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Abstract (Word count 249)

Background: Canadian performance measures (PMs) evaluate the quality of rheumatoid arthritis 
(RA) care; however limited evidence exists linking these process measures to long-term patient 
outcomes. This research evaluated the impact of meeting PMs in early RA on 10-year risk of 
total joint replacement (TJR) of any joint. 

Methods: This was a retrospective propensity-score matched population-based cohort study in 
people with RA diagnosed between 2000 and 2008 who were followed until 2019. The exposure 
of interest was meeting the PMs within 2 years of diagnosis. Cox proportional hazard models 
were developed to examine the 10-year risk of TJR in four matched cohorts where PMs were met 
vs not met. PMs included access to rheumatology care, retention in care, early DMARD use, and 
ongoing DMARD therapy. 

Results: Among 19,765 individuals with RA, 44.78% had access to a rheumatologist within one 
year of diagnosis; 24.91% were retained in care, while only 24.30% were dispensed a DMARD 
within 30 days, and 32.66% received a DMARD annually for the first 2 years.  Meeting the PMs 
was associated with a neutral impact on risk of TJR at 10-years in our propensity-matched 
analysis for three of the PMs, while a slightly elevated risk (HR 1.19; 95% CI 1.03-1.37) was 
shown for those receiving a DMARD at least annually.

Conclusions: There were deficits in RA care identified at a population-level; however, no clear 
protective effect of adherence to PMs was found. Future measure development efforts should 
focus on measures with a greater impact on patient outcomes. 
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INTRODUCTION

Early identification of rheumatoid arthritis (RA) and optimal treatment to achieve remission 

support the best patient outcomes, including reduction of pain, suppressing disease activity, 

preventing joint damage, and preserving function and quality of life.1-7 These concepts have 

become a paradigm for RA care emphasized in clinical guidelines.8,9 When access to care and 

treatment are not optimized, one of the many consequences of poorly controlled RA is 

substantive damage to joints, leading to pain, functional impairment and often necessitating joint 

replacement surgery.10,11

Historically, approximately 15% of individuals with RA underwent at least one type of 

orthopedic surgery by five years following diagnosis, with a cumulative incidence of ~25% at 25 

years.12 Rates of total joint replacement in RA (for shoulder, hip and knee combined) in 

population-based studies are estimated at 4.5 per 100,000.13 Poorly controlled RA is a significant 

predictor of joint replacement surgery.11  Therefore, joint replacement can serve as a marker of 

inadequate RA control and poor long-term RA outcomes. While there have been no randomized 

trials of treat-to-target strategies with orthopedic surgery as an outcome, evidence from large 

prospective early RA registries14-16 and population-based studies15,17,18 demonstrate a temporal 

relationship between adoption of treat-to-target principles and declining joint replacement rates.  

For example, early treatment of RA within the first year, and greater exposure to disease 

modifying anti-rheumatic drugs (DMARDs) are associated with a longer time to joint 

replacement, likely due to a reduced rate of joint damage.19,20 Additionally, early consultation 

with a rheumatologist has been associated with a lower risk of orthopedic surgery over follow-

up.21 In recent decades, the risk of orthopedic surgeries in individuals with RA has been 
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declining, attributed to these advancements in applying effective treatment including more 

intensive use of conventional synthetic disease modifying anti-rheumatic drugs (csDMARDs) 

and the introduction of biologic DMARD therapy.12,17,22-24 

We have previously defined Canadian national system-level performance measures (PMs) in 

collaboration with several Canadian arthritis organizations and interest holders (formerly under 

the Arthritis Alliance of Canada25). The PMs for RA care address access to specialty 

rheumatology care and continuous care, as well as early and ongoing treatment with DMARDs.26 

The measures have been tested in several provinces and have revealed some important gaps in 

care.27-29 The PMs are used to support advocacy and practice improvement, but performance is 

not linked to renumeration. While the measures were developed following a rigorous process 

including review of existing measures, a modified Delphi consensus procedure and are linked to 

evidence-based guidelines, the predictive validity of the measures has not been examined. 

