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INTRODUCTION METHODS RESULTS
Data Source

• BRASS is an observational research study including a large RA registry housed at the Robert 

Breck Brigham Arthritis Clinic (Boston, MA). 

• This sample includes data from 1,395 patients who were enrolled in the registry at any time 

between its initiation on March 19, 2003 and June 30, 2015.

• Patient questionnaires, which include patient reported outcomes and treatment information, are 

administered every 6 months.

• Clinical evaluations, which include disease severity scales and laboratory tests, are conducted 

annually at a physician visit.

Modeling Methodology

• All data analyses were conducted using SAS v9.4 (SAS, Cary, NC). 

• The critical alpha level was set at 0.05. 

• Linear mixed repeated measures regression was used to model the impact of biologic exposure 

on changes in disability (Modified Health Assessment Questionnaire [mHAQ]) and disease 

activity (Disease Activity Score 28-joint count with C-reactive protein (4) [DAS28-CRP4]). 

• Cumulative biologic exposure, the primary independent variable, was quantified at each follow-up 

as the ratio of a patient’s time on a biologic relative to their time participating in the cohort. 

• Model construction was an iterative process beginning with the full model and culminating in the 

best fit model (Table 1), which was determined by evaluating model fit statistics, significance of 

individual covariates, and the contribution of individual covariates to model fit. 

• Non-significant covariates could be retained in a model if they contributed substantially to 

model fit. 

• The intercept and the baseline covariates were treated as fixed effects. 

• Interaction terms, including year, and time-varying terms were treated as repeated measures. 

• The residual maximum likelihood estimation method with the between/within degrees of freedom 

method was used to fit all models.

• The Toeplitz covariance structure was used to model DAS28-CRP4 and the autoregressive 

moving average covariance structure was used to model mHAQ.2 

Patient Characteristics

• The analysis included 1,395 RA patients with a total of 6,783 unique physician visits from 

2003 to 2015.

• On average, 13.5% of each annual sample was composed of new enrollees (Table 2).

• Overall, 82.3% of patients were female and average disease duration at enrollment was 

12.7 years (Table 2).

• Each patient contributed data to the sample from an average of 4.9 clinical visits over a mean 

duration of 5.6 years in the registry.

• The proportion of current smokers decreased from 9.1% in 2003 to 4.3% in 2015.  

Disease Activity (DAS28-CRP4)

• DAS28-CRP4 scores consistently decreased over time and longer biologic exposure was associated 
with a significant reduction in annual population means for disease activity (P < 0.001; Figure 2).

• Longer cumulative biologic exposure was associated with decreased disease activity as 
measured by DAS28-CRP4 (Table 3).

• The strongest predictor of increased disease activity was baseline DAS28-CRP4 score, followed 
by biologic use at baseline, biologic use prior to enrollment, disease duration, baseline mHAQ, 
and smoking status (Table 3).

• Both use of methotrexate and an increased level of education were predictors of decreased 
disease activity (Table 3). 

Disability (mHAQ)

• mHAQ scores generally decreased over time, indicating a reduction in disability over time (Figure 3).

• Baseline mHAQ score was the strongest predictor of disability during follow-up, disease duration 

was the second strongest predictor of disability, and biologic use at baseline and being a current 

or previous smoker were also significant predictors of disability (Table 4).

• Both longer cumulative biologic exposure and methotrexate use were predictors of reduced 

disability (Table 4).

• Use of biologics and methotrexate increased, while use of other medication classes decreased 

during the study period (Figure 1).

OBJECTIVES

• To assess the longitudinal impact of the cumulative time taking biologics on changes in disease 

activity and disability in patients with RA enrolled in the BRASS registry.

BACKGROUND

• Biologics have become the standard of care for treating moderate to severe rheumatoid arthritis 

(RA) in patients with an inadequate response to small molecule disease modifying antirheumatic 

drugs.1

• Although biologics have been proven effective in managing RA symptoms and disease activity, 

their long-term effect on disability remains unclear. 

• The Brigham and Women’s Rheumatoid Arthritis Sequential Study (BRASS) registry, which was 

initiated in 2003, includes clinical and patient reported outcome data from a cohort of more than 

1,400 RA patients at varying stages of disease progression from a single academic medical 

center. 

