) and 18,060 non-SLE individuals (mean age 49.8±15.4). Two-thirds of SLE 

were diagnosed by a rheumatologist on an outpatient basis, with an additional 20% diagnosed in 

hospital (Table 4.1). SLE males were slightly older, on average, than SLE females (49.1 vs. 52.9 

years, p < 0.01), as were non-SLE males and females, and males had a higher comorbidity score 

at diagnosis. Otherwise, males and females were nearly identical with regards to urban/rural 

residence, SES distribution, and source of SLE diagnosis 

 

Costs for SLE in first year after diagnosis (Year +1) averaged $12,019 per-person with 

58% from hospitalisations, 24% outpatient, and 18% from prescription medications. Mean per-

person costs for non-SLE were about five-fold lower, $2,412 per-person. In the five years 

leading up to diagnosis, the average year-over-year increase in costs was 35% for the SLE cohort 

and 7% for non-SLE. However, the largest annual increases for SLE were observed in the final 

two years before diagnosis: 39% and 97%, respectively (Table 4.2).   

 

After adjustment for sex, age, urban/rural residence, SES, and comorbidity burden in 

each preceding year, costs were significantly greater for SLE than non-SLE each year (Table 

4.3).  Incremental costs of SLE (difference in costs between SLE and non-SLE, controlling for 

covariates) rose over time from $1,131 in Year -5 to $1,536 (Year -3), $3,473 (Year -1), and 

$6,474 in the year after SLE diagnosis (Table 4.2). 
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4.3.1 Healthcare components 

During the final two years before diagnosis, costs for outpatient consultations and 

investigations rose by 39% and 35%, respectively (Figure 4.1). For outpatient investigations 

specifically, the biggest increase occurred between Years -2 and -1 (by 47%, from $468 to $690 

per-person).  Prescription medication costs increased the most (by 33%) between Years -1 and 

+1.  Day hospitalisations accounted for just 2-4% of costs each year. 

 

The percentage of SLE with an inpatient hospitalisation was 10-12% in Years -5 to -2, 

18% in the year before diagnosis, and 31% the year after, while only 6-7% of non-SLE were 

hospitalised each year. Among SLE, the most frequent reasons for hospitalisation during Year -1 

(based upon the primary discharge diagnosis) were circulatory (mainly heart failure, pericardial, 

myocardial infarction, and phlebitis/thrombophlebitis), respiratory (mainly pneumonia, pleural 

effusion, and interstitial lung disease), and gastrointestinal conditions (mainly abdominal/pelvic 

pain, intestinal obstruction, bleeding, gastroenteritis, and gallstones).  Among non-SLE, 

maternity care accounted for nearly one-quarter of admissions, while the other most-frequent 

reasons for hospitalisation were gastrointestinal (mainly intestinal obstruction, gallstones, and 

appendicitis) and circulatory conditions (mainly ischaemic heart disease and myocardial 

infarction).   

 

The median number of physician consultations increased from 9 (IQR=4-16) in Year -5, 

to 11 (IQR=6-20) in Year -2, 15 (IQR=9-25) in Year -1, and 18 (IQR=11-30) in Year +1. For 

general practitioners (GPs) specifically, median consultations for SLE were 6 (IQR=3-12) in 
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Year -5, 8 (IQR=4-14) in Year -2, and 10 in Years -1 and +1; non-SLE had a median of 5 GP 

consultations in each of these years.  Thirty-four percent of those eventually diagnosed with SLE 

visited a rheumatologist in the year before SLE diagnosis, and 84% the year after.  The most 

common diagnoses recorded for these rheumatologist encounters during Year -1 were for diffuse 

connective tissue disease (29%), rheumatoid arthritis (14%), other/unspecified arthropathies 

(10%), other/unspecified joint/soft tissue disorders (8.4%), and erythematous conditions (5.3%). 

 

4.3.2 Impact of sex 

Starting from Year -4, unadjusted annual mean per-person costs for SLE males were 

about 25% greater than SLE females (Figure 4.2). In the year after SLE diagnosis, their costs 

were 68% greater ($18,433 vs. $10,945). Following adjustment, male sex was associated with 

significantly-greater costs among SLE in Years -2, -1, and +1 (Table 4.4).  Hospitalisations were 

a major contributor, with males having greater odds of hospitalisation than females in the year 

before diagnosis (odds ratio (OR)=1.49, 95% CI=1.19-1.88), and significantly-greater 

hospitalisation costs the year after. Conversely, among non-SLE, male sex was associated with 

significantly lower costs over Years -5 to +1.   In absolute terms, predicted incremental costs for 

SLE males (over-and-above SLE females’) were $540 per-person in Year -2, $1,385 in Year -1, 

and $2,288 in Year +1.   

 

 Figure 4.3 shows the annual prevalence of most Charlson-Romano comorbidities during 

the pre-index period, among males and females with and without SLE. For diabetes, 
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cerebrovascular disease, myocardial infarction, heart failure, and renal disease, prevalence 

increased over time for SLE (moreso for SLE males than females), but was stable for non-SLE.   

 

4.3.3 Impact of socioeconomic status 

Among SLE, being in the lowest-SES group was associated with significantly-greater 

healthcare costs in Years -4, -2, -1, and +1 (Table 4.4). The second-lowest group also had 

significantly-greater costs in Years -2 and +1. Outpatient costs contributed, but hospitalisations 

were the major driver in Year +1.  The lowest-SES had greater odds of being diagnosed in 

hospital (OR=1.45, 1.12-1.88), and, as compared to others diagnosed in hospital, incurred greater 

costs for this index hospitalisation (adjusted cost ratio=1.33, 1.05-1.68).  
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4.4 Discussion 

To the best of my knowledge, these are the first-known estimates of outpatient, 

hospitalisation, and medication costs before SLE diagnosis. With access to routinely-collected 

healthcare utilisation data for virtually all residents of the province, I assessed the incremental 

costs among 3,632 SLE patients before and after diagnosis. Though index-year costs were nearly 

four-times greater for SLE than the non-SLE group, SLE patients had significantly-greater costs, 

in all of these components, during each of the five years before diagnosis.   

 

The largest increases in utilisation and costs occurred in the two years before diagnosis, 

which is consistent with oft-reported span of two years, on-average, from symptom onset to SLE 

diagnosis(414). However, individuals with SLE also incurred greater costs than non-SLE in the 

third, fourth, and fifth years before diagnosis, and had more comorbidities recorded in the pre-

index period. These findings suggest the rise in incremental costs over time is not solely from 

consultations and investigations involved in confirming the diagnosis, and rather indicate the 

broader, systemic aspect of inflammation affecting multiple organs. 

 

 Though these findings may not be generalisable to SLE patients in all countries or 

healthcare settings, they are consistent with previous, more limited assessments of pre-index use 

and costs in SLE.  Two studies were conducted using primary care data from the UK Clinical 

Practice Research Datalink. In one(419), the median number of primary care visits for SLE 

patients increased from six per-year (Years -5, -4, and -3) to seven (Year -2), and 12 in the year 

before diagnosis. Conversely, visits for the non-SLE comparison group (median 3) were 
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unchanged(419). The second UK study(89) reported an increase in median annual consultations 

from one (4 to 4.5 years before diagnosis, IQR=0-17), to 23 in Year -2 (IQR=11-43), and 38 in 

Year -1 (IQR=23-61). A third study, conducted in Taiwan(191), found that pre-index outpatient 

costs were significantly greater for SLE than non-SLE, even eight years beforehand.  The annual 

median number of ambulatory care encounters was significantly greater for SLE each year, and 

rose from 1 (Year -8) to 11 (Year -5), 13 (Year -2), and 22 in Year -1(191).  Similar findings on 

incremental pre-index costs have been reported for rheumatoid arthritis (RA) patients in 

Taiwan(422), and psoriatic arthritis(423) and RA(424) patients in Denmark.  In the latter study, 

costs for RA patients were significantly-greater than the general populations’, even 11 years 

before diagnosis.   

 

Despite conducting this study within a publicly-funded healthcare system covering all 

residents of the province, I found that low SES was independently associated with increased 

healthcare costs among SLE, especially in the final two years before diagnosis.  Specifically, the 

lowest-SES group had greater outpatient costs than the highest-SES, were more likely to be 

diagnosed in-hospital, and incurred greater hospitalisation costs at diagnosis.  These higher costs 

around the time of diagnosis align with my findings from Chapter 3, wherein the incremental 

costs of SLE were significantly-greater among the low-SES SLE patients versus the high-SES.  

Since there are no private acute-care hospitals in BC, these differences in hospitalisation rates 

and costs cannot be attributed to the highest-SES patients obtaining care outside the public 

system.   It is possible, however, that the lowest-SES individuals face difficulties in accessing 

care that eventually land them in hospital at the time of diagnosis, requiring more complex care. 
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Low household income has been associated with delayed presentation to rheumatology care 

among paediatric SLE patients in the United States(386), something that warrants further 

exploration in adult SLE.  While this may be less of an issue within Canada’s single-payer 

system where access to primary and specialist care is more universal, a pan-Canadian study of 

juvenile idiopathic arthritis similarly found that children whose parents were highly educated 

also had shorter times from symptom onset to consultation with a paediatric rheumatologist(425) 

  

Another striking finding was SLE males having significantly-higher costs than SLE 

females in this period, even after adjustment for age, urban/rural residence, and SES.  Unlike the 

SES groups, males and females were quite similar regarding the sources of diagnosis; however, 

SLE males did have a significantly-higher pre-index comorbidity burden than females, including 

more diagnoses recorded for diabetes, renal disease, and cardiovascular disease in the years 

leading up to index date.  There is disagreement in the literature about whether males 

(particularly Caucasians) tend to be diagnosed at an older age than females, and have a different, 

perhaps more severe, form of lupus with associated increased mortality(426). But it has been 

reported that males are more likely to have renal disease at SLE diagnosis(416,417), and accrue 

organ damage at a higher rate than females(417,420). Evidence also suggests that, among those 

with confirmed SLE, cardiovascular disease/damage is higher in males (421,427,428). If males 

also have more organ damage and comorbidities in the pre-index period, this may explain why 

pre-index healthcare costs were higher for males.  Although costs in each pre-index year (and 

Year +1) were adjusted for the Charlson-Romano comorbidity score for the previous 365-days, 

there may have been residual differences in comorbidity burden between the sexes.   
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 Though sex-specific data on pre-index comorbidities in SLE are not available, evidence 

does suggest that, overall, SLE patients have an increased inflammatory disease burden before 

diagnosis.   In clinical studies, many patients have had nephritis(88,418) or other forms of renal 

disease(416,417) at diagnosis, and while SLE patients are known to have an elevated risk of 

cardiovascular events immediately following diagnosis(49), increased cardiovascular disease 

before SLE diagnosis has also been reported.  Among members of the multinational SLICC 

cohort, prevalence of myocardial infarction around the time of SLE diagnosis (between five 

years before, and two years following) exceeded the figure reported for the general population 

(4.8% vs. 0.7%)(429). In a population-based study in rural Wisconsin, USA, SLE patients had 

3.8-times greater odds of cardiovascular disease in the two years prior to diagnosis, versus a sex- 

and age-matched sample from the general population.  This included three-times greater odds of 

both heart failure and ischaemic heart disease, and five-times greater odds of stroke(415). 

Increased cardiovascular disease has also been observed in the years preceding diagnosis of 

RA(430,431) and psoriatic arthritis(423), and diabetes has been associated with subsequent 

diagnosis of RA(432,433).  It was beyond the scope of this analysis to evaluate the risks of 

incident comorbid conditions in the pre-index period, and the increased prevalence observed 

over time could reflect the development of new conditions, increased severity of pre-existing 

conditions (increasing the complexity and cost of care for these conditions and others), or even 

unconfirmed diagnoses and ‘rule-out’ encounters.  However, any additional healthcare 

encounters for SLE patients during this time (even for unconfirmed diagnoses), and associated 

costs, are still part of the incremental burden of SLE. 
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 Several mechanisms have been proposed for the concurrence of SLE and these other 

inflammatory diseases. As mentioned by the SLICC investigators, early autoimmunity and early 

atherosclerosis may develop at the same time, but through independent processes(429); 

alternatively, early subclinical autoimmunity may actually contribute to early subclinical 

atherosclerosis(429). The Wisconsin investigators suggested atherosclerosis may accelerate prior 

to full onset of SLE, but also acknowledged that formal diagnosis of SLE may have been delayed 

in their cohort due to its older age, rural nature, and higher percentage of males(415).  Renal 

disease, meanwhile, is likely an early manifestation of undiagnosed (or unconfirmed) SLE itself.   

 

These novel estimates should inform current healthcare decision-making, and efforts to 

expedite SLE diagnosis and treatment, or, in high-risk individuals, even prevent it from 

developing.  One early or potentially pre-emptive treatment is hydroxychloroquine (HCQ).  

Persistent use of HCQ in newly-diagnosed patients has been associated with a longer clinically 

quiescent phase(434), and early initiation of HCQ (after initial symptoms, but before 

accumulation of ≥ four ACR criteria) has been shown to delay the accumulation of additional 

criteria(237). Moreover, these efforts could be cost-saving: a retrospective analysis of US 

commercial claims data(210) found that ‘early’ diagnosis of SLE (within six months of symptom 

onset) was associated with fewer flares, and lower levels of post-diagnosis healthcare costs, 

compared to those diagnosed 6-12 months after symptom onset.  However, the possible harms 

and added costs of any early treatment efforts (including the consequences of treating false-

positive cases of SLE) warrant careful evaluation.   
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The administrative healthcare data imparted both strengths and limitations to this 

analysis. Although SLE patients were identified from ICD codes, and the diagnoses were not 

clinically confirmed, 86% were identified by a rheumatologist or hospitalisation, and the case 

definition has a reported specificity of 98% and positive predictive value of 91% in the Canadian 

setting(401). Moreover, I helped ensure only truly incident SLE were included by requiring five 

years’ pre-index follow-up time without meeting the case definition for SLE. As I did not have 

access to medical records, I could not assess whether the SLE index date coincided with patients’ 

fulfilling at least four ACR classification criteria, but the temporal cost patterns observed (costs 

rising in the final two years before diagnosis, and peaking the year after diagnosis) do lend 

support and are consistent with previous reports(191,419).  Although all individuals had five 

years of follow-up prior to index date, a small number of individuals were not followed through 

the end of the first year after index date due to death or de-registration from the provincial health 

insurance plan.  To account for these unequal follow-up times, my regression analyses for Year 

+1 costs only included individuals followed for the entirety of Year +1, thus excluding 158 SLE 

(69% female, with 149/158=94% dying) and 57 non-SLE (89% female, with 22/57=39% dying).  

However, this exclusion likely made my analyses more conservative since nearly all of these 

SLE died, and they likely incurred very high healthcare costs just prior to their deaths. 

 

Despite these limitations, the routinely collected data allowed me to identify virtually all 

newly-diagnosed SLE in the province (regardless of age, employment, urban/rural residence, or 

disease severity) and capture their pre-index healthcare utilisation from all settings (not just 

primary care) with minimal selection and recall bias. My estimates include the costs for all 
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provincially-funded fee-for-service outpatient encounters and hospitalisations, and virtually all 

community-dispensed prescriptions, regardless of age or funding.  However, I acknowledge 

these estimates do not include items not captured in the databases (and not funded by the 

province) such as non-prescription medications and most allied health visits. 

 

4.5 Conclusion 

In this population-based analysis, the healthcare and economic impact of SLE was 

evident long before the diagnosis was recorded.  Even in the fifth year before diagnosis, 

members of the SLE cohort were more likely to be hospitalised than non-SLE, and incurred 

greater direct medical costs: $1,131 more per-person, on-average. I hope this work will increase 

recognition of the early healthcare costs of SLE, including the impact of low socioeconomic 

status and early comorbidities, and spur efforts to mitigate this burden.  In the next chapter, I 

move from direct medical costs to an examination of the incremental productivity losses and 

costs for a subset of the population-based SARD cohorts



 

 

191 

 

Table 4.1: Characteristics of Individuals With and Without SLE, Overall and by Sex 

 All SLE All Non-SLE p-value 
(α=0.05) Female SLE Male SLE Female Non-SLE Male Non-SLE 

N 3,632 18,060 - 3,111 521 15,459 2,601 

N (%) Female 3,111 
(86%) 15,459 (86%) 0.93 - - - - 

Mean (SD) Age at 
Diagnosis 49.6 (15.9) 49.8 (15.4) 0.60 49.1 (15.6) 52.9 (17.1)* 49.2 (15.1) 53.0 (17.0)* 

Mean (SD) 
Comorbidity Score 0.42 (0.49) 0.14 (0.35)* < 0.01 0.40 (0.49) 0.50 (0.50)* 0.13 (0.34) 0.17 (0.37)* 

N (%) Rural Residence 
at Diagnosis 538 (15%) 2,108 (12%)* < 0.01 459 (15%) 79 (15%) 1,784 (12%) 324 (12%) 

Mean (SD) Months of 
Follow-Up After 

Diagnosis/Index Date 
(maximum 60) 

52.4 (13.8) 56.2 (7.7)* < 0.01 53.1 (13.0) 48.2 (17.5)* 56.2 (7.7) 55.7 (8.0)* 

N (%) with Full Five-
Years’ Post-Index 

Follow-Up 

2,238 
(62%) 12,935 (72%)* < 0.01 1,981 (64%) 257 (49%)* 11,177 (72%) 1,758 (68%)* 



 

 

192 

 

 All SLE All Non-SLE p-value 
(α=0.05) Female SLE Male SLE Female Non-SLE Male Non-SLE 

N (%) Died During 
Post-Index Follow-Up 415 (11%) 256 (1%)* < 0.01 304 (10%) 111 (21%)* 196 (1%) 60 (2%)* 

Source of Diagnosis 

Rheumatologist 2,395 
(66%) - - 2,058 (66%) 337 (65%) - - 

Hospitalisation 727 (20%) - - 613 (20%) 114 (22%) - - 

Other Physician 522 (14%) - - 449 (14%) 73 (14%) - - 

Socioeconomic Group 

1=Lowest 774 (21%) 3,599 (20%) 

0.02* 

668 (21%) 106 (20%) 3,113 (20%) 486 (19%) 

2 713 (20%) 3,619 (20%) 601 (19%) 112 (22%) 3,099 (20%) 520 (20%) 

3=Middle 771 (21%) 3,567 (20%) 672 (22%) 99 (19%) 3,036 (20%) 531 (20%) 

4 722 (20%) 3,658 (20%) 617 (20%) 105 (20%) 3,120 (20%) 538 (21%) 

5=Highest 652 (18%) 3,612 (20%) 553 (18%) 99 (19%) 3,087 (20%) 525 (20%) 
*statistically-significant difference between SLE and non-SLE (or females and males), at α=0.05  
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Table 4.2: Overall Annual Mean Per-Person Direct Medical Costs, Before and After Adjustment 

Year Before/After  
Index Date SLE Non-SLE Unadjusted Incremental 

Costs of SLE 
Adjusted Incremental 

Costsa (95% CI) 

-5 $3,073 $1,686 $1,386 
$1,131 

($592-$2,657) 

-4 $3,416 $1,856 $1,560 
$1,316 

($658-$3,309) 

-3 $3,682 $1,911 $1,771 
$1,536 

($754-$4,017) 

-2 $4,409 $2,092 $2,317 
$2,015 

($986-$4,941) 

-1 $6,111 $2,247 $3,864 
$3,473  

($1,661-$8,666) 

+1 $12,019 $2,412 $9,607 
$6,474  

($3,220-$15,437) 

 

aDetermined using two-part models: a logistic regression model for the odds of incurring non-zero costs, and generalised linear model with gamma 

distribution and log-link predicting costs for those with non-zero costs; adjusted for age, sex, previous year’s modified Charlson comorbidity score, 

urban/rural residence and neighbourhood socioeconomic status 

95% CI=95% credible interval 
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Table 4.3: Adjusted Cost and Utilisation Ratios (95% CI) Associated with SLE Status 

  

*adjusted for age at diagnosis, sex, previous year’s modified Charlson comorbidity score, urban/rural residence and neighbourhood 

socioeconomic group; All values are statistically-significant (α=0.05) 

aDetermined using a generalised estimating equations (linear) model, with gamma distribution and log-link 

bDetermined using a generalised estimating equations (count) model, with negative binomial distribution 

Year 

Before/After 

Diagnosis/ 

Index Date 

Overall Costsa 

Outpatient Medications Inpatient Hospitalisations 

Outpatient 

Encountersb 
Outpatient Costsa 

Dispensed 

Prescription 

Medicationsb 

Medication 

Costsa 

Odds of Inpatient 

Hospitalisationc 

Inpatient Hospitalisation 

Costs 

(among those with non-

zero costs)c 

-5 1.62 (1.55-1.69) 1.44 (1.40-1.48) 1.61 (1.56-1.67) 1.48 (1.42-1.55) 1.56 (1.48-1.63) 1.51 (1.33-1.72) 1.11 (1.01-1.23) 

-4 1.66 (1.59-1.73) 1.46 (1.41-1.50) 1.64 (1.58-1.70) 1.52 (1.46-1.58) 1.58 (1.51-1.66) 1.40 (1.24-1.59) 1.25 (1.14-1.36) 

-3 1.74 (1.66-1.81) 1.48 (1.44-1.53) 1.68 (1.62-1.74) 1.50 (1.44-1.57) 1.57 (1.49-1.64) 1.52 (1.34-1.72) 1.30 (1.18-1.42) 

-2 1.89 (1.81-1.98) 1.58 (1.54-1.63) 1.81 (1.75-1.88) 1.67 (1.60-1.74) 1.72 (1.64-1.80) 1.66 (1.48-1.87) 1.38 (1.26-1.52) 

-1 2.42 (2.32-2.53) 1.99 (1.94-2.05) 2.40 (2.31-2.48) 1.71 (1.64-1.78) 1.72 (1.65-1.80) 2.62 (2.35-2.91) 1.39 (1.27-1.52) 

+1 3.52 (3.36-3.68) 2.43 (2.36-2.50) 2.92 (2.81-3.02) 1.97 (1.89-2.06) 2.12 (2.03-2.22) 4.52 (4.09-4.99) 1.75 (1.61-1.90) 
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cDetermined using two-part models: a logistic regression model for the odds of incurring non-zero costs, and generalised linear model 

with gamma distribution and log-link predicting costs for those with non-zero costs 
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Table 4.4: Adjusted Cost and Utilisation Ratios (95% CI) Associated with Sex and Socioeconomic Status, among SLE only 

Year 

Before/ 

After 

Diagnosis 

Independent 

Variable  
Overalla 

Outpatient Medications Inpatient Hospitalisations 

Outpatient 

Encountersb 

Outpatient 

Costsa 

Dispensed 

Prescription 

Medicationsb 

Medication 

Costsa 

Odds of 

Inpatient 

Hospitalisationc 

Inpatient 

Hospitalisation Costs 

(among those with 

non-zero costs)c 

-5 Male Sex 1.02 (0.91-1.14) 0.83 (0.77-0.90) 0.85 (0.77-0.93) 0.87 (0.79-0.97) 1.20 (1.06-1.35) 1.24 (0.92-1.68) 0.97 (0.76-1.23) 

 
Female Sex 

(reference) 
- - - - - - - 

 1=Lowest SES 1.08 (0.96-1.22) 1.04 (0.96-1.13) 1.04 (0.94-1.15) 1.15 (1.03-1.29) 1.03 (0.91-1.17) 1.16 (0.83-1.62) 1.06 (0.81-1.40) 

 2 1.02 (0.90-1.15) 1.05 (0.97-1.14) 1.03 (0.93-1.13) 1.25 (1.12-1.40) 1.01 (0.89-1.15) 0.95 (0.67-1.36) 1.12 (0.84-1.49) 

 3=Middle SES 0.92 (0.82-1.04) 0.93 (0.86-1.01) 0.91 (0.82-1.01) 0.95 (0.85-1.06) 0.93 (0.81-1.05) 1.05 (0.74-1.48) 0.94 (0.72-1.24) 

 4 0.86 (0.76-0.97) 0.94 (0.86-1.02) 0.92 (0.83-1.02) 0.96 (0.86-1.07) 0.90 (0.79-1.03) 0.83 (0.58-1.20) 0.84 (0.62-1.12) 

 
5=Highest SES 

(reference) 
- - - - - - - 

-4 Male Sex 1.12 (1.00-1.25) 0.86 (0.80-0.93) 0.93 (0.84-1.02) 0.83 (0.75-0.92) 1.16 (1.03-1.31) 1.25 (0.93-1.67) 1.25 (0.99-1.58) 

 
Female Sex 

(reference) 
- - - - - - - 

 1=Lowest SES 1.34 (1.19-1.51) 1.13 (1.04-1.22) 1.13 (1.03-1.25) 1.55 (1.38-1.73) 1.34 (1.18-1.52) 1.37 (0.97-1.96) 1.11 (0.83-1.49) 

 2 1.12 (1.00-1.26) 1.05 (0.97-1.14) 1.03 (0.93-1.13) 1.23 (1.10-1.38) 1.08 (0.95-1.23) 1.50 (1.06-2.14) 0.96 (0.72-1.28) 

 3=Middle SES 1.01 (0.90-1.14) 0.96 (0.89-1.04) 0.93 (0.84-1.03) 1.13 (1.01-1.26) 1.07 (0.94-1.22) 1.23 (0.86-1.77) 0.91 (0.67-1.22) 

 4 1.18 (1.04-1.33) 1.06 (0.97-1.15) 1.07 (0.97-1.19) 1.28 (1.14-1.43) 1.07 (0.94-1.22) 1.38 (0.96-1.98) 1.08 (0.80-1.47) 

 
5=Highest SES 

(reference) 
- - - - - - - 
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Year 

Before/ 

After 

Diagnosis 

Independent 

Variable  
Overalla 

Outpatient Medications Inpatient Hospitalisations 

Outpatient 

Encountersb 

Outpatient 

Costsa 

Dispensed 

Prescription 

Medicationsb 

Medication 

Costsa 

Odds of 

Inpatient 

Hospitalisationc 

Inpatient 

Hospitalisation Costs 

(among those with 

non-zero costs)c 

-3 Male Sex 1.11 (0.99-1.24) 0.86 (0.80-0.93) 0.91 (0.83-1.00) 0.84 (0.75-0.93) 1.09 (0.97-1.23) 1.08 (0.80-1.46) 1.61 (1.24-2.09) 

 
Female Sex 

(reference) 
- - - - - - - 

 1=Lowest SES 1.03 (0.91-1.16) 1.07 (0.98-1.16) 1.02 (0.92-1.13) 1.34 (1.19-1.49) 1.19 (1.05-1.35) 0.95 (0.69-1.33) 0.83 (0.63-1.08) 

 2 0.83 (0.74-0.94) 1.01 (0.93-1.10) 0.95 (0.85-1.05) 1.18 (1.05-1.33) 1.05 (0.92-1.20) 0.80 (0.57-1.13) 0.64 (0.48-0.86) 

 3=Middle SES 0.78 (0.69-0.88) 0.93 (0.85-1.01) 0.86 (0.77-0.95) 1.00 (0.89-1.12) 0.91 (0.80-1.04) 0.76 (0.54-1.08) 0.70 (0.52-0.95) 

 4 0.92 (0.82-1.04) 1.03 (0.95-1.12) 1.00 (0.90-1.10) 1.09 (0.97-1.22) 1.00 (0.88-1.14) 1.03 (0.74-1.44) 0.81 (0.61-1.08) 

 
5=Highest SES 

(reference) 
- - - - - - - 

-2 Male Sex 1.15 (1.02-1.28) 0.88 (0.82-0.95) 0.91 (0.83-1.00) 0.80 (0.72-0.89) 1.13 (1.01-1.28) 1.15 (0.87-1.51) 1.48 (1.16-1.89) 

 
Female Sex 

(reference) 
- - - - - - - 

 1=Lowest SES 1.16 (1.03-1.30) 1.15 (1.07-1.25) 1.15 (1.04-1.26) 1.34 (1.20-1.51) 1.07 (0.94-1.21) 1.25 (0.92-1.71) 1.09 (0.83-1.43) 

 2 1.15 (1.02-1.30) 1.12 (1.03-1.21) 1.09 (0.99-1.21) 1.33 (1.18-1.49) 0.88 (0.77-1.00) 1.26 (0.92-1.74) 1.28 (0.97-1.69) 

 3=Middle SES 0.94 (0.83-1.06) 0.97 (0.89-1.04) 0.91 (0.83-1.01) 0.96 (0.85-1.07) 0.83 (0.73-0.95) 0.92 (0.66-1.29) 1.21 (0.90-1.64) 

 4 1.07 (0.95-1.21) 1.08 (0.99-1.16) 1.08 (0.98-1.19) 1.08 (0.96-1.21) 0.88 (0.78-1.00) 1.00 (0.72-1.39) 1.54 (1.14-2.06) 

 
5=Highest SES 

(reference) 
- - - - - - - 
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Year 

Before/ 

After 

Diagnosis 

Independent 

Variable  
Overalla 

Outpatient Medications Inpatient Hospitalisations 

Outpatient 

Encountersb 

Outpatient 

Costsa 

Dispensed 

Prescription 

Medicationsb 

Medication 

Costsa 

Odds of 

Inpatient 

Hospitalisationc 

Inpatient 

Hospitalisation Costs 

(among those with 

non-zero costs)c 

-1 Male Sex 1.24 (1.12-1.37) 0.99 (0.93-1.05) 1.07 (0.99-1.15) 0.82 (0.74-0.90) 0.99 (0.89-1.10) 1.49 (1.19-1.88) 1.05 (0.87-1.28) 

 
Female Sex 

(reference) 
- - - - - - - 

 1=Lowest SES 1.16 (1.04-1.29) 1.16 (1.09-1.25) 1.11 (1.02-1.21) 1.53 (1.38-1.71) 1.12 (1.00-1.26) 1.17 (0.90-1.53) 1.12 (0.89-1.41) 

 2 1.12 (1.00-1.25) 1.14 (1.06-1.22) 1.09 (1.00-1.18) 1.46 (1.31-1.63) 1.05 (0.93-1.18) 1.05 (0.80-1.38) 1.25 (0.98-1.58) 

 3=Middle SES 0.88 (0.79-0.98) 1.02 (0.95-1.09) 0.96 (0.89-1.04) 1.12 (1.00-1.25) 0.96 (0.85-1.08) 0.81 (0.61-1.07) 0.98 (0.76-1.26) 

 4 0.92 (0.82-1.03) 1.01 (0.94-1.08) 0.96 (0.89-1.05) 1.17 (1.04-1.30) 0.95 (0.84-1.07) 0.85 (0.64-1.14) 1.18 (0.91-1.53) 

 
5=Highest SES 

(reference) 
- - - - - - - 

+1 Male Sex 1.24 (1.11-1.38) 1.13 (1.06-1.21) 1.08 (1.00-1.16) 0.92 (0.83-1.01) 1.18 (1.06-1.32) 1.11 (0.89-1.37) 1.37 (1.13-1.64) 

 
Female Sex 

(reference) 
- - - - - - - 

 1=Lowest SES 1.25 (1.11-1.42) 1.15 (1.06-1.24) 1.11 (1.02-1.20) 1.55 (1.39-1.73) 1.10 (0.97-1.24) 1.68 (1.31-2.14) 0.97 (0.79-1.20) 

 2 1.19 (1.05-1.35) 1.14 (1.05-1.23) 1.11 (1.02-1.21) 1.42 (1.27-1.59) 1.16 (1.03-1.32) 1.60 (1.25-2.05) 0.88 (0.71-1.09) 

 3=Middle SES 0.89 (0.79-1.01) 0.95 (0.88-1.03) 0.94 (0.87-1.02) 1.04 (0.93-1.15) 0.95 (0.84-1.07) 1.07 (0.83-1.37) 0.78 (0.62-0.98) 

 4 0.98 (0.87-1.11) 1.01 (0.93-1.09) 1.07 (0.98-1.16) 1.13 (1.01-1.26) 0.94 (0.83-1.06) 1.16 (0.90-1.49) 0.81 (0.65-1.02) 

 
5=Highest SES 

(reference) 
- - - - - - - 

*adjusted for age at diagnosis, previous year’s modified Charlson comorbidity score, and urban/rural residence 
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Bold values are statistically-significant (α=0.05) 

aDetermined using a generalised estimating equations (linear) model, with gamma distribution and log-link 

bDetermined using a generalised estimating equations (count) model, with negative binomial distribution 

cDetermined using two-part models: a logistic regression model for the odds of incurring non-zero costs, and generalised linear model 

with gamma distribution and log-link predicting costs for those with non-zero costs
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Figure 4.1: Unadjusted Annual Mean Per-Person Outpatient and Prescription Medication Costs for SLE and Non-SLE 
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Figure 4.2:  Unadjusted Annual Mean Per-Person Direct Medical Costs for SLE and Non-SLE Males and Females 
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Figure 4.3: Annual Frequencies of the Most Common Charlson-Romano Comorbidities for SLE and Non-SLE 

Males and Females (Dementia, Liver Disease, Hemiplegia, Metastatic Cancer, and HIV Not Shown Due to Very 

Small Numbers) 
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5. Incremental Productivity Costs of Systemic Lupus 

Erythematosus, Systemic Sclerosis, and Sjogren’s Syndrome: A 

General Population-Based Study4 

 

5.1 Introduction 

 Systemic autoimmune rheumatic diseases (SARDs) includes systemic lupus 

erythematosus (SLE), Sjogren’s syndrome (SjS), systemic sclerosis/scleroderma (SSc), poly- and 

dermatomyositis, and forms of adult systemic vasculitis. Immune dysregulation in SARDs leads 

to systemic inflammation, organ damage, and an array of physical, psychological, and 

neurocognitive manifestations which can reduce patients’ functional status, health-related 

quality-of-life(3–5), and participation and performance in paid and unpaid work(290,435,436).  