Predictive validity is an important attribute of a quality measure and refers to the capacity of 

measure performance to predict a long-term patient outcome.30 While ultimately the goals of 

treatment for RA are to eradicate or control inflammation (i.e., target remission or low disease 

activity) in order to improve patient symptoms and reduce long-term functional disability, these 

outcomes (i.e., patient symptoms, disease activity, and functional disability) are not captured at a 

population level using health administrative data. However, joint replacement surgery is a key 

surrogate outcome, representing the downstream effect of a failure of medical management at 

controlling inflammation and disease activity.19,20  
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This population-based study builds upon our existing examination of the quality of care provided 

to Canadians with RA. While it is often assumed that adherence to the system-level PMs 

improves patient outcomes at a population level, this has not been proven in RA.26 The aim of 

this research is to determine whether the delivery of a minimum standard of RA care in early RA 

as measured through four system-level PMs (addressing access to care, retention in care, early 

DMARD, and ongoing DMARD treatment) are associated with a lower ten-year risk for total 

joint replacement.

PATIENTS AND METHODS

Study design and cohort definition 

This was a population-based cohort study to investigate the impact of meeting system-level PMs 

in the first two years following diagnosis on ten-year risk for total joint replacement among 

individuals with incident RA. We used health administrative data from the province of British 

Columbia (BC), Canada. The province of BC has a population of approximately 4.9 million 

individuals and has a publicly funded healthcare system. All individuals age ≥ 18 years of age 

who were newly diagnosed with RA between January 2000 and December 2008 were included, 

with follow-up data until December 31st 2018. Individuals were required to have ≥  7 years of 

registration data prior to their index date to ensure case incidence. We used an established case 

definition for RA that required at least two physician visits (by any physician) with an 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 

of 714.X ≥  8 weeks apart within a 2-year window. Individuals with ≥  2 subsequent physician 

visits for the same alternate type of inflammatory arthritis within 5 years of the index date were 

excluded from the cohort (systemic lupus, connective tissue diseases, psoriatic arthritis, 
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ankylosing spondylitis or other spondyloarthropathy, ICD9-CM: 710.x, 696.x, 720.x, 713.1, 

555.x, 556.x). Individuals were also excluded if they initially had RA diagnosis codes rendered 

by a non-rheumatologist, and at subsequent rheumatologist visits were never confirmed to have a 

diagnosis of RA. Because we were interested in the outcome of total joint replacement, 

individuals with a total joint replacement prior to their RA diagnosis were also excluded. We 

also excluded individuals with a total knee replacement or a total hip replacement in the first two 

years following RA diagnosis as this was felt to be unlikely related to their RA and this was the 

period of exposure definition. 

Data sources

Data were obtained from administrative health databases of the Ministry of Health of British 

Columbia on all provincially funded health care services used from 01/01/1990 to 12/31/2018. 

These included demographic information from the Consolidation file (Medical Services Plan 

[MSP] registration and premium billing);31 all physician visits from the MSP database;32 all 

hospitalizations from Discharge Abstract Database (used for comorbidity assessment), which 

includes up to 25 diagnosis codes permitted per hospitalization, including the most responsible 

diagnosis in terms of resource use, relevant comorbid diseases, and complications during 

hospitalization;33 and information on death from Vital Statistics Data.34 Data also included 

information on all pharmacy-dispensed medications to BC residents regardless of source of 

funding, since 01/1996, from the Pharmanet database.35 

Ethics
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Ethics approval for the project was obtained from the University of British Columbia (REB No. 

H00-80305). No personal identifying information was provided, and all procedures were 

compliant with BC’s Freedom of Information and Protection of Privacy Act. 

Exposure: Meeting the Performance Measure (PMs)

The exposure of interest was meeting individual system level PMs within the first two years after 

the first RA diagnosis code (Figure 1). Operational details on the four PMs have previously 

described.28 Briefly, access to care was defined as having a rheumatologist visit within 365 days 

of the first RA diagnosis code. Continuous care was defined as having at least one 

rheumatologist visit in each year following the first RA diagnosis code, i.e. during the early RA 

period of the first two years. Early DMARD treatment was defined as dispensation of any 

DMARD including conventional synthetic DMARD (csDMARD) or biologic DMARD 

(bDMARD) within the first 30 days following the first RA diagnosis code (list shown in 

Appendix Table 1). Lastly, ongoing DMARD treatment was defined as at least annual 

dispensation of a DMARD in the first two years. After the two-year early RA period when 

exposure to the PMs was measured, patients were followed for 10 years to determine risk of 

future total joint replacement (Figure 1). 

