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Abstract
Purpose—To examine prescribing of biologic and nonbiologic disease-modifying anti-rheumatic
drugs (nbDMARDs) in Rheumatoid Arthritis (RA) before and after publication of the American
College of Rheumatology (ACR) treatment recommendations.

Methods—We identified biologic naïve RA patients cared for by US rheumatologists
participating in the CORRONA registry with visits prior to and/or at least 6 months after
publication of the ACR recommendations (time periods: 2/02 - 6/08 vs. 12/08 - 12/09). The
population was divided into two mutually exclusive cohorts: 1) methotrexate (MTX) monotherapy
users; and 2) multiple nbDMARD users. Initiation or dose escalation of biologic and nbDMARDs
in response to active disease was assessed cross-sectionally and longitudinally in comparison to
the ACR recommendations. The impact of the publication of the ACR recommendations on
treatment practices was compared using logistic regression stratified by disease activity adjusting
for clustering of physicians and geographic region.

Results—After one visit, 24 to 37% of MTX monotherapy users with moderate disease activity
and poor prognosis or high disease activity received care consistent with the recommendations; it
was 34 to 56% after 2 visits. In the multiple nbDMARD users, 30 to 47% of those with moderate
or high disease activity received care consistent with the recommendation after one visit and 43 to
51% after 2 visits. Publication of the recommendations did not significantly change treatment
patterns for active disease.

Conclusions—Substantial numbers of RA patients with active disease did not receive care
consistent with the current ACR treatment recommendations. Innovative approaches to improve
care are necessary.
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Introduction
An estimated 1.3 million Americans are affected by rheumatoid arthritis (RA).1 The current
management approach involves early and aggressive treatment with the goal of preventing
the development of permanent joint damage and deformity as well as functional
impairment.2 The majority of RA patients are first typically treated with traditional non-
biologic disease modifying antirheumatic drugs (DMARDs). For patients with an inadequate
response, non-biologic DMARDs can be used in combination or biologics can be used as
add-on therapy to achieve better control.3 The American College of Rheumatology (ACR)
published recommendations in 2008 for the use of non-biologic and biologic DMARDs with
the goal of optimizing outcomes and providing the best evidence-based recommendations in
relation to new therapies and new evidence for older therapies. The publication sought to
provide guidance to clinicians on treatment strategies (Table 1).4 Specifically after a
systematic literature review and a synthesis of the evidence, these recommendations were
formulated based on clinical evidence and input from an expert panel using a formalized
group process method including a modified Delphi panel and the RAND/UCLA appropriate
method. Of note, these recommendations were developed specifically for specialists familiar
with assessing RA disease activity and disease severity with the hope that they would be
applied in conjunction with individualized assessment.

Medication prescribing for rheumatoid arthritis is complex and is influenced by numerous
factors including patients' clinical characteristics such as disease activity and disease
severity, financial concerns, access to care, and both patient and provider preferences.5
Currently it is unknown whether providers use the published recommendations to guide
treatment decision-making and whether treatment approaches vary based on disease activity.
The aim of this study was to examine and compare the treatment of biologic naïve RA
patients before and after publication of the ACR recommendations in a U.S. cohort of RA
patients using data from the Consortium of Rheumatology Researchers of North America
(CORRONA) registry. We sought to assess non-biologic and biologic DMARD use based
on level of disease activity as well as to evaluate the impact of the ACR recommendations
on medication patterns. In addition, we wanted to determine whether patients with moderate
to high disease activity and features predicting poor prognosis received more aggressive
treatment, hypothesizing that in the period of time following publication of the
recommendations, a greater number of patients would receive care more consistent with the
guidelines as compared to prior.