Approximately two to five of every 1,000 Canadians have been diagnosed with a SARD(347), 

and while many of these individuals do not participate in paid work (meta-analyses suggest that 

54% of SLE(238) and 37% of SSc(258) are not employed), those who are employed may still 

experience challenges and limitations(437,438) that reduce their workplace productivity.   

 

                                                 

4 A version of this chapter has been accepted for publication: 
 
McCormick N, Marra CA, Sadatsafavi M, Kopec JA, Aviña-Zubieta JA. Excess Productivity Costs of Systemic 
Lupus Erythematosus, Systemic Sclerosis, and Sjogren’s Syndrome: A General Population-Based Study. Arthritis 
Care & Research. Accepted 2018 March 23.  doi: 10.1002/acr.23573. 
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 In Canadian clinic-based cohorts, lost productivity costs have averaged $55,827 over four 

years for SLE(39), and $18,639 and $12,804 per-year for diffuse and limited SSc, 

respectively(33), while annual lost productivity costs for SjS in the United Kingdom (UK) 

averaged between $16,392 and $29,072(262) (all converted to 2015 Canadian dollars).  

Unfortunately, these clinic-based estimates have limited generalisability, and population-level 

cost estimates are lacking, especially outside SLE.  Furthermore, previous studies have mostly 

failed to incorporate presenteeism (working, but at a reduced level/efficiency), a key driver of 

productivity costs in other arthritides(263), and time lost from unpaid work. When taking a 

societal perspective, one should consider the costs of productivity loss from paid and unpaid 

work.  Consequently, excluding unpaid productivity losses will undervalue the time 

contributions of work-disabled individuals (those not employed for pay, due to health), 

homemakers, and retirees.  It also fails to capture the costs for individuals who remain employed, 

but have difficulty performing their unpaid work activities(264). 

 

 To address these gaps, I used administrative databases to establish population-based 

SARD and matched non-SARD cohorts from one Canadian province, British Columbia (BC).  A 

random sample of each cohort was invited to complete a cross-sectional survey on their paid and 

unpaid work. These data were used to compare weekly hours of lost productivity for those with 

and without a SARD diagnosis, and associated costs, from a societal perspective, at the general 

population level.  This chapter focusses on the most-frequent diagnoses in the cohort, SLE, SSc, 

and SjS. 
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5.2 Methods  

5.2.1 Administrative data source 

 Publicly-funded health care (including rheumatologist and other specialty care) is 

available to all legal residents of the province of BC (population ~4.5 million).  Population Data 

BC uses population-based linkable administrative data files to capture provincially funded 

healthcare services, including all fee-for-service outpatient encounters(316) and 

hospitalisations(317) since 1990, and limited demographic(319) and vital statistics data(320).   

 

5.2.2 Study populations 

From the administrative data files, a population-based cohort was assembled of all adults 

who sought care for SARDs during the years 1990 to 2010, and were still registered with the 

provincial medical insurance plan at some point during 1996 to 2010.  SARDs were identified 

from International Classification of Diseases Ninth/Tenth (ICD-9/10) Revision diagnostic codes 

(listed in Chapter 2, Table 2.1) recorded for outpatient encounters and hospitalisations: (a) ≥ two 

ICD-9 codes for SARDs ≥ two months apart but within a two-year period by a non-

rheumatologist physician; (b) one ICD-9 code from a rheumatologist; or (c) one ICD-9/10 code 

from a hospitalisation.  The SARD index date was the date of the first SARD-coded encounter.  

When the validity of this case definition was assessed in another Canadian province (with the 

gold standard being the clinical diagnosis recorded for patients attending a tertiary rheumatology 

clinic)(333), the majority of administrative database diagnoses were true-positives (positive 

predictive values of 57% for SLE, 63% for SSc, and 73% for SjS).  However, to increase 

certainty in the SARD diagnoses in my study, potential SARD cases were excluded if they had at 
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least two visits ≥ two months apart (subsequent to the SARD index visit) with diagnoses of other 

inflammatory arthritides, including rheumatoid arthritis, psoriatic arthritis, and 

spondyloarthropathies.   

 

To establish the non-SARD comparison cohort, our group received data for a random 

sample of ~400,000 BC residents registered with the provincial medical plan during the study 

period.  These individuals were assigned a random index date, and any individuals who met the 

case definition for SARDs were removed.  We selected up to 10 individuals per SARD case, 

matched on age, sex, and calendar year of index date.   

 

5.2.3 Survey 

Productivity data are not available in the administrative health databases, so this 

information was collected from SARD and non-SARD individuals directly via a survey 

completed on paper or online.  Administrative datafiles are released to researchers in de-

identified form, stripped of any names, addresses, or phone numbers that would allow 

researchers to identify or contact these individuals.  However, I recruited members of the SARD 

and non-SARD cohorts to complete the survey using a new ‘Request-to-Contact’ scheme which 

grants researchers access to names and contact information for a sample of individuals in the BC 

administrative databases.  Our group chose this method of recruitment to obtain more 

representative samples of people with and without SARDs than would be achieved from 

recruiting online or from tertiary clinics.   
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The recruitment and data collection procedures for the survey have been published(439), 

and are detailed in Section 2.6 of Chapter 2.  Briefly, upon final approval of our Request-to-

Contact application in April 2015, we assembled a subset of the SARD and non-SARD cohorts 

(those still registered with the provincial medical plan in 2015) and submitted their Study IDs to 

the BC Ministry of Health.  Included in the subset were 9,335 prevalent SARD cases (82.3% 

female, mean age in 2015 of 60±15.8 years) and 55,431 matching non-SARD individuals (82.8% 

female, mean age 62.4±16.0 years).  The BC Ministry of Health selected a random sample 

(n=12,000) of these individuals, and on July 9, 2015, their names, addresses, and phone numbers 

were released to the research team, though their administrative database Study IDs were not.  

Although 6,000 of these individuals were selected because they had met the case definition for 

SARDs in the administrative databases, and 6,000 were selected because they had not met the 

definition, the information on all 12,000 individuals was provided in a single file, and I was 

blinded to the each person’s disease status. 

 

Participants were recruited by mail.  From the list of 12,000 potential participants, I 

randomly selected a total of 2,400 names and mailed each person an invitation package.  Four 

mailouts were conducted over an eight-month period; I started with two pilot mailouts (n=200 

packages each), conducted in July and September 2015, while the two main mailouts (n=1,000 

packages each) were conducted in November 2015 and March 2016.  Individuals who wished to 

participate were asked to mail their signed consent form back to the research team.  Those who 

requested a paper survey were mailed a copy of the survey, along with a prepaid return envelope, 

while the other participants were e-mailed a link to the online survey along with a unique, six-
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digit access code.  Potential participants who did not respond to the invitation package were 

mailed a reminder letter after two weeks, and phoned after four weeks.  Similar follow-up 

procedures were employed after the survey was distributed to consenting participants.  

 

The survey, which was pilot-tested among research staff and volunteer members of the 

SARD Consumer Advisory Council at Arthritis Research Canada, took about 30 minutes to 

complete.  Those completing the online version could do so over multiple sessions and save their 

responses as they went along.  The components of the survey are described in more detail in 

Section 2.7 of Chapter 2, and a copy of the survey is available in Appendix A.  Briefly, it was 

comprised of six sections collecting data on sociodemographics, health status, behaviours, and 

health-related quality-of-life, levels of pain, fatigue, and functional disability, and participation 

in paid and unpaid work activities.   

 

Importantly, since I did not have access to the diagnoses recorded for participants in the 

administrative databases, the disease status of each participant was based on self-report.  

Specifically, the survey asked participants whether they had been diagnosed by a health 

professional with each SARD.  Those reporting at least one diagnosis were classified as SARDs, 

and the rest as non-SARDs, with the SLE, SSc, and SjS groups consisting of individuals 

reporting these respective diagnoses.  Participants could be included in more than one SARD 

group (i.e. SLE and SjS).  In a Canadian study of individuals diagnosed with SARDs (including 

SLE, SSc, SjS, and poly/dermatomyositis), ‘other disease’ controls (individuals diagnosed with 

haemolytic anaemia, multiple sclerosis, thyroid disease, or type I diabetes), and ‘healthy’ 
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controls, a similarly-worded question demonstrated both high sensitivity (100% for each SARD) 

and high specificity (ranging from 95% for SLE to 100% for SSc) as compared to the diagnoses 

captured from medical record review(440). 

 

5.2.4 Independent variables 

Sociodemographic variables included gender, age, marital status (living with a partner 

yes/no), race/ethnicity (collapsed into White/non-White), children at home (yes/no), educational 

attainment, and household income level. 

 

Disease duration was equal to the number of years between self-reported year of 

diagnosis by a health professional, and year 2015. Health status and behavioural data included 

height, weight, smoking status (ever vs. never) and pack-years, number of comorbidities (0, 1, 2, 

or ≥ 3), and levels of functional disability (using the Health Assessment Questionnaire Disability 

Index(371)), pain, fatigue, and health-related quality-of-life (using the EQ-5D-5L(369), scored 

according to the United States and Canadian(370) algorithms).  Data on height and weight were 

used to calculate a raw body mass index value and determine overweight (≥ 25 kg/m2) and 

obesity (≥ 30 kg/m2) status.  Sex-specific correction equations(441) were also implemented to 

correct for the tendency to overestimate height and underestimate weight in self-report.  

 

5.2.5 Dependent variables 

My primary outcome was incremental hours of productivity loss for SARDs and 

associated costs. I also computed the proportions of working-age individuals (aged < 65 years) 
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that were work-disabled (not working due to health), and assessed determinants of productivity 

costs and work disability among SARDs.  ‘Incremental’ losses and costs refer to the differences 

in lost productive time (and monetary value of that time) between the diseased group and 

matched group from the general population.  Following adjustment for measured confounders, 

such differences in productivity remove ‘background’ productivity losses/costs in the general 

population and provide estimates that can be attributable to the disease of interest.  

 

Employment and productivity data were collected using two instruments, Work 

Productivity and Activity Questionnaire (WPAI)(372) and Valuation of Lost Productivity 

(VOLP)(377).  Responses to questions from the WPAI were used to determine absenteeism (# 

hours missed from work over the past seven days, due to health) and presenteeism from paid 

work (# hours worked over the past seven days*percentage-impairment while working, due to 

health), while time loss from unpaid work was determined from the VOLP.  Specifically, the 

VOLP asked about hours of paid and unpaid help received (for household chores, 

yard/maintenance work, shopping/errands, childcare, and voluntary activities) over the past 

seven days, due to health.  This approach captures productivity losses only from essential, time-

sensitive tasks, not all time available in the day for unpaid work(264).  Both instruments asked 

about productivity losses due to any health problem, not just SARDs.  

 

WPAI considers productivity losses as hours of lost labour input by an individual worker, 

but the VOLP allows for the consideration of the lost output of a worker and their colleagues 

when that individual is away from work or less productive. To do so, the VOLP asks about job 
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and workplace characteristics; specifically, how often one works in a team, size of their team, 

and substitutability. A multiplier value (≥ 1) is derived from the responses, with hours of lost 

output equal to the product of hours of lost input and this multiplier. Separate multipliers are 

calculated for absenteeism (among employed participants reporting absenteeism) and 

presenteeism (among those reporting presenteeism).   

 

5.2.6 Cost calculation 

 Based on their stated job, participants were matched to one of ten sectors in Canada’s 

National Occupational Classification(442). Hours of lost productivity were multiplied by the 

sector-specific hourly wage(443) to compute weekly lost productivity costs. More information 

on these sectors and the average wages is available in Table 5.3.  If the participant was not in the 

paid workforce, or did not state their occupation, the overall average hourly wage for Canada in 

October 2015 ($25.38) was used (opportunity cost approach).  All costs are expressed in 2015 

Canadian dollars. 

 

5.2.7 Statistical analysis 

 Group characteristics were compared (each SARD group versus the non-SARDs) using t-

tests and chi-squared tests. Unadjusted estimates of productivity losses and costs were produced 

for each of the four groups (SLE, SSc, SjS, and non-SARDs), and stratified by employment 

status, with the differences between each SARD group and the non-SARDs taken as the 

unadjusted incremental productivity losses and costs of SARDs. One member of the SSc cohort 

was not employed but reported very high unpaid productivity losses (196 hours per-week; this 
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was confirmed to be a special case and not an error), so SSc estimates are presented with and 

without this extreme observation. Some individuals reported multiple SARD diagnoses (i.e. SLE 

and SSc), and while this might be considered as ‘overlap syndrome’, I included these individuals 

in each applicable SARD group since I sought to compare the productivity losses of each SARD 

diagnosis with the non-SARD group, not losses between different SARDs.    

 

Productivity costs were initially expressed as raw estimates (hours*hourly wage).  Then, 

in a secondary analysis, I also applied the average multipliers (as done previously(444), 

calculated among all eligible participants) to the initial estimates of absenteeism and 

presenteeism from paid work.  Multipliers were not applied to unpaid productivity losses.  I 

additionally performed a secondary analysis which included, for work-disabled individuals, the 

costs of lost productivity from paid work.  Briefly, I used data from a Canadian time use survey 

(Statistics Canada’s General Social Survey(445)) to impute the number of hours these 

individuals would have spent in paid work (average of 3.18 hours per-day*7 days=22.28 hours 

per-week), and multiplied these hours by the overall hourly wage in Canada ($25.38). 

 

Raw estimates of productivity costs were subsequently adjusted for potential confounders 

(factors that can affect the risk and severity of the diseases, and independently impact 

productivity).  These included sociodemographic factors and comorbidity burden, but not health 

status measures (i.e. fatigue, disability) or behaviours which were likely to be mediators rather 

than confounders.  However, as SARDs can increase the risk of certain comorbidities (thus 

placing comorbidity burden on the pathway between SARD status and productivity loss), 
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analyses were also conducted without adjustment for comorbidity score.  I constructed separate 

sets of regression models for each SARD and aspect of productivity loss (absenteeism, 

presenteeism, any paid loss, any unpaid loss, and any paid or unpaid loss). As many individuals 

reported no productivity loss for an eligible category, two-part models were used. The first part, 

multivariable logistic regression model, assessed (for each aspect of productivity loss) the 

probability of incurring any time loss/cost. The second, a generalised linear model (with log-link 

and gamma distribution), estimated the time losses and costs expected for those with time 

loss/costs > 0.  

 

I subsequently used G-computation(364) to estimate the absolute time loss/costs expected 

for each group, and incremental costs of SARDs.  With this approach, odds and time loss/costs 

were predicted for each person two times, once with them coded as having the SARD and once 

as non-SARDs, but with their other covariates the same.  The final estimate for each iteration 

(SARD- and non-SARD-coded observation for each person) was the product of their predicted 

odds and predicted hours/costs.  The difference between estimates for each person (i.e. predicted 

odds*costs when coded as SLE, and when coded as non-SARDs) represented the incremental 

costs of SARDs, with per-person predicted incremental costs averaged across all eligible 

individuals.  Parametric bootstrapping (100 replications each) was used to produce 95% credible 

intervals (95% CI).  Due to small sample sizes, determinants of productivity costs within each 

SARD were assessed with correlational and univariable analysis rather than multivariable 

models.  Analyses were conducted using SAS Enterprise Guide version 4.3. 
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5.3 Results 

From 2,400 invitations distributed, 743 consents were received (31%) and another 645 

(27%) formally refused to participate.  Surveys were completed by 671 of the 743 consenting 

individuals, with 69% online and 31% paper-based.  Forty-four percent (n=296) reported at least 

one SARD diagnosis, with the other 375 classified as non-SARDs. SLE was the most common 

diagnosis (56%), followed by SjS (30%), and SSc (14%), while ≤ 5% of respondents had been 

diagnosed with any of the other SARDs.  Characteristics of the SLE, SSc, SjS, and non-SARD 

groups are shown in Table 5.1.  Sociodemographics and health behaviours were generally 

comparable, although the SLE were slightly younger than non-SARDs (mean age 54.6±13.1 vs. 

57.8±11.7) and the SLE and SjS had larger proportions of females than non-SARDs.   

 

 Similar percentages of working-age SSc, SjS, and non-SARDs (54-58%) were employed 

for pay, though somewhat fewer SLE were employed (46%).  The mean number of hours worked 

by employed individuals over the past week was also comparable across the four groups (ranging 

from 26.5±16.6 among employed SjS to 29.3±16.6 among non-SARDs).  But while similar 

percentages of SARDs and non-SARDs were (not)-employed, about twice as many working-age 

SARDs than non-SARDs were work disabled (not-employed, due to health).  Table 5.3 breaks 

down the occupational sectors for employed members of each group, and corresponding average 

wages used to compute costs.  The majority of SLE (59%) were in business, healthcare, or 

management occupations, while 52% of SjS were in business or educational/social services/law.  

The most common sector for non-SARDs was business (25%), with an additional 14% to 17% in 

each of healthcare, education/social services/law, sales/service, and management. 
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For absenteeism and presenteeism combined, productivity losses did not differ between 

any SARD group and non-SARDs. Weekly hours of absenteeism (among all employed 

individuals) averaged 2.4, 2.5, 4.0, and 3.1 in SLE, SSc, SjS, and non-SARDs respectively.  

However, presenteeism rates were higher in SARDs, and SLE and SjS reported significantly 

greater levels of impairment in paid work (percent impairment: SLE=21% and SjS=33%, vs. 

14% for non-SARDs).   

 

 Each SARD group averaged more unpaid time loss (hours of paid and unpaid help 

received) than non-SARDs (Table 5.2), though only 44-50% of each SARD group, and 25% of 

non-SARDs, reported any unpaid productivity loss. Most help was provided by family members 

(81% for SjS, 87% for SSc and non-SARDs, and 89% for SLE).  

 

5.3.1 Unadjusted costs  

 Average weekly costs for time lost from paid work were $216, $158, $297 and $187 for 

SLE, SSc, SjS, and non-SARDs, respectively (Table 5.2), with presenteeism accounting for 64-

69% of costs in SARDs and 53% in non-SARDs. When extrapolated (multiplied by 52), these 

estimates translate to $11,206 per year for SLE, $8,200 for SSc, $15,434 for SjS, and $9,703 for 

non-SARDs. 

 

Data from the VOLP were used to calculate multipliers representing the impact of the 

respondent’s absence from paid work (or reduced productivity at work) on their workplace’s 

productivity.  Average multipliers were 1.77±1.44 for absenteeism and 1.54±1.10 for 
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presenteeism. Thus, a one-hour absence from work was valued at 1.77-times the person’s hourly 

wage. When these multipliers were applied to paid productivity losses, mean costs were $347, 

$255, $482, and $307 per-week for SLE, SSc, SjS, and non-SARDs, respectively (Table 5.2). 

 

Altogether, unadjusted per-person lost productivity costs from paid and unpaid work, as 

averaged among all participants, were $301 in SLE, $353 in SSc ($240 excluding outlier), $271 

in SjS, and $149 in non-SARDs.  These weekly estimates translate to $15,636 per-year for SLE, 

$18,361 for SSc ($12,501 without outlier), $14,092 for SjS, and $7,743 for non-SARDs.  Unpaid 

work loss accounted for 31-47% of costs for employed SARDs, and just 21% for employed non-

SARDs (Figure 5.1).  When I imputed time loss from paid work for work-disabled individuals 

(Table 5.2), annual lost productivity costs averaged $23,774 for SLE, $23,962 for SSc ($18,236 

excluding outlier), $19,599 for SjS, and $11,144 for non-SARDs. 

 

5.3.2 Adjusted analyses: incremental productivity losses and costs 

 After adjustment, SLE had 2.4-times greater odds of work disability than non-SARDs 

(95% CI=1.4-4.1) and 2.0-times greater odds of experiencing any paid or unpaid productivity 

loss (Table 5.4), while odds were 1.8-times greater for SjS (Table 5.5) and 2.6-times greater for 

SSc (Table 5.6). The two-part regression model predicted time loss and costs for each group, 

while accounting for the probability of reporting any loss, and adjusting for age, gender, 

race/ethnicity, marital status, children at home, education, and comorbidity burden. Altogether, 

incremental productivity loss (adjusted difference between SARDs and non-SARDs, from any 

paid or unpaid work) averaged 3.5, 3.2, and 3.4 hours per-week for SLE, SSc, and SjS, 
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respectively, with corresponding costs of $86, $69, and $84 per-person. Estimates of incremental 

costs were larger ($126, $84, and $107 per-week, respectively) when comorbidity score was 

removed from the models.  For unpaid work losses specifically, adjusted incremental costs 

averaged $127 per-week for SLE, $100 for SSc, and $82 for SjS. When stratified by working 

status, absolute costs for unpaid work loss were lower among employed individuals than those 

not-employed, but in each stratum (employed and not-employed), SARDs were still associated 

with significantly-greater costs than non-SARDs (Tables 5.4, 5.5, and 5.6).   

 

5.3.3 Determinants of productivity costs within SARDs 

 In univariable analyses, having ever-smoked was associated with 2.1-times greater odds 

of work disability among SLE (95% confidence interval=1.0-4.5), and greater unpaid 

productivity costs for SSc (cost ratio=1.99 [95% CI=1.10-3.59]). Conversely, completion of a 

university degree was associated with 61% lower-odds of work disability among SLE (OR=0.39 

[95% CI=0.16-0.96]), 45% lower costs from unpaid productivity loss among SLE (cost 

ratio=0.55, 0.33-0.93), and 73% lower absenteeism costs among SSc (cost ratio=0.27, 0.11-

0.65).  Functional disability, pain, and fatigue scores were significantly correlated with 

productivity costs in SLE and SjS (Table 5.7).  High household income was associated with 

lower levels of unpaid productivity costs in SSc (cost ratio=0.48, 0.27-0.86) and SjS (0.39, 0.23-

0.65), while being overweight was associated with greater absenteeism costs in SSc (cost 

ratio=3.77, 1.27-11.23), and unpaid productivity costs in SLE (1.67, 1.05-2.63) and SjS (1.96, 

1.14-3.39).   
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5.4 Discussion 

These are the first population-based estimates of the incremental lost productivity costs of 

SLE, SSc, and SjS.  My annualised estimates suggest those with SLE, SSc, or SjS will incur an 

additional $4,494, $3,582, and $4,357, respectively, in lost productivity costs each year, over-

and-above a similar person without a SARD diagnosis.  Estimates were even larger ($6,530, 

$4,379, and $5,554, respectively) without adjustment for the elevated comorbidity burden 

present in SARD patients.  Though work disability was more common among the SARD cohorts 

than non-SARDs (36% of SLE, 32% SSc, and 30% of SjS unable to work due to health, versus 

18% of non-SARDs), SARD individuals who remained employed still had more impairment at 

work (presenteeism) than non-SARDs, and this accounted for 36-44% of their productivity costs.   

 

There were no substantive differences in the mean hours worked, or hours or costs of 

absenteeism, among employed members of the four groups. This finding is congruent with a 

Canadian cohort of rheumatoid, psoriatic, and osteoarthritis (mean age 51 years, 79% 

female)(263), where presenteeism accounted for 81% of costs, and absenteeism just 19%.  While 

it is tempting to infer that SARDs do not adversely impact individuals’ attendance at work, this 

was a prevalent cohort with rather established disease (mean disease duration of 18 years in SLE, 

13 in SSc, and 12 in SjS), and 30% to 36% of SARDs described themselves as work-disabled.  

Thus, a more likely explanation is a ‘healthy-worker’ effect(265), wherein those with the greatest 

impairments left the paid workforce at an earlier time. 
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Although the survey did not ask about employment status at diagnosis or subsequent job 

changes, this supposition is supported by findings from other cohorts. In a Chinese cohort of 

SLE(251), those who remained employed since diagnosis did not report a significant change over 

time in the mean hours worked per day.  Among Lupus Outcomes Study participants who 

remained employed continuously since SLE diagnosis, there was little change in hours of paid 

work per-week (decrease of 5%) or per-year (decrease of 1%)(446).  Those investigators suggest 

that SLE patients are more likely to leave the workforce entirely than reduce their hours or make 

other job changes(446).  Similar findings have been reported in SSc, where the majority of 

health-related work transitions for one cohort were complete work stoppages rather than 

reductions in hours or job changes(299), and in SjS, where employed SjS did not differ 

significantly from non-SjS in mean hours of paid work(268), or time absent from work(262).  

There is disagreement in the literature about whether to include, for work disabled individuals, 

the costs of (potential) time loss from paid work.  From a societal perspective, doing so may 

overestimate costs since, upon work cessation, that person’s job will eventually be filled (and 

their productivity taken-over) by someone who was previously unemployed(447).  Still, when I 

did include these costs in a secondary analysis (based upon a conservative 22.28 hours of lost 

paid-work time each week), mean per-person lost productivity costs increased by 39% among 

SjS ($377 vs. $271 per-week without imputed costs), 46% among SSc ($351 vs. $240), and 52% 

among SLE ($457 vs. $301 per-week). 

 

Comparisons of my annualised cost estimates with those from prior studies are 

complicated by heterogeneity in the source populations, productivity components included, and 
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approaches to measuring and valuing time loss. For example, my absenteeism estimates included 

only time actually missed from scheduled work, while others(39,262) have included the 

additional hours participants reported they would be working if they did not have health 

problems. Moreover, use of service-sector (replacement) wages to value unpaid work, as others 

have done(33), will produce more conservative estimates compared to sector-specific wages, 

while asking about the number of days an individual was unable to work(33) may overestimate 

the total hours of lost productivity in a given week.  Still, my extrapolated annual predictions for 

SSc and SjS ($12,501 and $14,092, respectively) are similar to those for a Canadian cohort of 

SSc ($15,232 converted to 2015 CDN)(33) and UK cohort of SjS ($16,392)(262).   

 

Unpaid work loss was a major contributor, even among employed individuals. After 

adjustment, employed SLE and SjS averaged about three more hours of unpaid productivity loss 

per week than employed non-SARDs. Furthermore, unpaid work losses accounted for 41% of 

costs for employed SLE, but just 21% for non-SARDs. It is important to recognise that many 

individuals with health impairments remain employed and do complete their paid work tasks, but 

with less time or capacity for housework and other unpaid work activities(264).  Although the 

majority of household help was provided by family members, at no direct cost, there is still a 

societal cost associated with this additional time expenditure.    

 

While absenteeism from paid work is more straightforward to measure (i.e. hours/days of 

missed work), presenteeism and unpaid work loss can vary depending on how they are 

operationalised. In a comparison of four presenteeism instruments completed by Canadians with 
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rheumatoid arthritis or osteoarthritis(448), the one I used (WPAI) had the least amount of 

missing data, but also produced the highest estimates. I measured unpaid productivity losses 

using a question from the Health and Labour Questionnaire(449) (and included in the VOLP) 

that asks about hours of paid or unpaid help received because of health issues. This more 

conservative approach aims to measure time lost only from essential tasks, not all time available 

for unpaid work. It assumes individuals experiencing health impairments will not obtain extra 

help for tasks that are optional or can be put off(264). Thus, time loss from presenteeism may 

have been overestimated, and time loss from unpaid work underestimated. Though only about 

half of the SARD cohorts, and one-quarter of non-SARDs, reported any unpaid productivity loss, 

these proportions are congruent with a prior VOLP study (of employed individuals with early 

RA) in which 32% reported unpaid productivity loss(377).  Moreover, I do not believe the 

degree of over/under-estimation would differ between SARDs and non-SARDs. 

 

This analysis was not well situated to identify determinants of productivity losses and 

costs among SARDs but, consistent with other studies(216,238,241,268,269), I did find that 

levels of functional disability, pain, and fatigue were associated with greater productivity 

losses/costs, as were past-or-present smoking and being overweight.  Other studies of SLE have 

found obesity to be associated with decreased odds of employment(450), and higher body mass 

index with greater lost productivity costs(216).  I also found that completion of a university 

degree was associated with decreased odds of work disability in SLE, and decreased unpaid 

productivity costs.  Lower education has been associated with employment and disability status 

in prior studies of SLE(446,451,452), SSc(260,269) and SjS(277), and with greater unpaid 
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productivity losses(453) and costs(39) in SLE.  It was been suggested that higher education may 

allow individuals to hold jobs that offer more flexibility(240) or other accommodations(454) 

conducive to employment.  I acknowledge these were cross-sectional associations from 

unadjusted analyses, and their independent impact requires further investigation.  Overweight 

and fatigue may be markers of more severe disease (in the case of SLE, high-dose GC used to 

manage severe disease may contribute to obesity) or comorbidity burden, although these factors 

were significant in previous studies that controlled for disease duration(216,241,450), 

comorbidities(216,241,268,450), disease severity(241,268,450), and medication 

use(216,268,450).   

 

Still, it encouraging to think that, especially among newly-diagnosed individuals, 

modifications in these factors may attenuate future productivity losses.  For example, several 

educational, psychological, and exercise interventions have been effective at reducing fatigue in 

SLE and SjS(455,456).  Furthermore, while some may not wish to disclose their SARD 

diagnosis to their employers, increasing access to (and uptake of) workplace accommodations 

such as flexible hours(438,454), training for a different position(454), or (mainly for individuals 

with SSc) office heaters to ameliorate the impact of Raynaud’s, and voice-recognition software 

to reduce time spent keyboarding(438), may help preserve these individuals’ productivity and 

ability to work.  

 

 Many of this study’s strengths and limitations stem from recruiting SARD and non-

SARD participants from population-based cohorts. This is an improvement upon clinic-based 
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cohorts, whose members are likely to have more severe disease, and more productivity loss, than 

others with SARDs. To the other extreme, cohorts recruited exclusively online may not be 

representative either, as they tend to have a higher-than-average level of education(307,375), 

while commercial insurance databases only cover employed individuals, and do not contain data 

on presenteeism or unpaid work loss. Recruiting a comparison group from the general population 

is also an improvement upon ‘friend’ controls(268,452), who may not be representative of others 

in the population.  Privacy regulations limited my ability to compare those who did and did not 

participate, but I know the participants were somewhat younger, on-average, than the initial 

survey sample (mean ages 57.8 versus ~61 years), and there were more females. Nonetheless, the 

same differences were observed for those with and without a SARD diagnosis. 

 

As mentioned, the cohorts had rather established disease, so these findings may not 

represent the productivity impact on newly-diagnosed individuals at present. Small sample sizes, 

and even smaller numbers of employed participants (especially for SSc), limited my assessment 

of productivity losses from paid work, and determinants of productivity costs within SARDs.  

Although my analysis was focussed on time loss, costs, and employment status, I nevertheless 

acknowledge data were not collected on items such as workplace discrimination, job security, the 

potential for career advancement, workplace accommodations, or reductions in hours or career 

changes.  These outcomes are important, and should be examined in future population-based 

studies of SARDs.   
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The data were self-reported, and the SARD diagnoses were not clinically confirmed (nor 

did I compare the self-reported diagnoses with those recorded in the administrative data), but 

participants were asked to only report diagnoses from a health professional.  There are limited 

data available on the accuracy of self-reported diagnoses of SARDs, especially outside SLE, and 

among the published studies, the specificity and positive predictive values have varied depending 

on the composition of the source population.  For example, confirmation rates were low for self-

reported diagnoses of SLE (10/48=21%), SSc (1/6=17%), and SjS (11/29=38%) in the Women’s 

Health Cohort Study(457), which recruited from a large sample of female health professionals, 

without regards to disease status.  However, in Canadian studies of first-degree relatives of SLE 

patients (and matched population controls)(458), and SARD patients attending tertiary clinics 

(along with ‘other disease’ and healthy controls)(440), populations with a higher expected 

prevalence of SARDs, confirmation rates and specificity values were much higher (i.e. 

confirmation rates of 86-100% among the first-degree relatives(458)).  This lends support to the 

accuracy of the self-reported diagnoses in my study since, instead of sampling from the 

community-at-large (where the prevalence of SARDs is low), I recruited from cohorts that had 

already met a validated case definition for SARDs.   

 

Productivity costs were determined using occupation-specific wages (where available), 

though I used wages specific to one of ten broad occupational categories (i.e. healthcare, sales 

and service), and did not account for variation within those categories (i.e. within the sales and 

service category, the average wage for a childcare worker would be less than for an insurance 

salesperson).  However, this would only meaningfully impact my estimates of incremental costs 
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if those with SARDs tended to be in lower-wage job groups than those without.  The 

productivity questionnaires have been used and validated in populations of SLE(374,375), 

SSc(376), and RA(377,378), and Canadian research supports the validity of self-reported 

smoking data(459). 

 

Despite these limitations, this study makes several unique contributions in highlighting 

the societal burden of SARDs. It is the first-known analysis of the incremental productivity costs 

of SSc, first population-level analysis of productivity costs in SjS, and one of few SLE estimates 

to include presenteeism in paid work, and time lost from unpaid work.  The VOLP allowed me to 

estimate the costs of paid work loss for the respondent, and their workplace.  Furthermore, I 

minimised equity concerns by including time spent in paid and unpaid work, using opportunity 

costs to value unpaid work losses, and applying sector-specific wages instead of sex-specific 

ones. 