Outcome: Total Joint Replacement 

Time to first joint replacement surgery during 10-year follow-up after the early RA period of 2 

years was identified using procedure codes for surgeons’ services in physician billing data and in 

hospitalization data. Surgical procedures included any of the following arthroplasties: hip, knee, 

ankle, shoulder, elbow, wrist, hand, or foot. A complete list of procedure codes is shown in the 
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Appendix 2. Joint replacement surgeries are readily identified using administrative data with 

positive predictive values (PPV) of 97% for total knee arthroplasty and 99% for hip 

arthroplasties.36 

Propensity score-matched cohorts

To address potential confounding from patients with more severe disease being more likely to 

receive the care as measured by the PMs and being more likely to have a future joint 

replacement, we used a propensity score-matching approach. We matched each individual 

meeting a PM with an individual with the closest propensity score but not meeting the PM using 

a 1:1 greedy matching algorithm.37 We generated separate propensity-matched cohorts for each 

of the four PMs evaluated.  

Baseline variables included in the logistic regression model for propensity score matching 

included age at RA incidence (the date of the first diagnosis code), sex, neighborhood income 

quintile (range 1-5 where 1 is lowest income and 5 is highest income neighborhood); receipt of a 

subsidy for lower-income residents of the province through the Medical Service Plan (MSP) 

supplementary benefits,38 residing in a rural residence (defined by a 0 in the second position of 

postal code39), health service area, and calendar year of RA incidence, and number of years from 

2000 to Index date (to reflect time-related practice change effects given the introduction of 

biologic therapies in the early 2000’s). Comorbidity burden was ascertained during a 3-year 

look-back period prior to RA diagnosis (Figure 1) using the Romano adaptation40 of the Charlson 

Comorbidity Index,41 with RA diagnosis excluded from the total score. Additionally, given the 

elevated risk of joint replacement with elevated body mass index12,42 we examined the presence 
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of obesity as a diagnosis billing code. Recognizing that coding for obesity is incomplete, we also 

looked for associated metabolic comorbidities including, diabetes, and dyslipidemia. Lastly, in 

the year prior to initial RA diagnosis we examined the number of outpatient visits to any 

physician, hospitalization as a binary variable (yes/no) and length of stay in hospital as these 

variables are representative of more complex care needs.

Statistical analysis

We examined the cohorts’ baseline characteristics before and after matching.  Baseline 

characteristics were reported as proportions for categorical variables and means (standard 

deviations [SD]) for continuous variables. Covariate balance before and after matching was 

assessed using standardized mean differences (SMDs), with SMD > 0.1 indicating meaningful 

imbalance.43 All subsequent analyses were conducted on the matched cohorts. We calculated the 

person-time of observation from 2 years after RA diagnosis date (i.e., the end of the exposure 

window) until the first total joint replacement surgery, death, moving out of province, or the end 

of the 10-year follow-up, whichever occurred first. We then calculated the incidence rates of first  

total joint replacement surgery per 100 person-years of follow-up over the 10-year period. 

Kaplan-Meier curves for time to first joint replacement surgery were generated for cohorts 

meeting vs. not meeting each of the four PMs. Differences between survival curves were 

assessed using log-rank tests. We used Cox proportional hazard regression models to compute 

the hazard ratio (HR) and 95% confidence intervals (CIs) of joint replacement surgery for the 

cohort meeting the PM of interest relative to the matched control cohort not meeting the PM, 

adjusting for covariates that remained unbalanced after propensity score matching (SMD >0.1). 
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RESULTS

There were 19,765 individuals meeting the case definition for RA. We evaluated the proportion 

of the cohort meeting the PMs during the first two years. There were 8851 (44.78%) who had 

rheumatologist visit within one year of the first diagnosis code; 4924 (24.91%) met the 

continuous rheumatologist care PM and were seen by a rheumatologist at least annually in the 

first two years following diagnosis. Only 4803 (24.30%) of individuals were dispensed a 

DMARD within 30 days of first diagnosis, and 6455 (32.66%) met the annual DMARD PM. 

Tables 1 and 2 show the characteristics of the people who met vs. did not meet the PMs for both 

the entire and matched cohorts. 