Methods
Data sources and data collection

CORRONA is a prospective US observational cohort of patients with arthritis who are
enrolled by participating rheumatologists in both academic and private practice sites; the
details have been previously described.6, 7 Data are collected from both patients and their
treating rheumatologists, who gather information on disease duration, prognosis, disease
severity and activity, medical comorbidities, use of medications including DMARDs, and
adverse events.8 Follow-up assessments are requested at least as often as every 6 months and
completed during routine clinical encounters. Approvals for participation in the CORRONA
registry are obtained from respective Institutional Review Boards of participating academic
sites and a central Institutional Review Board for private practice sites, and patients provide
informed consent before enrollment.
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Study population
There were 23,052 enrolled patients with rheumatoid arthritis and 137,444 visits entered into
the CORRONA registry database for this population between October 1, 2001 to December
30, 2009. Over one hundred rheumatology practices enroll patients across 39 states with 310
participating rheumatologists. There are no disease activity requirements or comorbidity
exclusion criteria. For the purposes of these analyses, RA patients were first divided into
two cohorts based on their visit histories prior to and/or at least 6 months after the
publication of the recommendations (published on June 15, 2008). Patients could be
represented in one or both cohorts. Thus patients were identified from two different time
periods: 2/1/02 - 6/15/08 and 12/1/08 -12/30/09. For each of the two cohorts, we selected
those patients who were biologic naive, had an index visit and a follow-up visit within 6
months, a disease duration of >1 year, and were not in remission based on the Clinical
Disease Activity Index (CDAI <2.8). In each time period, patients were further divided into
two sub-cohorts based on their history of treatments and current medications at the baseline
index visit: 1) “MTX monotherapy users” defined as those currently on methotrexate (MTX)
or who had used MTX in the past without past or current use of other non-biologic
DMARDs; and 2) “multiple non-biologic DMARD (nbDMARD) users” defined as those
who were receiving or had received 2 or more non-biologic DMARDs. This strategy was
employed to allow comparison with the ACR treatment recommendations which are based
on prior medication usage.

Measures
To measure disease activity, we calculated the Clinical Disease Activity Index (CDAI) that
includes a tender joint count for 28 joints, a swollen joint count for 28 joints, a patient global
assessment, and an evaluator global assessment. Patients were stratified by CDAI score into
low, moderate or high disease activity levels at the baseline visit.9 As the 2008 ACR
treatment recommendations suggest different treatment strategies based on prognosis, we
evaluated the prognosis in patients as defined. Specifically the prognosis was determined to
be “Good” or “Poor” based on the absence or presence of a modified Health Assessment
Questionnaire (mHAQ) of > 0.5 at the initial visit, rheumatoid factor positivity, presence of
extra-articular disease (rheumatoid nodules or secondary Sjogren's), and erosive changes on
x-ray. In order to allow comparisons with the ACR treatment recommendations, those with
moderate disease activity in the MTX monotherapy cohort were stratified further based on
prognosis (any features of poor prognosis present vs. all absent).

DMARD prescribing patterns
To evaluate DMARD prescribing patterns in the two study cohorts from before and after the
ACR recommendations were published, we examined treatment regimens cross-sectionally
and longitudinally within the time frame. First we assessed treatment practices based on the
baseline visit (the first visit within the time period of interest). We categorized patients in
one of 5 treatment regimens at the conclusion of the baseline visit as follows: 1) biologic
DMARD initiated; 2) non-biologic DMARD initiated; 3) non-biologic DMARD dose
increased; 4) nonbiologic DMARD therapy maintained without a dose increase; and 5) no
DMARD used. These groups were mutually exclusive with patients being categorized based
on the most aggressive treatment pattern. For example, if the patient was simultaneously
started on a biologic and their MTX dose was increased, they would be considered as a
biologic initiator. For the longitudinal analysis we identified patients with persistent disease
activity at both the baseline visit and follow-up visit (a visit at least 3 months and up to 6
months after the baseline visit). For the MTX monotherapy users with moderate disease
activity and poor prognosis or high disease activity at both the baseline and follow-up visits,
we studied their treatment at the conclusion of their follow up visit using the same
treatments regimens described above, including treatment changes initiated at the baseline
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visit, in between the baseline and follow-up visit, and at the conclusion of the follow-up
visit. Similarly in the multiple nbDMARD users who had persistent moderate or high
disease activity at both the initial and follow-up visit, we examined their treatment at the
conclusion of the second visit. Finally, all patients care within each disease activity and
prognosis category was grouped as either consistent with the ACR recommendations, or
not.4