 

5.5 Conclusion 

These comprehensive, more generalisable estimates can serve as the benchmark for 

ongoing assessments, and could be incorporated in economic evaluations of interventions aimed 

at improving health and vocational outcomes in SLE, SSc, or SjS.  They also underscore the 

need for clinicians and researchers to look beyond paid work absences when evaluating the 

impact of the disease on patients’ productivity and quality of life.  Though productivity costs and 

gains are not usually considered in the (public payer) health system perspective, they are 
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important to patients(460), and I hope these findings will inform the agenda for ongoing research 

in these little-known disorders.
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Table 5.1: Participant Characteristics, by Cohort 

Mean (SD) or N (%) 

Systemic 

Lupus 

Erythematosus  

p-value 

(vs. non-SARDs) 

Systemic 

Sclerosis  

p-value 

(vs. non-

SARDs) 

Sjogren’s 

Syndrome  

p-value 

(vs. non-

SARDs) 

Non-SARDs 

N 167 n/a 42 n/a 90 n/a 375 

Female 157 (94%) 0.01 37 (88%) 0.73 87 (97%) 0.01 323 (86%) 

Current Age, years 54.6 (13.1) < 0.01 59.5 (12.0) 0.37 58.2 (12.6) 0.82 57.8 (11.7) 

Age at Diagnosis, years 36.5 (13.7) n/a 46.3 (14.0) n/a 46.4 (12.7) n/a n/a 

Disease Duration, years 17.6 (9.9) n/a 13.0 (11.9) n/a 11.7 (8.3) n/a n/a 

 

 

 

 

 

 

 

 

 



 

 

228 

 

Mean (SD) or N (%) 

Systemic 

Lupus 

Erythematosus  

p-value 

(vs. non-SARDs) 

Systemic 

Sclerosis  

p-value 

(vs. non-

SARDs) 

Sjogren’s 

Syndrome  

p-value 

(vs. non-

SARDs) 

Non-SARDs 

SOCIODEMOGRAPHICS 

White/Caucasian  122 (73%) < 0.01 38 (90%) 0.32 68 (76%) 0.04 318 (85%) 

Living with Partner 116 (69%) 0.89 31 (74%) 0.61 58 (64%) 0.30 262 (70%) 

Living with Children 61 (37%) 0.34 11 (26%) 0.42 23 (26%) 0.21 121 (32%) 

Educational Attainment  

High School or Less 52 (32%) 
0.30 

 

14 (33%) 
0.59 

 

18 (20%) 
0.04 

 

117 (31%) 

Some Post-Secondary  70 (43%) 18 (43%) 45 (50%) 139 (37%) 

University Degree 41 (25%) 10 (24%) 27 (30%) 117 (31%) 

Household Income Level  

< $40,000 42 (29%)  

0.74 

 

12 (30%)  

0.80 

 

26 (30%)  

0.35 

 

88 (26%) 

$40,000-$80,000 43 (29%) 13 (33%) 31 (36%) 110 (32%) 

> $80,000 62 (42%) 15 (38%) 29 (34%) 145 (42%) 
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Mean (SD) or N (%) 

Systemic 

Lupus 

Erythematosus  

p-value 

(vs. non-SARDs) 

Systemic 

Sclerosis  

p-value 

(vs. non-

SARDs) 

Sjogren’s 

Syndrome  

p-value 

(vs. non-

SARDs) 

Non-SARDs 

HEALTH STATUS 

Functional Disability 

(HAQ-DI score) 
0.70 (0.64) < 0.01 0.93 (0.70) < 0.01 0.71 (0.64) < 0.01 0.42 (0.56) 

Pain (range 0-100) 38 (25) < 0.01 39 (28) 0.03 39 (27) < 0.01 29 (28) 

Fatigue (range 0-100) 52 (27) < 0.01 47 (27)  0.01 54 (28) < 0.01 34 (29) 

EQ-5D-5L        

VAS (range 0-100) 68 (20) < 0.01 68 (17) 0.10 66 (20) < 0.01 73 (19) 

Health State Utility, 

Canadian norms 
0.72 (0.22) < 0.01 0.70 (0.22) 0.02 0.71 (0.23) < 0.01 0.78 (0.21) 

Health State Utility, 

United States norms 
0.73 (0.19) < 0.01 0.68 (0.20) < 0.01 0.71 (0.18) < 0.01 0.78 (0.19) 

Comorbidity Score  

(range 0-3) 
2.1 (1.1) < 0.01 2.0 (1.0) 0.07 2.2 (1.1) < 0.01 1.7 (1.2) 
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Mean (SD) or N (%) 

Systemic 

Lupus 

Erythematosus  

p-value 

(vs. non-SARDs) 

Systemic 

Sclerosis  

p-value 

(vs. non-

SARDs) 

Sjogren’s 

Syndrome  

p-value 

(vs. non-

SARDs) 

Non-SARDs 

HEALTH BEHAVIOURS 

Cigarette Smoking        

Ever-Smoker 75 (45%) 0.49 19 (46%) 0.80 35 (39%) 0.10 181 (48%) 

Pack-Years of Smoking 

(among ever-smokers) 
14.3 (14.7) 0.31 15.7 (21.2) 0.81 15.1 (17.0) 0.63 17.0 (21.3) 

Years Since Cessation 

(among ex-smokers) 
9.1 (12.6) 0.05 15.7 (17.4) 0.23 10.2 (14.9) 0.35 12.2 (14.6) 

Body Weight        

Body Mass Index (BMI) 25.8 (6.7) 0.60 25.0 (6.0) 0.27 26.6 (5.9) 0.55 26.2 (6.2) 

Corrected Body Mass 

Index (cBMI) 
27.3 (6.4) 0.71 26.8 (4.8) 0.44 27.8 (6.2) 0.73 27.5 (6.1) 

Overweight (BMI ≥ 25 

kg/m2) 
80 (48%) 0.54 19 (46%) 0.54 47 (52%) 0.88 191 (51%) 

Obese (BMI ≥ 30 kg/m2) 35 (21%) 0.72 8 (20%) 0.65 21 (23%) 0.88 84 (23%) 
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Mean (SD) or N (%) 

Systemic 

Lupus 

Erythematosus  

p-value 

(vs. non-SARDs) 

Systemic 

Sclerosis  

p-value 

(vs. non-

SARDs) 

Sjogren’s 

Syndrome  

p-value 

(vs. non-

SARDs) 

Non-SARDs 

Overweight (cBMI ≥ 25 

kg/m2) 
92 (56%) 0.30 23 (56%) 0.59 57 (63%) 0.62 225 (60%) 

Obese (cBMI ≥ 30 

kg/m2) 
43 (26%) 0.79 9 (22%) 0.47 29 (32%) 0.34 101 (27%) 

        

Bolded values indicate statistically-significant differences between each SARD and non-SARDs 

HAQ-DI=Health Assessment Questionnaire Disability Index), range 0-3 

EQ-5D-5L=EuroQoL instrument (measure of health status and health-related quality-of-life) 

VAS=visual analogue score, range 0-100 

BMI=body mass index 

cBMI=BMI corrected for underestimation of weight and overestimation of height in self-report  
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Table 5.2: Employment and Productivity Outcomes 

Mean (SD) or 

N (%) 

Systemic Lupus 

Erythematosus 

(n=167) 

p-value 

(vs. non-

SARDs) 

Systemic Sclerosis 

(n=42) 

 

p-value 

(vs. non-SARDs) 

Sjogren’s Syndrome 

(n=90) 

p-value 

(vs. non-

SARDs) 

Non-SARDs  

(n=375) 

EMPLOYMENT STATUS 

Employed for 

Paya 
59 (46%) 0.03 14 (56%) 0.83 30 (54%) 0.53 146 (58%) 

Work Disableda 46 (36%) < 0.01 8 (32%) 0.10 17 (30%) 0.04 46 (18%) 

Hours Worked, 

past 7 daysb 
28.2 (16.2) 0.64 29.2 (20.3) 0.98 26.5 (16.6) 0.38 29.3 (16.6) 

PAID WORK: ABSENTEEISM 

Any Absenteeism, 

past 7 daysb 
19 (30%) 0.02 < 6 0.13 12 (36%) 0.01 26 (16%) 

Hours, past 7 

daysb 
2.4 (6.2) 0.58 2.5 (6.1) 0.80 4.0 (8.2) 0.62 3.1 (9.6) 

Costsb $66.01 (166.1) 0.56 $51.44 (107.3) 0.60 $107.80 (227.1) 0.69 $87.34 (273.1) 

Costs, with 

multiplierb 
$116.80 (293.9) 0.56 $91.06 (189.9) 0.60 $190.70 (402.00) 0.69 $154.60 (483.3) 
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Mean (SD) or 

N (%) 

Systemic Lupus 

Erythematosus 

(n=167) 

p-value 

(vs. non-

SARDs) 

Systemic Sclerosis 

(n=42) 

 

p-value 

(vs. non-SARDs) 

Sjogren’s Syndrome 

(n=90) 

p-value 

(vs. non-

SARDs) 

Non-SARDs  

(n=375) 

PAID WORK: PRESENTEEISM 

%-Impairment in 

Paid Work, past 7 

daysc 

0.21 (0.23) 0.02 0.18 (0.20) 0.56 0.33 (0.29)  < 0.01 0.14 (0.20) 

Any 

Presenteeism, 

past 7 daysc 

38 (67%) 0.06 10 (83%) 0.04 25 (83%) < 0.01 77 (52%) 

Hours, past 7 

daysc 
5.8 (6.3) 0.07 5.4 (4.2) 0.46 7.6 (8.6) 0.01 4.1 (6.2) 

Costsc $165.30 (205.2) 0.04 $141.70 (94.6) 0.49 $208.00 (244.0) 0.01 $107.30 (169.6) 

Costs, with 

multiplierc  
$254.50 (316.0) 0.04 $218.30 (145.7) 0.49 $320.20 (375.8) 0.01 $165.20 (261.2) 
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Mean (SD) or 

N (%) 

Systemic Lupus 

Erythematosus 

(n=167) 

p-value 

(vs. non-

SARDs) 

Systemic Sclerosis 

(n=42) 

 

p-value 

(vs. non-SARDs) 

Sjogren’s Syndrome 

(n=90) 

p-value 

(vs. non-

SARDs) 

Non-SARDs  

(n=375) 

PAID WORK: ABSENTEEISM AND PRESENTEEISM 

Any Absenteeism 

or Presenteeism, 

past 7 daysb 

41 (65%) 0.09 11 (69%) 0.21 27 (82%) < 0.01 84 (53%) 

Hours, past 7 

daysb 
7.7 (9.4) 0.63 6.6 (7.0) 0.92 10.9 (11.6) 0.08 6.9 (11.8) 

Costsb $215.50 (293.1) 0.55 $157.70 (141.6) 0.74 $296.80 (336.6) 0.09 $186.60 (337.9) 

Costs, with 

multiplierb 
$347.10 (480.6) 0.63 $254.80 (235.7) 0.72 $481.90 (556.2) 0.11 $307.40 (576.1) 

Costs, including 

work disabilityd  
$364.30 (282.9) 0.01 $293.60 (227.2) 0.72 $386.60 (301.7) 0.02 $267.90 (338.9) 
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Mean (SD) or 

N (%) 

Systemic Lupus 

Erythematosus 

(n=167) 

p-value 

(vs. non-

SARDs) 

Systemic Sclerosis 

(n=42) 

 

p-value 

(vs. non-SARDs) 

Sjogren’s Syndrome 

(n=90) 

p-value 

(vs. non-

SARDs) 

Non-SARDs  

(n=375) 

UNPAID WORK 

Any Unpaid 

Productivity Losse 
83 (50%) < 0.01 21 (50%) < 0.01 40 (44%) < 0.01 93 (25%) 

Hours, past 7 

dayse 
8.5 (21.8) < 0.01 

11.4 (31.4) 

6.9 (11.7) 

< 0.01 

< 0.01 
6.4 (13.1) < 0.01 2.6 (7.5) 

Costse $219.40 (554.2) < 0.01 
$293.00 (795.9) 

$178.80 (296.6) 

< 0.01 

< 0.01 
$162.10 (331.0) < 0.01 $69.31 (199.9) 

 

 

 

 

 

 

 

 



 

 

236 

 

Mean (SD) or 

N (%) 

Systemic Lupus 

Erythematosus 

(n=167) 

p-value 

(vs. non-

SARDs) 

Systemic Sclerosis 

(n=42) 

 

p-value 

(vs. non-SARDs) 

Sjogren’s Syndrome 

(n=90) 

p-value 

(vs. non-

SARDs) 

Non-SARDs  

(n=375) 

PAID AND UNPAID WORK 

Any Productivity 

Loss, past 7 dayse 
104 (62%) < 0.01 26 (62%) 0.01 53 (59%) < 0.01 148 (39%) 

Hours, past 7 

dayse 
11.4 (22.8) < 0.01 

13.9 (31.4) 

9.5 (12.8) 

< 0.01 

0.05 
10.4 (15.9) < 0.01 5.5 (12.0) 

Costse $300.70 (597.7) < 0.01 
$353.10 (792.3) 

$240.40 (310.7) 

< 0.01 

0.10 
$271.00 (412.8) < 0.01 $148.90 (341.9) 

Costs, including 

work disabilityf 
$457.20 (682.1) < 0.01 

$460.80 (817.5) 

$350.70 (404.0) 

< 0.01 

0.04 
$376.90 (462.7) < 0.01 $214.30 (393.5) 

Italicised values are estimates after the removal of the outlier 

Statistically significant differences between SARDs and non-SARDs are in bold 

Values not reported for cell sizes < 6 

aAmong participants aged < 65 years 

bAmong employed participants 

cAmong employed participants who attended work in the past seven days 
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dSum of actual costs of paid productivity loss incurred by employed participants, and imputed costs of paid productivity loss for work-

disabled participants (< 65 years of age and not employed, due to health) 

eAmong all participants 

fSum of actual costs of unpaid productivity loss for all participants, actual costs of paid productivity loss incurred by employed 

participants, and imputed costs of paid productivity loss for work-disabled participants (< 65 years of age and not employed, due to 

health) 
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Table 5.3: Occupational Sectors of Employed Participants, and Corresponding Wages 

National Occupational Sector 
Average Hourly Wage 

(2015 Canadian dollars) 

N (%) Participants 

Systemic Lupus 

Erythematosus (SLE) (n=63) 

Sjogren’s Syndrome 

(n=33) 

Non-SARDs  

(n=160) 

0=Management $39.21 7 (11%) < 6 22 (14%) 

1=Business, finance, and administration $25.10 18 (29%) 9 (27%) 40 (25%) 

2=Natural and applied sciences $35.02 < 6 0 < 6 

3=Health $29.55 12 (19%) < 6 23 (14%) 

4=Education, law, and social, community, and government 

services 

$30.68 7 (11%) 8 (24%) 23 (14%) 

5=Art, culture, recreation, and sport $24.02 < 6 < 6 < 6 

6=Sales and service $16.64 7 (11%) < 6 27 (17%) 

7=Trades, transport, and equipment operators $25.42 < 6 < 6 < 6 

8=Natural resources and agriculture $23.10 < 6 0 0 

9=Manufacturing and utilities $21.18 < 6 0 < 6 

missing $25.38a < 6 < 6 13 (8%) 

aOverall average hourly wage in Canada 

Values not reported for cell sizes < 6; data not reported at all for systemic sclerosis due to small cell sizes (n < 6) in each sector  
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Table 5.4: Results of Regression Analysis of Productivity Costs for Systemic Lupus Erythematosus (SLE) 

 ALL EMPLOYED NOT-EMPLOYED 

 SLE  

(n=167) 

Non-SARDs 

(n=375) 
Difference 

SLE  

(n=63) 

Non-SARDs 

(n=160) 
Difference 

SLE  

(n=104) 

Non-SARDs 

(n=215) 
Difference 

Work Disabled 

(Y/N)a 
2.4 (1.4-4.1) - - - - - - - - 

Any 

Absenteeism 

(Y/N)b 

- - - 1.7 (0.78-3.7) - - - - - 

Costs of 

Absenteeismc 
- - - 

$58  

($2-$139) 

$93 

($3-$233) 

-$35 

 (-$97 - -$1) 
- - - 

Any 

Presenteeism 

(Y/N)b  

- - - 1.3 (0.66-2.4) - - - - - 

Costs of 

Presenteeismc 
- - - 

$134 

($57-$266) 

$102 

($41-$207) 

$32  

($16-$59) 
- - - 

Any Paid Work 

Loss* (Y/N)b 
- - - 1.2 (0.63-2.4) - - - - - 
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 ALL EMPLOYED NOT-EMPLOYED 

 SLE  

(n=167) 

Non-SARDs 

(n=375) 
Difference 

SLE  

(n=63) 

Non-SARDs 

(n=160) 
Difference 

SLE  

(n=104) 

Non-SARDs 

(n=215) 
Difference 

Costs of Paid 

Work Lossc 
- - - 

$175 

($54-$348) 

$206 

($60-$419) 

-$31 

(-$71 - -$6) 
- - - 

Any Unpaid 

Work Loss 

(Y/N)b  

2.7 (1.8-4.1) - - 2.3 (1.1-4.7) - - 3.0 (1.8-5.1) - - 

Costs of Unpaid 

Work Lossc 

$203 

($26-$530) 

$76 

($7-$217) 

$127 

($19-$310) 

$141 

($7-$399) 

$54 

($2-$175) 

$87 

($5-$228) 

$248 

($42-$653) 

$92 

($11-$251) 

$156 

($30-$418) 

Any Paid or 

Unpaid 

Productivity 

Loss (Y/N)b 

2.0 (1.3-3.0) - - 1.6 (0.78-3.1) - - 3.0 (1.8-5.1) - - 

Hours of 

Productivity 

Lossc 

9.68 

(3.09-18.92) 

6.17 

(1.55-13.79) 

3.51 

(1.54-5.87) 

11.04 

(3.61-20.57) 

9.39 

(2.71-18.15) 

1.65 

(0.72-2.56) 

9.66 

(1.67-25.22) 

3.60 

(0.44-9.41) 

6.06 

(1.20-15.65) 
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 ALL EMPLOYED NOT-EMPLOYED 

 SLE  

(n=167) 

Non-SARDs 

(n=375) 
Difference 

SLE  

(n=63) 

Non-SARDs 

(n=160) 
Difference 

SLE  

(n=104) 

Non-SARDs 

(n=215) 
Difference 

Costs of 

Productivity 

Lossc 

$254 

($75-$535) 

$167 

($39-$392) 

$86 

($36-$154) 

$299 

($91-$616) 

$262 

($73-$563) 

$36 

($16-$59) 

$248 

($42-$653) 

$92 

($11-$251) 

$156 

($30-$418) 

Bolded differences are statistically-significant 

*Absenteeism or presenteeism 

aCalculated amongst those < 65 years of age 

bFrom the first part of the two-part model: logistic regression (expressed as odds ratio) with occurrence of productivity loss as the 

dependent variable  

cFrom the second part of the two-part model: generalised linear model (log-link and gamma distribution) with hours of productivity 

loss (or costs) as the dependent variable  
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Table 5.5: Results of Regression Analysis of Productivity Costs for Sjogren’s Syndrome (SjS) 

 ALL EMPLOYED NOT EMPLOYED 

 SjS  

(n=90) 

Non-SARDs 

(n=375) 
Difference 

SjS  

(n=33) 

Non-SARDs 

(n=160) 
Difference 

SjS  

(n=57) 

Non-SARDs 

(n=215) 
Difference 

Work Disabled 

(Y/N)a 
1.8 (0.85-3.6) - - - - - - - - 

Any 

Absenteeism 

(Y/N)b 

- - - 2.1 (0.86-5.2) - - - - - 

Costs of 

Absenteeismc 
- - - 

$88 

($16-$229) 

$99 

($15-$257) 

-$11 

(-$61 - $1) 
- - - 

Any 

Presenteeism 

(Y/N)b 

- - - 2.9 (1.2-7.0) - - - - - 

Costs of 

Presenteeismc 
- - - 

$188 

($88-$424) 

$98 

($37-$247) 

$90 

($51-$168) 
- - - 

Any Paid Work 

Loss* (Y/N)b 
- - - 3.2 (1.2-8.6) - - - - - 
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 ALL EMPLOYED NOT EMPLOYED 

 SjS  

(n=90) 

Non-SARDs 

(n=375) 
Difference 

SjS  

(n=33) 

Non-SARDs 

(n=160) 
Difference 

SjS  

(n=57) 

Non-SARDs 

(n=215) 
Difference 

Costs of Paid 

Work Lossc 
- - - 

$258 

($110-$460) 

$196 

($71-$408) 

$61 

($18-$113) 
- - - 

Any Unpaid 

Work Loss 

(Y/N)b 

2.0 (1.2-3.3) - - 3.5 (1.5-8.1) - - 1.5 (0.78-2.9) - - 

Costs of Unpaid 

Work Lossc 

$152 

($30-$345) 

$70 

($12-$172) 

$82 

($18-$185) 

$120 

($3-$392) 

$55 

($1-$205) 

$65 

($2-$179) 

$183 

($30-$477) 

$82 

($12-$212) 

$101 

($18-$266) 

Any Paid or 

Unpaid 

Productivity 

Loss (Y/N)b 

1.8 (1.1-3.1) - - 4.8 (1.6-14.7) - - 1.5 (0.78-2.9) - - 

Hours of 

Productivity 

Lossc 

9.16 

(3.44-15.62) 

5.74 

(1.77-11.02) 

3.42 

(1.69-4.81) 

14.24 

(6.20-21.83) 

8.98 

(3.59-15.80) 

5.26 

(1.87-7.65) 

7.09 

(1.23-17.45) 

3.16 

(0.49-7.79) 

3.92 

(0.74-9.73) 
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 ALL EMPLOYED NOT EMPLOYED 

 SjS  

(n=90) 

Non-SARDs 

(n=375) 
Difference 

SjS  

(n=33) 

Non-SARDs 

(n=160) 
Difference 

SjS  

(n=57) 

Non-SARDs 

(n=215) 
Difference 

Costs of 

Productivity 

Lossc 

$239 

($82-$434) 

$155 

($43-$317) 

$84 

($39-$124) 

$378 

($160-$600) 

$248 

($89-$457) 

$130 

($42-$204) 

$183 

($30-$477) 

$82 

($12-$212) 

$101 

($18-$266) 

Bolded differences are statistically-significant 

*Absenteeism or presenteeism 

aCalculated amongst those < 65 years of age 

bFrom the first part of the two-part model: logistic regression (expressed as odds ratio) with occurrence of productivity loss as the 

dependent variable  

cFrom the second part of the two-part model: generalised linear model (log-link and gamma distribution) with hours of productivity 

loss (or costs) as the dependent variable 
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Table 5.6: Results of Regression Analysis of Productivity Costs for Systemic Sclerosis (SSc) 

 ALL EMPLOYED NOT EMPLOYED 

 SSc  

(n=42) 

Non-SARDs 

(n=375) 
Difference 

SSc  

(n=16) 

Non-SARDs 

(n=160) 
Difference 

SSc  

(n=26) 

Non-SARDs 

(n=215) 
Difference 

Work Disabled 

(Y/N)a 
2.6 (0.94-6.9)   - - - - - - 

Any 

Absenteeism 

(Y/N)b 

- - - 2.3 (0.70-7.3) - - - - - 

Costs of 

Absenteeismc 
- - - 

$81 

($7-$226) 

$86 

($6-$239) 

-$5 

(-$33 - $4) 
- - - 

Any 

Presenteeism 

(Y/N)a 

- - - 1.7 (0.56-5.2) - - - - - 

Costs of 

Presenteeismc 
- - - 

$115 

($44-$289) 

$98 

($32-$256) 

$17 

($8 - $35) 
- - - 

Any Paid Work 

Loss* (Y/N)b 
- - - 1.8 (0.56-5.7) - - - - - 
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 ALL EMPLOYED NOT EMPLOYED 

 SSc  

(n=42) 

Non-SARDs 

(n=375) 
Difference 

SSc  

(n=16) 

Non-SARDs 

(n=160) 
Difference 

SSc  

(n=26) 

Non-SARDs 

(n=215) 
Difference 

Costs of Paid 

Work Lossb 
   

$169  

($72-$302) 

$186  

($65-$355) 

-$17 

(-$65 - $10) 
   

Any Unpaid 

Work Loss 

(Y/N)b 

3.0 (1.5-5.8) 

 

2.7 (1.4-5.3) 

 

- 

 

- 
5.1 (1.6-15.7) - - 

 

2.4 (0.98-5.9) 

 

2.0 (0.82-5.1) 

- - 

Costs of Unpaid 

Work Lossc 

 

$260  

($63-$902) 

 

$169 

($33-$411) 

 

$73 

($14-$245) 

 

$69 

($10-$190) 

 

$187 

($48-$660) 

 

$100 

($22-$235) 

$100 

($5-$332) 

$58 

($2-$220) 

$42 

($3-$99) 

 

$389 

($73-$1,413) 

 

$239 

($37-$648) 

 

$86 

 ($12-$292) 

 

$80 

($10-$248) 

 

$303  

($62-$1,071) 

 

$159 

($27-$432) 

Any Paid or 

Unpaid 

 

2.8 (1.4-5.5) 

 

- - 5.7 (1.2-27.1) - - 

 

2.4 (0.98-5.9) 

 

- - 
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 ALL EMPLOYED NOT EMPLOYED 

 SSc  

(n=42) 

Non-SARDs 

(n=375) 
Difference 

SSc  

(n=16) 

Non-SARDs 

(n=160) 
Difference 

SSc  

(n=26) 

Non-SARDs 

(n=215) 
Difference 

Productivity 

Loss (Y/N)b 

2.6 (1.3-5.2) 2.0 (0.82-5.1) 

Hours of 

Productivity 

Lossc 

12.72  

(5.89-19.50) 

 

8.76 

(3.46-14.43) 

5.61  

(1.82-10.15) 

 

5.57 

(1.55-11.03) 

7.11  

(4.07-10.37) 

 

3.19 

(1.79-4.35) 

11.62 

(5.77-17.65) 

8.58 

(3.56-15.49) 

3.04 

(0.47-5.48) 

15.19  

(3.01-52.00) 

 

9.31 

(1.35-23.98) 

3.30  

(0.48-10.67) 

 

3.11 

(0.36-8.12) 

11.88  

(2.54-38.55) 

 

6.20 

(1.01-15.94) 

Costs of 

Productivity 

Lossc 

 

$329  

($142-$520) 

 

$220 

($80-$399) 

 

$151  

($45-$292) 

 

$151 

($39-$317) 

 

$178  

($97-$260) 

 

$69 

($30-$102) 

$288 

($118-$465) 

$238 

($83-$417) 

$51 

(-$19 - $130)  

 

$389 

($73-$1,413) 

 

$239 

($37-$648) 

 

$86 

 ($12-$292) 

 

$80 

($10-$248) 

 

$303  

($62-$1,071) 

 

$159 

($27-$432) 

Italicised values are estimates after the removal of the outlier 

Bolded differences are statistically-significant 
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*Absenteeism or presenteeism 

aCalculated amongst those < 65 years of age 

bFrom the first part of the two-part model: logistic regression (expressed as odds ratio) with occurrence of productivity loss as the 

dependent variable  

cFrom the second part of the two-part model: generalised linear model (log-link and gamma distribution) with hours of productivity 

loss (or costs) as the dependent variable   
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Table 5.7: Summary of Factors Significantly Associated with Productivity Costs within SARDs 

 Systemic Lupus 

Erythematosus 
Systemic Sclerosis  Sjogren’s Syndrome 

Costs of Absenteeism 

University degree - 0.27 (0.11-0.65)a - 

Overweight - 3.77 (1.27-11.23)a - 

Costs of Paid Work Loss 

Pain score 0.40 (< 0.01)b - 0.38 (0.03)b  

Fatigue score 0.34 (0.01)b - 0.36 (0.04)b  

Functional disability (HAQ-DI) score 0.34 (0.01)b - 0.40 (0.02)b  

Costs of Unpaid Work Loss 

University degree 0.55 (0.33-0.93)a - - 

High household income (> $80,000) - 0.48 (0.27-0.86)a 0.39 (0.23-0.65)a 

Overweight 1.67 (1.05-2.63)a - 1.96 (1.14-3.39)a 

Past-or-present smoking - 1.99 (1.10-3.59)a - 

Comorbidity score 0.20 (0.01)b - - 

Pain score 0.31 (< 0.01)b - 0.39 (< 0.01)b 

Fatigue score 0.22 (< 0.01)b - 0.34 (< 0.01)b 

Functional disability (HAQ-DI) score 0.41 (< 0.01)b - 0.42 (< 0.01)b 

aUnadjusted cost ratio and 95% confidence interval, as determined from a generalised linear model 

(log-link and gamma distribution); bPearson correlation coefficient and p-value 

HAQ-DI=Health Assessment Question Disability Index
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Figure 5.1: Breakdown of Lost Productivity Costs by Component, Among all Participants (left) and Employed Participants (right)
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6. Discussion and Conclusion 

 In this final Chapter I briefly summarise the principal findings of this thesis, describe 

their implications and potential applications, discuss the key strengths and weaknesses, and 

propose some future studies that could extend this work. 

 

6.1 Summary of thesis findings  

 This thesis examined several important gaps in our knowledge about the economic 

burden of systemic autoimmune rheumatic diseases (SARDs), especially outside of systemic 

lupus erythematosus (SLE).   Although my three analysis chapters had somewhat different study 

populations and analytical approaches, the common aims were to assess the incremental 

economic burden of SARDs at the general population level, and assess the impact of low 

socioeconomic status (SES) on this burden. 

 

 For the studies presented in Chapters 3 and 4, I used administrative health data from the 

province of British Columbia (BC), Canada, to establish incident cohorts of each of nine SARDs 

over the period 1996 to 2010, and sex- and age-matched non-SARD comparison groups selected 

from the general population.  In Chapter 3, I used the administrative data to determine the mean 

per-person direct medical costs for each cohort and comparison group over the first five years 

after diagnosis.  These costs were highest during the first year after diagnosis (ranging from 

$11,630 for Sjogren’s syndrome (SjS) to $38,197 for Granulomatosis with polyangiitis (GPA)), 

decreased substantially between the first and second year, and remained relatively stable for the 

following three years.   
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 I subsequently used two-part generalised linear models to predict the incremental costs of 

SARDs (overall, and by SES group) during these first five years, while controlling for covariates 

and unequal follow-up times.  Adjusted mean per-person-year incremental costs ranged from 

$7,851 for SjS to $54,061 for GPA, with the majority from hospitalisations.  Moreover, for every 

SARD except polymyositis, predicted incremental costs for the low-SES group were 

significantly-greater than the high-SES.  This ‘excess’ in incremental costs (difference in mean 

per-person-year incremental costs between the low-SES and high-SES groups) averaged about 

$2,000 per-person-year for SLE, systemic sclerosis (SSc), and SjS, $2,790 for giant cell arteritis 

(GCA), and $2,917 for GPA.  Though driven mainly by hospitalisation costs, outpatient costs 

also contributed to this excess in incremental costs.   

 

 In Chapter 4, I investigated the incremental direct medical costs of SLE patients over the 

five years leading up to diagnosis, and five years following.  While adjusted mean per-person 

costs were significantly greater for SLE than non-SLE in each study year, the largest year-over-

year increases were in the final two years before diagnosis date.  In the last two years before SLE 

diagnosis, and most years after, being in the lowest-SES group was associated with significantly-

greater healthcare costs.  I also found that male SLE patients had significantly-greater costs than 

female SLE in the last two years before diagnosis, and the year following.   

 

 I rounded out this work in Chapter 5 by examining the incremental lost productivity costs 

of prevalent SARDs in BC.  The administrative health databases in BC do not contain 

productivity data, but I was able to collect these data by surveying a sample of the original 
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population-based SARD and non-SARD cohorts.  Following adjustment, the incremental costs of 

SLE, SSc, and SjS (the three-most common diagnoses in the survey subsample) were $86, $69, 

and $84 per-week, respectively (over-and-above the costs for non-SARDs), equivalent to $4,494, 

$3,582, and $4,357, respectively, per-year. Most productivity loss from paid work was from 

presenteeism, not absenteeism.  However, about twice as many SARDs as non-SARDs were 

work disabled (30-36% of SARDs, 18% of non-SARDs), and it was unpaid work loss that 

accounted for the majority of lost productivity costs among SARDs.  Results from univariable 

analyses suggested completion of university was associated with lower odds of work disability 

and lost productivity costs, while smoking and overweight were associated with greater costs. 