There was no statistically significant difference in the Kaplan-Meier survival curves showing 

survival free of joint replacement surgery over 10 years of follow-up for cohorts who met the 

three of the PMs compared to matched control cohorts who did not meet the PMs (Figure 2 panel 

A-C). There were significantly different survival curves for individuals meeting the annual 

DMARD dispensed PM favouring controls (Panel D, p=0.003).

Table 3 presents the results of the Cox proportional hazard models estimating the adjusted hazard 

ratio (aHR) of joint replacement surgery among cohorts who met versus did not meet each of the 

four PMs. For the PM accessing rheumatologist care within 1 year of the initial diagnosis code, 

the incidence rate (IR) of total joint replacement was 1.07 per 100 person-years (PY) for those 

who met the PM versus 1.13 for those who did not; however, the aHR was not significantly 

different (0.95, 95% CI: 0.84-1.08). Similarly, the IR and aHR for joint replacement surgery was 

not significantly different between cohorts who met vs. did not meet the continuous 
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rheumatology care PM over the first 2 years (IR: 1.15 per 100PY vs. 1.03 per 100PY, 

respectively; aHR 1.12, 95% CI 0.94-1.33). Regarding the DMARD PMs, of the 4803 who met 

the PM of receiving DMARD within 30 days of RA diagnosis, 451 went on to have a total joint 

replacement, yielding an IR of 1.11 per 100 person years, compared to 1.10 person years for 

those not meeting this DMARD PM [aHR (95%CI): 1.02 (0.91-1.13)]. Of the 6455 individuals 

who met the annual DMARD measure, 643 went on to have a joint replacement surgery, yielding 

an IR of 1.18 per 100 person-years, which was higher than those who did not meet the measure 

(n=547, IR 0.99 per 100 PY) and the aHR was 1.19 (95% CI 1.03-1.37) for those meeting vs. not 

meeting the measure (p=0.02). In a sensitivity analysis, we repeated the analysis over a 5- year 

period of follow-up with similar results (data not shown).

DISCUSSION

While the system-level PMs track important potential deficits in care at the level of the 

healthcare system, we did not observe an association between receiving care according to these 

PMs in the first two years after RA diagnosis and a lower 10-year likelihood of joint 

arthroplasties. In our propensity score matched analysis, accessing a rheumatologist within one 

year of diagnosis, continuous rheumatology care over two years and early DMARD use (within 

30 days of diagnosis) were not associated with any difference in future risk of joint replacement 

surgery. We observed a higher risk for joint arthroplasty in those receiving at least one DMARD 

dispensation annually over the first two years. This finding is contrary to biological plausibility 

and likely represents residual confounding by indication, whereby individuals who met this PM 

likely had more severe disease, despite our efforts to match individuals in both cohorts based on 

several important baseline characteristics. It is also plausible that the measure itself is too crude 
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to capture meaningful differences in care quality; filling a minimum of one prescription per year 

in each of the two measurement periods may not reflect true adherence, continuous DMARD 

use, or optimal treat-to-target management. In other words, the PM may simply indicate minimal 

engagement with therapy rather than sustained, effective disease control. Further, treatment 

utilization during the initial two years may not be reflective of treatment patterns that occur 

throughout the entire follow-up period. 

The system-level PMs were developed based on guidelines and best practices and they address 

the important concepts of access to rheumatology care, continuous rheumatology care and early 

and ongoing DMARD treatment. Similar to our previously reported findings,28 the PMs 

demonstrate important gaps in the provision of minimum standards of care at a population level. 

Studies from the USA over a similar time period in early RA also showed significant gaps in the 

provision of similar measures including receipt of DMARD, rheumatologist access, and 

rheumatology follow-up.44  This is in contrast to evidence of improvement in some of the 

measures over time in other health systems as measured in rheumatology offices and influenced 

by pay-for-performance programs, such as the DMARD use measure, which was originally 

endorsed by the American College of Rheumatology.45,46 However, the downstream impact of 

the impact of measure adherence on patient outcomes have not been evaluated to our knowledge. 