Statistical Analysis
Patient demographic and clinical characteristics were compared in the before and after ACR
treatment recommendation populations. For continuous variables, means and standard
deviations were estimated and t tests were used to test statistical differences between the
groups. For dichotomous variables, percentages were estimated and chi square tests were
used to test statistical differences between groups. In cross-sectional and longitudinal
analyses, percentages of treatment strategies employed were calculated for each disease
activity level. We compared the proportion of treatment regimens consistent with the ACR
recommendations before and after publication using a mixed effect model logistic regression
approach and considering clustering of physicians as a random effect. Models were adjusted
for geographic region. Three sensitivity analyses were performed. In the first, we reran the
analyses identifying the post-publication group based on at least 9 months following the
publication of the recommendations rather than 6. For the second we excluded patients with
heart disease, cancer and/or a demyelinating illness from both the pre and post publication
groups as these conditions might influence treatment practices. For the third, we reran the
primary analyses as well as the previous sensitivity analyses on those with RA disease
duration of 5 years or less to assess whether this influenced treatment patterns. Statistical
analyses were performed using STATA version 11.1.

Results
As shown in Figure 1, of the 23,052 RA patients, there were 1632 patients who met criteria
for inclusion prior to the ACR recommendations (791 MTX monotherapy users and 841
mutliple nbDMARD users), and 1525 afterward (755 MTX monotherapy users and 770
multiple DMARD users). There were 204 treating rheumatologists, of whom 95 cared for
patients in both the before and after cohorts. The baseline characteristics of these before and
after cohorts are displayed in Table 2. In the cohort identified after publication of the ACR
recommendations, patients were seen on average 11 months (SD 2.1) after the publication
for the baseline visit and 15 months for the follow-up visit (SD 1.9). Among the MTX
monotherapy users the mean age was 64 to 65, mean disease duration of 8.7 to 9.6 years and
most had moderate disease activity (CDAI 11.5 to 13.4). There were significant, but
minimal differences in the two sub-cohorts with respect to mean disease activity level.
Among the multiple nbDMARD users, the mean age was 62 to 63, mean disease duration of
13.2 to 13.6 years and most had moderate disease activity (CDAI 12.2 to 12.7). There were
borderline significant differences in the two sub-cohorts with respect to self-reported pain
and Medicaid insurance status.

Cross-sectional analyses
In the cross-sectional analysis examining treatment patterns both before and after
publication of the ACR treatment recommendations, among the MTX monotherapy users
with low disease activity, 91 to 93% received nonbiologic DMARDs while those
medications were used in 83 to 91% of those with moderate disease activity and good
prognosis. In those with moderate disease activity and a poor prognosis 17 to 19% had
escalation of nonbiologic DMARD therapy, meaning either a dose increase or initiation of a
nonbiologic DMARD, and 7–10% initiated a biologic at the conclusion of the initial visit.
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Approximately 60% were continued on MTX without a dose increase (median dose of MTX
was 15.5 mg in the pre-recommendations group and 15.3 mg in the post-recommendations
group) and 13% were not treated with any DMARDs. In those with high disease activity,
21% had escalation of nonbiologic DMARD therapy and 13 to 16% initiated a biologic.
Maintenance of MTX without a dose increase occurred in 48 to 55% of patients (median
dose of MTX was 15.3 mg in the pre-recommendations group and 16.2 mg in the post-
recommendations group) while 8 to 18% did not receive any DMARDs.

In the cross-sectional analysis among the multiple nbDMARD cohort with low disease
activity, prior to the publication of the recommendations 89% continued nonbiologic
DMARDs while it was 94% afterwards, a significant increase (p=0.003). When examining
treatment patterns both before and after publication of the ACR treatment recommendations,
21 to 23% of those with moderate disease activity had escalation of nonbiologic DMARD
therapy, and 9% were initiated on a biologic. Nonbiologic DMARD therapy was maintained
without a dose increase in 55 to 60% while 10 to 14% received no DMARD therapy. In
those with high disease activity 22 to 32% had escalation of nonbiologic DMARD therapy
and 15 to 16% initiated a biologic. Maintenance of nonbiologic DMARDs without a dose
increase occurred in 41 to 51% of patient and 11 to 12% received no DMARD therapy.

