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Time to Disease-modifying Antirheumatic Drug
Treatment in Rheumatoid Arthritis and Its Predictors:
A National, Multicenter, Retrospective Cohort
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XIUYING LI, ANDREAS LAUPACIS, GILLES BOIRE, GEORGE TOMLINSON, and CLAIRE BOMBARDIER

ABSTRACT. Objective. To determine the proportion of patients with rheumatoid arthritis (RA) under rheumato-
logic care treated with disease-modifying antirheumatic drugs (DMARD) within 6 months from
symptom onset and the components of time to treatment and its predictors.
Methods.A historical inception cohort of 339 patients with RA randomly selected from 18 rheuma-
tology practices was audited. The proportion that initiated DMARD treatment within 6 months from
symptom onset was estimated using Kaplan-Meier analysis. Time to each component of the care
pathway was estimated. Multivariable modeling was used to determine predictors of early treatment
using 12 preselected variables available in the clinical charts. Bootstrapping was used to validate the
model.
Results. Within 6 months from symptom onset, 41% (95% CI 36%−46%) of patients were treated
with DMARD. The median time to treatment was 8.4 (interquartile range 3.8−24) months. Events
preceding rheumatology referral accounted for 78.1% of the time to treatment. The most prominent
predictor of increased time to treatment was a concomitant musculoskeletal condition, such as
osteoarthritis or fibromyalgia. The significance of other variables was less consistent across the
 models investigated. Included variables accounted for 0.69 ± 0.03 of the variability in the model.
Conclusion. Fewer than 50% of patients with RA are treated with DMARD within 6 months from
symptom onset. Time to referral to rheumatology represents the greatest component delay to treat-
ment. Concomitant musculoskeletal condition was the most prominent predictor of delayed initia-
tion of DMARD. Implications of these and other findings warrant further investigation. 
(First Release Aug 15 2012; J Rheumatol 2012;39:2088–97; doi:10.3899/jrheum.120100)
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Early, aggressive pharmacological treatment with dis-
ease-modifying antirheumatic drugs (DMARD) is recom-
mended as an effective method of controlling synovitis and
limiting erosive joint damage in rheumatoid arthritis
(RA)1,2,3. While randomized controlled trials (RCT) have
proven the short-term efficacy of early DMARD interven-
tions4,5,6,7,8, the time-dependence of treatment initiation for
disease remission and functional outcome has been investi-
gated in cohort studies9,10,11,12. Pharmacologic treatment
guidelines for RA recommend treatment with DMARD
immediately upon the establishment of a diagnosis1,2,3.

Establishing a diagnosis of RA near symptom onset is
challenging. Many diagnoses remain in the differential and
RA symptoms may be underrecognized13. The symptoms
characterized in classification criteria for RA14 perform well
for longstanding or prevalent disease; however, they are less
discriminative near symptom onset15,16. New criteria
designed to classify DMARD-naive patients with a clinical
indication for methotrexate therapy may have diagnostic
value for early RA17. Currently, RA is first established on
the clinical grounds of inflammation, morning stiffness, ten-
der and swollen joint counts, and at least 6 to 12 weeks of
symptom persistence9,10,13.

Time to rheumatologic care and DMARD treatment is
increasingly recognized as an important, modifiable aspect
of care for RA18,19,20,21,22,23,24. The existing literature varies
by geographical location, clinical setting, date, definition of
diagnosis, and specific outcome measured. Across these
studies, median estimates of time to treatment range from 4
to more than 22 months. Investigations of the component
times and predictors of time to DMARD treatment are
sparse18,19,20,21,22,24. 

The 3 objectives of this study were to determine (1) the
proportion of Canadian patients with RA under rheumato-
logic care treated with DMARD within 6 months from
symptom onset; (2) the components of the overall time to
treatment; and (3) the predictors of time to DMARD treat-
ment in RA.

MATERIALS AND METHODS
Study design. A Canadian multicenter historical inception cohort of 339
randomly selected patients with RA under rheumatologic care was assem-
bled. Rheumatologist representation from all provinces was sought. On the
basis of characteristics available in the Canadian Medical Directory25 (sex,
decade of graduation, hospital privileges, academic status, and provincial
representation), the distribution of these variables was similar between par-
ticipating and all Canadian rheumatologists26. Research ethics board
approval was received from each rheumatologist’s site.