 

6.2 Contribution and applications 

6.2.1 Contribution 

When developing policy, setting priorities for research and care, and allocating public 

dollars, healthcare decision makers in Canada should draw upon generalisable, population-level 

cost estimates.  Due to transnational differences in healthcare delivery, health insurance systems, 

and drug access and prices, population-based estimates from Canadian settings are preferable to 

inform Canadian decision-making.  Before I undertook this thesis, there existed only one 

population-based estimate of the direct medical costs of any SARD in Canada (which did not 

include medication costs), and there were no Canadian data on the longitudinal costs of incident 

SARD patients, or the incremental healthcare or productivity costs of SARDs.    
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To address these and other knowledge gaps, our group established one of the world’s first 

population-based SARD cohorts.  I accessed 18 years of administrative health data for this 

unique cohort (plus a random sample of the general population to act as a comparison group), 

estimated the annual outpatient, hospitalisation, and prescription medication costs for the first 

five years after SARD diagnosis, and determined productivity costs for a sample of the cohorts.  

With this work, I overcame many of the limitations of previous studies, developed and 

implemented a novel method of recruitment, and generated new knowledge.   The survey data 

were collected through one of the first ‘request-to-contact’ endeavors for any disease group in 

Canada, and I have demonstrated that directly contacting individuals from administrative 

databases is a feasible way of recruiting general population-based samples of disease and non-

disease groups of comparable size, sex, and age, while minimising privacy concerns. In doing so, 

I added to our knowledge of the productivity impact of SARDs, producing the first-known 

population-level estimates of productivity costs in SjS, the first estimates of the incremental 

productivity costs of SSc, and among the first estimates of the incremental costs of paid and 

unpaid work loss in SLE.  The survey also enabled me to collect information not available in the 

administrative databases, including sociodemographic variables, health status and behaviours, 

and patient-reported outcomes, which will serve to enhance future population-level health 

research in SARDs and beyond.  

 

In addition, my estimates of the incremental direct medical costs and productivity costs 

were determined using more rigorous statistical techniques than have often been employed in 

SARDs, thus minimising statistical bias (deviation from the ‘true’ value).  Some studies have 
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computed the costs incurred by patients only for SARDs-related care(37,202,210,216,227), but 

evidence from other chronic inflammatory conditions(229,461) suggests such estimates of 

‘disease-related’ costs do not capture the added costs for managing complications of the disease.  

Others have compared the mean per-person costs of matched SARD and non-SARD cohorts, but 

without further adjustment for confounding(91,203,208).  I instead used two-part generalised 

linear models (which modelled both the probability of incurring any healthcare or productivity 

cost, and the expected cost itself), and G-computation techniques, to predict the policy-relevant, 

absolute, extra costs resulting from SARDs. 

 

6.2.2 Applications 

The cost estimates I produced will be useful in raising awareness of the burden of SARDs 

in Canada, and should inform ongoing research, priority-setting, and decision-making.  Some 

high-cost, mainly biologic, therapies are being investigated or used off-label in SARDs, 

including rituximab(160,161) and anifrolumab(172) in SLE, rituximab(157,158) and 

belimumab(159) in SjS, abatacept(168) and tocilizumab(165) in Takayasu’s, and rituximab(162–

164) and nintedanib in SSc(174).  As well, there is growing interest in the use of autologous 

haematopoietic stem cell transplantation for patients with severe and rapidly-progressing 

SSc(175–177).  Even if some of these new treatments provide incremental clinical or quality-of-

life benefits, their implementation will be scrutinised (justifiably) due to their increased cost 

relative to current treatments.  I anticipate my estimates could be incorporated into formal cost-

effectiveness analyses of these interventions in SARDs, or otherwise assist those deciding 

whether these therapies should be made available to Canadians through public or private 
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insurance plans.  As a timely example, Health Canada has just approved tocilizumab to be used 

for the treatment of GCA(462), a therapy far more expensive than glucocorticoids, the mainstay 

therapy, and CADTH is now deciding whether it should be listed on Canada’s publicly-funded 

drug formularies for this purpose(155).  My cost estimates could be used to populate an 

economic model to help determine the value for money for this agent.  

  

I expect my analysis of productivity costs will bring attention to the incremental 

productivity burden SARDs impart on patients, employers, and Canadian society, including the 

significant contribution from ‘hidden’ or under recognised sources like presenteeism and 

impairment with unpaid work activities.  CADTH(358), along with national health technology 

assessment agencies in Australia(463), Ireland(360), and the United Kingdom (UK)(359), make 

their evaluations from a health system (payer) perspective, and so do not consider productivity 

gains or costs in their decision-making.  However, productivity outcomes are important to 

patients, and my findings show there is a need to develop and implement strategies to mitigate 

and prevent productivity loss in SARDs.  They also reinforce the importance of including paid 

and unpaid productivity loss, and changes in productivity and employment, as outcome measures 

in clinical research (which has been done in trials of rheumatoid arthritis (RA)(378,464,465)), 

and the monitoring of patients’ disease status and well-being in clinical practice.   

 

6.3 Policy implications and ongoing research 

 Although I did not conduct a full economic evaluation, several aspects of my findings, 

including the impact of SES on the incremental costs of SARDs, and their incremental 
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productivity burden, should be of interest to policymakers, and warrant further investigation.  

These aspects are detailed below. 

 

6.3.1 Socioeconomic status and incremental direct medical costs 

 Prior to this work, very little was known about the impact of SES on direct medical costs 

in SARDs, especially among incident cases.  In Chapter 4, I found that low SES was associated 

with significantly-greater all-cause direct medical costs (among SLE) during the fourth, second, 

and first years before diagnosis, and most years after.  Moreover, in Chapter 3, I analysed the 

costs of each SARD and corresponding non-SARD cohort together and found that low SES had a 

striking effect on the incremental costs of most SARDs.  This was mainly (though not entirely) 

from incremental hospitalisation costs.  Given that low SES has been associated with poorer 

health(272) and greater healthcare costs(273) in the general population, my Chapter 4 findings 

(though the first of their kind) were not unexpected.  My findings from Chapter 3, however, 

provide evidence that the greater costs incurred by low-SES SARD patients are not simply a 

reflection of the socioeconomic cost gradient seen in general populations.  Instead, low-SES 

patients appear to incur greater costs for the management and treatment of SARDs and 

associated complications.   

 

This is noteworthy given these studies were conducted in a publicly-funded healthcare 

setting where healthcare coverage is available to all legal residents, medically-necessary 

outpatient and hospital care are obtained without co-payments, and income-based subsidies are 

available for health insurance premiums and prescription medication costs.  As such, these SES 
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disparities cannot be attributed to the individual’s ability to pay for medical care directly.  

Instead, two alterative (though potentially overlapping) explanations for these cost disparities 

pertain to differences in health status and behaviours between SES groups, and access to (or 

receipt of) care.  Regarding health status and behaviours, I proposed in Chapter 3 that smoking or 

obesity rates may have been greater among the low-SES SARD patients, a phenomenon that has 

been observed in general populations(387–389), and in SLE specifically(234).  Smoking and 

elevated body mass index (BMI) have been associated with poorer health outcomes specific to 

SARDs, including higher levels of SLE disease activity(390) and hospitalisation for lupus 

flare(395).  Severe flare(32,205,214) and greater disease activity(253) have, in turn, been 

associated with higher costs. Unfortunately, the BC administrative databases do not contain 

information on smoking or BMI, so I could not assess the prevalence of smoking or obesity 

across SES groups or their impact on costs, but this should be examined in future (preferably 

population-based) studies where such data are available.  If these factors are more prevalent in 

lower-SES SARD patients, initiatives to modify these factors may improve SARD-specific 

outcomes, and be cost-saving.   

 

On a related note, the risk of certain cardiovascular complications is elevated in 

SARDs(42–59), and the low-SES SARD patients may have developed more of these 

complications (and incurred more costs) than the high-SES.  Support is provided by findings 

from the Hopkins Lupus Cohort in the United States (USA), where SLE patients in the lowest-

income group had increased risks of cerebrovascular accident (CVA) and myocardial 

infarction(234), and the UK Clinical Practice Research Datalink, where GCA patients living in 
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the most deprived areas had an increased risk of CVA and cardiovascular disease(396).  As with 

health behaviours, the presence of any socioeconomic differences in these risks should be 

examined in future population-based studies.  If present, targeted efforts to prevent these 

complications may be a means of reducing the medical costs from SARDs. 

 

 SARD patients from lower socioeconomic groups may also experience barriers or gaps in 

care that ultimately contribute to the accrual of more costs.  Though SARDs-specific data are not 

available, such gaps in care have been reported for other forms of arthritis in BC.  In one 

population-based study, RA patients of higher SES were more likely to receive specialist care, 

and to receive guideline-based DMARD treatment, adjusting for regional variation and (in the 

DMARD analysis) physician specialty(11).  In another population-based study, of osteoarthritis, 

low neighbourhood-level SES was associated with fewer consultations with an orthopaedic 

surgeon, and fewer joint replacement surgeries, even after adjustment for comorbidities(311). 

   

6.3.2 Expediting diagnosis and treatment 

 As I studied cohorts of newly-diagnosed SARDs, delays in diagnosis and the initiation of 

treatment may have contributed to the cost disparities I observed.  The low-SES SLE (defined as 

the lowest-SES quintile in Chapter 4, and the two-lowest quintiles in Chapter 3) and SjS patients 

had significantly-greater odds of being diagnosed with their SARD in hospital, controlling for 

age, comorbidities, urban/rural residence, and other covariates.  Low SES individuals may put 

off seeking care for initial symptoms, or experience organisational barriers in accessing specialty 

or follow-up care, that land them hospital at the time of diagnosis, requiring more complex care.  
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Low household income has been associated with delayed presentation to rheumatology care 

among paediatric SLE patients in the United States(386).  While access to primary and specialist 

care is more universal within the Canadian healthcare system, such socioeconomic disparities 

have been reported in pan-Canadian studies of inflammatory arthritis.  Children with juvenile 

idiopathic arthritis whose parents were highly-educated had shorter times from symptom onset to 

consultation with a paediatric rheumatologist(425), while low income was associated with a 

longer time to diagnosis among adults with RA(466).  Moreover, in a UK study of GCA, 

increased symptom duration (before initiation of treatment) appeared to mediate the relationship 

observed between low SES and the development of more ischaemic complications(467). 

 

 Since the endpoint measured in this thesis was costs, and not health outcomes, I do not 

know if the greater costs incurred by the low SES patients resulted from them having poorer 

clinical outcomes that required more expensive treatment and care.  This should be examined in 

future studies.  It is possible that clinical outcomes were similar across SES groups, but low SES 

patients consumed more unnecessary or ‘low-value’ healthcare resources.  However, one would 

expect such ‘low-value’ utilisation to occur in the outpatient setting, and for medications, while 

low SES was associated with a substantial excess in the incremental costs for inpatient 

hospitalisations.   

 

 With that in mind, strategies to reduce the time to diagnosis may be a means of reducing 

the incremental costs of newly-diagnosed SARDs, and socioeconomic disparities in these costs.  

In Chapter 4, my analysis of pre-index costs, I found that SLE had significantly-greater adjusted 
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costs than non-SLE during each pre-index year, even in the fifth year before SLE diagnosis.  

Early initiation of hydroxychloroquine (HCQ) in SLE (after initial symptoms, but before 

accumulation of ≥ four ACR criteria) has been shown to delay the accumulation of additional 

criteria(237), while persistent use of HCQ in newly-diagnosed patients has been associated with 

a longer clinically quiescent phase(434).  Thus, earlier initiation of HCQ among SLE or ‘pre-

SLE’ could be cost effective.  Additional support is provided by a retrospective analysis of US 

commercial claims data(210) wherein ‘early’ diagnosis of SLE (within six months of symptom 

onset) was associated with fewer flares, and lower levels of post-diagnosis healthcare costs, 

compared to those diagnosed 6-12 months after symptom onset.  However, the possible harms 

and added costs of HCQ or other pre-emptive treatments (including the consequences of treating 

false-positive cases of SLE) will require careful evaluation.  Such evaluation could be conducted, 

in part, with the longitudinal, population-based, routinely-collected data used in this thesis.  

 

 Still, with the lack of definitive diagnostic tests for SARDs, the variable and non-specific 

nature of the initial symptoms, and shortage of rheumatologists in many areas of Canada(468), 

earlier diagnosis will not be easy to achieve.  Due to the low sensitivity and specificity for 

detecting connective tissue diseases, Choosing Wisely committees in Canada(469) and the 

USA(470) advise against using ANA tests to screen for SLE or other connective tissue diseases 

in patients without specific signs or symptoms.  UK researchers recently developed a risk-

prediction model to help reduce delay in SLE diagnosis among patients presenting to primary 

care, and while model discrimination was good and specificity was high (90-95%), SLE is 

relatively uncommon, which rendered the sensitivity and positive predictive value (PPV) of the 
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model rather low (24-34%, and 0.07-0.09%, respectively)(419).  SLICC investigators have 

suggested that the presence of autoimmune disease be considered in patients with premature 

atherosclerotic disease(429).  This may be especially key for identifying SLE in males, who are 

more likely than females to have cardiovascular or renal disease at the time of SLE 

diagnosis(416,417,420,421,471,472).  

 

Less is known about the existence of sociodemographic or socioeconomic delays in 

diagnosis and treatment of other SARDs, how diagnosis might be expedited, and the potential 

added value.  Canadian Scleroderma Research Group investigators initially identified female sex 

as being associated with a longer time to diagnosis in diffuse cutaneous SSc(473), but this was 

attenuated in a subsequent analysis conducted with a larger sample size(474).  A study from 

northern Saskatchewan (Canada) found that individuals with GPA and other forms of renal-

associated vasculitis living in rural areas had a significantly longer time from symptom onset to 

diagnosis (mean 1.3±0.94 vs. 3.5±3.8 months), and higher levels of disease activity at diagnosis, 

than those living in the main metropolitan area(475).  In a UK analysis of healthcare utilisation 

for GPA (and non-GPA controls) in the five years prior to diagnosis, the biggest predictor of 

GPA diagnosis was a high-volume of healthcare utilisation during the final 12 months (≥ 30 

primary or secondary care encounters, ≥ 20 primary care consultations, or visits to ≥ 4 different 

specialty clinics), rather than primary care consultations for any specific clinical symptoms or 

features(476).  Those authors suggested that efforts to expedite the diagnosis of GPA should 

focus on those most-frequently visited specialties (ear-nose-and-throat, ophthalmology, 

rheumatology, gastroenterology, and urology) rather than primary care(476).   
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Regarding SjS, two serologic markers (hypergammaglobulinaemia and 

hypocomplementaemia) were predictive of progression to SjS (fulfillment of ≥ two of three ACR 

classification criteria) among an international cohort of individuals with suspected SjS(477).  

Unfortunately, while pre-emptive treatment was not the focus of that study, examination of those 

who did receive immune-modulators/immune-suppressants suggested those treatments did not 

impact progression to SjS.  For GCA, it has been suggested(467) that public awareness 

campaigns, like those used in stroke, may help increase awareness of the symptoms of GCA, and 

need for prompt medical attention to prevent vision loss and other serious complications.  The 

fact that GCA patients enrolled in a fast-track referral pathway at one UK hospital had reduced 

odds of vision loss (compared to a historical cohort)(478) provides additional support that 

increased public and health professional awareness of GCA, along with streamlined referral 

processes, may be helpful in reducing complications. 

 

6.3.3 Lost productivity costs 

The productivity burden of SARDs was substantial, even among my less-selected, 

population-based sample. This suggests that more needs to be done to improve productivity 

outcomes in patients with these chronic diseases.  From a policy standpoint, individuals with 

SARDs should be supported in their efforts to remain employed (in their current position, or a 

more suitable one), while employers should be encouraged to hire qualified individuals with 

chronic diseases such as SARDs, and provide the accommodations needed for them to be (or 

stay) productive.  Work cessation is costly for individuals (due to lost income and employment 

benefits) and employers, who incur costs directly (to hire and train replacement workers) and 
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indirectly (from reductions in productivity during this transition or ‘friction’(479) period).  Since 

poor health can negatively impact productivity (for example, in the Lupus Outcomes Study, both 

increased disease activity, and the development of organ manifestations, increased the risk of 

work loss(291)), prevention and improved management of the acute manifestations and 

complications of SARDs may benefit productivity alongside.  Still, my review of the 

literature(256) (summarised in Chapter 1) suggested that the main drivers of lost productivity are 

often not disease activity or other disease-specific items, but rather more generalised factors such 

as pain, fatigue, depression, and cognitive dysfunction.  Thus, increased availability and uptake 

of workplace accommodations (i.e. flexibility in work hours or location(438,454), voice-

recognition software to reduce keyboarding time(438), training for a different position(454)) may 

help individuals with SARDs manage these factors and remain employed and productive.  

 

Some vocational interventions to prevent work loss in arthritis have been developed, 

including “Work-It”(480), a program for those with self-reported arthritis, rheumatologic 

conditions, or chronic low-back pain, and “Making it Work”(481), a program based at Arthritis 

Research Canada for individuals with RA, psoriatic arthritis, spondyloarthropathies, and SLE.  

While these programs are still being evaluated, the initial assessments show some promise: 

Work-It was deemed feasible to implement, and efficacious at reducing work cessation, though 

did not reduce limitations while performing work(482), and Making It Work participants 

reported decreases in the extent to which fatigue interfered with work(483).  If these programs 

are eventually deemed to be efficacious and cost-effective, my thesis findings would provide 

additional support for them to be made more widely available to individuals with SARDs.   
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Finally, in assessing the determinants of productivity loss among SARDs, I found that 

completion of a university degree was associated with decreased odds of work disability in SLE, 

and increased productivity costs in SLE and SSc.  While these were cross-sectional relationships, 

and I did not adjust for potential confounders, they are consistent with other 

reports(238,260,269).  Since higher education may allow individuals to hold jobs that offer more 

flexibility(240) or other accommodations(454) known to foster employment for people with 

SARDs, this finding provides additional incentive to support newly-diagnosed patients in 

completing their education.   

 

6.4 Strengths and limitations 

The research discussed in this thesis must be considered in light of its strengths and 

limitations, with one overarching limitation being its observational nature.  For one, though my 

direct cost analyses were adjusted for age, sex, and measures of baseline comorbidities, 

urban/rural residence, and healthcare utilisation, my findings are still subject to residual 

confounding.  Thus, I cannot definitively say that low SES is a causal contributor to the 

incremental direct medical costs of SARDS. 

 

As discussed in previous chapters, many of the specific strengths and limitations stem 

from the population-based nature of the data that were analysed.  The SARD cohorts were 

identified from ICD codes recorded in the administrative data, and self-report diagnoses in the 

survey, and disease status was not clinically-confirmed.  However, I used an established case 

definition to identify SARDs in the administrative data, and findings from Canada(333,401) and 
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Europe(76,334–337), including the UK General Practice Research Database(334–336), support 

the validity of the algorithms and diagnostic codes used.  In the Canadian studies, potential cases 

of SARDs(333) or SLE-specifically(401) were identified from administrative physician billings 

and hospital discharge data covering all residents of the province of Nova Scotia.  The 

administrative data diagnoses were compared to those recorded by rheumatologists in the charts 

of patients seen at The Arthritis Centre of Nova Scotia (the gold standard).  In the SARDs study, 

by Bernatsky et al.(333), positive predictive value (PPV) ranged from 57% (for SLE) to 73% 

(for SjS), while in the SLE study, by Hanly et al.(401), the comparative PPV was 91%.  It must 

be recognised that PPV is prevalence-dependent, and only patients seen at The Arthritis Centre 

(and thus more likely to receive a clinical diagnosis of a SARD than would a sample of the 

general population) were included in those two validation studies.  But while the PPVs may have 

been overestimated, the specificity in the Bernatsky et al.(333) study in particular (73% for SLE, 

95-96% for the other SARDs) was likely an underestimate, since, for each SARD, there were 

more false-positive diagnoses recorded than would be expected among the general population: 

they only included individuals with at least one SARD ICD code, and most of the false-positives 

(for a particular SARD) did receive a clinical diagnosis for another SARD or a related rheumatic 

disease(333).  Of note, the comparative specificity for SLE was much higher (98%) in the Hanly 

et al.(401) study, whose control cohort consisted of patients seen at The Arthritis Centre, but 

without an administrative data diagnosis for either SLE or another connective tissue disease. 

 

Unlike assessments of clinical outcomes, where specificity is key, mine was a population-

level analysis of healthcare use and costs for which sensitivity was more important.  Adding 
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prescription medication use to the case definition for every SARD may have increased 

specificity, but sensitivity would have decreased alongside.  My capturing patients who obtained 

care in a variety of settings, with varying levels of health resource consumption, made my 

estimates less biased and more generalisable.  Studying only patients attending tertiary clinics 

would likely overestimate costs, since they tend to be more complex (often with more severe 

disease) and thus have higher levels of healthcare utilisation.   Disease severity aside, patients 

attending academic/tertiary clinics may also consume more healthcare resources as a result of 

being treated by ‘expert’ physicians with a special interest in their SARD(35). 

 

When analysing the survey data, I was blinded to the diagnoses recorded in the 

administrative data, and so classified each participant’s disease status from their self-reported 

diagnoses.  There are little data available on the accuracy of self-reported diagnoses for SARDs, 

especially outside SLE.  Confirmation rates were low for self-reported diagnoses of SLE 

(10/48=21%), SSc (1/6=17%), SjS (11/29=38%), and PM/DM (1/23=4%) in the Women’s 

Health Cohort Study(457), but were much higher in Canadian studies of first-degree relatives of 

SLE patients (plus matched population controls)(458), and SARD patients recruited from tertiary 

clinics (plus ‘other disease’ and ‘healthy’ controls)(440).  Among the first-degree relatives, 

confirmation rates were 88% for self-reported SLE (15/17 records reviewed), 100% for SSc 

(3/3), and 86% for SjS (6/7 records reviewed). A key determinant of the accuracy of these 

diagnoses is the expected prevalence of the condition in the study population.  Since Women’s 

Health Cohort participants were recruited from a large sample of female health professionals, 

without regards to their disease status, the expected accuracy of their self-reported SARD 
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diagnoses would be lower than those of first-degree relatives of SLE patients, who are much 

more likely to have a connective tissue disease.  This lends support to the accuracy of the self-

reported diagnoses in my study since, instead of sampling from the community-at-large (where 

the prevalence of SARDs is low), I recruited from population-based cohorts that had already met 

a validated case definition for at least one SARD.  Moreover, participants were asked to only 

report diagnoses of SARDs and other conditions that had been given by a health professional.    

 

 As the information in the databases were collected for administrative, and not research, 

purposes, detailed clinical and health behaviour data were not available, nor were any patient-

reported outcome measures.  This meant, for example, I could not distinguish between diffuse 

and limited subsets of SSc, or assess the impact of disease activity or cigarette smoking on direct 

medical costs.  Still, the administrative data source lent this research some key strengths.  The 

databases captured the day-to-day healthcare resource utilisation of nearly all residents of the 

province (population ~3.5 million adults(309)) for more than 15 years.  Included were data on 

virtually all community-dispensed prescription medications, regardless of payer, and all 

provincially-funded inpatient hospitalisations and fee-for-service outpatient encounters, though 

not outpatient care provided on a contract or salary basis.  This enhanced the generalisability of 

my findings within the province and country (though they may not be generalisable to SARD 

patients in different countries and healthcare settings), and allowed me to assess incremental 

costs on a longitudinal basis, right from diagnosis, with a larger sample than would be possible 

from many clinic-based settings.  This is an improvement upon disease registries and clinic-

based inception cohorts, where patients may be enrolled up to 15 months after diagnosis (as in 
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the SLICC cohort(380)), and those who remain severely ill or die shortly after diagnosis may not 

be enrolled at all.  Furthermore, I was able to collect data from a random sample of the SARD 

and non-SARD individuals in these databases, allowing me to assess the incremental 

productivity impact of SARDs with minimal selection bias. 

 

6.5 Future directions  

 The findings I presented in my analysis chapters generated new questions and hypotheses 

about the economic burden of SARDs that should be addressed in future studies.  Some of these I 

described in Section 6.3 when discussing the policy implications of my findings on the direct 

medical costs of SLE before diagnosis, and impact of SES on the additional costs from SARDs: 

• Examining (preferably at the population level) the prevalence of smoking and elevated 

BMI across SES groups, and their impact on the incremental costs of SARDs (page 258) 

• Examining (at the population level) the risks of costly cardiovascular complications and 

other poor clinical outcomes across SES groups in SARDs (pages 258-259) 

• Assessing the impact of early hydroxychloroquine exposure (prior to, or upon, diagnosis) 

on downstream outcomes and costs in SLE patients overall, and by SES (page 261) 

 

I now discuss three additional data linkage studies, the findings of which may help us understand 

and mitigate the burden of SARDs: 
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6.5.1 Linkage with data on emergency department visits 

 In another Canadian province, a population-based cohort of newly-diagnosed SLE had 

significantly more emergency room (ER) visits than non-SLE(90).  I did not have access to data 

on ambulatory ER visits, but these have recently become available, which will allow us to 

tabulate ER utilisation for the SARD cohort, and cost-out these visits over time.  Since ER visits 

are more expensive than office visits, and often avoidable (potentially reflecting poor access to 

appropriate outpatient care, or transitions between care settings(484)), reducing ER visits for 

SARDs could help improve care and save costs.  Moreover, there likely exist socioeconomic 

disparities in emergency department use among SARDs, since these have been reported among 

the Canadian general population(485–487).  As such, clinicians and policymakers would benefit 

from specific estimates of the incremental volume and costs of ER visits for those with SARDs, 

reasons for these visits, and characteristics of patients who frequent the ER.  

 

6.5.2 Linkage of survey and administrative data 

While survey participants were recruited from amongst the SARD and non-SARD 

cohorts identified in the administrative data, survey data were not linked with administrative data 

for this thesis.  However, I have been granted approval for this, and my next step is to link and 

analyse these data together.  This will allow me to assess how key sociodemographic, 

socioeconomic, and health behaviour variables (as collected in the survey) are associated with 

levels of healthcare utilisation and costs.  In particular, it will provide greater insight into which 

socioeconomic measures (i.e. neighbourhood income level, household income level, or 



 

 

271 

 

educational attainment) are associated with healthcare costs, and the potential mechanisms; for 

example, if smoking or obesity rates are greater in the lower-SES members of these cohorts.  

 

Two potential caveats will be the small number of survey participants (n=671) relative to 

subjects in the databases (thousands), and time lag between when the administrative and survey 

data were collected.  However, many of the variables are truly time-invariant (i.e. race/ethnicity) 

or otherwise unlikely to change over short periods of time (i.e. educational attainment, past-or-

present smoking status).  With regards to sample size, survey data may eventually be imputed for 

the entirety of each SARD and non-SARD cohort, enhancing research into the rarer SARDs.   

 

6.5.3 Productivity costs among incident cohorts 

My survey was novel in many respects, but gaps still exist in our understanding of the 

productivity burden of SARDs.  For one, I was unable to recruit sufficient numbers of 

individuals with the less-common SARDs (PM, DM, and SV), so their productivity costs remain 

unknown.  As it was a cross-sectional survey, I was unable to assess changes in productivity over 

time, and any correlations between these changes and levels of pain, fatigue, or health-related 

quality-of-life.  Moreover, while I observed that levels of pain, fatigue, and functional disability 

were associated with work disability and productivity costs, it is unclear when these factors 

became elevated in relation to work cessation or decrements in productive time. 

 

I am currently conducting a follow-up survey (administered approximately one year after 

the initial survey), which will provide some information on changes in both productivity and 
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patient-reported outcomes over time.  However, the survey participants tended to be older, with 

established disease (mean disease durations of 18, 13, and 12 years in SLE, SSc, and SjS, 

respectively), so I do not anticipate substantial changes in their productivity costs or employment 

status.  Since mortality is elevated in SLE(488) and SSc(123), especially early-on(123), findings 

from these prevalent cohorts are also subject to survival bias.  As work disability can strike 

quickly (about one-quarter of patients with early SSc in both Canada(241) and Sweden(252) 

were work disabled), work transitions and longitudinal patterns in productivity loss should 

ideally be assessed in a cohort of newly-diagnosed SARDs.  Although early disease 

manifestations may impact productivity even before the diagnosis is confirmed, this would 

minimise the ‘healthy worker effect’(265) wherein those with the greatest impairments (heath 

impairments, workplace barriers, or both) are likely to leave the paid workforce at an earlier 

time, and those still employed are likely to have milder or better-controlled disease.    

 

Importantly, the longitudinal study of incident cohorts would also help identify true 

predictors of work disability and productivity impairment.  I did not ask participants about their 

employment status at diagnosis or subsequent work transitions, and even if I did, I did not have 

access to data on time-varying factors like body mass index or levels of fatigue at the time of 

diagnosis.  With knowledge of these true predictors, newly-diagnosed patients could be offered 

tailored interventions to help keep them in the workforce, if they so desire, and maintain their 

levels of productivity in paid and unpaid activities.  For example, some non-pharmacologic 

interventions have been effective at reducing fatigue in SLE(456) and SjS(455).   
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Logistical issues prevented me from recruiting incident patients from the administrative 

databases for this study; for one, there is a few-years’ lag between when the initial diagnosis is 

made (and first recorded in the database), and when researchers can access the datafiles 

containing that diagnosis and request an individual’s contact information.  Thus, in order to study 

cohorts of incident SARDs and ensure generalisability of the results, participants would need to 

be recruited from a variety of sources, including tertiary clinics, academic and community 

rheumatology practices, support groups, and online networks.  The self-reported data collected 

from these individuals soon after diagnosis could eventually be linked to their administrative 

health data for the same period of time.  For the less common SARDs, recruitment from multiple 

provinces may be needed to achieve sufficient sample size. 

 

6.6 Conclusion  

 In this thesis, I assessed the population-level economic burden of systemic autoimmune 

rheumatic diseases (SARDs) in the province of British Columbia (BC), Canada.  In doing so, I 

provided some of the first estimates of the longitudinal, incremental direct medical costs of 

SARDs over the first five years after diagnosis, incremental direct medical costs of systemic 

lupus erythematosus (the most common SARD) in the years leading up to diagnosis, and the 

incremental lost productivity costs of SARDs.  These figures provide a benchmark for ongoing 

assessments of the burden of SARDs, and will guide decision making surrounding the many 

biologic medications and other interventions emerging for the treatment, and possibly the 

prevention, of these diseases.  Although there exist many unmet medical needs in SARDs, most 
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of the new therapies will be considerably more expensive than the immune-modulators and 

immunosuppressants used currently, and their value for public money needs to be evaluated.  

 

One of my key findings was that, even in a publicly-funded, universal healthcare system 

where medically-necessary care is accessed without co-payments, low socioeconomic status 

(SES) at the time of SARD diagnosis was associated with significantly-greater odds of 

hospitalisation during the first five years after diagnosis, and significantly-greater incremental 

healthcare costs.  This generated additional questions and hypotheses on the mechanisms of this 

relationship, including potential gaps in SARD-related care for low-SES patients, which should 

be investigated as means of minimising disparities and reducing the economic burden of SARDs.   

 

 My research on the lost productivity costs of SARDs illustrated the substantial impact 

SARDs can have on employment and the performance of paid and unpaid work, as compared to 

the general population.  These findings underscore the need for policies and 

interventions/accommodations to help patients become and remain employed (if they so desire), 

and productive in their paid and unpaid work activities.  They also illustrate how performance of 

both paid and unpaid work should be included as outcome measures in research studies, and the 

ongoing clinical assessment of SARD patients.  All-in-all, the research presented in this thesis is 

an important first step in improving our understanding of the economic burden of these cunning, 

lifelong diseases.  



 

 

275 

 

References 

1.  Yilmaz N, Can M, Oner FA, Kalfa M, Emmungil H, Karadag O, et al. Impaired quality of 
life, disability and mental health in Takayasu’s arteritis. Rheumatology. 2013 
Oct;52(10):1898–904.  

2.  Abularrage CJ, Slidell MB, Sidawy AN, Kreishman P, Amdur RL, Arora S. Quality of life 
of patients with Takayasu’s arteritis. J Vasc Surg. 2008 Jan;47(1):131-136; discussion 
136-137.  

3.  Hudson M, Thombs BD, Steele R, Panopalis P, Newton E, Baron M, et al. Quality of life 
in patients with systemic sclerosis compared to the general population and patients with 
other chronic conditions. J Rheumatol. 2009 Apr;36(4):768–72.  

4.  Jolly M. How does quality of life of patients with systemic lupus erythematosus compare 
with that of other common chronic illnesses? J Rheumatol. 2005 Sep;32(9):1706–8.  

5.  Carpenter DM, Thorpe CT, Lewis M, Devellis RF, Hogan SL. Health-related quality of 
life for patients with vasculitis and their spouses. Arthritis Rheum. 2009 Feb 
15;61(2):259–65.  

6.  Faurschou M, Sigaard L, Bjorner JB, Baslund B. Impaired health-related quality of life in 
patients treated for Wegener’s granulomatosis. J Rheumatol. 2010 Oct;37(10):2081–5.  

7.  Avina-Zubieta J, Sayre E, Bernatsky S, Lehman A, Shojana K, Esdaile J, et al. Adult 
Prevalence of Systemic Autoimmune Rheumatic Diseases (SARDs) in British Columbia, 
Canada. Arthritis Rheum. 2011;62(Suppl 10).  

8.  Kopec JA, Rahman MM, Berthelot JM, Petit CL, Aghajanian J, Sayre EC, et al. 
Descriptive epidemiology of osteoarthritis in British Columbia, Canada. J Rheumatol. 
2007 Feb;34(2):386–93.  