Treatment categories were then combined based on whether the treatment was consistent
with the treatment recommendations (Figure 2). The only significant increase in treatments
consistent with the recommendations after the 2008 publication occurred in those with low
disease activity in the multiple nbDMARD cohort. The other comparisons were not
significant in both unadjusted and adjusted analyses controlling for clustering by physicians
and geographic region (Table 3). The variability by physician was represented by median
odds ratio, which ranged from 1.00–2.24.

Longitudinal analyses
In the longitudinal analyses we also examined treatment patterns both before and after
publication of the ACR treatment recommendations. First we examined those with persistent
disease activity among the MTX monotherapy users. Of the patients with moderate disease
activity and poor prognosis at both the baseline and follow-up appointment, 14 to 23% had
their nonbiologic DMARD therapy escalated and 20 to 27% had a biologic initiated.
Approximately 44 to 57% remained on a nonbiologic DMARD without any change and 6 to
9% received no DMARD therapy. In those with persistent high disease activity at both the
baseline and follow-up visit, 19 to 23% had escalation of nonbiologic DMARD therapy and
31 to 33% initiated a biologic. There were 35 to 41% of patients who remained on
nonbiologic DMARD therapy without a dose change and 3 to 16% who received no
DMARD therapy. Treatment categories were then combined based on whether the treatment
was consistent with the treatment recommendations and displayed in Figure 3. In adjusted
analyses, prescribing practices were less consistent with the ACR recommendations after the
publication in those with moderate disease activity and poor prognosis (OR 0.48, 95% CI
0.28 to 0.80), while it was not significantly different in those with high disease activity (OR
1.38, 95% CI 0.72 to 2.66).

In the multiple nbDMARD users, we examined treatment patterns in those with persistent
moderate or high disease activity at both the baseline and follow-up visit. Among those with
moderate disease activity, escalation of nonbiologic agents occurred in 17 to 19%, biologic
initiation in 25 to 26%, continuation of nonbiologic DMARD therapy without a dose
increase in 45 to 50% with no DMARD use in 7 to 11%. In those with high disease activity,
escalation of nonbiologic agents occurred in 17 to 26%, biologic initiation in 24 to 34%,
continuation of nonbiologic DMARD therapy without dose increase in 34 to 41% with 9 to
15% receiving no DMARDs. When treatment categories were then combined based on
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whether the treatment was consistent with the treatment recommendations, publication of
the ACR recommendations were not associated with any changes in prescribing patterns in
those with moderate (OR 0.97, 95% CI 0.66 to 1.44) and high disease (OR 0.96, 95% CI
0.51 to 1.79) activity at 2 visits. The median odds ratios representing physician variability
ranged from 1.00 to 2.28. The results from the cross-sectional and longitudinal analyses
were not substantially changed when we excluded patients with heart disease, cancer and/or
a demylinating illness, when we limited the post-publication group to those with the baseline
visit at least 9 months after the publication and when we limited the population to those with
5 years or less RA disease duration.

Discussion
This manuscript examines treatment patterns among RA patients both before and after
publication of the 2008 ACR treatment recommendations based on disease activity and
prognosis. We found that adherence to the treatment recommendations was lower for
patients with higher levels of disease activity, specifically because a majority of these higher
risk patients were maintained on less aggressive therapies rather than being accelerated. The
vast majority of MTX monotherapy users with low disease activity (90–93%) or moderate
disease activity with a good prognosis (83–91%) received care consistent with the ACR
treatment recommendations. However, only a quarter to a third of patients with moderate
disease activity and poor prognosis (24 to 29%) or high disease activity (34 to 37%) had
care consistent with recommendations. Similarly in the multiple nbDMARD users with
moderate or high disease activity, only 31–47% had care consistent with the
recommendations, meaning they had their non-biologic DMARD therapy optimized or were
initiated on a biologic. In patients with persistent active disease (moderate disease activity
with poor prognosis or severe disease activity) at both the initial and follow-up
appointments, approximately 34 to 56% of patients had care consistent with the
recommendations. In adjusted analyses, publication of the ACR treatment recommendations
was not associated with a greater likelihood of prescribing treatments consistent with the
recommendations in those with moderate or severe disease activity.