We speculate there may be several reasons why we did not demonstrate that receipt of care 

according to these measures was associated with lower likelihood of arthroplasties. The first and 

most important relates to the measures themselves. PMs represent a minimum standard of care, 

and the bar may be too low to impact important outcomes, including the need for future joint 

replacement surgery. This may be even more challenging when PMs are applied at a health 
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system-level where there is less granular information available about care received. Additionally, 

for methodological reasons related to defining the exposure window, two of the PMs (continuous 

rheumatology care and continuous DMARD use) were only assessed over a two-year period, 

when their original design was intended to capture indefinitely. It is possible that adherence to 

the treatment over follow-up had a greater influence on outcomes than in the early RA period, 

and further evaluation using PM performance as time-varying covariates could be used to 

evaluate this impact.

 

Other reasons for the lack of observed association may relate to methodological challenges with 

studies using health administrative data. For example, our health administrative data can only 

measure access to rheumatology care from the time of the first RA diagnosis code. A more 

clinically relevant measure of access, with greater influence on future risk of joint surgery, may 

be the waiting time from RA symptom onset. Whether individuals are dispensed a DMARD 

within 30 days may also be influenced by delays to a diagnosis by a rheumatologist which may 

not be adequately reflected in the data sources. Furthermore, we did not have information about 

any baseline joint damage which could have influenced treatment timing and/or need for joint 

replacement. Similarly, annual DMARD dispensation may not represent a strict enough measure 

of consistent and appropriate DMARD treatment to reflect adequate disease control. In a prior 

analysis of health administrative data in the provinces of Quebec and Ontario, earlier and more 

intensive exposure to DMARDs within the first year was associated with longer time to joint 

replacement surgery, suggesting our PMs as operationalized may not have sufficiently captured 

intensity of early DMARD treatment.19,20 Prescriptions dispensed for DMARDs may also not 

reflect whether patients took the medications. 
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A further challenge is the lack of data available in administrative health data on important 

clinical factors such as disease activity, disease severity, and functional status, which are 

predictive of orthopedic interventions, and which we were unable to adjust for at baseline. This 

may have led to residual confounding by indication, whereby people with more active or severe 

disease and worse functional status at baseline were more likely to receive care according to the 

PMs, and more likely to require future joint surgeries. For example, tender and swollen joint 

counts,12 and joint erosions have been predictive of future orthopedic surgery,12,42 and these 

variables are not available in our datasets. Similarly, functional status has been a major predictor 

of future major orthopedic surgery in patients with RA and is similarly not available.10 Obesity is 

another potential confounder for which residual confounding may persist. Although we used a 

diagnosis code for obesity, it may not be used frequently by physicians as a billing code, and 

data on body mass index were not available. Obesity has been associated with higher rates of 

osteoarthritis and large joint replacement in people with RA.42,47 

As with other studies on arthroplasties in RA, a common challenge is the attribution of the joint 

replacement to RA. It is possible that arthroplasties could be due to other underlying conditions 

including concomitant OA in individuals with otherwise well controlled RA, or joint 

replacement surgeries due to fractures. We mitigated this by excluding individuals with a prior 

history of joint arthroplasty, and those with a hip or knee replacement during the first two years 

of RA, as these individuals were likely to have prior OA as the reason for arthroplasty.  We also 

did not distinguish between types of joint replacement surgeries (large versus small joints) as 

other studies have done, which could possibly have impacted our findings.42 Indeed some studies 
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report that only the rates of smaller joint surgeries (hand, wrist, elbows) have declined overtime, 

while rates of larger joint replacement surgeries have not consistently declined.14,42,48,49

In addition to the limitations discussed above, as with any study using health administrative data, 

there remains a possible risk of misclassification of disease if billing codes are inaccurately 

applied. We have used a well validated case definition to reduce this risk. There is also a 

possibility of misclassification for PMs that relied on the identification of rheumatologists, which 

relies on the specialty code associated with physician billing. It is possible some rheumatologists 

may have been billing as internists not rheumatologists. However, the number of rheumatologists 

identified in our data is aligned with publicly available provincial data, suggesting the impact, if 

any, would be very small.50 Conversely, strengths of this work include leveraging a population-

based approach for understanding the impact of national system-level PMs for care. 