9.  Rai SK, Aviña-Zubieta JA, McCormick N, De Vera MA, Shojania K, Sayre EC, et al. The 
rising prevalence and incidence of gout in British Columbia, Canada: Population-based 
trends from 2000 to 2012. Semin Arthritis Rheum. 2017 Feb;46(4):451–6.  

10.  Lacaille D, Avina-Zubieta JA, Sayre EC, Abrahamowicz M. Improvement in 5-year 
mortality in incident rheumatoid arthritis compared with the general population—closing 
the mortality gap. Ann Rheum Dis. 2017 Jun;76(6):1057–63.  

11.  Lacaille D, Anis AH, Guh DP, Esdaile JM. Gaps in care for rheumatoid arthritis: A 
population study. Arthritis Care Res. 2005;53(2):241–8.  



 

 

276 

 

12.  Bernatsky S, Joseph L, Pineau CA, Belisle P, Hudson M, Clarke AE. Scleroderma 
prevalence: demographic variations in a population-based sample. Arthritis Rheum. 2009 
Mar 15;61(3):400–4.  

13.  Salvarani C, Cantini F, Hunder GG. Polymyalgia rheumatica and giant-cell arteritis. 
Lancet Lond Engl. 2008 Jul 19;372(9634):234–45.  

14.  Luqmanl R. Chapter 90: Polyarteritis Nodosa and Related Disorders. In: Kelley and 
Firestein’s Textbook of Rheumatology. 10th ed. Philadelphia, PA: Elsevier; 2017.  

15.  Stone J. Chapter 87: Classification and Epidemiology of Systemic Vasculitis. In: Kelley 
and Firestein’s Textbook of Rheumatology. 10th ed. Philadelphia, PA: Elsevier; 2017.  

16.  Chung S, Monach P. Chapter 89: Anti-neutrophil Cytoplasmic Antibody–Associated 
Vasculitis. In: Kelley and Firestein’s Textbook of Rheumatology. 10th ed. Philadelphia, 
PA: Elsevier; 2017.  

17.  Hellmann D. Chapter 88: Giant Cell Arteritis, Polymyalgia Rheumatica, and Takayasu’s 
Arteritis. In: Kelley and Firestein’s Textbook of Rheumatology. 10th ed. Philadelphia, PA: 
Elsevier; 2017.  

18.  Shahane A, Patel R. The epidemiology of Sjögren’s syndrome. Clin Epidemiol. 2014 
Jul;247.  

19.  Watts RA, Gonzalez-Gay MA, Lane SE, Garcia-Porrua C, Bentham G, Scott DG. 
Geoepidemiology of systemic vasculitis: comparison of the incidence in two regions of 
Europe. Ann Rheum Dis. 2001 Feb;60(2):170–2.  

20.  Dall’Era M, Cisternas MG, Snipes K, Herrinton LJ, Gordon C, Helmick CG. The 
Incidence and Prevalence of Systemic Lupus Erythematosus in San Francisco County, 
California: The California Lupus Surveillance Project. Arthritis Rheumatol. 2017 
Oct;69(10):1996–2005.  

21.  Izmirly PM, Wan I, Sahl S, Buyon JP, Belmont HM, Salmon JE, et al. The Incidence and 
Prevalence of Systemic Lupus Erythematosus in New York County (Manhattan), New 
York: The Manhattan Lupus Surveillance Program. Arthritis Rheumatol. 2017 
Oct;69(10):2006–17.  

22.  Housey M, DeGuire P, Lyon-Callo S, Wang L, Marder W, McCune WJ, et al. Incidence 
and Prevalence of Systemic Lupus Erythematosus Among Arab and Chaldean Americans 
in Southeastern Michigan: The Michigan Lupus Epidemiology and Surveillance Program. 
Am J Public Health. 2015 May;105(5):e74–9.  



 

 

277 

 

23.  Lim SS, Bayakly AR, Helmick CG, Gordon C, Easley KA, Drenkard C. The incidence 
and prevalence of systemic lupus erythematosus, 2002-2004: The Georgia Lupus Registry. 
Arthritis Rheumatol. 2014 Feb;66(2):357–68.  

24.  Somers EC, Marder W, Cagnoli P, Lewis EE, DeGuire P, Gordon C, et al. Population-
based incidence and prevalence of systemic lupus erythematosus: the Michigan Lupus 
Epidemiology and Surveillance program. Arthritis Rheumatol. 2014 Feb;66(2):369–78.  

25.  Feldman CH, Hiraki LT, Liu J, Fischer MA, Solomon DH, Alarcón GS, et al. 
Epidemiology and sociodemographics of systemic lupus erythematosus and lupus 
nephritis among US adults with Medicaid coverage, 2000-2004. Arthritis Rheum. 2013 
Mar;65(3):753–63.  

26.  Mayes MD, Jr JVL, Beebe-Dimmer J, Gillespie BW, Cooper B, Laing TJ, et al. 
Prevalence, incidence, survival, and disease characteristics of systemic sclerosis in a large 
US population. Arthritis Rheum. 2003 Aug;48(8):2246–55.  

27.  Barnabe C, Joseph L, Belisle P, Labrecque J, Edworthy S, Barr SG, et al. Prevalence of 
systemic lupus erythematosus and systemic sclerosis in the First Nations population of 
Alberta, Canada. Arthritis Care Res. 2012 Jan;64(1):138–43.  

28.  Peschken CA, Esdaile JM. Systemic lupus erythematosus in North American Indians: a 
population based study. J Rheumatol. 2000 Aug;27(8):1884–91.  

29.  Ferucci ED, Johnston JM, Gaddy JR, Sumner L, Posever JO, Choromanski TL, et al. 
Prevalence and Incidence of Systemic Lupus Erythematosus in a Population-Based 
Registry of American Indian and Alaska Native People, 2007-2009. Arthritis Rheumatol. 
2014 Sep;66(9):2494–502.  

30.  Arnett FC, Howard RF, Tan F, Moulds JM, Bias WB, Durban E, et al. Increased 
prevalence of systemic sclerosis in a Native American tribe in Oklahoma. Association 
with an Amerindian HLA haplotype. Arthritis Rheum. 1996 Aug;39(8):1362–70.  

31.  Barnabe C, Joseph L, Belisle P, Labrecque J, Barr SG, Fritzler MJ, Svenson LW, 
Peschken CA, Hemmelgarn B BS. Prevalence of autoimmune inflammatory myopathy in 
Alberta’s First Nations population. Arthritis Care Res. 2012;64(7/23/2012):1715–9.  

32.  Clarke AE, Urowitz MB, Monga N, Hanly JG. Costs associated with severe and nonsevere 
systemic lupus erythematosus in Canada. Arthritis Care Res. 2015 Mar;67(3):431–6.  

33.  Bernatsky S, Hudson M, Panopalis P, Clarke AE, Pope J, Leclercq S, et al. The cost of 
systemic sclerosis. Arthritis Rheum. 2009;61(1):119–23.  

34.  Bernatsky S, Panopalis P, Pineau C, Hudson M, St Pierre Y, Clarke A. Healthcare costs of 
inflammatory myopathies. J Rheumatol. 2011;38(5):885–8.  



 

 

278 

 

35.  Callaghan R, Prabu A, Allan RB, Clarke AE, Sutcliffe N, Pierre YS, et al. Direct 
healthcare costs and predictors of costs in patients with primary Sjögren’s syndrome. 
Rheumatology. 2007 Jan 1;46(1):105–11.  

36.  Krulichova I, Gamba S, Ricci E, Garattini L. Direct Medical Costs of Monitoring and 
Treating Patients with Takayasu Arteritis in Italy. Eur J Health Econ. 2004 Dec;5(4):330; 
330-334.  

37.  Raimundo K, Farr AM, Kim G, Duna G. Clinical and Economic Burden of Antineutrophil 
Cytoplasmic Antibody-associated Vasculitis in the United States. J Rheumatol. 2015 Dec 
1;42(12):2383–91.  

38.  Babigumira JB, Li M, Boudreau DM, Best JH, Garrison LP. Estimating the Cost of Illness 
of Giant Cell Arteritis in the United States. Rheumatol Ther. 2017 Jun;4(1):111–9.  

39.  Panopalis P, Petri M, Manzi S, Isenberg DA, Gordon C, Senecal JL, et al. The systemic 
lupus erythematosus Tri-Nation study: cumulative indirect costs. Arthritis Rheum. 2007 
Feb 15;57(1):64–70.  

40.  Wahren-Herlenius M, Dörner T. Immunopathogenic mechanisms of systemic autoimmune 
disease. The Lancet. 2013 Aug;382(9894):819–31.  

41.  Goldblatt F, O’Neill SG. Clinical aspects of autoimmune rheumatic diseases. The Lancet. 
2013 Aug;382(9894):797–808.  

42.  Aviña-Zubieta JA, Vostretsova K, De Vera MA, Sayre EC, Choi HK. The risk of 
pulmonary embolism and deep venous thrombosis in systemic lupus erythematosus: A 
general population-based study. Semin Arthritis Rheum. 2015 Oct;45(2):195–201.  

43.  Amiri N, De Vera M, Choi HK, Sayre EC, Aviña-Zubieta JA. Increased risk of 
cardiovascular disease in giant cell arteritis: a general population–based study. 
Rheumatology. 2016 Jan;55(1):33–40.  

44.  Carruthers EC, Choi HK, Sayre EC, Aviña-Zubieta JA. Risk of deep venous thrombosis 
and pulmonary embolism in individuals with polymyositis and dermatomyositis: a general 
population-based study. Ann Rheum Dis. 2016 Jan;75(1):110–6.  

45.  Rai SK, Choi HK, Sayre EC, Aviña-Zubieta JA. Risk of myocardial infarction and 
ischaemic stroke in adults with polymyositis and dermatomyositis: a general population-
based study. Rheumatology. 2016 Mar;55(3):461–9.  

46.  Aviña-Zubieta JA, Bhole VM, Amiri N, Sayre EC, Choi HK. The risk of deep venous 
thrombosis and pulmonary embolism in giant cell arteritis: a general population-based 
study. Ann Rheum Dis. 2016 Jan;75(1):148–54.  



 

 

279 

 

47.  Aviña-Zubieta JA, Mai A, Amiri N, Dehghan N, Ann Tan J, Sayre EC, et al. Risk of 
Myocardial Infarction and Stroke in Patients With Granulomatosis With Polyangiitis 
(Wegener’s): A Population-Based Study. Arthritis Rheumatol. 2016 Nov;68(11):2752–9.  

48.  Schoenfeld SR, Choi HK, Sayre EC, Aviña-Zubieta JA. Risk of Pulmonary Embolism and 
Deep Venous Thrombosis in Systemic Sclerosis: A General Population-Based Study. 
Arthritis Care Res. 2016 Feb;68(2):246–53.  

49.  Aviña-Zubieta JA, To F, Vostretsova K, De Vera M, Sayre EC, Esdaile JM. Risk of 
Myocardial Infarction and Stroke in Newly Diagnosed Systemic Lupus Erythematosus: A 
General Population-Based Study. Arthritis Care Res. 2017 Jun;69(6):849–56.  

50.  Man A, Zhu Y, Zhang Y, Dubreuil M, Rho YH, Peloquin C, et al. The risk of 
cardiovascular disease in systemic sclerosis: a population-based cohort study. Ann Rheum 
Dis. 2013 Jul;72(7):1188–93.  

51.  Aviña-Zubieta JA, Man A, Yurkovich M, Huang K, Sayre EC, Choi HK. Early 
Cardiovascular Disease After the Diagnosis of Systemic Sclerosis. Am J Med. 2016 
Mar;129(3):324–31.  

52.  Houben E, Penne EL, Voskuyl AE, van der Heijden JW, Otten RHJ, Boers M, et al. 
Cardiovascular events in anti-neutrophil cytoplasmic antibody-associated vasculitis: a 
meta-analysis of observational studies. Rheumatology [Internet]. 2017 Sep 18 [cited 2017 
Oct 14]; Available from: 
http://academic.oup.com/rheumatology/article/doi/10.1093/rheumatology/kex338/416172
9/Cardiovascular-events-in-antineutrophil 

53.  Unizony S, Lu N, Tomasson G, Zhang Y, Merkel PA, Stone JH, et al. Temporal Trends of 
Venous Thromboembolism Risk Before and After Diagnosis of Giant Cell Arteritis. 
Arthritis Rheumatol. 2017 Jan;69(1):176–84.  

54.  Tomasson G, Peloquin C, Mohammad A, Love TJ, Zhang Y, Choi HK, et al. Risk for 
cardiovascular disease early and late after a diagnosis of giant-cell arteritis: a cohort study. 
Ann Intern Med. 2014 Jan 21;160(2):73–80.  

55.  Faurschou M, Mellemkjaer L, Sorensen IJ, Thomsen BS, Dreyer L, Baslund B. Increased 
morbidity from ischemic heart disease in patients with Wegener’s granulomatosis. 
Arthritis Rheum. 2009 Apr;60(4):1187–92.  

56.  Faurschou M, Obel N, Baslund B. High Risk of Pulmonary Embolism and Deep Venous 
Thrombosis but Not of Stroke in Granulomatosis With Polyangiitis (Wegener’s). Arthritis 
Care Res. 2014 Dec;66(12):1910–4.  



 

 

280 

 

57.  Chiang C-H, Liu C-J, Huang C-C, Chan W-L, Huang P-H, Chen T-J, et al. Systemic 
sclerosis and risk of ischaemic stroke: a nationwide cohort study. Rheumatology. 2013 Jan 
1;52(1):161–5.  

58.  Li L, Neogi T, Jick S. Giant cell arteritis and vascular disease-risk factors and outcomes: a 
cohort study using UK Clinical Practice Research Datalink. Rheumatology. 2017 May 
1;56(5):753–62.  

59.  Arkema EV, Svenungsson E, Von Euler M, Sjöwall C, Simard JF. Stroke in systemic 
lupus erythematosus: a Swedish population-based cohort study. Ann Rheum Dis. 2017 
Sep;76(9):1544–9.  

60.  Rossides M, Simard JF, Svenungsson E, von Euler M, Arkema EV. Mortality and 
Functionality after Stroke in Patients with Systemic Lupus Erythematosus. J Rheumatol. 
2017 Sep 15;  

61.  Faurschou M, Ahlström MG, Lindhardsen J, Obel N, Baslund B. Risk of Diabetes 
Mellitus among Patients Diagnosed with Giant Cell Arteritis or Granulomatosis with 
Polyangiitis: Comparison with the General Population. J Rheumatol. 2017 Jan;44(1):78–
83.  

62.  Shen T-C, Wu B-R, Chen H-J, Lin C-L, Wei C-C, Chen C-H, et al. Risk of Chronic 
Obstructive Pulmonary Disease in Female Adults With Primary Sjögren Syndrome: A 
Nationwide Population-Based Cohort Study. Medicine (Baltimore). 2016 
Mar;95(10):e3066.  

63.  Rees F, Doherty M, Grainge M, Lanyon P, Davenport G, Zhang W. Burden of 
Comorbidity in Systemic Lupus Erythematosus in the UK, 1999-2012. Arthritis Care Res. 
2016 Jun;68(6):819–27.  

64.  Qiang JK, Kim WB, Baibergenova A, Alhusayen R. Risk of Malignancy in 
Dermatomyositis and Polymyositis: A Systematic Review and Meta-Analysis. J Cutan 
Med Surg. 2016 Aug 17;120347541666560.  

65.  Yang Z, Lin F, Qin B, Liang Y, Zhong R. Polymyositis/dermatomyositis and Malignancy 
Risk: A Metaanalysis Study. J Rheumatol. 2015 Feb 1;42(2):282–91.  

66.  Rúa-Figueroa I, Fernández Castro M, Andreu JL, Sanchez-Piedra C, Martínez-Taboada V, 
Olivé A, et al. Comorbidities in Patients With Primary Sjögren’s Syndrome and Systemic 
Lupus Erythematosus: A Comparative Registries-Based Study. Arthritis Care Res. 2017 
Jan;69(1):38–45.  

67.  Bernatsky S, Ramsey-Goldman R, Labrecque J, Joseph L, Boivin J-F, Petri M, et al. 
Cancer risk in systemic lupus: an updated international multi-centre cohort study. J 
Autoimmun. 2013 May;42:130–5.  



 

 

281 

 

68.  Bernatsky S, Boivin JF, Joseph L, Rajan R, Zoma A, Manzi S, et al. An international 
cohort study of cancer in systemic lupus erythematosus. Arthritis Rheum. 2005 
May;52(5):1481–90.  

69.  Dreyer L, Faurschou M, Mogensen M, Jacobsen S. High incidence of potentially virus-
induced malignancies in systemic lupus erythematosus: A long-term followup study in a 
Danish cohort. Arthritis Rheum. 2011 Oct;63(10):3032–7.  

70.  Bonifazi M, Tramacere I, Pomponio G, Gabrielli B, Avvedimento EV, La Vecchia C, et 
al. Systemic sclerosis (scleroderma) and cancer risk: systematic review and meta-analysis 
of observational studies. Rheumatology. 2013 Jan 1;52(1):143–54.  

71.  Hill CL, Nguyen AM, Roder D, Roberts-Thomson P. Risk of cancer in patients with 
scleroderma: a population based cohort study. Ann Rheum Dis. 2003 Aug;62(8):728–31.  

72.  Kuo C-F, Luo S-F, Yu K-H, Chou I-J, Tseng W-Y, Chang H-C, et al. Cancer risk among 
patients with systemic sclerosis: a nationwide population study in Taiwan. Scand J 
Rheumatol. 2012 Feb;41(1):44–9.  

73.  Olesen AB, Svaerke C, Farkas DK, Sorensen HT. Systemic sclerosis and the risk of 
cancer: a nationwide population-based cohort study. Br J Dermatol. 2010 Oct;163(4):800–
6.  

74.  Onishi A, Sugiyama D, Kumagai S, Morinobu A. Cancer incidence in systemic sclerosis: 
meta-analysis of population-based cohort studies. Arthritis Rheum. 2013 Jul;65(7):1913–
21.  

75.  Zhang J, Wan Y, Peng W, Yan J, Li B, Mei B, et al. The risk of cancer development in 
systemic sclerosis: A meta-analysis. Cancer Epidemiol. 2013 Oct;37(5):523–7.  

76.  Knight A, Askling J, Ekbom A. Cancer incidence in a population-based cohort of patients 
with Wegener’s granulomatosis. Int J Cancer. 2002 Jul 1;100(1):82–5.  

77.  Petri M, Bechtel B, Dennis G, Shah M, McLaughlin T, Kan H, et al. Burden of 
corticosteroid use in patients with systemic lupus erythematosus: results from a Delphi 
panel. Lupus. 2014 Sep;23(10):1006–13.  

78.  Shah M, Chaudhari S, McLaughlin TP, Kan HJ, Bechtel B, Dennis GJ, et al. Cumulative 
burden of oral corticosteroid adverse effects and the economic implications of 
corticosteroid use in patients with systemic lupus erythematosus. Clin Ther. 2013 
Apr;35(4):486–97.  

79.  Chen H-L, Shen L-J, Hsu P-N, Shen C-Y, Hall SA, Hsiao F-Y. Cumulative Burden of 
Glucocorticoid-related Adverse Events in Patients with Systemic Lupus Erythematosus: 
Findings from a 12-year Longitudinal Study. J Rheumatol. 2017 Nov 15;jrheum.160214.  



 

 

282 

 

80.  Al Sawah S, Zhang X, Zhu B, Magder LS, Foster SA, Iikuni N, et al. Effect of 
corticosteroid use by dose on the risk of developing organ damage over time in systemic 
lupus erythematosus--the Hopkins Lupus Cohort. Lupus Sci Med. 2015 Mar 
11;2(1):e000066–e000066.  

81.  Smith C. Systemic Lupus Erythematosus. In: Compendium of Therapeutic Choices. 
Ottawa, ON: Canadian Pharmacists Association; 2014.  

82.  Yates M, Watts RA, Bajema IM, Cid MC, Crestani B, Hauser T, et al. EULAR/ERA-
EDTA recommendations for the management of ANCA-associated vasculitis. Ann Rheum 
Dis. 2016 Sep;75(9):1583–94.  

83.  Dall’Era M, Wofsy D. Chapter 80: Clinical Features of Systemic Lupus Erythematosus. 
In: Kelley and Firestein’s Textbook of Rheumatology. 10th ed. Philadelphia, PA: Elsevier; 
2017.  

84.  Crow M. Chapter 79: Etiology and Pathogenesis of Systemic Lupus Erythematosus. In: 
Kelley and Firestein’s Textbook of Rheumatology. 10th ed. Elsevier: Philadelphia, PA; 
2017.  

85.  Hanly JG, O’Keeffe AG, Su L, Urowitz MB, Romero-Diaz J, Gordon C, et al. The 
frequency and outcome of lupus nephritis: results from an international inception cohort 
study. Rheumatology. 2016 Feb;55(2):252–62.  

86.  Ugarte-Gil MF, Pons-Estel GJ, Molineros J, Wojdyla D, McGwin G, Nath SK, et al. 
Disease features and outcomes in United States lupus patients of Hispanic origin and their 
Mestizo counterparts in Latin America: a commentary. Rheumatology. 2015 Sep 
27;kev280.  

87.  Akhavan PS, Su J, Lou W, Gladman DD, Urowitz MB, Fortin PR. The Early Protective 
Effect of Hydroxychloroquine on the Risk of Cumulative Damage in Patients with 
Systemic Lupus Erythematosus. J Rheumatol. 2013 Jun 1;40(6):831–41.  

88.  Nossent J, Kiss E, Rozman B, Pokorny G, Vlachoyiannopoulos P, Olesinska M, et al. 
Disease activity and damage accrual during the early disease course in a multinational 
inception cohort of patients with systemic lupus erythematosus. Lupus. 2010 
Jul;19(8):949–56.  

89.  Nightingale AL, Davidson JE, Molta CT, Kan HJ, McHugh NJ. Presentation of SLE in 
UK primary care using the Clinical Practice Research Datalink. Lupus Sci Med. 2017 
Feb;4(1):e000172.  

90.  Hanly JG, Thompson K, Skedgel C. Utilization of Ambulatory Physician Encounters, 
Emergency Room Visits, and Hospitalizations by Systemic Lupus Erythematosus Patients: 
A 13-Year Population Health Study. Arthritis Care Res. 2016 Aug;68(8):1128–34.  



 

 

283 

 

91.  Carls G, Li T, Panopalis P, Wang S, Mell AG, Gibson TB, et al. Direct and indirect costs 
to employers of patients with systemic lupus erythematosus with and without nephritis. J 
Occup Environ Med Am Coll Occup Environ Med. 2009 Jan;51(1):66–79.  

92.  Furst DE, Clarke A, Fernandes AW, Bancroft T, Gajria K, Greth W, et al. Resource 
utilization and direct medical costs in adult systemic lupus erythematosus patients from a 
commercially insured population. Lupus. 2013 Mar;22(3):268–78.  

93.  Rees F, Doherty M, Grainge MJ, Lanyon P, Zhang W. The worldwide incidence and 
prevalence of systemic lupus erythematosus: a systematic review of epidemiological 
studies. Rheumatology. 2017 Nov 1;56(11):1945–61.  

94.  Bernatsky S, Joseph L, Pineau CA, Tamblyn R, Feldman DE, Clarke AE. A population-
based assessment of systemic lupus erythematosus incidence and prevalence—results and 
implications of using administrative data for epidemiological studies. Rheumatology. 2007 
Dec 1;46(12):1814–8.  

95.  Ruperto N, Hanrahan L, Alarcón G, Belmont H, Brey R, Brunetta P, et al. International 
consensus for a definition of disease flare in lupus. Lupus. 2011 Apr;20(5):453–62.  

96.  Barr SG, Zonana-Nacach A, Magder LS, Petri M. Patterns of disease activity in systemic 
lupus erythematosus. Arthritis Rheum. 1999 Dec;42(12):2682–8.  

97.  Györi N, Giannakou I, Chatzidionysiou K, Magder L, van Vollenhoven RF, Petri M. 
Disease activity patterns over time in patients with SLE: analysis of the Hopkins Lupus 
Cohort. Lupus Sci Med. 2017 Feb;4(1):e000192.  

98.  Urowitz MB, Gladman DD, Tom BD, Ibanez D, Farewell VT. Changing patterns in 
mortality and disease outcomes for patients with systemic lupus erythematosus. J 
Rheumatol. 2008 Nov;35(11):2152–8.  

99.  Ippolito A, Petri M. An update on mortality in systemic lupus erythematosus. Clin Exp 
Rheumatol. 2008 Oct;26(5 Suppl 51):S72-79.  

100.  Uramoto KM, Jr CJM, Thumboo J, Sunku J, O’Fallon WM, Gabriel SE. Trends in the 
incidence and mortality of systemic lupus erythematosus, 1950-1992. Arthritis Rheum. 
1999 Jan;42(1):46–50.  

101.  Lee YH, Choi SJ, Ji JD, Song GG. Overall and cause-specific mortality in systemic lupus 
erythematosus: an updated meta-analysis. Lupus. 2016 Jun;25(7):727–34.  

102.  Yurkovich M, Vostretsova K, Chen W, Aviña-Zubieta JA. Overall and Cause-Specific 
Mortality in Patients With Systemic Lupus Erythematosus: A Meta-Analysis of 
Observational Studies. Arthritis Care Res. 2014 Apr;66(4):608–16.  



 

 

284 

 

103.  van Vollenhoven RF, Mosca M, Bertsias G, Isenberg D, Kuhn A, Lerstrøm K, et al. Treat-
to-target in systemic lupus erythematosus: recommendations from an international task 
force. Ann Rheum Dis. 2014 Jun;73(6):958–67.  

104.  Canadian Agency for Drugs and Technology in Health (CADTH). CDEC Final 
Recommendation: Belimumab [Internet]. Ottawa, ON; 2012 Apr [cited 2018 Jan 9]. 
Available from: 
https://www.cadth.ca/sites/default/files/cdr/complete/cdr_complete_Benlysta_April-27-
12_e.pdf 

105.  Health Canada Approves BENLYSTATM The First New Treatment for Systemic Lupus 
Erythematosus in Almost 50 Years [Internet]. 2011 [cited 2018 Jan 8]. Available from: 
http://www.newswire.ca/news-releases/health-canada-approves-benlystatm-
508568911.html 

106.  PharmaCare Drug Review Results [Internet]. [cited 2018 Jan 9]. Available from: 
https://fmdb.hlth.gov.bc.ca/ 

107.  Interim Clinical Commissioning Policy Statement: Rituximab for the treatment of 
Systemic Lupus Erythematosus in adults [Internet]. NHS England; 2013 Aug [cited 2018 
Jan 8]. Available from: https://www.england.nhs.uk/commissioning/wp-
content/uploads/sites/12/2013/10/a13-ps-a.pdf 

108.  Belimumab for treating active autoantibody-positive systemic lupus erythematosus 
[Internet]. 2016 Jun [cited 2018 Jan 8]. Available from: 
https://www.nice.org.uk/guidance/ta397 

109.  St. Clair E, Lackey V. Chapter 73: Sjögren’s Syndrome. In: Kelley and Firestein’s 
Textbook of Rheumatology. 10th ed. Philadelphia, PA: Elsevier; 2017.  

110.  Chung W-S, Lin C-L, Sung F-C, Hsu W-H, Chen Y-F, Kao C-H. Increased Risks of Deep 
Vein Thrombosis and Pulmonary Embolism in Sjogren Syndrome: A Nationwide Cohort 
Study. J Rheumatol. 2014 May 1;41(5):909–15.  

111.  Aviña-Zubieta JA, Jansz M, Sayre EC, Choi HK. The Risk of Deep Venous Thrombosis 
and Pulmonary Embolism in Primary Sjögren Syndrome: A General Population-based 
Study. J Rheumatol. 2017 Aug;44(8):1184–9.  

112.  Theander E, Henriksson G, Ljungberg O, Mandl T, Manthorpe R, Jacobsson LTH. 
Lymphoma and other malignancies in primary Sjögren’s syndrome: a cohort study on 
cancer incidence and lymphoma predictors. Ann Rheum Dis. 2006 Jun;65(6):796–803.  

113.  Brito-Zerón P, Kostov B, Fraile G, Caravia-Durán D, Maure B, Rascón F-J, et al. 
Characterization and risk estimate of cancer in patients with primary Sjögren syndrome. J 



 

 

285 

 

Hematol OncolJ Hematol Oncol [Internet]. 2017 Dec [cited 2018 Jan 9];10(1). Available 
from: http://jhoonline.biomedcentral.com/articles/10.1186/s13045-017-0464-5 

114.  Liang Y, Yang Z, Qin B, Zhong R. Primary Sjogren’s syndrome and malignancy risk: a 
systematic review and meta-analysis. Ann Rheum Dis. 2014 Jun;73(6):1151–6.  

115.  Price EJ, Rauz S, Tappuni AR, Sutcliffe N, Hackett KL, Barone F, et al. The British 
Society for Rheumatology guideline for the management of adults with primary Sjögren’s 
Syndrome. Rheumatology. 2017 Oct 1;56(10):1643–7.  

116.  Fox RI. Sjögren’s syndrome. Lancet Lond Engl. 2005 Jul 23;366(9482):321–31.  

117.  Qin B, Wang J, Yang Z, Yang M, Ma N, Huang F, et al. Epidemiology of primary 
Sjögren’s syndrome: a systematic review and meta-analysis. Ann Rheum Dis. 2015 
Nov;74(11):1983–9.  

118.  Maciel G, Crowson CS, Matteson EL, Cornec D. Prevalence of Primary Sjögren’s 
Syndrome in a US Population-Based Cohort. Arthritis Care Res. 2017 Oct;69(10):1612–6.  

119.  Varga J. Chapter 83: Etiology and Pathogenesis of Scleroderma. In: Kelley and Firestein’s 
Textbook of Rheumatology. 10th ed. Philadelphia, PA: Elsevier; 2017.  

120.  Wigley F, Boin F. Chapter 84: Clinical Features and Treatment of Scleroderma. In: Kelley 
and Firestein’s Textbook of Rheumatology. 10th ed. Philadelphia, PA: Elsevier; 2017.  

121.  Denton CP, Khanna D. Systemic sclerosis. Lancet Lond Engl. 2017 Oct 
7;390(10103):1685–99.  

122.  Rubio-Rivas M, Royo C, Simeón CP, Corbella X, Fonollosa V. Mortality and survival in 
systemic sclerosis: Systematic review and meta-analysis. Semin Arthritis Rheum. 2014 
Oct;44(2):208–19.  

123.  Hao Y, Hudson M, Baron M, Carreira P, Stevens W, Rabusa C, et al. Early Mortality in a 
Multinational Systemic Sclerosis Inception Cohort. Arthritis Rheumatol. 2017 
May;69(5):1067–77.  

124.  Kowal-Bielecka O, Fransen J, Avouac J, Becker M, Kulak A, Allanore Y, et al. Update of 
EULAR recommendations for the treatment of systemic sclerosis. Ann Rheum Dis. 2017 
Aug;76(8):1327–39.  

125.  Canadian Agency for Drugs and Technologies in Health. Macitentan [Internet]. Ottawa, 
ON: Canadian Agency for Drugs and Technologies in Health; 2015 Jan [cited 2018 Jan 9]. 
Available from: 
https://www.cadth.ca/sites/default/files/cdr/complete/cdr_complete_SR0364_Opsumit_Jan
-30-15.pdf 



 

 

286 

 

126.  Canadian Agency for Drugs and Technologies in Health. Riociguat [Internet]. Ottawa, 
ON; 2015 Dec [cited 2018 Jan 9]. Available from: 
https://www.cadth.ca/sites/default/files/cdr/complete/SR0438_complete_Adempas-Dec-
21-15_e.pdf 

127.  Nagaraju K, Gladue H, Lundberg I. Chapter 85: Inflammatory Diseases of Muscle and 
Other Myopathies. In: Kelley and Firestein’s Textbook of Rheumatology. 10th ed. 
Philadelphia, PA: Elsevier; 2017.  

128.  Dalakas MC, Hohlfeld R. Polymyositis and dermatomyositis. Lancet Lond Engl. 2003 Sep 
20;362(9388):971–82.  

129.  Hill CL, Zhang Y, Sigurgeirsson B, Pukkala E, Mellemkjaer L, Airio A, et al. Frequency 
of specific cancer types in dermatomyositis and polymyositis: a population-based study. 
Lancet Lond Engl. 2001 Jan 13;357(9250):96–100.  

130.  Bernatsky S, Joseph L, Pineau CA, Belisle P, Boivin JF, Banerjee D, et al. Estimating the 
prevalence of polymyositis and dermatomyositis from administrative data: age, sex and 
regional differences. Ann Rheum Dis. 2009 Jul;68(7):1192–6.  

131.  de Menthon M, Mahr A. Treating polyarteritis nodosa: current state of the art. Clin Exp 
Rheumatol. 2011 Feb;29(1 Suppl 64):S110-116.  

132.  Mukhtyar C, Guillevin L, Cid MC, Dasgupta B, de Groot K, Gross W, et al. EULAR 
recommendations for the management of primary small and medium vessel vasculitis. 
Ann Rheum Dis. 2009 Mar 1;68(3):310–7.  