Deficits in the quality of care RA patients receive is not a new issue. MacLean and
colleagues using data from the early 1990's examined the quality of care RA patients
received for their arthritis based on the ACR recommendations at the time which included at
least yearly appointments for RA, yearly monitoring of acute phase reactants and laboratory
monitoring for DMARDs.10 While seeing a specialist was associated with greater quality,
25% of patients who saw rheumatologists still did not receive the recommended care. More
recently Benhamou and colleagues in a French multi-center cohort study found that only
54% to 58% of early RA patients cared for by rheumatologists were treated according to 2
clinical practice guidelines which included initiating DMARDs.11

It is unlikely that our results reflect the care of a few select providers as there were 204
physicians caring for the patients in the cohorts. It is more likely that many factors
contributed to the gaps we found between clinical practice and treatment recommendations.
First, rheumatologists may not be aware of the disease activity at the time of the
appointment. While it is possible for providers to calculate the CDAI, RAPID Score, or
Global Arthritis Score at the time of the clinical encounter, in many instances these are only
calculated after the fact, if at all.12–14 It is known that many rheumatologists rely instead on
a variably determined qualitative Physician Global Assessment to inform their treatment
decisions.13 It is also possible that rheumatologists are unaware of the ACR treatment
recommendations, although these recommendations were published in a journal associated
with the College, are available currently on the ACR website, and were highlighted in a
plenary session at the annual meeting occurring immediately after their publication.4
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Another possibility is that rheumatologists and patients consider the ACR recommendations
to be too aggressive, even though several trials have demonstrated improved clinical
outcomes among patients whose treatment regimens were accelerated in response to active
disease activity.15–17 Alternatively they may think the recommendations are not
generalizable to their patient population. Lastly, there may be safety concerns with the
aggressive use of DMARDs.

Given that there was an increase in the proportion of patients receiving care consistent with
the recommendation after two visits, it is possible that it may take time for providers and
patients to respond to high levels of disease activity although the current recommendations
specify aggressive medication use in those with persistent disease activity.18 As has been
pointed out in the Institute of Medicine's report, lack of response to evidence-based
treatment recommendations is typical of the care of all chronic diseases in the United
States.19 The same has been documented for hypertension, hyperlipidemia, diabetes, and
other diseases. In these cases, the failure to reliably accelerate treatments for patients with
uncontrolled disease has been labeled “clinical inertia”, but calling attention to the problem
has made little difference.20, 21 Moreover, a 17 year average time to adoption of new
information and therapies into routine patient care has been reported.19

It is also critical to recognize that under-treatment in chronic disease care is in part related to
the way care is typically delivered in the US and less likely due to knowledge deficits on the
part of providers. For example, it requires a systems approach to capture disease activity
status at every visit and relay that information to both the patient and provider. In many
health care settings there is no infrastructure to allow that evaluation and feedback. In the
case of the TICORA and BeST studies, there were dedicated staff to ensure serial
measurement of disease activity, identification of the patients with persistent disease activity
with notification to providers, acceleration of treatment for patients with active disease, and
monitoring adherence and outcomes—steps critical to optimal disease management.15, 16

The strengths of this study were that we were able to identify a broad geographic
distribution of US rheumatologists and RA patients with detailed clinical information on
disease activity and medication use. However, the study does have limitations. We were
unable to know whether patients were offered therapies but declined them. Rather we are
only able to assess those medications that were prescribed. We also were unable to assess
whether there were co-morbidities that precluded the use of some agents. However, we
minimized this limitation by categorizing a wide range of medication strategies as being
compliant with the ACR recommendations. Financial concerns may also have played a role
in some of the treatment decisions, particularly when it comes to the biologics. However this
was minimized by including dose escalation and initiation of non-biologic agents as being
consistent with the treatment recommendations. While we examined treatment patterns for
at least 6 months (and for at least 9 months in the sensitivity analysis) after publication of
the recommendations, it may take more time for providers to incorporate these
recommendations in clinical practice. Finally, many of the patients enrolled in the
CORRONA registry did not meet the inclusion criteria for this study because of less
frequent visit reports and/or prior or current biologic use. Further studies are planned to
evaluate the disease activity status and treatments of the broader registry population.