Patients were included if they had a definitive clinical diagnosis of RA
between June 2001 and May 2003 and were 18 years of age or older at the
time of diagnosis. In this study, a definitive clinical diagnosis referred to a
record in the rheumatologic clinical chart without reference to an alterna-
tive diagnosis in the differential. Patients were excluded if they fulfilled
any of the following criteria: history of juvenile inflammatory arthritis;
change in diagnosis over followup; or a concomitant disease that preclud-
ed DMARD treatment.

To eliminate selection bias toward RA patients with shorter time to

DMARD treatment or toward patients under rheumatologic care at the time
of the review, randomly selected charts were screened for eligibility. Each
participating rheumatologist’s administrative billing system was pre-
screened for patients receiving an International Classification of Diseases,
9th revision, Clinical Modification (ICD-9-CM) diagnosis code of 714, and
a first consultation service code (A485A or A135A) between 2001 and
2003 but not necessarily on the same visit (Figure 1). A list of patients sat-
isfying both criteria was randomized and used to screen clinical charts for
study eligibility. At each rheumatologist’s site, charts were screened until
the first of either of the following occurred: 20 eligible charts were identi-
fied; or all prescreened charts were reviewed.

A case review form (CRF) was developed from a pilot study of 36
patients from 6 practices (6 per practice), selected as described above. An
iterative process was used to develop the CRF: suggestions for revisions
were collected and implemented after each site’s successive chart extrac-
tion. A CRF guidance document was created and circulated to all partici-
pating sites to promote consistent data extraction in the full study.
Data management and statistical analysis. Sample size. A sample size of
370 was calculated to estimate the proportion of patients with RA treated
within 6 months from symptom onset with a 95% confidence bound of
10%. Using the 10-events-per-variable convention for multivariable logis-
tic regression modeling27, 120 events were required to investigate the effect
of 12 independent variables.
Data management. One person manually entered the data collected into a
Microsoft Access 2003 database (Microsoft, Redmond, WA, USA). Double
data entry was conducted for a random selection of 20% of charts to esti-
mate the reliability of initial data entry. A double data entry error rate of 
< 5% was considered acceptable. Logical and missing data queries were
conducted to further increase accuracy of data extraction. Illogical and
inconsistent data entries and missing data for variables associated with the
primary objective were reconciled with the CRF. Markov chain Monte
Carlo multiple imputation28 was used to account for missing data among
the following variables (percentage of missing data): C-reactive protein

Figure 1. The selection process of patients screened, ineligible, and includ-
ed in the study. ICD-9-CM: International Classification of Diseases, 9th
revision, Clinical Modification.
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(CRP; 56.3%), tender joint count (32.7%), swollen joint count (19.8%),
erythrocyte sedimentation rate (ESR; 19.2%), and rheumatoid factor (RF;
8.6%). Five imputations were performed and averaged. Data management
queries and statistical analyses were carried out using SAS version 9.2
(SAS, Cary, NC, USA).
Statistical analysis. The proportion of patients treated within 6 months
from symptom onset and the median time to treatment were determined.
The median time to DMARD treatment was determined using the
Kaplan-Meier method. This survival analysis method accounts for the fol-
lowup time of observations without an event over the followup period by
providing censored observations for these times29. These censored obser-
vations indicate that the followup time was cut off prior to the occurrence
of the event. Where symptom onset date and/or DMARD start date were
missing in this study, Kaplan-Meier analysis was used to censor these dates.
Missing symptom onset (4.7%) was censored using the earliest of the fol-
lowing dates: nonsteroidal antiinflammatory drugs (NSAID) start, probable
diagnosis, rheumatology referral, first and followup rheumatology visits,
diagnosis, and first radiographic evidence of erosive joint damage. Missing
DMARD start date (2.1%) was censored using the date of chart review.
Both the symptom onset date and DMARD start date were missing from the
chart of 1 patient (0.3%). Complete case estimates of time from symptom
onset to DMARD treatment were also reported.