133.  Mohammad AJ, Jacobsson LT, Westman KW, Sturfelt G, Segelmark M. Incidence and 
survival rates in Wegener’s granulomatosis, microscopic polyangiitis, Churg-Strauss 
syndrome and polyarteritis nodosa. Rheumatology. 2009 Dec;48(12):1560–5.  

134.  Mohammad AJ, Jacobsson LT, Mahr AD, Sturfelt G, Segelmark M. Prevalence of 
Wegener’s granulomatosis, microscopic polyangiitis, polyarteritis nodosa and Churg-
Strauss syndrome within a defined population in southern Sweden. Rheumatology. 2007 
Aug;46(8):1329–37.  

135.  Mahr A, Guillevin L, Poissonnet M, Ayme S. Prevalences of polyarteritis nodosa, 
microscopic polyangiitis, Wegener’s granulomatosis, and Churg-Strauss syndrome in a 
French urban multiethnic population in 2000: a capture-recapture estimate. Arthritis 
Rheum. 2004 Feb 15;51(1):92–9.  

136.  Koster MJ, Matteson EL, Warrington KJ. Recent advances in the clinical management of 
giant cell arteritis and Takayasu arteritis: Curr Opin Rheumatol. 2016 May;28(3):211–7.  



 

 

287 

 

137.  McDermott G, Miloslavsky E. Giant Cell Arteritis: Current and Future Treatment Options. 
Curr Treat Options Rheumatol. 2017 Sep;3(3):153–63.  

138.  Numano F, Okawara M, Inomata H, Kobayashi Y. Takayasu’s arteritis. The Lancet. 2000 
Sep;356(9234):1023–5.  

139.  Kobayashi Y, Numano F. Takayasu Arteritis. Intern Med. 2002;41(1):44–6.  

140.  Dejaco C, Brouwer E, Mason JC, Buttgereit F, Matteson EL, Dasgupta B. Giant cell 
arteritis and polymyalgia rheumatica: current challenges and opportunities. Nat Rev 
Rheumatol. 2017 Sep 14;13(10):578–92.  

141.  Hanly J. Polymyalgia Rheumatica Giant-Cell Arteritis. In: Compendium of Therapeutic 
Choices. Ottawa, ON: Canadian Pharmacists Association; 2014.  

142.  Hill CL, Black RJ, Nossent JC, Ruediger C, Nguyen L, Ninan JV, et al. Risk of mortality 
in patients with giant cell arteritis: A systematic review and meta-analysis. Semin Arthritis 
Rheum. 2017 Feb;46(4):513–9.  

143.  Schmidt J, Kermani TA, Bacani AK, Crowson CS, Cooper LT, Matteson EL, et al. 
Diagnostic features, treatment, and outcomes of Takayasu arteritis in a US cohort of 126 
patients. Mayo Clin Proc. 2013 Aug;88(8):822–30.  

144.  Dasgupta B, Borg FA, Hassan N, Alexander L, Barraclough K, Bourke B, et al. BSR and 
BHPR guidelines for the management of giant cell arteritis. Rheumatology. 2010 Aug 
1;49(8):1594–7.  

145.  Chatterjee S, Flamm SD, Tan CD, Rodriguez ER. Clinical Diagnosis and Management of 
Large Vessel Vasculitis: Takayasu Arteritis. Curr Cardiol Rep [Internet]. 2014 Jul [cited 
2018 Jan 9];16(7). Available from: http://link.springer.com/10.1007/s11886-014-0499-y 

146.  Comarmond C, Cacoub P. Granulomatosis with polyangiitis (Wegener): Clinical aspects 
and treatment. Autoimmun Rev. 2014 Nov;13(11):1121–5.  

147.  McGeoch L, Twilt M, Famorca L, Bakowsky V, Barra L, Benseler SM, et al. CanVasc 
Recommendations for the Management of Antineutrophil Cytoplasm Antibody-associated 
Vasculitides. J Rheumatol. 2016 Jan;43(1):97–120.  

148.  Canadian Agency for Drugs and Technologies in Health (CADTH). CDEC Final 
Recommendation: Ritixumab [Internet]. Ottawa, ON; 2012 Aug [cited 2018 Jan 9]. 
Available from: 
https://www.cadth.ca/sites/default/files/cdr/complete/cdr_complete_Rituxan-Aug_16-
12_e.pdf 



 

 

288 

 

149.  Rituximab for Granulomatosis with Polyangiitis or Microscopic Polyangiitis [Internet]. 
[cited 2018 Jan 9]. Available from: 
http://www2.gov.bc.ca/assets/gov/health/forms/5393fil.pdf 

150.  Tan JA, Dehghan N, Chen W, Xie H, Esdaile JM, Avina-Zubieta JA. Mortality in ANCA-
associated vasculitis: a meta-analysis of observational studies. Ann Rheum Dis. 2017 
Sep;76(9):1566–74.  

151.  Noth I, Strek ME, Leff AR. Churg-Strauss syndrome. The Lancet. 2003 
Feb;361(9357):587–94.  

152.  Martin RM, Wilton LV, Mann RD. Prevalence of Churg-Strauss syndrome, vasculitis, 
eosinophilia and associated conditions: retrospective analysis of 58 prescription-event 
monitoring cohort studies. Pharmacoepidemiol Drug Saf. 1999 May;8(3):179–89.  

153.  PharmaCare Homepage [Internet]. [cited 2018 Jan 9]. Available from: 
http://www.health.gov.bc.ca/pharmacare/ 

154.  Padwal R, Gibson P, Tsuyuki R. Hypertension. In: Compendium of Therapeutic Choices. 
Ottawa, ON: Canadian Pharmacists Association; 2014.  

155.  tocilizumab | CADTH.ca [Internet]. [cited 2018 Jan 9]. Available from: 
https://www.cadth.ca/tocilizumab-29 

156.  CDEC Final Recommendation: Tocilizumab [Internet]. Ottawa, ON: Canadian Agency for 
Drugs and Technologies in Health; 2015 Feb [cited 2018 Jan 9]. Available from: 
https://www.cadth.ca/sites/default/files/cdr/complete/cdr_complete_SR0374_Actemra_SC
_Feb-23-15.pdf 

157.  Bowman SJ, Everett CC, O’Dwyer JL, Emery P, Pitzalis C, Ng W-F, et al. Randomized 
Controlled Trial of Rituximab and Cost-Effectiveness Analysis in Treating Fatigue and 
Oral Dryness in Primary Sjögren’s Syndrome. Arthritis Rheumatol. 2017 Jul;69(7):1440–
50.  

158.  Devauchelle-Pensec V, Mariette X, Jousse-Joulin S, Berthelot J-M, Perdriger A, Puéchal 
X, et al. Treatment of Primary Sjögren Syndrome With Rituximab: A Randomized Trial. 
Ann Intern Med. 2014 Feb 18;160(4):233–42.  

159.  De Vita S, Quartuccio L, Seror R, Salvin S, Ravaud P, Fabris M, et al. Efficacy and safety 
of belimumab given for 12 months in primary Sjögren’s syndrome: the BELISS open-
label phase II study. Rheumatology. 2015 Aug 4;kev257.  

160.  Aguiar R, Araújo C, Martins-Coelho G, Isenberg D. Use of Rituximab in Systemic Lupus 
Erythematosus: A Single Center Experience Over 14 Years. Arthritis Care Res. 2017 
Feb;69(2):257–62.  



 

 

289 

 

161.  Gracia-Tello B, Ezeonyeji A, Isenberg D. The use of rituximab in newly diagnosed 
patients with systemic lupus erythematosus: long-term steroid saving capacity and clinical 
effectiveness. Lupus Sci Med. 2017 Feb;4(1):e000182.  

162.  Jordan S, Distler JHW, Maurer B, Huscher D, van Laar JM, Allanore Y, et al. Effects and 
safety of rituximab in systemic sclerosis: an analysis from the European Scleroderma Trial 
and Research (EUSTAR) group. Ann Rheum Dis. 2015 Jun;74(6):1188–94.  

163.  Daoussis D, Melissaropoulos K, Sakellaropoulos G, Antonopoulos I, Markatseli TE, 
Simopoulou T, et al. A multicenter, open-label, comparative study of B-cell depletion 
therapy with Rituximab for systemic sclerosis-associated interstitial lung disease. Semin 
Arthritis Rheum. 2017 Apr;46(5):625–31.  

164.  Melsens K, Vandecasteele E, Deschepper E, Badot V, Blockmans D, Brusselle G, et al. 
Two years follow-up of an open-label pilot study of treatment with rituximab in patients 
with early diffuse cutaneous systemic sclerosis. Acta Clin Belg. 2017 Sep 11;1–7.  

165.  Loricera J, Blanco R, Hernández JL, Castañeda S, Humbría A, Ortego N, et al. 
Tocilizumab in patients with Takayasu arteritis: a retrospective study and literature 
review. Clin Exp Rheumatol. 2016 Jun;34(3 Suppl 97):S44-53.  

166.  Saunier A, Issa N, Vandenhende M-A, Morlat P, Doutre M-S, Bonnet F. Treatment of 
polyarteritis nodosa with tocilizumab: a new therapeutic approach? RMD Open. 2017 
Jun;3(1):e000446.  

167.  Langford CA, Cuthbertson D, Ytterberg SR, Khalidi N, Monach PA, Carette S, et al. A 
Randomized, Double-Blind Trial of Abatacept (CTLA-4Ig) for the Treatment of Giant 
Cell Arteritis. Arthritis Rheumatol. 2017 Apr;69(4):837–45.  

168.  Langford CA, Cuthbertson D, Ytterberg SR, Khalidi N, Monach PA, Carette S, et al. A 
Randomized, Double-Blind Trial of Abatacept (CTLA-4Ig) for the Treatment of Takayasu 
Arteritis. Arthritis Rheumatol. 2017 Apr;69(4):846–53.  

169.  Schmidt J, Kermani TA, Kirstin Bacani A, Crowson CS, Matteson EL, Warrington KJ. 
Tumor necrosis factor inhibitors in patients with Takayasu arteritis: Experience from a 
referral center with long-term follow-up. Arthritis Care Res. 2012;n/a-n/a.  

170.  Clowse MEB, Wallace DJ, Furie RA, Petri MA, Pike MC, Leszczyński P, et al. Efficacy 
and Safety of Epratuzumab in Moderately to Severely Active Systemic Lupus 
Erythematosus: Results From Two Phase III Randomized, Double-Blind, Placebo-
Controlled Trials. Arthritis Rheumatol. 2017 Feb;69(2):362–75.  

171.  Wallace DJ, Hobbs K, Clowse MEB, Petri M, Strand V, Pike M, et al. Long-Term Safety 
and Efficacy of Epratuzumab in the Treatment of Moderate-to- Severe Systemic Lupus 



 

 

290 

 

Erythematosus: Results From an Open-Label Extension Study. Arthritis Care Res. 2016 
Apr;68(4):534–43.  

172.  Furie R, Khamashta M, Merrill JT, Werth VP, Kalunian K, Brohawn P, et al. 
Anifrolumab, an Anti-Interferon-α Receptor Monoclonal Antibody, in Moderate-to-Severe 
Systemic Lupus Erythematosus. Arthritis Rheumatol. 2017 Feb;69(2):376–86.  

173.  Volkmann ER, Tashkin DP, Li N, Roth MD, Khanna D, Hoffmann-Vold A-M, et al. 
Mycophenolate Mofetil Versus Placebo for Systemic Sclerosis-Related Interstitial Lung 
Disease: An Analysis of Scleroderma Lung Studies I and II. Arthritis Rheumatol. 2017 
Jul;69(7):1451–60.  

174.  Distler O, Brown KK, Distler JHW, Assassi S, Maher TM, Cottin V, et al. Design of a 
randomised, placebo-controlled clinical trial of nintedanib in patients with systemic 
sclerosis-associated interstitial lung disease (SENSCISTM). Clin Exp Rheumatol. 2017 
Oct;35 Suppl 106(4):75–81.  

175.  Eyraud A, Scouppe L, Barnetche T, Forcade E, Lazaro E, Duffau P, et al. Efficacy and 
safety of autologous haematopoietic stem cell transplantation in systemic sclerosis: A 
systematic review of literature. Br J Dermatol. 2017 Sep 14;  

176.  Host L, Nikpour M, Calderone A, Cannell P, Roddy J. Autologous stem cell 
transplantation in systemic sclerosis: a systematic review. Clin Exp Rheumatol. 2017 
Oct;35 Suppl 106(4):198–207.  

177.  Storek J, Daly A, LeClercq SA. Autologous hematopoietic cell transplantation for 
systemic sclerosis — a challenge for the Canadian health care system. Can Med Assoc J. 
2017 May 1;189(17):E623–4.  

178.  van Daalen EE, Rizzo R, Kronbichler A, Wolterbeek R, Bruijn JA, Jayne DR, et al. Effect 
of rituximab on malignancy risk in patients with ANCA-associated vasculitis. Ann Rheum 
Dis. 2017 Jun;76(6):1064–9.  

179.  Bank of Canada [Internet]. [cited 2018 Jan 9]. Available from: 
http://www.bankofcanada.ca/ 

180.  Statistics Canada: Canada’s national statistical agency [Internet]. [cited 2018 Jan 9]. 
Available from: http://www.statcan.gc.ca/start-debut-eng.html 

181.  Tanzer M, Tran C, Messer KL, Kroeker A, Herreshoff E, Wickman L, et al. Inpatient 
health care utilization by children and adolescents with systemic lupus erythematosus and 
kidney involvement. Arthritis Care Res. 2013 Mar;65(3):382–90.  

182.  Karve S, Candrilli S, Kappelman MD, Tolleson-Rinehart S, Tennis P, Andrews E. 
Healthcare Utilization and Comorbidity Burden among Children and Young Adults in the 



 

 

291 

 

United States with Systemic Lupus Erythematosus or Inflammatory Bowel Disease. J 
Pediatr. 2012 Oct;161(4):662–670.e2.  

183.  Brunner HI, Sherrard TM, Klein-Gitelman MS. Cost of treatment of childhood-onset 
systemic lupus erythematosus. Arthritis Rheum. 2006 Apr 15;55(2):184–8.  

184.  Petri M, Daly RP, Pushparajah DS. Healthcare costs of pregnancy in systemic lupus 
erythematosus: retrospective observational analysis from a US health claims database. J 
Med Econ. 2015 Nov 2;18(11):967–73.  

185.  Anandarajah AP, Luc M, Ritchlin CT. Hospitalization of patients with systemic lupus 
erythematosus is a major cause of direct and indirect healthcare costs. Lupus. 2017 
Jun;26(7):756–61.  

186.  Krishnan E. Hospitalization and mortality of patients with systemic lupus erythematosus. J 
Rheumatol. 2006 01;33(9):1770–4.  

187.  Nietert PJ, Silverstein MD, Silver RM. Hospital admissions, length of stay, charges, and 
in-hospital death among patients with systemic sclerosis. J Rheumatol. 2001 
01;28(9):2031–7.  

188.  Cotch MF. The socioeconomic impact of vasculitis. Curr Opin Rheumatol. 2000 
Jan;12(1):20–3.  

189.  Han G-M, Han X-F. Comorbid Conditions are Associated With Emergency Department 
Visits, Hospitalizations, and Medical Charges of Patients With Systemic Lupus 
Erythematosus: JCR J Clin Rheumatol. 2017 Jan;23(1):19–25.  

190.  Kang S-C, Hwang S-J, Chang Y-S, Chou C-T, Tsai C-Y. Characteristics of comorbidities 
and costs among patients who died from systemic lupus erythematosus in Taiwan. Arch 
Med Sci AMS. 2012 Sep 8;8(4):690–6.  

191.  Lai N-S, Tsai T-Y, Koo M, Huang K-Y, Tung C-H, Lu M-C. Patterns of Ambulatory 
Medical Care Utilization and Rheumatologist Consultation Predating the Diagnosis of 
Systemic Lupus Erythematosus: A National Population-Based Study. Chopra A, editor. 
PLoS ONE. 2014 Jul 7;9(7):e101485.  

192.  Clarke A, Esdaile J, Bloch B, Lacaille D, Danoff D, Fries J. A Canadian study of the total 
medical costs for patients with systemic lupus erythematosus and the predictors of costs. 
Arthritis Rheum. 1993;36(11):1548–59.  

193.  Clarke AE, Petri MA, Manzi S, Isenberg DA, Gordon C, Senecal JL, et al. An 
international perspective on the well being and health care costs for patients with systemic 
lupus erythematosus. J Rheumatol. 1999;26(7):1500–11.  



 

 

292 

 

194.  Clarke AE, Petri M, Manzi S, Isenberg DA, Gordon C, Senécal J-L, et al. The systemic 
lupus erythematosus Tri-nation Study: absence of a link between health resource use and 
health outcome. Rheumatology. 2004 Aug 1;43(8):1016–24.  

195.  Aghdassi E, Zhang W, St-Pierre Y, Clarke AE, Morrison S, Peeva V, et al. Healthcare 
Cost and Loss of Productivity in a Canadian Population of Patients with and without 
Lupus Nephritis. J Rheumatol. 2011 01;38(4):658–66.  

196.  Furst DE, Fernandes AW, Iorga SR, Greth W, Bancroft T. Annual medical costs and 
healthcare resource use in patients with systemic sclerosis in an insured population. J 
Rheumatol. 2012 Dec;39(12):2303–9.  

197.  Furst D, Amato A, Iorga S, Bancroft T, Fernandes A. Medical costs and health-care 
resource use in patients with inflammatory myopathies in an insured population. Muscle 
Nerve. 2012;46(4):496–505.  

198.  Furst D, Clarke A, Fernandes A, Bancroft T, Gajria K, Greth W, et al. Medical costs and 
healthcare resource use in patients with lupus nephritis and neuropsychiatric lupus in an 
insured population. J Med Econ. 2013;16(4):500–9.  

199.  Wilson L. Cost-of-illness of scleroderma: The case for rare diseases. Semin Arthritis 
Rheum. 1997;27(2):73–84.  

200.  Koster MJ, Achenbach SJ, Crowson CS, Maradit-Kremers H, Matteson EL, Warrington 
KJ. Healthcare Use and Direct Cost of Giant Cell Arteritis: A Population-based Study. J 
Rheumatol. 2017 Jul;44(7):1044–50.  

201.  Gironimi G, Clarke A, Hamilton V, Danoff D, Bloch D, Fries J, et al. Why health care 
costs more in the US: Comparing health care expenditures between systemic lupus 
erythematosus patients in Stanford and Montreal. Arthritis Rheum. 1996;39(6):979–87.  

202.  Pelletier EM, Ogale S, Yu E, Brunetta P, Garg J. Economic outcomes in patients 
diagnosed with systemic lupus erythematosus with versus without nephritis: Results from 
an analysis of data from a US claims database. Clin Ther. 2009;31(11):2653–64.  

203.  Li T, Carls GS, Panopalis P, Wang S, Gibson TB, Goetzel RZ. Long-term medical costs 
and resource utilization in systemic lupus erythematosus and lupus nephritis: a five-year 
analysis of a large Medicaid population. Arthritis Rheum. 2009 Jun 15;61(6):755–63.  

204.  Chen S-Y, Choi C-B, Li Q, Yeh W-S, Lee Y-C, Kao AH, et al. Glucocorticoid Use in 
Patients With Systemic Lupus Erythematosus: Association Between Dose and Health Care 
Utilization and Costs. Arthritis Care Res. 2015 Aug;67(8):1086–94.  



 

 

293 

 

205.  Kan HJ, Song X, Johnson BH, Bechtel B, O’Sullivan D, Molta CT. Healthcare utilization 
and costs of systemic lupus erythematosus in Medicaid. BioMed Res Int. 
2013;2013:808391.  

206.  Kan H, Guerin A, Kaminsky MS, Yu AP, Wu EQ, Denio A, et al. A longitudinal analysis 
of costs associated with change in disease activity in systemic lupus erythematosus. J Med 
Econ. 2013;16(6):793–800.  

207.  Garris C, Jhingran P, Bass D, Engel-Nitz N, Reidel A, Dennis G. Healthcare utilization 
and cost of systemic lupus erythematosus in a US managed care health plan. J Med Econ. 
2013;16(5):667–77.  

208.  Garris C, Shah M, Farrelly E. The prevalence and burden of systemic lupus erythematosus 
in a Medicare population: retrospective analysis of Medicare claims. Cost Eff Resour 
Alloc CE. 2015;13:9.  

209.  Panopalis P, Yazdany J, Gillis J, Julian L, Trupin L, Hersh A, et al. Health care costs and 
costs associated with changes in work productivity among persons with systemic lupus 
erythematosus. Arthritis Rheum. 2008;59(12):1788–95.  

210.  Oglesby A, Korves C, Laliberté F, Dennis G, Rao S, Suthoff ED, et al. Impact of early 
versus late systemic lupus erythematosus diagnosis on clinical and economic outcomes. 
Appl Health Econ Health Policy. 2014 Apr;12(2):179–90.  

211.  Narayanan S, Wilson K, Ogelsby A, Juneau P, Durden E. Economic burden of systemic 
lupus erythematosus flares and comorbidities in a commercially insured population in the 
United States. J Occup Environ Med. 2013 Nov;55(11):1262–70.  

212.  Sutcliffe N, Clarke AE, Taylor R, Frost C, Isenberg DA. Total costs and predictors of 
costs in patients with systemic lupus erythematosus. Rheumatology. 2001 Jan 1;40(1):37–
47.  

213.  The BURQOL-RD Research Network, López-Bastida J, Linertová R, Oliva-Moreno J, 
Serrano-Aguilar P, Posada-de-la-Paz M, et al. Social/economic costs and health-related 
quality of life in patients with scleroderma in Europe. Eur J Health Econ. 2016 
Apr;17(S1):109–17.  

214.  Doria A, Amoura Z, Cervera R, Khamastha MA, Schneider M, Richter J, et al. Annual 
direct medical cost of active systemic lupus erythematosus in five European countries. 
Ann Rheum Dis. 2014 Jan 1;73(1):154–60.  

215.  Huscher D, Merkesdal S, Thiele K, Zeidler H, Schneider M, Zink A. Cost of illness in 
rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and systemic lupus 
erythematosus in Germany. Ann Rheum Dis. 2006 Sep 1;65(9):1175–83.  



 

 

294 

 

216.  Bexelius C, Wachtmeister K, Skare P, Jönsson L, Vollenhoven R van. Drivers of cost and 
health-related quality of life in patients with systemic lupus erythematosus (SLE): a 
Swedish nationwide study based on patient reports. Lupus. 2013 Jul;22(8):793–801.  

217.  Jönsen A, Bengtsson AA, Hjalte F, Petersson IF, Willim M, Nived O. Total cost and cost 
predictors in systemic lupus erythematosus - 8-years follow-up of a Swedish inception 
cohort. Lupus. 2015 Oct 1;24(12):1248–56.  

218.  Minier T, Péntek M, Brodszky V, Ecseki A, Kárpáti K, Polgár A, et al. Cost-of-illness of 
patients with systemic sclerosis in a tertiary care centre. Rheumatology. 2010 Oct 
1;49(10):1920–8.  

219.  Zhu TY, Tam L, Lee VW-Y, Lee KK-C, Li EK. The impact of flare on disease costs of 
patients with systemic lupus erythematosus. Arthritis Care Res. 2009;61(9):1159–67.  

220.  Zhu TY, Tam L-S, Lee VWY, Lee KK, Li EK. Systemic lupus erythematosus with 
neuropsychiatric manifestation incurs high disease costs: a cost-of-illness study in Hong 
Kong. Rheumatology. 2009 01;48(5):564–8.  

221.  Chiu Y-M, Lai C-H. Nationwide population-based epidemiologic study of systemic lupus 
erythematosus in Taiwan. Lupus Lupus. 2010 01;19(10):1250–5.  

222.  Chiu YM, Chuang MT, Lang HC. Medical costs incurred by organ damage caused by 
active disease, comorbidities and side effect of treatments in systemic lupus erythematosus 
patients: a Taiwan nationwide population-based study. Rheumatol Int. 2016 
Nov;36(11):1507–14.  

223.  Park S-Y, Joo YB, Shim J, Sung Y-K, Bae S-C. Direct medical costs and their predictors 
in South Korean patients with systemic lupus erythematosus. Rheumatol Int. 2015 
Nov;35(11):1809–15.  

224.  Cho J, Chang S, Shin N, Choi B, Oh H, Yoon M, et al. Costs of illness and quality of life 
in patients with systemic lupus erythematosus in South Korea. Lupus. 2014 Feb 
21;23(9):949–57.  

225.  Śliwczyński A, Brzozowska M, Iltchev P, Czeleko T, Teter Z, Tłustochowicz W, et al. 
Changes in the morbidity and costs of systemic lupus erythematosus in Poland in the years 
2008–2012. Reumatologia/Rheumatology. 2015;2:79–86.  

226.  Bertsias G, Karampli E, Sidiropoulos P, Gergianaki I, Drosos A, Sakkas L, et al. Clinical 
and financial burden of active lupus in Greece: a nationwide study. Lupus. 2016 
Oct;25(12):1385–94.  



 

 

295 

 

227.  Birt JA, Tan Y, Mozaffarian N. Sjögren’s syndrome: managed care data from a large 
United States population highlight real-world health care burden and lack of treatment 
options. Clin Exp Rheumatol. 2017 Feb;35(1):98–107.  

228.  Clarke AE, Panopalis P, Petri M, Manzi S, Isenberg DA, Gordon C, et al. SLE patients 
with renal damage incur higher health care costs. Rheumatology. 2008 Mar 1;47(3):329–
33.  

229.  Lofvendahl S, Petersson IF, Theander E, Svensson A, Zhou C, Steen Carlsson K. 
Incremental Costs for Psoriasis and Psoriatic Arthritis in a Population-based Cohort in 
Southern Sweden: Is It All Psoriasis-attributable Morbidity? J Rheumatol. 2016 Mar 
1;43(3):640–7.  

230.  Alarcón GS, McGwin G Jr, Sanchez ML, Bastian HM, Fessler BJ, Friedman AW, et al. 
Systemic lupus erythematosus in three ethnic groups. XIV. Poverty, wealth, and their 
influence on disease activity. Arthritis Rheum. 2004 Feb 15;51(1):73–7.  

231.  Peschken CA, Katz SJ, Silverman E, Pope JE, Fortin PR, Pineau C, et al. The 1000 
Canadian faces of lupus: determinants of disease outcome in a large multiethnic cohort. J 
Rheumatol. 2009 Jun;36(6):1200–8.  

232.  Sutcliffe N, Clarke AE, Gordon C, Farewell V, Isenberg DA. The association of socio-
economic status, race, psychosocial factors and outcome in patients with systemic lupus 
erythematosus. Rheumatology. 1999 Nov;38(11):1130–7.  

233.  Lotstein DS, Ward MM, Bush TM, Lambert RE, van Vollenhoven R, Neuwelt CM. 
Socioeconomic status and health in women with systemic lupus erythematosus. J 
Rheumatol. 1998 Sep;25(9):1720–9.  

234.  Maynard JW, Fang H, Petri M. Low socioeconomic status is associated with 
cardiovascular risk factors and outcomes in systemic lupus erythematosus. J Rheumatol. 
2012 Apr;39(4):777–83.  

235.  Trupin L, Tonner MC, Yazdany J, Julian LJ, Criswell LA, Katz PP, et al. The role of 
neighborhood and individual socioeconomic status in outcomes of systemic lupus 
erythematosus. J Rheumatol. 2008 Sep;35(9):1782–8.  

236.  Choi MY, Barber MRW, Barber CEH, Clarke AE, Fritzler MJ. Preventing the 
development of SLE: identifying risk factors and proposing pathways for clinical care. 
Lupus. 2016 Jul;25(8):838–49.  

237.  James JA, Kim-Howard XR, Bruner BF, Jonsson MK, McClain MT, Arbuckle MR, et al. 
Hydroxychloroquine sulfate treatment is associated with later onset of systemic lupus 
erythematosus. Lupus. 2007;16(6):401–9.  



 

 

296 

 

238.  Baker K, Pope J. Employment and work disability in systemic lupus erythematosus: a 
systematic review. Rheumatology. 2009 Mar;48(3):281–4.  

239.  Baker K, Pope J, Fortin P, Silverman E, Peschken C, Investigators 1000 Faces of Lupus, 
et al. Work disability in systemic lupus erythematosus is prevalent and associated with 
socio-demographic and disease related factors. Lupus. 2009 Dec;18(14):1281–8.  

240.  Dhanhani AMA, Gignac MA, Su J, Fortin PR. Work disability in systemic lupus 
erythematosus. Arthritis Rheum. 2009 Mar 15;61(3):378–85.  

241.  Hudson M, Steele R, Lu Y, Thombs BD, Group CSR, Baron M. Work disability in 
systemic sclerosis. J Rheumatol. 2009 Nov;36(11):2481–6.  

242.  Ouimet JM, Pope JE, Gutmanis I, Koval J. Work disability in scleroderma is greater than 
in rheumatoid arthritis and is predicted by high HAQ scores. Open Rheumatol J. 
2008;2:44–52.  

243.  Campbell R Jr, Cooper GS, Gilkeson GS. The impact of systemic lupus erythematosus on 
employment. J Rheumatol. 2009 Nov;36(11):2470–5.  

244.  Boomsma MM, Bijl M, Stegeman CA, Kallenberg CG, Hoffman GS, Tervaert JW. 
Patients’ perceptions of the effects of systemic lupus erythematosus on health, function, 
income, and interpersonal relationships: a comparison with Wegener’s granulomatosis. 
Arthritis Rheum. 2002 Apr 15;47(2):196–201.  

245.  Mau W, Listing J, Huscher D, Zeidler H, Zink A. Employment across chronic 
inflammatory rheumatic diseases and comparison with the general population. J 
Rheumatol. 2005 Apr 1;32(4):721–8.  

246.  Poole J, Willer K, Mendelson C. Occupation of motherhood: challenges for mothers with 
scleroderma. Am J Occup Ther. 2009;63(2):214–9.  

247.  Poole J, Rymek-Gmytrasiewicz M, Mendelson C, Sanders M, Skipper B. Parenting: the 
forgotten role of women living with systemic lupus erythematosus. Clin Rheumatol. 
2012;31(6):995–1000.  

248.  Poole JL, Willer K, Mendelson C, Sanders M, Skipper B. Perceived parenting ability and 
systemic sclerosis. Musculoskeletal Care. 2011 Mar;9(1):32–40.  

249.  Katz P, Morris A, Trupin L, Yazdany J, Yelin E. Disability in valued life activities among 
individuals with systemic lupus erythematosus. Arthritis Rheum. 2008 Apr 15;59(4):465–
73.  

250.  Poole JL, Chandrasekaran A, Hildebrand K, Skipper B. Participation in life situations by 
persons with systemic sclerosis. Disabil Rehabil. 2015 May 8;37(10):842–5.  



 

 

297 

 

251.  Mok CC, Cheung MY, Ho LY, Yu KL, To CH. Risk and predictors of work disability in 
Chinese patients with systemic lupus erythematosus. Lupus. 2008 Dec;17(12):1103–7.  

252.  Sandqvist G, Hesselstrand R, Petersson IF, Kristensen LE. Work Disability in Early 
Systemic Sclerosis: A Longitudinal Population-based Cohort Study. J Rheumatol. 2015 
Oct 1;42(10):1794–800.  

253.  Zhu TY, Tam LS, Li EK. Cost-of-illness studies in systemic lupus erythematosus: A 
systematic review. Arthritis Care Res. 2011;63(5):751–60.  

254.  Slawsky KA, Fernandes AW, Fusfeld L, Manzi S, Goss TF. A structured literature review 
of the direct costs of adult systemic lupus erythematosus in the US. Arthritis Care Res. 
2011 Sep;63(9):1224–32.  

255.  Meacock R, Dale N, Harrison MJ. The humanistic and economic burden of systemic lupus 
erythematosus : a systematic review. PharmacoEconomics. 2013 Jan;31(1):49–61.  

256.  McCormick N, Marra CA, Aviña-Zubieta JA. Productivity Losses and Costs in the Less-
Common Systemic Autoimmune Rheumatic Diseases. Curr Rheumatol Rep. 2017 Oct 
30;19(11):72.  

257.  Schouffoer AA, Schoones JW, Terwee CB, Vliet Vlieland TPM. Work status and its 
determinants among patients with systemic sclerosis: a systematic review. Rheumatology. 
2012 Jul;51(7):1304–14.  

258.  Decuman S, Smith V, Verhaeghe STL, Van Hecke A, De Keyser F. Work participation in 
patients with systemic sclerosis: a systematic review. Clin Exp Rheumatol. 2014 Dec;32(6 
Suppl 86):S-206-213.  

259.  Trieste L, Palla I, Baldini C, Talarico R, D’Angiolella L, Mosca M, et al. Systemic 
vasculitis: how little we know about their societal and economic burden. Clin Exp 
Rheumatol. 2012 Aug;30(4 Suppl 73):S154-156.  

260.  Singh MK, Clements PJ, Furst DE, Maranian P, Khanna D. Work productivity in 
scleroderma: analysis from the University of California, Los Angeles scleroderma quality 
of life study. Arthritis Care Res. 2012;64(2):176–83.  

261.  Kawalec PP, Malinowski KP. The indirect costs of systemic autoimmune diseases, 
systemic lupus erythematosus, systemic sclerosis and sarcoidosis: a summary of 2012 real-
life data from the Social Insurance Institution in Poland. Expert Rev Pharmacoecon 
Outcomes Res. 2015 Jul 4;15(4):667–73.  