In conclusion, our study demonstrated several gaps in receipt of currently recommended system-

level PMs at a population-level for patients with early RA. However, meeting these measures 

during the initial two-years of diagnosis was not associated with a reduced 10-year risk of joint 

replacement. These findings suggests that stricter PM definitions, especially with regards to 

DMARD use, that better reflect a tight control of disease activity, may be needed to demonstrate 

that higher care quality results in a reduced risk of total joint replacement. Conversely, it is 

possible that joint replacement surgeries are not the optimal outcome for evaluating the 

predictive ability of RA PMs, due to several factors, outside of RA care quality, contributing to 

the risk of joint replacement, including rising population obesity rates. We acknowledge that 

RA-specific outcomes are needed for a fulsome understanding of care quality. While not 
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currently collected at a population level in most Canadian provinces, we would advocate for 

collection of health information on disease activity and important patient-reported outcomes, as 

they are needed to better understand the impact of high-quality care, and to inform more 

impactful quality measures in the future.       

Data Statement 

Population Data BC Authorship Disclaimer: Access to data provided by the Data Stewards is 

subject to approval but can be requested for research projects through the Data Stewards or their 

designated service providers. The following data sets were used in this study: Consolidation files 

(includes demographics, registry, and census geodata), Hospital Separations, Medical Services 

Plan, Pharmanet, Vital Statistics-Death. You can find further information regarding these data 

sets by visiting the PopData project webpage at: https://my.popdata.bc.ca/project_listings/14-

131/. All inferences, opinions, and conclusions drawn in this publication are those of the 

author(s), and do not reflect the opinions or policies of the Data Steward(s) .
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Figure legends

Figure 1. Diagram showing how patients were evaluated for the diagnosis of RA, when baseline 
comorbidities were defined, and how they were followed over time to estimate the 10-year risk 
of joint replacement.

Figure 2. Kaplan-Meier curves showing survival free of total joint replacement for individuals 
where the performance measures (PM) were met (yellow) and the matched cohort where the PMs 
were not met (blue). Each panel A-D represents one of the four performance measures: A. 
Accessed rheumatologist care; B. Continuous rheumatology care; C. Disease modifying anti-
rheumatic drug (DMARD) treatment within 30 days of diagnosis; and D. Annual DMARD 
dispensed.   
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Figure 1. Diagram showing how patients were evaluated for the diagnosis of RA, when baseline 
comorbidities were defined, and how they were followed over time to estimate the 10-year risk 
of joint replacement. 
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Figure 2. Kaplan-Meier curves showing survival free of total joint replacement for individuals where the 
performance measures (PM) were met (yellow) and the matched cohort where the PMs were not met (blue). 

Each panel A-D represents one of the four performance measures: A. Accessed rheumatologist care; B. 
Continuous rheumatology care; C. Disease modifying anti-rheumatic drug (DMARD) treatment within 30 

days of diagnosis; and D. Annual DMARD dispensed.   
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Table 1: Baseline characteristics before and after propensity score matching for individuals with 
early RA who met the following performance measures: i) accessed rheumatology care within a 
year of diagnosis and ii) had continuous rheumatology care in the first two years following 
diagnosis.  

Accessed rheumatology care Continuous rheumatology care

PM not met 

whole cohort

PM not met 

Matched cohort

PM not met 

whole cohort

PM not met 

Matched cohort

Variable PM met PM not 

met

SMD* PM not 

met

SMD* PM 

met

PM not 

met

SMD* PM not 

met

SMD*

n 8851 10914 8851 4924 14841 4924

Age at Incidence Date of RA 

diagnosis (mean (SD))

56.1 

(15.3)

58.1 

(15.5)

0.128 57.2 

(15.3)

0.074 56.4 

(15.0)

57.4 

(15.6)

0.069 56.2 

(15.5)

0.010

Female, n(%) 6164 

(69.64)

7017 

(64.29)

0.114 5973 

(67.48)

0.046 3504 

(71.16)

9677 

(65.20)

0.128 3457 

(70.21)

0.021

MSP Subsidy, n(%) 2461 

(27.80)

4098 

(37.55)

0.209 3227 

(36.46)

0.186 1268 

(25.75)

5291 

(35.65)

0.216 1717 

(34.87)

0.199

Neighborhood Income 

Quintile (%)

0.084 0.033 0.086 0.012

Q1 1828 

(20.65)

2598 

(23.80)

1916 

(21.65)

1004 

(20.39)

3422 

(23.06)

1002 

(20.35)

Q2 1779 

(20.10)

2232 

(20.45)

1816 

(20.52)

947 

(19.23)

3064 

(20.65)

927 

(18.83)