In summary, this study is amongst the first to examine prescribing patterns before and after
publication of the ACR treatment recommendations based on disease activity level. While
the majority of patients with low disease activity received care consistent with the treatment
recommendations, most with more active and aggressive disease did not. Even when we
allowed 2 visits for providers to address ongoing active disease, approximately 50 to 60% of
patients did not receive the recommended treatments. Additionally, publication of the ACR
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treatment recommendations had a minimal impact on prescribing practices. Improving RA
quality of care will require addressing clinical inertia. Redesigning clinical care so that
patients and providers have real-time information on disease activity as well as summaries
of the risks and benefits of DMARD therapy based on disease activity is crucial and
necessary to enable personalized treatment that is tailored to the specific needs of the patient
and to improve long term disease outcomes.
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Figure 1. Identification of the study cohorts before and after publication of the ACR
recommendations
*MTX=Methotrexate **nbDMARD=nonbiologic disease modifying anti-rheumatic drug
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Figure 2. Proportion of Patients Adherent to the ACR Recommendations Stratified by Disease
Activity and Drug Use at the Conclusion of 1 Visit*
*Dark grey columns = pre-publication treatment patterns, light grey columns = post-
publication treatment patterns. Good prognosis means absence of a poor prognosis; Poor
prognosis = mHAQ>0.5, presence of rheumatoid nodules, erosive changes on x-ray,
rheumatoid factor positive and secondary Sjogren. Error bars represent 95% confidence
intervals.
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Figure 3. Proportion of Patients Adherent to the ACR Recommendations after 2 Visits over 6
months with Persistent Active Disease
*Dark grey columns = pre-publication treatment patterns, light grey columns = post-
publication treatment patterns. Error bars represent 95% confidence intervals.
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Table 1

Summary of ACR recommendations based on disease activity and prior exposure to nonbiologic disease
modifying anti-rheumatic drugs (DMARDs).

Disease Activity Methotrexate Monotherapy Users Multiple nonbiologic DMARD Users

Low Use of nonbiologic DMARDs* Use of nonbiologic DMARD*

Moderate with good
prognosis Use of nonbiologic DMARDs* Maximize nonbiologic DMARD therapy or

initiate biologic**

Moderate with poor
prognosis Maximize nonbiologic DMARD therapy or initiate biologic** Maximize nonbiologic DMARD therapy or

initiate biologic**

High Maximize nonbiologic DMARD therapy or initiate biologic** Maximize nonbiologic DMARD therapy or
initiate biologic**

*
The recommendations do not specify dose escalation thus we only examined whether the patients were receiving nonbiologic DMARD therapy.

**
The recommendations suggest that if patients in these groups "fail" nonbiologic therapy, then biologic agents should be initiated. Therefore, for

these groups we included escalation of nonbiologic DMARD therapy to be considered consistent with the recommendations.
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Table 3

The unadjusted and adjusted likelihoods that publication of the recommendation influenced prescribing
patterns relative to the ACR recommendations.*

Disease activity Unadjusted Odds Ratio (95% confidence
interval) Adjusted Odds Ratio (95% confidence interval)

MTX only users

Low 1.56 (0.92,2.67) 1.48 (0.87,2.52)

Moderate with good prognosis** 2.14 (0.63,7.30) 1.79 (0.50,6.38)

Moderate with poor prognosis** 0.75 (0.45,1.24) 0.77 (0.47,1.27)

High 1.17 (0.66,2.09) 1.15 (0.64,2.07)

Multiple nbDMARD users

Low 2.23 (1.32,3.79) 2.37 (1.39,4.02)

Moderate 0.92 (0.62,1.37) 0.89 (0.60,1.33)

High 0.69 (0.41,1.18) 0.70 0.41, 1.18)

*
MTX= methotrexate; nbDMARDs=nonbiologic disease modifying anti-rheumatic drugs

**
Good prognosis means absence of a poor prognosis; Poor prognosis = mHAQ>0.5, presence of rheumatoid nodules, erosive changes on x-ray,

rheumatoid factor positive and secondary Sjogren.
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