The duration of components of time in the care pathway were estimat-
ed from complete data. The duration from symptom onset to each of the fol-
lowing component dates were determined and ordered by increasing mag-
nitude: NSAID start, probable diagnosis, rheumatology referral, first and
followup rheumatology visits, confirmed diagnosis, and DMARD start. For
patients who consulted multiple rheumatologists, estimates of times from
symptom onset to rheumatology referral, and first and followup rheumatol-
ogy visits, did not represent time to initial rheumatologic care and were
therefore excluded. 

Two predictive models were tested. A logistic regression model was
used to predict a dichotomous outcome: whether or not a patient initiated
DMARD treatment within 6 months from symptom onset. A Cox propor-
tional hazards survival analysis was also modeled to predict time to
DMARD initiation as a continuous variable, therefore providing a more
precise measure of time. The main assumption that hazards are proportion-
al over time was tested30. As with the Kaplan-Meier method above, the Cox
model made use of the censored data. Model covariables were selected
from an informal literature review and in consideration of data available in
the clinical charts as determined from pilot testing. The effect size and sig-
nificance of associations between preselected variables were determined to
assess multicollinearity.

Bivariate associations between binary data were determined from OR.
Assumptions of normality were tested and bivariate associations of contin-
uous and/or ordinal data across 2 groups were investigated using the
Wilcoxon rank-sum test. Bivariate correlations between continuous and/or
ordinal data were investigated using Spearman’s rank correlation
 coefficient.

Stepwise predictor selection was used with a multivariable level of sig-
nificance cutoff of < 50% (p < 0.50). This stepwise selection threshold was
selected as a tradeoff between divergent modeling approaches: those that
promote the use of all preselected variables but possibly risk overfitting and
stepwise selection techniques that produce more parsimonious models with
improved model fit that risk inferior predictive performance27. The ability
of the model to discriminate between patients at high and low risk of treat-
ment within 6 months from symptom onset was quantified by a measure of
concordance, c-index27. The logistic regression model was internally vali-
dated by determining the percentage covariables selected in a simulation of
200 bootstrap samples31.

RESULTS
Patients. To identify the 339 eligible patients, 2444 charts
from the practices of 18 rheumatologists representing 9

provinces and territories were randomly screened (Figure
1). Six rheumatologists who included 106 patients (31.3%)
excluded 801 charts (86.1%). To determine if there was
selection bias between rheumatologists who excluded the
most and fewest charts, the difference in the primary out-
come between these 2 groups was tested. The time from
symptom onset to DMARD treatment was 239 days
[interquartile range (IQR) 109−640] for patients selected by
rheumatologists who excluded the majority of the charts
compared to 238 (IQR 103−533) days for patients included
by the other participating rheumatologists (p = 0.83).

The baseline characteristics for eligible patients were
stratified by treatment with DMARD within 6 months from
symptom onset (Table 1). Baseline was defined as the peri-
od leading up to and including the definitive clinical diag-
nosis date. The study sample was 75.5% female and a medi-
an of 50 (IQR 41−60) years of age. Baseline disease was
characterized by 10 (IQR 6−14) swollen and 14 (IQR 8−20)
tender joints, an ESR of 32 (IQR 20−47) mm/h, and CRP of
28 (IQR 13−38) mg/l. At baseline, 70.5% (n = 239) were
RF-positive. Nearly half the patients (40.4%, n = 137) had
osteoarthritis, fibromyalgia, osteoporosis, or another con-
comitant musculoskeletal condition for which DMARD
therapy is not indicated, 41.9% (n = 142) previously con-
sulted another rheumatologist, and 63.1% (n = 214) were
seen by an academic study investigator. The majority
(85.0%, n = 288) were treated with NSAID prior to the doc-
umentation of a definitive diagnosis and 16.2% (n = 55) had
radiographic evidence of erosions at baseline.
Time to DMARD treatment. Within the primary endpoint of
6 months, 41% of patients (95% CI 36%−46%, n = 139)
were treated with DMARD; 21% (95% CI 16%−25%, n =
70) were treated within 3 months from symptom onset
(Figure 2). From Kaplan-Meier analysis, the median time
from symptom onset to DMARD treatment was 8.4 (IQR
3.8−24.0) months (range 0−30.6 yrs). Dropping censored
data, the time to DMARD treatment was estimated to be 7.7
months (IQR 3.6−18.0), or 233 days (IQR 109−550; range
0−20.7 yrs).
Components of time to DMARD treatment (Figure 3).
Relative to symptom onset, the median duration of the com-
ponents of time to DMARD treatment included the follow-
ing: 63 days (IQR 0−305) to initiation of NSAID treatment
(n = 247); 181 days (IQR 68−386) to referral to a rheuma-
tologist (n = 176); 182 days (IQR 63−568) to probable RA
diagnosis (n = 230); 212 days (IQR 104−436) to first
rheumatology visit (n = 191); and 233 days (IQR 109−550)
to initiation of DMARD (n = 317). The followup visit with
the rheumatologist occurred at 294 days (IQR 157−572; n =
187), and a definitive RA diagnosis was established at 303
days (IQR 138−803; n = 323).