Q3 1848 

(20.88)

2131 

(19.53)

1794 

(20.27)

1022 

(20.76)

2957 

(19.92)

1035 

(21.02)

Q4 1741 

(19.67)

2087 

(19.12)

1739 

(19.65)

1012 

(20.55)

2816 

(18.97)

1020 

(20.72)

Q5 1655 

(18.70)

1866 

(17.10)

1586 

(17.92)

939 

(19.07)

2582 

(17.40)

940 

(19.09)

Rural area, n(%) 1326 

(14.98)

2005 

(18.37)

0.091 1435 

(16.21)

0.034 691 

(14.03)

2640 

(17.79)

0.103 653 

(13.26)

0.022

No. Yrs from 2000 to Index 

(mean (SD))

4.2 (2.5) 3.8 (2.6) 0.156 4.1 

(2.6)

0.061 4.3 

(2.5)

3.9 

(2.6)

0.168 4.1 

(2.6)

0.034

Charlson Index, (mean (SD)) 0.6 

(1.3)

0.6

(1.2)

0.009 0.6 

(1.2)

0.012 0.5 

(1.2)

0.6 

(1.3)

0.053 0.6 

(1.2)

0.017

Obesity, n(%) 64 

(0.72)

94 

(0.86)

0.016 58 

(0.66)

0.008 34 

(0.69)

124 

(0.84)

0.017 35 

(0.71)

0.002
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Hypertension, n(%) 2928 

(33.08)

3848 

(35.26)

0.046 3018 

(34.10)

0.022 1595 

(32.39)

5181 

(34.91)

0.053 1590 

(32.29)

0.002

Diabetes, n(%) 1049 

(11.85)

1361 

(12.47)

0.019 1051 

(11.87)

0.001 559 

(11.35)

1851 

(12.47)

0.035 559 

(11.35)

<0.001

Dyslipidemia, n(%) 1321 

(14.92)

1487 

(13.62) 0.037

1293 

(14.61) 0.009

717 

(14.56)

2091 

(14.09)

0.013 739 

(15.01)

0.013

Number of Outpatient Visit, 

(mean (SD)

16.8 

(12.3)

14.7 

(12.4)

0.174 15.4 

(12.6)

0.116 16.6 

(11.7)

15.3 

(11.6)

0.107 15.7

(11.6)

0.077

Length of Stay in Hospital, 

(mean (SD))

0.3 

(0.7)

0.3 (

0.7)

0.019 0.3 

(0.7)

0.025 0.3 

(0.7)

0.3 

(0.7)

0.022 0.3 

(0.7)

0.014

Standardized Mean Difference (SMD), Medical Services Plan (MSP) subsidy is a benefit that helps low-

income individuals and families pay for out-of-pocket medical expenses  
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Table 2: Baseline characteristics before and after propensity score matching for individuals with 
early RA who met the following performance measures (PM): i) a DMARD dispensed within 30 
days of diagnosis and ii) had at least one DMARD dispensed at least annually in the first two 
years following diagnosis.  
 DMARD treatment within 30 days Annual DMARD 

  PM not met 

whole cohort 

PM not met 

Matched cohort 

 PM not met 

whole cohort 

PM not met 

Matched cohort 

Variable PM met PM not 

met 

SMD* PM met SMD* PM met PM not 

met 

SMD* PM not 

met 

SMD* 

n 4803 14962  4803 6455 13310 6455

Age at Incident Date 

(mean (SD)) 

57.5 

(14.8)

57.1 

(15.6)

0.029 57.6 

(15.7)

0.009 57.1 

(14.7)

57.2 

(15.8)

0.005 57.2 

(15.9)

0.007

Female, n(%) 3325 

(69.23)

9856 

(65.87)

0.072 3381 

(70.39)

0.025 4515 

(69.95)

8666 

(65.11)

0.103 4552 

(70.52)

0.013

MSP Subsidy, n(%) 1221 

(25.42)

5338 

(35.68)

0.224 1699 

(35.37)

0.218 1616 

(25.03)

4943 

(37.14)

0.264 2361 

(36.58)

0.252

Neighborhood Income 

Quintile (%) 

0.118 0.014 0.11 0.015

Q1 930 

(19.36)

3496 

(23.37)

915 

(19.05)

1291 

(20.00)

3135 

(23.55)