262.  Bowman SJ, Pierre YS, Sutcliffe N, Isenberg DA, Goldblatt F, Price E, et al. Estimating 
indirect costs in primary Sjogren’s syndrome. J Rheumatol. 2010 May;37(5):1010–5.  



 

 

298 

 

263.  Li X, Gignac MAM, Anis AH. The Indirect Costs of Arthritis Resulting From 
Unemployment, Reduced Performance, and Occupational Changes While at Work: Med 
Care. 2006 Apr;44(4):304–10.  

264.  Zhang W, Bansback N, Anis AH. Measuring and valuing productivity loss due to poor 
health: A critical review. Soc Sci Med. 2011 Jan;72(2):185–92.  

265.  Shah D. Healthy worker effect phenomenon. Indian J Occup Environ Med. 2009;13(2):77.  

266.  Basu N, McClean A, Harper L, Amft EN, Dhaun N, Luqmani RA, et al. Markers for work 
disability in anti-neutrophil cytoplasmic antibody-associated vasculitis. Rheumatology. 
2014 May 1;53(5):953–6.  

267.  Segal B, Bowman SJ, Fox PC, Vivino FB, Murukutla N, Brodscholl J, et al. Primary 
Sjogren’s Syndrome: health experiences and predictors of health quality among patients in 
the United States. Health Qual Life Outcomes. 2009 May 27;7:46.  

268.  Westhoff G, Dorner T, Zink A. Fatigue and depression predict physician visits and work 
disability in women with primary Sjogren’s syndrome: results from a cohort study. 
Rheumatology. 2012 Feb 1;51(2):262–9.  

269.  Sharif R, Mayes MD, Nicassio PM, Gonzalez EB, Draeger H, McNearney TA, et al. 
Determinants of work disability in patients with systemic sclerosis: a longitudinal study of 
the GENISOS cohort. Semin Arthritis Rheum. 2011 Aug;41(1):38–47.  

270.  Sandqvist G, Scheja A, Eklund M. Working ability in relation to disease severity, 
everyday occupations and well-being in women with limited systemic sclerosis. 
Rheumatology. 2008 Nov;47(11):1708–11.  

271.  Sandqvist G, Scheja A, Hesselstrand R. Pain, fatigue and hand function closely correlated 
to work ability and employment status in systemic sclerosis. Rheumatology. 2010 Sep 
1;49(9):1739–46.  

272.  Roberge R, Berthelot JM, Wolfson M. The Health Utility Index: measuring health 
differences in Ontario by socioeconomic status. Health Rep. 1995;7(2):25–32(Eng); 29–
37(Fre).  

273.  Social Determinants and Science Integration Directorate, Public Health Agency of 
Canada. Report summary - The Direct Economic Burden of Socioeconomic Health 
Inequalities in Canada: An Analysis of Health Care Costs by Income Level. Health 
Promot Chronic Dis Prev Can Res Policy Pract. 2016 Jun;36(6):118–9.  

274.  Halonen JI, Kivimäki M, Vahtera J, Pentti J, Virtanen M, Ervasti J, et al. Childhood 
adversity, adult socioeconomic status and risk of work disability: a prospective cohort 
study. Occup Environ Med. 2017 Sep;74(9):659–66.  



 

 

299 

 

275.  McIntosh CN, Finès P, Wilkins R, Wolfson MC. Income disparities in health-adjusted life 
expectancy for Canadian adults, 1991 to 2001. Health Rep. 2009 Dec;20(4):55–64.  

276.  Khan AM, Urquia M, Kornas K, Henry D, Cheng SY, Bornbaum C, et al. Socioeconomic 
gradients in all-cause, premature and avoidable mortality among immigrants and long-
term residents using linked death records in Ontario, Canada. J Epidemiol Community 
Health. 2017 Jul;71(7):625–32.  

277.  Meijer JM, Meiners PM, Huddleston Slater JJR, Spijkervet FKL, Kallenberg CGM, 
Vissink A, et al. Health-related quality of life, employment and disability in patients with 
Sjogren’s syndrome. Rheumatology. 2009 Sep 1;48(9):1077–82.  

278.  Gillis JZ, Yazdany J, Trupin L, Julian L, Panopalis P, Criswell LA, et al. Medicaid and 
access to care among persons with systemic lupus erythematosus. Arthritis Care Res. 
2007;57(4):601–7.  

279.  Ward MM. Avoidable hospitalizations in patients with systemic lupus erythematosus. 
Arthritis Rheum. 2008 Feb 15;59(2):162–8.  

280.  George A, Wong-Pak A, Peschken CA, Silverman E, Pineau C, Smith CD, et al. The 
influence of education on disease activity and damage in systemic lupus erythematous: 
Data from the 1000 Canadian Faces of Lupus. Arthritis Care Res. 2016 Apr 25;  

281.  Cheng Y, Li M, Zhao J, Ye Z, Li C, Li X, et al. Chinese SLE Treatment and Research 
Group (CSTAR) registry:VIII. Influence of socioeconomic and geographical variables on 
disease phenotype and activity in Chinese patients with SLE. Int J Rheum Dis [Internet]. 
2017 Mar [cited 2018 Jan 9]; Available from: http://doi.wiley.com/10.1111/1756-
185X.13057 

282.  Cooper GS, Treadwell EL, William St.Clair E, Gilkeson GS, Dooley MA. 
Sociodemographic associations with early disease damage in patients with systemic lupus 
erythematosus. Arthritis Rheum. 2007 Aug 15;57(6):993–9.  

283.  Yelin E, Trupin L, Yazdany J. A Prospective Study of the Impact of Current Poverty, 
History of Poverty, and Exiting Poverty on Accumulation of Disease Damage in Systemic 
Lupus Erythematosus. Arthritis Rheumatol. 2017 Aug;69(8):1612–22.  

284.  Ward MM. Socioeconomic status and the incidence of ESRD. Am J Kidney Dis Off J Natl 
Kidney Found. 2008 Apr;51(4):563–72.  

285.  Ward MM, Pyun E, Studenski S. Long-term survival in systemic lupus erythematosus. 
Patient characteristics associated with poorer outcomes. Arthritis Rheum. 1995 
Feb;38(2):274–83.  



 

 

300 

 

286.  Alarcón GS, McGwin G Jr, Bastian HM, Roseman J, Lisse J, Fessler BJ, et al. Systemic 
lupus erythematosus in three ethnic groups. VII [correction of VIII]. Predictors of early 
mortality in the LUMINA cohort. LUMINA Study Group. Arthritis Rheum. 2001 
Apr;45(2):191–202.  

287.  Yelin E, Yazdany J, Trupin L. The Relationship between Poverty and Mortality in 
Systemic Lupus Erythematosus. Arthritis Care Res [Internet]. 2017 Oct 3 [cited 2018 Jan 
9]; Available from: http://doi.wiley.com/10.1002/acr.23428 

288.  Demas KL, Costenbader KH. Disparities in lupus care and outcomes: Curr Opin 
Rheumatol. 2009 Mar;21(2):102–9.  

289.  Mansour S, Bonner A, Muangchan C, Hudson M, Baron M, Pope JE, et al. Low 
socioeconomic status (measured by education) and outcomes in systemic sclerosis: data 
from the Canadian Scleroderma Research Group. J Rheumatol. 2013 Apr;40(4):447–54.  

290.  Yelin E, Tonner C, Trupin L, Panopalis P, Yazdany J, Julian L, et al. Work loss and work 
entry among persons with systemic lupus erythematosus: comparisons with a national 
matched sample. Arthritis Rheum. 2009 Feb 15;61(2):247–58.  

291.  Yelin E, Tonner C, Trupin L, Gansky SA, Julian L, Katz P, et al. Longitudinal study of the 
impact of incident organ manifestations and increased disease activity on work loss among 
persons with systemic lupus erythematosus. Arthritis Care Res. 2012 Feb;64(2):169–75.  

292.  Pearce FA, Grainge MJ, Lanyon PC, Watts RA, Hubbard RB. The incidence, prevalence 
and mortality of granulomatosis with polyangiitis in the UK Clinical Practice Research 
Datalink. Rheumatology. 2016 Dec 24;56(4):589–96.  

293.  Flossmann O, Berden A, de Groot K, Hagen C, Harper L, Heijl C, et al. Long-term patient 
survival in ANCA-associated vasculitis. Ann Rheum Dis. 2011 Mar 1;70(3):488–94.  

294.  Heijl C, Mohammad AJ, Westman K, Höglund P. Long-term patient survival in a Swedish 
population-based cohort of patients with ANCA-associated vasculitis. RMD Open. 2017 
Jul;3(1):e000435.  

295.  Regardt M, Welin Henriksson E, Sandqvist J, Lundberg IE, Schult M-L. Work ability in 
patients with polymyositis and dermatomyositis: An explorative and descriptive study. 
Work Read Mass. 2015;53(2):265–77.  

296.  Bradford Rice J, White A, Lopez A, Galebach P, Schepman P, Popelar B, et al. Healthcare 
resource utilization and work loss in dermatomyositis and polymyositis patients in a 
privately-insured US population. J Med Econ. 2016 Jul 2;19(7):649–54.  



 

 

301 

 

297.  Mandl T, Jørgensen TS, Skougaard M, Olsson P, Kristensen L-E. Work Disability in 
Newly Diagnosed Patients with Primary Sjögren Syndrome. J Rheumatol. 2017 
Feb;44(2):209–15.  

298.  Bérezné A, Seror R, Morell-Dubois S, de Menthon M, Fois E, Dzeing-Ella A, et al. Impact 
of systemic sclerosis on occupational and professional activity with attention to patients 
with digital ulcers. Arthritis Care Res. 2011;63(2):277–285.  

299.  Decuman S, Smith V, Verhaeghe S, Deschepper E, Vermeiren F, Keyser FD. Work 
participation and work transition in patients with systemic sclerosis: a cross-sectional 
study. Rheumatology. 2012 Feb 1;51(2):297–304.  

300.  Morrisroe K, Huq M, Stevens W, Rabusa C, Proudman SM, Nikpour M, et al. 
Determinants of unemployment amongst Australian systemic sclerosis patients: results 
from a multicentre cohort study. Clin Exp Rheumatol. 2016 Oct;34 Suppl 100(5):79–84.  

301.  Nguyen C, Poiraudeau S, Mestre-Stanislas C, Rannou F, Bérezné A, Papelard A, et al. 
Employment status and socio-economic burden in systemic sclerosis: a cross-sectional 
survey. Rheumatology. 2010 May;49(5):982–9.  

302.  Barra LJ, Bateman EA, Rohekar S, Pagnoux C, Moradizadeh M. Assessment of work 
limitations and disability in systemic vasculitis. Clin Exp Rheumatol. 2016 Jun;34(3 Suppl 
97):S111-114.  

303.  Boomsma MM, Stegeman CA, Tervaert JW. Comparison of Dutch and US patients’ 
perceptions of the effects of Wegener’s granulomatosis on health, function, income, and 
interpersonal relationships: comment on the article by Hoffman et al. Arthritis Rheum. 
1999 Nov;42(11):2495–7.  

304.  Hoffman GS, Drucker Y, Cotch MF, Locker GA, Easley K, Kwoh K. Wegener’s 
granulomatosis: patient-reported effects of disease on health, function, and income. 
Arthritis Rheum. 1998 Dec;41(12):2257–62.  

305.  Reinhold-Keller E, Herlyn K, Wagner-Bastmeyer R, Gutfleisch J, Peter HH, Raspe HH, et 
al. Effect of Wegener’s granulomatosis on work disability, need for medical care, and 
quality of life in patients younger than 40 years at diagnosis. Arthritis Rheum. 2002 Jun 
15;47(3):320–5.  

306.  López-Bastida J, Linertová R, Oliva-Moreno J, Posada-de-la-Paz M, Serrano-Aguilar P. 
Social economic costs and health-related quality of life in patients with systemic sclerosis 
in Spain. Arthritis Care Res. 2013 Sep 10;  

307.  Chevreul K, Brigham KB, Gandré C, Mouthon L, BURQOL-RD Research Network. The 
economic burden and health-related quality of life associated with systemic sclerosis in 
France. Scand J Rheumatol. 2015 May;44(3):238–46.  



 

 

302 

 

308.  Medical Services Plan - Province of British Columbia [Internet]. [cited 2018 Jan 9]. 
Available from: https://www2.gov.bc.ca/gov/content/health/health-drug-coverage/msp 

309.  BC STATS: British Columbia Total Population Estimates [Internet]. [cited 2018 Jan 9]. 
Available from: https://www2.gov.bc.ca/gov/content/data/statistics/people-population-
community/population/population-estimates 

310.  British Columbia (Code 59) (table). National Household Survey (NHS) Aboriginal 
Population Profile [Internet]. Ottawa, ON: Statistics Canada; 2013 Nov [cited 2018 Jan 9]. 
(2011 National Household Survey). Available from: http://www12.statcan.gc.ca/nhs-
enm/2011/dp-pd/aprof/index.cfm?Lang=E 

311.  Rahman MM, Kopec JA, Sayre EC, Greidanus NV, Aghajanian J, Anis AH, et al. Effect 
of sociodemographic factors on surgical consultations and hip or knee replacements 
among patients with osteoarthritis in British Columbia, Canada. J Rheumatol. 2011 
Mar;38(3):503–9.  

312.  Chen W, Lynd LD, FitzGerald JM, Sadatsafavi M. Influences of Socioeconomic Status on 
Costs of Asthma Under Universal Health Coverage: Med Care. 2016 Aug;54(8):789–95.  

313.  Etminan M, Forooghian F, Brophy JM, Bird ST, Maberley D. Oral fluoroquinolones and 
the risk of retinal detachment. JAMA J Am Med Assoc. 2012 Apr 4;307(13):1414–9.  

314.  Etminan M, Forooghian F, Maberley D. Inflammatory ocular adverse events with the use 
of oral bisphosphonates: a retrospective cohort study. CMAJ Can Med Assoc J J Assoc 
Medicale Can. 2012 May 15;184(8):E431-4.  

315.  Solomon DH, Massarotti E, Garg R, Liu J, Canning C, Schneeweiss S. Association 
between disease-modifying antirheumatic drugs and diabetes risk in patients with 
rheumatoid arthritis and psoriasis. JAMA J Am Med Assoc. 2011 Jun 22;305(24):2525–
31.  

316.  British Columbia Ministry of Health [creator] (2013): Medical Services Plan (MSP) 
Payment Information File. Population Data BC [publisher]. Data Extract. MOH (2013). 
http://www.popdata.bc.ca/data.  

317.  Canadian Institute for Health Information [creator] (2013): Discharge Abstract Database 
(Hospital Separations). Population Data BC [publisher]. Data Extract. MOH (2013). 
http://www.popdata.bc.ca/data.  

318.  BC Ministry of Health [creator] (2013): PharmaNet. BC Ministry of Health [publisher]. 
Data Extract. Data Stewardship Committee (2013). http://www.popdata.bc.ca/data.  



 

 

303 

 

319.  British Columbia Ministry of Health [creator] (2013): Consolidation File (MSP 
Registration & Premium Billing). Population Data BC [publisher]. Data Extract. MOH 
(2013). http://www.popdata.bc.ca/data.  

320.  BC Vital Statistics Agency [creator] (2012): Vital Statistics Deaths. Population Data BC 
[publisher]. Data Extract BC Vital Statistics Agency (2013). 
http://www.popdata.bc.ca/data.  

321.  Consolidation file | www.popdata.bc.ca [Internet]. [cited 2018 Jan 9]. Available from: 
https://www.popdata.bc.ca/data/internal/population/consolidationfile 

322.  Vital Statistics Deaths | www.popdata.bc.ca [Internet]. [cited 2018 Jan 9]. Available from: 
https://www.popdata.bc.ca/data/internal/population/vsdeaths 

323.  Medical Services Plan (MSP) Payment Information File | www.popdata.bc.ca [Internet]. 
[cited 2018 Jan 9]. Available from: https://www.popdata.bc.ca/data/internal/health/msp 

324.  Discharge Abstracts Database (Hospital Separations file) | www.popdata.bc.ca [Internet]. 
[cited 2018 Jan 9]. Available from: https://www.popdata.bc.ca/data/internal/health/dad 

325.  Canadian Institute for Health Information. A Snapshot of Health Care in Canada as 
Demonstrated by Top 10 Lists, 2011 [Internet]. Ottawa, ON; 2012 [cited 2018 Jan 9]. 
Available from: https://secure.cihi.ca/free_products/Top10ReportEN-Web.pdf 

326.  McKendry R, Reid R, McGrail K, Kerluke K. Emergency Rooms in British Columbia: A 
pilot project to validate current data and describe users. The Centre for Health Services 
and Policy Research; 2002.  

327.  Get coverage for prescription drugs | Ontario.ca [Internet]. [cited 2018 Jan 9]. Available 
from: https://www.ontario.ca/page/get-coverage-prescription-drugs 

328.  ICES Data [Internet]. [cited 2018 Jan 9]. Available from: https://www.ices.on.ca/Data-
and-Privacy/ICES-data 

329.  Eligibility | RAMQ [Internet]. [cited 2018 Jan 9]. Available from: 
http://www.ramq.gouv.qc.ca/en/citizens/prescription-drug-insurance/Pages/eligibility.aspx 

330.  PharmaNet | www.popdata.bc.ca [Internet]. [cited 2018 Jan 9]. Available from: 
https://www.popdata.bc.ca/data/external/PharmaNet 

331.  PharmaCare files - brief description of plan type (up to May 1, 2003) | www.popdata.bc.ca 
[Internet]. [cited 2018 Jan 9]. Available from: 
https://www.popdata.bc.ca/data/internal/health/PharmaCare/plantypes 



 

 

304 

 

332.  PharmaCare for B.C. Residents - Province of British Columbia [Internet]. [cited 2018 Jan 
9]. Available from: http://www2.gov.bc.ca/gov/content/health/health-drug-
coverage/pharmacare-for-bc-residents 

333.  Bernatsky S, Linehan T, Hanly JG. The accuracy of administrative data diagnoses of 
systemic autoimmune rheumatic diseases. J Rheumatol. 2011 Aug;38(8):1612–6.  

334.  Smeeth L, Cook C, Hall AJ. Incidence of diagnosed polymyalgia rheumatica and temporal 
arteritis in the United Kingdom, 1990-2001. Ann Rheum Dis. 2006 Aug;65(8):1093–8.  

335.  Watts R, Al-Taiar A, Mooney J, Scott D, Macgregor A. The epidemiology of Takayasu 
arteritis in the UK. Rheumatology. 2009 Aug;48(8):1008–11.  

336.  Watts RA, Al-Taiar A, Scott DGI, Macgregor AJ. Prevalence and incidence of Wegener’s 
granulomatosis in the UK general practice research database. Arthritis Rheum. 2009 Oct 
15;61(10):1412–6.  

337.  Takala JH, Kautiainen H, Malmberg H, Leirisalo-Repo M. Incidence of Wegener’s 
granulomatosis in Finland 1981-2000. Clin Exp Rheumatol. 2008 Jun;26(3 Suppl 49):S81-
85.  

338.  Guidance Document for the Costing of Health Care Resources in the Canadian Setting: 
2nd Edition [Internet]. Ottawa, ON: CADTH; 2016 Mar [cited 2018 Jan 8]. Available 
from: https://www.cadth.ca/guidance-document-costing-process-2e 

339.  CIHI [Internet]. [cited 2018 Jan 9]. Available from: https://www.cihi.ca/en 

340.  Romano PS, Roos LL, Jollis JG. Adapting a clinical comorbidity index for use with ICD-
9-CM administrative data: differing perspectives. J Clin Epidemiol. 1993 
Oct;46(10):1075-1079; discussion 1081-1090.  

341.  Luo Z-C, Kierans WJ, Wilkins R, Liston RM, Mohamed J, Kramer MS. Disparities in 
Birth Outcomes by Neighborhood Income: Temporal Trends in Rural and Urban Areas, 
British Columbia. Epidemiology. 2004 Nov;15(6):679–86.  

342.  Tinmouth J, Green J, Ko Y-J, Liu Y, Paszat L, Sutradhar R, et al. A Population-Based 
Analysis of Esophageal and Gastric Cardia Adenocarcinomas in Ontario, Canada: 
Incidence, Risk Factors, and Regional Variation. J Gastrointest Surg. 2011 
May;15(5):782–90.  

343.  Thein H-H, Anyiwe K, Jembere N, Yu B, De P, Earle CC. Effects of socioeconomic status 
on esophageal adenocarcinoma stage at diagnosis, receipt of treatment, and survival: A 
population-based cohort study. PLOS ONE. 2017 Oct 11;12(10):e0186350.  



 

 

305 

 

344.  Govindarajan A, Urbach DR, Kumar M, Li Q, Murray BJ, Juurlink D, et al. Outcomes of 
Daytime Procedures Performed by Attending Surgeons after Night Work. N Engl J Med. 
2015 Aug 27;373(9):845–53.  

345.  Wilkins R. Neighbourhood income quintiles derived from Canadian postal codes are apt to 
be misclassified in rural but not urban areas [Internet]. Ottawa, ON: Statistics Canada; 
2004 Aug [cited 2018 Jan 9]. Available from: 
https://www.researchgate.net/publication/301488517_Neighbourhood_income_quintiles_d
erived_from_Canadian_postal_codes_are_apt_to_be_misclassified_in_rural_but_not_urba
n_areas 

346.  Marra CA, Lynd LD, Harvard SS, Grubisic M. Agreement between aggregate and 
individual-level measures of income and education: a comparison across three patient 
groups. BMC Health Serv Res. 2011;11:69.  

347.  Broten L, Aviña-Zubieta JA, Lacaille D, Joseph L, Hanly JG, Lix L, et al. Systemic 
Autoimmune Rheumatic Disease Prevalence in Canada: Updated Analyses Across 7 
Provinces. J Rheumatol. 2014 Apr 1;41(4):673–9.  

348.  Bernatsky S, Lix L, Hanly JG, Hudson M, Badley E, Peschken C, et al. Surveillance of 
systemic autoimmune rheumatic diseases using administrative data. Rheumatol Int. 2011 
Apr;31(4):549–54.  

349.  Gamble J-M, Eurich DT, Ezekowitz JA, Kaul P, Quan H, McAlister FA. Patterns of Care 
and Outcomes Differ for Urban Versus Rural Patients With Newly Diagnosed Heart 
Failure, Even in a Universal Healthcare System. Circ Heart Fail. 2011 May 1;4(3):317–23.  

350.  Johnson JA, Balko SU, Hugel G, Low C, Svenson LW. Increasing incidence and 
prevalence with limited survival gains among rural Albertans with diabetes: a 
retrospective cohort study, 1995-2006. Diabet Med. 2009 Oct;26(10):989–95.  

351.  Labrecque JA, Kyle RP, Joseph L, Bernatsky S. Health-selective migration among 
patients with rheumatoid arthritis in Québec: a cohort study using administrative data. 
Rheumatol Int. 2016 Sep;36(9):1275–9.  

352.  du Plessis V, Beshiri R, Bollman R. Definitions of Rural [Internet]. Ottawa, ON: Statistics 
Canada; 2001 Nov [cited 2018 Jan 9]. (Rural and Small Town Analysis Bulletin). Report 
No.: 21–006–XIE. Available from: http://www.statcan.gc.ca/pub/21-006-x/21-006-
x2001003-eng.pdf 

353.  Glick H, editor. Economic evaluation in clinical trials. Oxford ; New York: Oxford 
University Press; 2007. 244 p. (Handbooks in health economic evaluation series).  

354.  Manning WG, Mullahy J. Estimating log models: to transform or not to transform? J 
Health Econ. 2001 Jul;20(4):461–94.  



 

 

306 

 

355.  Gray A, editor. Applied methods of cost-effectiveness analysis in health care. Oxford ; 
New York: Oxford University Press; 2011. 313 p. (Handbooks in health economic 
evaluation series).  

356.  Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. 
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) Statement. 
Value Health. 2013 Mar;16(2):e1–5.  

357.  Ramsey SD, Willke RJ, Glick H, Reed SD, Augustovski F, Jonsson B, et al. Cost-
Effectiveness Analysis Alongside Clinical Trials II—An ISPOR Good Research Practices 
Task Force Report. Value Health. 2015 Mar;18(2):161–72.  

358.  Canadian Agency for Drugs and Technologies in Health (CADTH. Guidelines for the 
Economic Evaluation of Health Technologies: Canada — 4th Edition [Internet]. Ottawa, 
ON; 2017 Mar [cited 2018 Jan 9]. Available from: 
https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_evaluation_of_h
ealth_technologies_canada_4th_ed.pdf 

359.  Guide to the methods of technology appraisal 2013 | Foreword | Guidance and guidelines | 
NICE [Internet]. [cited 2018 Jan 9]. Available from: 
https://www.nice.org.uk/article/pmg9/chapter/Foreword 

360.  Guidelines for the Economic Evaluation of Health Technologies in Ireland [Internet]. 
Health Information and Quality Authority; 2014 [cited 2018 Jan 9]. Available from: 
https://www.hiqa.ie/system/files/Economic-Evaluation-Guidelines-2014.pdf 

361.  Mihaylova B, Briggs A, O’Hagan A, Thompson SG. Review of statistical methods for 
analysing healthcare resources and costs. Health Econ. 2011 Aug;20(8):897–916.  

362.  23109 - Assessing choice of GEE working correlation structure [Internet]. [cited 2018 Jan 
7]. Available from: http://support.sas.com/kb/23/109.html 

363.  Ballinger GA. Using Generalized Estimating Equations for Longitudinal Data Analysis. 
Organ Res Methods. 2004 Apr;7(2):127–50.  

364.  Austin PC, Urbach DR. Using G-Computation to Estimate the Effect of Regionalization of 
Surgical Services on the Absolute Reduction in the Occurrence of Adverse Patient 
Outcomes: Med Care. 2013 Sep;51(9):797–805.  

365.  Dillman DA. Mail and internet surveys: the tailored design method. 2nd ed., 2007 update 
with new internet, visual, and mixed-mode guide. Hoboken, N.J: Wiley; 2007. 523 p.  

366.  Guo Y, Kopec JA, Cibere J, Li LC, Goldsmith CH. Population Survey Features and 
Response Rates: A Randomized Experiment. Am J Public Health. 2016 Aug;106(8):1422–
6.  



 

 

307 

 

367.  Becker R, Mehlkop G. Effects of Prepaid Monetary Incentives on Mail Survey Response 
Rates and on Self-reporting about Delinquency - Empirical findings. Bull Sociol 
Methodol. 2011 Jul 1;111(1):5–25.  

368.  Béland Y. Canadian community health survey--methodological overview. Health Rep. 
2002;13(3):9–14.  

369.  EuroQol - Home [Internet]. [cited 2018 Jan 9]. Available from: http://www.euroqol.org/ 

370.  Xie F, Pullenayegum E, Gaebel K, Bansback N, Bryan S, Ohinmaa A, et al. A Time 
Trade-off-derived Value Set of the EQ-5D-5L for Canada. Med Care. 2016 Jan;54(1):98–
105.  

371.  Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient outcome in arthritis. 
Arthritis Rheum. 1980 Feb;23(2):137–45.  

372.  Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility of a work 
productivity and activity impairment instrument. PharmacoEconomics. 1993 
Nov;4(5):353–65.  

373.  Zhang W, Bansback N, Boonen A, Severens J, Anis A. Development of a composite 
questionnaire, the valuation of lost productivity, to value productivity losses: application 
in rheumatoid arthritis. Value Health. 2010;15(1):46–54.  

374.  Drenkard C, Bao G, Dennis G, Kan HJ, Jhingran PM, Molta CT, et al. Burden of systemic 
lupus erythematosus on employment and work productivity: data from a large cohort in 
the southeastern United States. Arthritis Care Res. 2014 Jun;66(6):878–87.  

375.  Garris C, Oglesby A, Sulcs E, Lee M. Impact of systemic lupus erythematosus on burden 
of illness and work productivity in the United States. Lupus. 2013 Sep 1;22(10):1077–86.  

376.  Morrisroe K, Stevens W, Huq M, Sahhar J, Ngian G-S, Zochling J, et al. Validity of the 
Workers Productivity and Activity Impairment Questionnaire: Specific Health Problem 
(WPAI:SHP) in patients with systemic sclerosis. Clin Exp Rheumatol. 2017 Oct;35 Suppl 
106(4):130–7.  

377.  Zhang W, Bansback N, Kopec J, Anis A. Measuring time input loss among patients with 
rheumatoid arthritis: validity and reliability of the valuation of lost productivity 
questionnaire. J Occup Environ Med. 2011;53(5):530–6.  

378.  Zhang W, Bansback N, Sun H, Pedersen R, Kotak S, Anis AH. Estimating the monetary 
value of the annual productivity gained in patients with early rheumatoid arthritis 
receiving etanercept plus methotrexate: interim results from the PRIZE study. RMD Open. 
2015 Apr 8;1(1):e000042–e000042.  



 

 

308 

 

379.  Sadatsafavi M, Rousseau R, Chen W, Zhang W, Lynd L, FitzGerald JM. The Preventable 
Burden of Productivity Loss Due to Suboptimal Asthma Control: A Population-Based 
Study. CHEST J. 2014 Apr 1;145(4):787.  

380.  Urowitz MB, Gladman DD, Ibañez D, Fortin PR, Bae SC, Gordon C, et al. Evolution of 
disease burden over five years in a multicenter inception systemic lupus erythematosus 
cohort. Arthritis Care Res. 2012 Jan;64(1):132–7.  

381.  Johnson JA, Pohar SL, Majumdar SR. Health care use and costs in the decade after 
identification of type 1 and type 2 diabetes: a population-based study. Diabetes Care. 2006 
Nov;29(11):2403–8.  

382.  Rosella LC, Lebenbaum M, Fitzpatrick T, O’Reilly D, Wang J, Booth GL, et al. Impact of 
diabetes on healthcare costs in a population-based cohort: a cost analysis. Diabet Med J Br 
Diabet Assoc. 2016 Mar;33(3):395–403.  

383.  Dunlay SM, Shah ND, Shi Q, Morlan B, VanHouten H, Hall Long K, et al. Lifetime Costs 
of Medical Care After Heart Failure Diagnosis. Circ Cardiovasc Qual Outcomes. 2011 Jan 
1;4(1):68–75.  

384.  Violato M, Gray A, Papanicolas I, Ouellet M. Resource Use and Costs Associated with 
Coeliac Disease before and after Diagnosis in 3,646 Cases: Results of a UK Primary Care 
Database Analysis. Singh SR, editor. PLoS ONE. 2012 Jul 17;7(7):e41308.  

385.  Bernatsky S, Panopolis P, Hudson M, Pope J, Leclercq S, Robinson D, et al. Demographic 
and clinical factors associated with physician service use in systemic sclerosis. J 
Rheumatol. 2009 01;36(1):96–8.  

386.  Rubinstein TB, Mowrey WB, Ilowite NT, Wahezi DM, for the CARRA Investigators. 
Delays to care in pediatric lupus patients from the Childhood Arthritis and Rheumatology 
Research Alliance Legacy Registry. Arthritis Care Res [Internet]. 2017 May 23 [cited 
2018 Jan 9]; Available from: http://doi.wiley.com/10.1002/acr.23285 

387.  Biro S, Williamson T, Leggett JA, Barber D, Morkem R, Moore K, et al. Utility of linking 
primary care electronic medical records with Canadian census data to study the 
determinants of chronic disease: an example based on socioeconomic status and obesity. 
BMC Med Inform Decis Mak. 2016 Mar 11;16:32.  

388.  Corsi DJ, Lear SA, Chow CK, Subramanian SV, Boyle MH, Teo KK. Socioeconomic and 
Geographic Patterning of Smoking Behaviour in Canada: A Cross-Sectional Multilevel 
Analysis. Schooling CM, editor. PLoS ONE. 2013 Feb 28;8(2):e57646.  

389.  Corsi DJ, Boyle MH, Lear SA, Chow CK, Teo KK, Subramanian SV. Trends in smoking 
in Canada from 1950 to 2011: progression of the tobacco epidemic according to 
socioeconomic status and geography. Cancer Causes Control. 2014 Jan;25(1):45–57.  



 

 

309 

 

390.  Ghaussy NO, Jr WS, Bankhurst AD, Qualls CR. Cigarette smoking and disease activity in 
systemic lupus erythematosus. J Rheumatol. 2003 Jun;30(6):1215–21.  

391.  Harrison BJ, Silman AJ, Hider SL, Herrick AL. Cigarette smoking as a significant risk 
factor for digital vascular disease in patients with systemic sclerosis. Arthritis Rheum. 
2002 Dec;46(12):3312–6.  

392.  Allanore Y, Denton CP, Krieg T, Cornelisse P, Rosenberg D, Schwierin B, et al. Clinical 
characteristics and predictors of gangrene in patients with systemic sclerosis and digital 
ulcers in the Digital Ulcer Outcome Registry: a prospective, observational cohort. Ann 
Rheum Dis. 2016 Sep;75(9):1736–40.  

393.  Hudson M, Lo E, Lu Y, Hercz D, Baron M, Steele R, et al. Cigarette smoking in patients 
with systemic sclerosis. Arthritis Rheum. 2011 Jan;63(1):230–8.  