• The BRASS registry provides longitudinal data, allowing assessment of RA patient treatment 

regimens and outcomes over time.

Table 1. Longitudinal Model Covariates

Figure 1. Medication Classes by Year

Table 2. BRASS Longitudinal Sample: Demographic and Clinical Characteristics
Figure 2. Decreased Disease Activity Over Time With Increased Biologic Exposure

Figure 3. Decreased Disability Over Time With Increased Biologic Exposure

Table 3. DAS28-CRP4 Repeated Measures Regression Model Summary - 
Omnibus Results

Table 4. mHAQ Repeated Measures Regression Model Summary - Omnibus Results

ABSTRACT
Background: Biologics have become the standard of care for treating moderate to severe rheumatoid arthritis (RA) in 

patients with an inadequate response to small molecule disease modifying antirheumatic drugs. Although biologics have 

been proven effective in managing RA symptoms and disease activity, their long-term impact on disability remains unclear. 

Longitudinal data from a cohort of RA patients enrolled from a single academic medical center were used to examine the 

link between RA patient disability and biologic exposure.  

Methods: Linear mixed repeated measures regression was used to model the impact of biologic exposure on changes in 

disease activity (DAS28-CRP4) and disability (modified Health Assessment Questionnaire [mHAQ]). At each follow-up, 

biologic exposure was quantified as the ratio of a patient’s time on a biologic relative to their time participating in the 

cohort. Patients’ yearly biologic exposure, outcome scores, and associated covariates were incorporated over a maximum 

of 13 years into the longitudinal regression models to identify predictors of disease activity and disability at the population 

level. 

Results: The analysis included 1,395 RA patients, 82.2% female, with a total of 6,783 unique physician visits from 2003 to 

2015. Average disease duration at enrollment was 12.7 years. Longer biologic exposure was associated with a significant 

reduction in annual population means for both disease activity and disability (p < 0.0001, Figure). Patients’ DAS28-CRP4 

or mHAQ score at enrollment was the strongest predictor of disease activity and disability in models, respectively 

(p < 0.0001). While, shorter disease duration (p <0.0001), not using a biologic at enrollment (p < 0.0001), and use of 

methotrexate (p < 0.0003) were significant predictors of reduced disease activity and disability in the models.

Conclusion: Longer biologic exposure is associated with reduced disease activity and disability in this longitudinal 

population of RA patients. Although biologic use improves the functional status of the population, patient RA status at 

enrollment remains the most significant predictor of disability. The results of the longitudinal models developed here 

suggest that use of biologics may help to reduce long-term disease activity and disability in the RA population. 

LIMITATIONS
• This study was conducted at a single academic center and the results may not be generalizable to 

other settings.

• Patients had a long history of disease before entering the registry and they entered the registry in 

various stages of their disease, with a variety of previous treatments.

CONCLUSIONS
• Longer biologic exposure was associated with reduced disease activity and disability in this 

longitudinal population of RA patients. 

• Although biologic use improved the functional status of the population, patient RA status at 

enrollment remained the most significant predictor of disability. 

• The results of the longitudinal models developed here suggest that use of biologics may help 

to reduce long-term disease activity and disability in the RA population. 
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  Total New Returning Mean  Disease              DAS28-CRP4                   mHAQ  

Year Patients Entrants Patients Age, y Female Duration, y n Mean ± SD n Mean ± SD