1276 

(19.77)

Q2 934 

(19.45)

3077 

(20.57)

952 

(19.82)

1247 

(19.32)

2764 

(20.77)

1246 

(19.30)

Q3 984 

(20.49)

2995 

(20.02)

995 

(20.72)

1328 

(20.57)

2651 

(19.92)

1306 

(20.23)

Q4 1025 

(21.34)

2803 

(18.73)

1011 

(21.05)

1345 

(20.84)

2483 

(18.66)

1348 

(20.88)

Q5 930 

(19.36)

2591 

(17.32)

930 

(19.36)

1244 

(19.27)

2277 

(17.11)

1279 

(19.81)

Rural area, n(%) 735 

(15.30)

2596 

(17.35)

0.055 710 

(14.78)

0.015 975 

(15.10)

2356 

(17.70)

0.07 955 

(14.79)

0.009

No. Yrs from 2000 to 

Index (mean (SD))

4.3 (2.5) 3.9 (2.6) 0.163 4.1 (2.6) 0.093 4.3 (2.5) 3.9 (2.6) 0.158 4.3 (2.6) 0.004

Charlson Index, (mean 

(SD)) 

0.6 (1.2) 0.6 (1.3) 0.008 0.6 (1.2) 0.003 0.6 (1.2) 0.6 (1.3) 0.02 0.6 (1.2) 0.01

Obesity n(%) 28 

(0.58)

130 

(0.87) 0.034

22 

(0.46) 0.017

45

(0.70)

113 

(0.85)

0.017 41 

(0.64)

0.008
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Hypertension, n(%) 1646 

(34.27)

5130 

(34.29) <0.001

1633 

(34.00) 0.006

2204 

(34.14)

4572 

(34.35) 0.004

2176 

(33.71) 0.009

Diabetes, n(%) 598 

(12.45)

1812 

(12.11) 0.010

595 

(12.39)

0.002 751 

(11.63)

1659 

(12.46) 0.025

775 

(12.01) 0.012

Dyslipidemia, n (%) 776 

(16.16)

2032 

(13.58)

0.072 795 

(16.55)

0.011 1003 

(15.54)

1805 

(13.56)

0.056 992 

(15.37)

0.005

Number of Outpatient 

Visit, (mean (SD) 

17.5 

(12.1)

15.1 

(12.4)

0.197 16.8 

(12.5)

0.087 16.5 

(12.0)

15.2 

(12.6)

0.102 16.3 

(13.3)

0.012

Length of Stay in 

Hospital, (mean (SD)) 

0.3 

(0.7)

0.3 

(0.7)

0.004 0.3 

(0.7)

0.003 0.3 

(0.7)

0.3 

(0.7)

0.029 0.3 

(0.7)

0.002

Standardized Mean Difference (SMD) 
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Table 3. Cox proportional hazard regression model estimating hazard of 10-year joint replacement 
surgery in the cohort who met the Performance Measures relative to the matched cohort who did not 
meet the PMs, adjusted for imbalanced covariates. 
Performance 

measures

Descriptive Statistics Regression Model

Group no. 

Event 

(TJR)

no. 

Patients

Total 

Follow- 

up Years

Rate 

per 

100-

PYs

aHR

(95% CI)

P

PM not met 848 8851 75240 1.13 refAccessed 

rheumatology 

care

PM met 809 8851 75371 1.07 0.95 (0.84-

1.08)

0.43

PM not met 432 4924 42005 1.03 refContinuous 

rheumatology 

care

PM met 483 4924 41854 1.15 1.12 (0.94-

1.33)

0.19

DMARD within 

30 days

PM not met 444 4803 40545 1.10 ref

PM met 451 4803 40534 1.11 1.02 (0.91-

1.13)

0.77

Annual DMARD PM not met 547 6455 55001 0.99 ref

PM met 643 6455 54439 1.18 1.19 (1.03-

1.37)

0.02

Adjusted Hazard Ratio (aHR); Confidence Interval (CI) Disease modifying anti-rheumatic drug 

(DMARD); Total Joint Replacement (TJR); Person years (PY)

Accessed care defined as having a rheumatologist visit within 365 days of the first RA diagnosis 

code (by any physician)

Continuous care was defined as having at least one rheumatologist visit in each year following the 

first diagnosis code.
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