394.  Chaiamnuay S, Bertoli AM, Fernández M, Apte M, Vilá LM, Reveille JD, et al. The 
Impact of Increased Body Mass Index on Systemic Lupus Erythematosus: Data From 
LUMINA, a Multiethnic Cohort. JCR J Clin Rheumatol. 2007 Jun;13(3):128–33.  

395.  Lee J, Peschken C, Muangchan C, Silverman E, Pineau C, Smith C, et al. The frequency 
of and associations with hospitalization secondary to lupus flares from the 1000 Faces of 
Lupus Canadian cohort. Lupus. 2013 Nov;22(13):1341–8.  

396.  Robson JC, Kiran A, Maskell J, Hutchings A, Arden N, Dasgupta B, et al. Which Patients 
with Giant Cell Arteritis Will Develop Cardiovascular or Cerebrovascular Disease? A 
Clinical Practice Research Datalink Study. J Rheumatol. 2016 Jun 1;43(6):1085–92.  

397.  Durán S, Apte M, Alarcón GS, LUMINA Study Group. Poverty, not ethnicity, accounts 
for the differential mortality rates among lupus patients of various ethnic groups. J Natl 
Med Assoc. 2007 Oct;99(10):1196–8.  

398.  Kuwana M, Kaburaki J, Arnett FC, Howard RF, Medsger TA, Wright TM. Influence of 
ethnic background on clinical and serologic features in patients with systemic sclerosis 
and anti-DNA topoisomerase I antibody. Arthritis Rheum. 1999 Mar;42(3):465–74.  

399.  Hanley GE, Morgan S. On the validity of area-based income measures to proxy household 
income. BMC Health Serv Res. 2008;8:79.  

400.  Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics. 1977 Mar;33(1):159–74.  

401.  Hanly JG, Thompson K, Skedgel C. Identification of patients with systemic lupus 
erythematosus in administrative healthcare databases. Lupus. 2014 Nov;23(13):1377–82.  



 

 

310 

 

402.  Choi JH, Park DJ, Kang JH, Yim YR, Lee KE, Lee JW, et al. Comparison of clinical and 
serological differences among juvenile-, adult-, and late-onset systemic lupus 
erythematosus in Korean patients. Lupus. 2015 Oct;24(12):1342–9.  

403.  Sousa S, Gonçalves MJ, Inês LS, Eugénio G, Jesus D, Fernandes S, et al. Clinical features 
and long-term outcomes of systemic lupus erythematosus: comparative data of childhood, 
adult and late-onset disease in a national register. Rheumatol Int. 2016 Jul;36(7):955–60.  

404.  Sassi RH, Hendler JV, Piccoli GF, Gasparin AA, da Silva Chakr RM, Brenol JCT, et al. 
Age of onset influences on clinical and laboratory profile of patients with systemic lupus 
erythematosus. Clin Rheumatol. 2017 Jan;36(1):89–95.  

405.  Bertoli AM, Alarcón GS, Calvo-Alén J, Fernández M, Vilá LM, Reveille JD, et al. 
Systemic lupus erythematosus in a multiethnic US cohort: Clinical features, course, and 
outcome in patients with late-onset disease. Arthritis Rheum. 2006 May;54(5):1580–7.  

406.  Formiga F, Moga I, Pac M, Mitjavila F, Rivera A, Pujol R. Mild presentation of systemic 
lupus erythematosus in elderly patients assessed by SLEDAI. Lupus. 1999 Jul;8(6):462–5.  

407.  Cervera R, Doria A, Amoura Z, Khamashta M, Schneider M, Guillemin F, et al. Patterns 
of systemic lupus erythematosus expression in Europe. Autoimmun Rev. 2014 
Jun;13(6):621–9.  

408.  Merola JF, Bermas B, Lu B, Karlson EW, Massarotti E, Schur PH, et al. Clinical 
manifestations and survival among adults with (SLE) according to age at diagnosis. 
Lupus. 2014 Jul;23(8):778–84.  

409.  Eriksson C, Kokkonen H, Johansson M, Hallmans G, Wadell G, Rantapää-Dahlqvist S. 
Autoantibodies predate the onset of systemic lupus erythematosus in northern Sweden. 
Arthritis Res Ther. 2011;13(1):R30.  

410.  Arbuckle MR, McClain MT, Rubertone MV, Scofield RH, Dennis GJ, James JA, et al. 
Development of Autoantibodies before the Clinical Onset of Systemic Lupus 
Erythematosus. N Engl J Med. 2003 Oct 16;349(16):1526–33.  

411.  Alarcón GS, McGwin G, Roseman JM, Uribe A, Fessler BJ, Bastian HM, et al. Systemic 
lupus erythematosus in three ethnic groups. XIX. Natural history of the accrual of the 
American College of Rheumatology criteria prior to the occurrence of criteria diagnosis. 
Arthritis Care Res. 2004 Aug 15;51(4):609–15.  

412.  Ozbek S, Sert M, Paydas S, Soy M. Delay in the diagnosis of SLE: the importance of 
arthritis/arthralgia as the initial symptom. Acta Med Okayama. 2003 Aug;57(4):187–90.  



 

 

311 

 

413.  Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, et al. The 1982 
revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. 
1982 Nov;25(11):1271–7.  

414.  Doria A, Zen M, Canova M, Bettio S, Bassi N, Nalotto L, et al. SLE diagnosis and 
treatment: When early is early. Autoimmun Rev. 2010 Nov;10(1):55–60.  

415.  Bartels CM, Buhr KA, Goldberg JW, Bell CL, Visekruna M, Nekkanti S, et al. Mortality 
and Cardiovascular Burden of Systemic Lupus Erythematosus in a US Population-based 
Cohort. J Rheumatol. 2014 Apr 1;41(4):680–7.  

416.  Zhang S, Su J, Li X, Zhang X, Liu S, Wu L, et al. Chinese SLE Treatment and Research 
group (CSTAR) registry: V. gender impact on Chinese patients with systemic lupus 
erythematosus. Lupus. 2015 Oct;24(12):1267–75.  

417.  Hwang J, Lee J, Ahn JK, Park E-J, Cha H-S, Koh E-M. Clinical characteristics of male 
and female Korean patients with systemic lupus erythematosus: a comparative study. 
Korean J Intern Med. 2015 Mar;30(2):242–9.  

418.  Canora J, García M, Mitjavila F, Espinosa G, Suárez S, González-León R, et al. Clinical 
characteristics during diagnosis of a prospective cohort of patients with systemic lupus 
erythematosus treated in Spanish Departments of Internal Medicine: The RELES study. 
Rev Clínica Esp Engl Ed. 2017 Jan;217(1):7–14.  

419.  Rees F, Doherty M, Lanyon P, Davenport G, Riley RD, Zhang W, et al. Early Clinical 
Features in Systemic Lupus Erythematosus: Can They Be Used to Achieve Earlier 
Diagnosis? A Risk Prediction Model. Arthritis Care Res. 2017 Jun;69(6):833–41.  

420.  Andrade RM, Alarcón GS, Fernández M, Apte M, Vilá LM, Reveille JD, et al. 
Accelerated damage accrual among men with systemic lupus erythematosus: XLIV. 
Results from a multiethnic US cohort. Arthritis Rheum. 2007 Feb;56(2):622–30.  

421.  Riveros Frutos A, Casas I, Rúa-Figueroa I, López-Longo FJ, Calvo-Alén J, Galindo M, et 
al. Systemic lupus erythematosus in Spanish males: a study of the Spanish Rheumatology 
Society Lupus Registry (RELESSER) cohort. Lupus. 2017 Jun;26(7):698–706.  

422.  Lai N-S, Tsai T-Y, Li C-Y, Koo M, Yu C-L, Lu M-C. Increased Frequency and Costs of 
Ambulatory Medical Care Utilization Prior to the Diagnosis of Rheumatoid Arthritis: A 
National Population-Based Study. Arthritis Care Res. 2014 Mar;66(3):371–8.  

423.  Kristensen LE, Jørgensen TS, Christensen R, Gudbergsen H, Dreyer L, Ballegaard C, et 
al. Societal costs and patients’ experience of health inequities before and after diagnosis of 
psoriatic arthritis: a Danish cohort study. Ann Rheum Dis. 2017 Sep;76(9):1495–501.  



 

 

312 

 

424.  Løppenthin K, Esbensen BA, Østergaard M, Ibsen R, Kjellberg J, Jennum P. Welfare 
costs in patients with rheumatoid arthritis and their partners compared with matched 
controls: a register-based study. Clin Rheumatol. 2017 Mar;36(3):517–25.  

425.  Shiff NJ, Tucker LB, Guzman J, Oen K, Yeung RSM, Duffy CM. Factors Associated with 
a Longer Time to Access Pediatric Rheumatologists in Canadian Children with Juvenile 
Idiopathic Arthritis. J Rheumatol. 2010 Nov 1;37(11):2415–21.  

426.  Murphy G, Isenberg D. Effect of gender on clinical presentation in systemic lupus 
erythematosus. Rheumatology. 2013 Dec 1;52(12):2108–15.  

427.  Tan TC, Fang H, Magder LS, Petri MA. Differences between Male and Female Systemic 
Lupus Erythematosus in a Multiethnic Population. J Rheumatol. 2012 Apr 1;39(4):759–
69.  

428.  Pons-Estel GJ, Gonzalez LA, Zhang J, Burgos PI, Reveille JD, Vila LM, et al. Predictors 
of cardiovascular damage in patients with systemic lupus erythematosus: data from 
LUMINA (LXVIII), a multiethnic US cohort. Rheumatology. 2009 Jul 1;48(7):817–22.  

429.  Urowitz MB, Gladman DD, Anderson NM, Su J, Romero-Diaz J, Bae SC, et al. 
Cardiovascular events prior to or early after diagnosis of systemic lupus erythematosus in 
the systemic lupus international collaborating clinics cohort. Lupus Sci Med. 
2016;3(1):e000143.  

430.  Maradit-Kremers H, Crowson CS, Nicola PJ, Ballman KV, Roger VL, Jacobsen SJ, et al. 
Increased unrecognized coronary heart disease and sudden deaths in rheumatoid arthritis: 
a population-based cohort study. Arthritis Rheum. 2005 Feb;52(2):402–11.  

431.  Pahau H, Brown MA, Paul S, Thomas R, Videm V. Cardiovascular disease is increased 
prior to onset of rheumatoid arthritis but not osteoarthritis: the population-based Nord-
Trøndelag health study (HUNT). Arthritis Res Ther. 2014;16(2):R85.  

432.  Kokkonen H, Stenlund H, Rantapää-Dahlqvist S. Cardiovascular risk factors predate the 
onset of symptoms of rheumatoid arthritis: a nested case-control study. Arthritis Res Ther. 
2017 Jun 30;19(1):148.  

433.  Lu M-C, Yan S-T, Yin W-Y, Koo M, Lai N-S. Risk of Rheumatoid Arthritis in Patients 
with Type 2 Diabetes: A Nationwide Population-Based Case-Control Study. Pietropaolo 
M, editor. PLoS ONE. 2014 Jul 2;9(7):e101528.  

434.  Kasitanon N, Intaniwet T, Wangkaew S, Pantana S, Sukitawut W, Louthrenoo W. The 
clinically quiescent phase in early-diagnosed SLE patients: inception cohort study. 
Rheumatology. 2015 May 1;54(5):868–75.  



 

 

313 

 

435.  Panopalis P, Julian L, Yazdany J, Gillis JZ, Trupin L, Hersh A, et al. Impact of memory 
impairment on employment status in persons with systemic lupus erythematosus. Arthritis 
Rheum. 2007 Dec 15;57(8):1453–60.  

436.  Utset T, Fink J, Doninger N. Prevalence of neurocognitive dysfunction and other clinical 
manifestations in disabled patients with systemic lupus erythematosus. J Rheumatol. 
2006;33:531–8.  

437.  Al Dhanhani AM, Gignac MAM, Beaton DE, Su J, Fortin PR. Work factors are associated 
with workplace activity limitations in systemic lupus erythematosus. Rheumatology. 2014 
Nov 1;53(11):2044–52.  

438.  Mendelson C, Poole JL, Allaire S. Experiencing work as a daily challenge: The case of 
scleroderma. Work- J Prev Assess Rehabil. 2013;44(4):405–13.  

439.  McCormick N, Reimer K, Famouri A, Marra CA, Aviña-Zubieta JA. Filling the gaps in 
SARDs research: collection and linkage of administrative health data and self-reported 
survey data for a general population-based cohort of individuals with and without 
diagnoses of systemic autoimmune rheumatic disease (SARDs) from British Columbia, 
Canada. BMJ Open. 2017 Jun 21;7(6):e013977.  

440.  Armstrong SM, Wither JE, Borowoy AM, Landolt-Marticorena C, Davis AM, Johnson 
SR. Development, Sensibility, and Validity of a Systemic Autoimmune Rheumatic 
Disease Case Ascertainment Tool. J Rheumatol. 2017 Jan;44(1):18–23.  

441.  Connor Gorber S, Shields M, Tremblay MS, McDowell I. The feasibility of establishing 
correction factors to adjust self-reported estimates of obesity. Health Rep. 2008 
Sep;19(3):71–82.  

442.  National Occupational Classification (NOC) 2011 [Internet]. [cited 2018 Jan 9]. Available 
from: http://www.statcan.gc.ca/subjects-sujets/standard-norme/noc-cnp/2011/index-
indexe-eng.htm 

443.  Average hourly wages of employees by selected characteristics and occupation, 
unadjusted data, by province (monthly) (British Columbia) [Internet]. [cited 2017 Apr 29]. 
Available from: http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/labr69k-
eng.htm 

444.  Zhang W, Bansback N, Sun H, Pedersen R, Kotak S, Anis AH. Impact of etanercept 
tapering on work productivity in patients with early rheumatoid arthritis: results from the 
PRIZE study. RMD Open. 2016;2(2):e000222.  

445.  General Social Survey – 2010: Overview of the Time Use of Canadians [Internet]. Ottawa, 
ON: Statistics Canada; 2015 Nov [cited 2018 Jan 8]. Available from: 



 

 

314 

 

http://www5.statcan.gc.ca/olc-cel/olc.action?ObjId=89-647-
X&ObjType=2&lang=en&limit=0 

446.  Yelin E, Trupin L, Katz P, Criswell L, Yazdany J, Gillis J, et al. Work dynamics among 
persons with systemic lupus erythematosus. Arthritis Rheum. 2007 Feb 15;57(1):56–63.  

447.  Drummond M. Methods for the economic evaluation of health care programmes. Fourth 
edition. Oxford, United Kingdom ; New York, NY, USA: Oxford University Press; 2015. 
445 p. (Oxford medical publications).  

448.  Zhang W, Gignac MA, Beaton D, Tang K, Anis AH, Group CANWP. Productivity loss 
due to presenteeism among patients with arthritis: estimates from 4 instruments. J 
Rheumatol. 2010 Sep;37(9):1805–14.  

449.  Hakkaart-van Roijen L, Essink-Bot M-L. The Health and Labour Questionnaire Manual 
[Internet]. institute for Medical Technology Assessment; 2000 [cited 2018 Jan 9]. 
Available from: http://repub.eur.nl/res/pub/1313/bmgimt20000609160629.pdf 

450.  Katz P, Yazdany J, Julian L, Trupin L, Margaretten M, Yelin E, et al. Impact of obesity on 
functioning among women with systemic lupus erythematosus. Arthritis Care Res. 2011 
Oct;63(10):1357–64.  

451.  Partridge AJ, Karlson EW, Daltroy LH, Lew RA, Wright EA, Fossel AH, et al. Risk 
factors for early work disability in systemic lupus erythematosus: results from a 
multicenter study. Arthritis Rheum. 1997 Dec;40(12):2199–206.  

452.  Utset TO, Baskaran A, Segal BM, Trupin L, Ogale S, Herberich E, et al. Work disability, 
lost productivity and associated risk factors in patients diagnosed with systemic lupus 
erythematosus. Lupus Sci Med. 2015;2(1):e000058.  

453.  Zhu TY, Tam L-S, Li EK. Labour and non-labour market productivity in Chinese patients 
with systemic lupus erythematosus. Rheumatology. 2012 Feb 1;51(2):284–92.  

454.  Al Dhanhani AM, Gignac MAM, Beaton DE, Su J, Fortin PR. Job Accommodations 
Availability and Utilization Among People With Lupus: An Examination of Workplace 
Activity Limitations and Work Context Factors. Arthritis Care Res. 2015 
Nov;67(11):1536–44.  

455.  Strombeck BE, Theander E, Jacobsson LTH. Effects of exercise on aerobic capacity and 
fatigue in women with primary Sjogren’s syndrome. Rheumatology. 2007 Mar 
31;46(5):868–71.  

456.  del Pino-Sedeño T, Trujillo-Martín MM, Ruiz-Irastorza G, Cuellar-Pompa L, de Pascual-
Medina AM, Serrano-Aguilar P, et al. Effectiveness of Nonpharmacologic Interventions 



 

 

315 

 

for Decreasing Fatigue in Adults With Systemic Lupus Erythematosus: A Systematic 
Review. Arthritis Care Res. 2016 Jan;68(1):141–8.  

457.  Karlson EW, Lee IM, Cook NR, Manson JE, Buring JE, Hennekens CH. Comparison of 
self-reported diagnosis of connective tissue disease with medical records in female health 
professionals: the Women’s Health Cohort Study. Am J Epidemiol. 1999 Sep 
15;150(6):652–60.  

458.  Cooper GS, Wither J, McKenzie T, Claudio JO, Bernatsky S, Fortin PR, et al. The 
prevalence and accuracy of self-reported history of 11 autoimmune diseases. J Rheumatol. 
2008 Oct;35(10):2001–4.  

459.  Wong SL, Shields M, Leatherdale S, Malaison E, Hammond D. Assessment of validity of 
self-reported smoking status. Health Rep. 2012 Mar;23(1):47–53.  

460.  Beaton DE, Dyer S, Boonen A, Verstappen SMM, Escorpizo R, Lacaille DV, et al. 
OMERACT Filter Evidence Supporting the Measurement of At-work Productivity Loss as 
an Outcome Measure in Rheumatology Research. J Rheumatol. 2016 Jan;43(1):214–22.  

461.  de Lagasnerie G, Aguadé A-S, Denis P, Fagot-Campagna A, Gastaldi-Menager C. The 
economic burden of diabetes to French national health insurance: a new cost-of-illness 
method based on a combined medicalized and incremental approach. Eur J Health Econ 
[Internet]. 2017 Feb 11 [cited 2018 Jan 9]; Available from: 
http://link.springer.com/10.1007/s10198-017-0873-y 

462.  Health Canada Approves ACTEMRA® (tocilizumab) for Canadians Living with Giant 
Cell Arteritis (GCA) [Internet]. [cited 2018 Jan 9]. Available from: 
http://www.newswire.ca/news-releases/health-canada-approves-actemra-tocilizumab-for-
canadians-living-with-giant-cell-arteritis-gca-654670013.html 

463.  Guidelines for preparing a submission to the Pharmaceutical Benefits Advisory 
Committee (Version 5.0) [Internet]. 2016 [cited 2018 Jan 9]. Available from: Ire 

464.  Puolakka K, Kautiainen H, Möttönen T, Hannonen P, Korpela M, Julkunen H, et al. 
Impact of initial aggressive drug treatment with a combination of disease-modifying 
antirheumatic drugs on the development of work disability in early rheumatoid arthritis: A 
five-year randomized followup trial. Arthritis Rheum. 2004 Jan;50(1):55–62.  

465.  Wiland P, Dudler J, Veale D, Tahir H, Pedersen R, Bukowski J, et al. The Effect of 
Reduced or Withdrawn Etanercept-methotrexate Therapy on Patient-reported Outcomes in 
Patients with Early Rheumatoid Arthritis. J Rheumatol. 2016 Jul 1;43(7):1268–77.  

466.  Canadian early ArThritis CoHort (CATCH) Study Investigators, Barnabe C, Xiong J, 
Pope JE, Boire G, Hitchon C, et al. Factors associated with time to diagnosis in early 
rheumatoid arthritis. Rheumatol Int. 2014 Jan;34(1):85–92.  



 

 

316 

 

467.  Mackie SL, Dasgupta B, Hordon L, Gough A, Green M, Hollywood J, et al. Ischaemic 
manifestations in giant cell arteritis are associated with area level socio-economic 
deprivation, but not cardiovascular risk factors. Rheumatology. 2011 Nov;50(11):2014–
22.  

468.  Barber CEH, Jewett L, Badley EM, Lacaille D, Cividino A, Ahluwalia V, et al. Stand Up 
and Be Counted: Measuring and Mapping the Rheumatology Workforce in Canada. J 
Rheumatol. 2017 Feb;44(2):248–57.  

469.  Chow SL, Carter Thorne J, Bell MJ, Ferrari R, Bagheri Z, Boyd T, et al. Choosing Wisely: 
The Canadian Rheumatology Association’s List of 5 Items Physicians and Patients Should 
Question. J Rheumatol. 2015 Apr 1;42(4):682–9.  

470.  Yazdany J, Schmajuk G, Robbins M, Daikh D, Beall A, Yelin E, et al. Choosing wisely: 
The American College of Rheumatology’s top 5 list of things physicians and patients 
should question. Arthritis Care Res. 2013 Mar;65(3):329–39.  

471.  Stefanidou S, Benos A, Galanopoulou V, Chatziyannis I, Kanakoudi F, Aslanidis S, et al. 
Clinical expression and morbidity of systemic lupus erythematosus during a post-
diagnostic 5-year follow-up: a male:female comparison. Lupus. 2011 Oct;20(10):1090–4.  

472.  Alonso MD, Martínez-Vázquez F, Riancho-Zarrabeitia L, Díaz de Terán T, Miranda-
Filloy JA, Blanco R, et al. Sex differences in patients with systemic lupus erythematosus 
from Northwest Spain. Rheumatol Int. 2014 Jan;34(1):11–24.  

473.  Hudson M, Thombs B, Baron M, The Canadian Scleroderma Research Group. Time to 
diagnosis in systemic sclerosis: Is sex a factor? Arthritis Rheum. 2009 Feb 15;61(2):274–
8.  

474.  Delisle VC, Hudson M, Baron M, Thombs BD, And The Canadian Scleroderma Research 
Group A. Sex and time to diagnosis in systemic sclerosis: an updated analysis of 1,129 
patients from the Canadian scleroderma research group registry. Clin Exp Rheumatol. 
2014 Dec;32(6 Suppl 86):S-10-14.  

475.  Anderson K, Klassen J, Stewart SA, Taylor-Gjevre RM. Does geographic location affect 
incidence of ANCA-associated renal vasculitis in northern Saskatchewan, Canada? 
Rheumatology. 2013 Oct;52(10):1840–4.  

476.  Pearce FA, Hubbard RB, Grainge MJ, Watts RA, Abhishek A, Lanyon PC. Can 
granulomatosis with polyangiitis be diagnosed earlier in primary care? A case–control 
study. QJM Int J Med. 2018 Jan 1;111(1):39–45.  

477.  Shiboski CH, Baer AN, Shiboski SC, Lam M, Challacombe S, Lanfranchi HE, et al. 
Natural history and Predictors of Progression to Sjögren’s Syndrome Among Participants 



 

 

317 

 

of the SICCA registry. Arthritis Care Res [Internet]. 2017 Apr [cited 2018 Jan 9]; 
Available from: http://doi.wiley.com/10.1002/acr.23264 

478.  Patil P, Williams M, Maw WW, Achilleos K, Elsideeg S, Dejaco C, et al. Fast track 
pathway reduces sight loss in giant cell arteritis: results of a longitudinal observational 
cohort study. Clin Exp Rheumatol. 2015 Apr;33(2 Suppl 89):S-103-106.  

479.  Koopmanschap MA, Rutten FF, Ineveld BM van, Roijen L van. The friction cost method 
for measuring indirect costs of disease. J Health Econ. 1995 Jun;14(2):171–89.  

480.  Keysor JJ, AlHeresh R, Vaughan M, LaValley MP, Allaire S. The Work-It Study for 
people with arthritis: Study protocol and baseline sample characteristics. Work. 
54(2):473–80.  

481.  Carruthers EC, Rogers P, Backman CL, Goldsmith CH, Gignac MA, Marra C, et al. 
‘Employment and arthritis: making it work’ a randomized controlled trial evaluating an 
online program to help people with inflammatory arthritis maintain employment (study 
protocol). BMC Med Inform Decis Mak. 2014 Jul 21;14:59.  

482.  Keysor JJ, LaValley MP, Brown C, Felson DT, AlHeresh RA, Vaughan MW, et al. 
Efficacy of a Work Disability Prevention Program for People with Rheumatic and 
Musculoskeletal Conditions: The Work It Study Trial. Arthritis Care Res [Internet]. 2017 
Sep 21 [cited 2018 Jan 9]; Available from: http://doi.wiley.com/10.1002/acr.23423 

483.  Lacaille D, White MA, Rogers PA, Backman CL, Gignac MAM, Esdaile JM. A proof-of-
concept study of the “employment and arthritis: Making it work” program. Arthritis 
Rheum. 2008 Nov 15;59(11):1647–55.  

484.  Yazdany J, Feldman CH, Liu J, Ward MM, Fischer MA, Costenbader KH. Quality of Care 
for Incident Lupus Nephritis Among Medicaid Beneficiaries in the United States. Arthritis 
Care Res. 2014 Apr;66(4):617–24.  

485.  Tozer AP, Belanger P, Moore K, Caudle J. Socioeconomic status of emergency 
department users in Ontario, 2003 to 2009. CJEM. 2014 May;16(3):220–5.  

486.  Khan Y, Glazier RH, Moineddin R, Schull MJ. A Population-based Study of the 
Association Between Socioeconomic Status and Emergency Department Utilization in 
Ontario, Canada. Acad Emerg Med. 18(8):836–43.  

487.  Moineddin R, Meaney C, Agha M, Zagorski B, Glazier RH. Modeling factors influencing 
the demand for emergency department services in Ontario: a comparison of methods. 
BMC Emerg Med [Internet]. 2011 Dec [cited 2018 Jan 9];11(1). Available from: 
http://bmcemergmed.biomedcentral.com/articles/10.1186/1471-227X-11-13 



 

 

318 

 

488.  Jorge AM, Lu N, Zhang Y, Rai SK, Choi HK. Unchanging premature mortality trends in 
systemic lupus erythematosus: a general population-based study (1999–2014). 
Rheumatology [Internet]. 2017 Nov 7 [cited 2018 Jan 9]; Available from: 
http://academic.oup.com/rheumatology/article/doi/10.1093/rheumatology/kex412/460076
3 

 



 

 

319 

 

Appendix 

 



 

 

320 

 

Appendix A: Survey 

xxxxxxxxxx



 

 

321 

 



 

 

322 

 



 

 

323 

 



 

 

324 

 



 

 

325 

 



 

 

326 

 



 

 

327 

 



 

 

328 

 



 

 

329 

 



 

 

330 

 



 

 

331 

 



 

 

332 

 



 

 

333 

 



 

 

334 

 



 

 

335 

 



 

 

336 

 



 

 

337 

 



 

 

338 

 



 

 

339 

 



 

 

340 

 



 

 

341 

 

 



 

 

342 

 



 

 

343 

 



 

 

344 

 



 

 

345 

 



 

 

346 

 



 

 

347 

 



 

 

348 

 



 

 

349 

 



 

 

350 

 



 

 

351 

 



 

 

352 

 



 

 

353 

 



 

 

354 

 



 

 

355 

 



 

 

356 

 



 

 

357 

 



 

 

358 

 



 

 

359 

 

 


	Abstract
	Lay Summary
	Preface
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	Acknowledgements
	1 . Introduction0F
	1.1: Overview of epidemiology and economic burden
	1.1.1 Epidemiology
	1.1.2 Economic burden

	1.2: Pathophysiology, manifestations, and treatments
	1.2.1 Treatments

	1.3: Burden of specific SARD diagnoses
	1.3.1 Systemic lupus erythematosus (SLE)
	1.3.2 Sjogren’s syndrome (SjS)
	1.3.3 Systemic sclerosis (SSc)
	1.3.4 Polymyositis and dermatomyositis (PM/DM)
	1.3.5 Systemic vasculitides (SV)
	1.3.6 Polyarteritis nodosa
	1.3.7 Giant cell arteritis (GCA) and Takayasu’s arteritis (Takayasu’s)
	1.3.8 Granulomatosis with polyangiitis (GPA)
	1.3.9 Eosonophilic granulomatosis with polyangiitis (EGPA)

	1.4 Costs of treatments for SARDs
	1.4.1 Prescription medication costs and coverage in British Columbia, Canada
	1.4.2 Current and anticipated costs

	1.5 Direct medical costs in SARDs: a critical literature review
	1.5.1 Research gaps

	1.6 Productivity losses and costs in SARDS: a critical literature review
	1.6.1 Research gaps

	1.7 Impact of socioeconomic status on costs in SARDs
	1.8 Summary of knowledge gaps and thesis objectives
	1.9 Overview of thesis

	2 . Methods1F
	2.1 Data source
	2.1.1 Medical Services Plan Consolidation File
	2.1.2 Medical Services Plan Payment Information File (MSP)
	2.1.3 Discharge Abstract Database (DAD)
	2.1.4 PharmaNet

	2.2 Study populations
	2.2.1 SARD individuals
	2.2.2 Comparison group

	2.3 Healthcare utilisation and cost calculation
	2.4 Independent variables (direct medical costs analysis)
	2.4.1 Baseline comorbidities
	2.4.2 Baseline healthcare resource utilisation
	2.4.3 Baseline socioeconomic status
	2.4.4 Urban/rural residence

	2.5 Statistical analysis (direct medical costs analysis – Chapters 3 and 4)
	2.5.1 Unadjusted analysis (Chapters 3 and 4)
	2.5.2 Adjusted analysis – direct medical costs of SARDs after index date (Chapter 3)
	2.5.3 Adjusted analysis – direct medical costs of SLE prior to index date (Chapter 4)

	2.6 Survey recruitment (productivity costs analysis)
	2.6.1 Study populations
	2.6.2 Recruitment procedures

	2.7 Data collection (productivity costs analysis)
	2.7.1 Survey components
	2.7.2 Protection of privacy and confidentiality


	3 . Total and Incremental Direct Medical Costs in Systemic Autoimmune Rheumatic Diseases and the Influence of Socioeconomic Status: A Longitudinal Population-Based Study
	3.1 Introduction
	3.2 Methods
	3.2.1 Data source
	3.2.2 Study populations
	3.2.3 Healthcare utilisation and cost calculation
	3.2.4 Independent variables
	3.2.4.1 Baseline comorbidities
	3.2.4.2 Baseline healthcare resource utilisation
	3.2.4.3 Baseline socioeconomic status
	3.2.4.4 Urban/rural residence

	3.2.5 Statistical analysis

	3.3 Results
	3.3.1 Longitudinal patterns in healthcare use and costs from diagnosis
	3.3.2 Incremental costs
	3.3.3 Impact of baseline socioeconomic status – neighbourhood-level
	3.3.4 Impact of baseline socioeconomic status – individual-level

	3.4 Discussion
	3.4.1 Longitudinal costs
	3.4.2 Comparisons with prior estimates
	3.4.3 Impact of socioeconomic status
	3.4.4 Measurement of socioeconomic status
	3.4.5 Strengths and limitations

	3.5 Conclusion

	4 . Incremental Direct Medical Costs of Systemic Lupus Erythematosus Patients in the Years Preceding Diagnosis: A General Population-Based Study2F
	4.1 Introduction
	4.2 Methods
	4.2.1 Data source
	4.2.2 Study populations
	4.2.3 Healthcare utilisation and costs
	4.2.4 Independent variables
	4.2.5 Statistical analysis

	4.3 Results
	4.3.1 Healthcare components
	4.3.2 Impact of sex
	4.3.3 Impact of socioeconomic status

	4.4 Discussion
	4.5 Conclusion

	5 . Incremental Productivity Costs of Systemic Lupus Erythematosus, Systemic Sclerosis, and Sjogren’s Syndrome: A General Population-Based Study3F
	5.1 Introduction
	5.2 Methods
	5.2.1 Administrative data source
	5.2.2 Study populations
	5.2.3 Survey
	5.2.4 Independent variables
	5.2.5 Dependent variables
	5.2.6 Cost calculation
	5.2.7 Statistical analysis

	5.3 Results
	5.3.1 Unadjusted costs
	5.3.2 Adjusted analyses: incremental productivity losses and costs
	5.3.3 Determinants of productivity costs within SARDs

	5.4 Discussion
	5.5 Conclusion

	6 . Discussion and Conclusion
	6.1 Summary of thesis findings
	6.2 Contribution and applications
	6.2.1 Contribution
	6.2.2 Applications

	6.3 Policy implications and ongoing research
	6.3.1 Socioeconomic status and incremental direct medical costs
	6.3.2 Expediting diagnosis and treatment
	6.3.3 Lost productivity costs

	6.4 Strengths and limitations
	6.5 Future directions
	6.5.1 Linkage with data on emergency department visits
	6.5.2 Linkage of survey and administrative data
	6.5.3 Productivity costs among incident cohorts

	6.6 Conclusion


	References
	Appendix
	Appendix A: Survey