2003 507 507 -- 58.0 82.1% 15.2 466 4.20 ± 1.57 471 0.44 ± 0.50

2004 742 355 387 57.8 82.7% 15.1 678 3.78 ± 1.60 689 0.40 ± 0.43

2005 680 64 616 58.6 83.2% 15.9 622 3.52 ± 1.58 648 0.36 ± 0.44

2006 600 23 577 59.2 83.5% 16.4 554 3.45 ± 1.55 587 0.36 ± 0.42

2007 612 56 556 59.2 83.2% 17.0 531 3.22 ± 1.53 600 0.35 ± 0.40

2008 648 86 562 59.3 82.4% 16.9 615 3.16 ± 1.47 622 0.36 ± 0.44

2009 533 1 532 59.7 82.6% 18.4 505 3.09 ± 1.43 512 0.35 ± 0.44

2010 458 49 409 59.3 83.6% 18.0 414 3.10 ± 1.40 424 0.37 ± 0.43

2011 367 1 366 60.0 83.1% 19.0 314 3.02 ± 1.34 336 0.32 ± 0.41

2012 541 168 373 59.4 83.9% 17.1 452 2.79 ± 1.25 475 0.34 ± 0.40

2013 493 28 465 61.0 82.8% 17.9 392 2.67 ± 1.12 421 0.31 ± 0.39

2014 443 13 430 61.2 83.7% 18.0 340 2.49 ± 1.16 380 0.30 ± 0.41

2015 159 44 115 60.1 78.6% 17.8 21 2.56 ± 1.20 148 0.35 ± 0.42

  2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Any biologic use 41% 46% 47% 51% 55% 57% 62% 59% 63% 61% 64% 65% 68%

Cumulative  0.41 0.45 0.46 0.48 0.50 0.51 0.56 0.55 0.59 0.57 0.59 0.59 0.65

biologic exposure

Methotrexate use 45% 47% 49% 49% 51% 52% 51% 52% 52% 54% 54% 54% 57%

Effect Estimate P-value

Intercept 0.571 0.014

Cumulative biologic exposure –0.673 < 0.001

On methotrexate –0.139 < 0.001

Smoking status 0.081 0.028

Education at baseline –0.031 0.014

Disease duration 0.008 < 0.001

Baseline mHAQ 0.147 0.013

Baseline DAS28-CRP4 0.552 < 0.001

Biologic use prior to enrollment 0.352 < 0.001

Biologic use at baseline 0.598 < 0.001

2003 1.295 < 0.001

2004 0.994 < 0.001

2005 0.731 0.001

2006 0.728 0.001

2007 0.517 0.019

2008 0.564 0.010

2009 0.417 0.058

2010 0.471 0.032

2011 0.412 0.062

2012 0.304 0.165

2013 0.137 0.533

2014 –0.023 0.916

Effect Estimate P-value

Intercept 0.059 0.002

Cumulative biologic exposure –0.101 < 0.001

Methotrexate use –0.036 < 0.001

Smoking status 0.019 0.048

Education at baseline –0.004 0.213

Disease duration 0.003 < 0.001

Baseline mHAQ 0.741 < 0.001

Biologic use at baseline 0.102 < 0.001

 

  

 

 

Changes in disease activity as measured by DAS28-CRP4 (A) and disability as measured by mHAQ (B) with 

increased biologic exposure as measured by the ratio of time on a biologic relative to time participating in study.
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Cumulative Biologic Exposure

Each data point represents the mean annual value ± standard error. See Table 2 for annual sample sizes.

Each data point represents the mean annual value ± standard error. See Table 2 for annual sample sizes.
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Name Description

Primary independent variable

Cumulative biologic 

exposure

The total number of periods the patient evidenced biologic use divided by the total 

number of periods to date that the patient was enrolled in the registry and 

contributed data; expressed as a value ranging from 0 to 1, where 0 indicated no 

biologic use and 1 indicated continuous reporting of biologic use at each annual 

clinical visit through enrollment in BRASS

Other covariates

Age The patient’s age in years

Baseline DAS28-CRP4 The patient’s DAS28-CRP4 score at the time of enrollment in the BRASS registry

Baseline mHAQ The patient's mHAQ score at the time of enrollment in the BRASS registry

Biologic use at baseline A binary indicator of whether the patient was (1) or was not (0) prescribed a biologic 

at the time of enrollment in the BRASS registry

Biologic use prior to 

enrollment

A binary indicator of whether the patient had used (1) or never used (0) a biologic 

prior to their enrollment in the BRASS registry

Disease duration Number of years since the patient was diagnosed with RA

Education at baseline A categorical indicator of the highest level of education completed at the time of 

enrollment in the BRASS registry

Female A binary indicator of the patient’s gender with female coded as 1 and male coded 

as 0

Methotrexate use A binary indicator of whether the patient was (1) or was not (0) currently prescribed 

methotrexate

Smoking status A categorical indictor of whether a patient had never smoked, had smoked 

previously, or was currently a smoker

Year of study The calendar year of the annual clinical visit
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Methotrexate NSAID

Biologic DMARD Non-Biologic DMARD (not including methotrexate)

Steroid Pain Medication