Time to NSAID treatment represented 27.0% of the total
time from symptom onset to DMARD treatment. About half
(51.1%) the total time to DMARD treatment was represent-
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ed by the period between the initiation of NSAID treatment
and referral to rheumatology. The time of a probable diag-
nosis corresponded with the time that patients were referred
to rheumatologic care. Rheumatology referral wait-time
accounted for 12.9% of the total time to DMARD treatment.
The time from first rheumatology visit to DMARD treat-
ment represented 9.0% of the total time from symptom onset
to initiation of DMARD.

For 39.8% of patients (n = 135), DMARD treatment was
initiated in advance of establishment of a definitive diagno-
sis of RA. Among patients consulting a single rheumatolo-
gist, 52.8% initiated DMARD treatment at their first pres-
entation. The median difference between DMARD initiation
and date of first visit was 0 (IQR 0−43) days. The majority
of patients who previously consulted another rheumatologist
initiated DMARD therapy prior to consulting the study

Table 1. Baseline characteristics* of study participants by time to treatment with DMARD.

Time from Symptom Onset to DMARD Treatment
Variable Overall, < 6 mo, ≥ 6 mo, p†

n = 339 n = 139 n = 200

Age at symptom onset, yrs, median (IQR) 50 (41–60) 50 (40–62) 50 (41–59) 0.77
Swollen joint count, median (IQR) 10 (6–14) 11 (6–15) 9 (5–14) 0.05
Tender joint count, median (IQR) 14 (8–20) 15 (9–21) 13 (7–19) 0.05
ESR, mm/h, median (IQR) 32 (20–47) 32 (20–49) 32 (20–46) 0.92
CRP, mg/l, median (IQR) 28 (13–38) 29 (16–38) 28 (12–38) 0.42
Rheumatoid factor-positive, n (%) 239 (70.5) 98 (70.5) 141 (70.5) 1.00
Male, n (%) 83 (24.5) 43 (30.9) 40 (20.0) 0.02
Concomitant MSK condition, n (%) 137 (40.4) 47 (33.8) 90 (45.0) 0.04

Osteoarthritis 91 (26.8) — — —
Fibromyalgia 36 (10.7) — — —
Osteoporosis 47 (13.9) — — —
Other 3 (0.9) — — —

Radiographic evidence of erosions, n (%) 55 (16.2) 17 (12.2) 38 (19.0) 0.10
Previously consulted another rheumatologist, n (%) 142 (41.9) 67 (48.2) 75 (37.5) 0.05
Use of NSAID prior to diagnosis, n (%) 288 (85.0) 117 (84.2) 171 (85.5) 0.74
Academic study investigator, n (%) 214 (63.1) 98 (70.5) 116 (58.0) 0.02

* Maximum value recorded in the clinical chart up to the date of diagnosis. † Z approximation of Wilcoxon
rank-sum test for ordinal variables with skewed data distributions; Cochran Mantel-Haenszel chi-square test for
2 × 2 tables for binary data, positive vs negative variable. CRP: C-reactive protein; DMARD: disease-modify-
ing antirheumatic drug; ESR: erythrocyte sedimentation rate; IQR: interquartile range; MSK: musculoskeletal;
NSAID: nonsteroidal antiinflammatory drug.

Figure 2. Kaplan-Meier survival analysis of time from symptom onset to initial disease-modify-
ing antirheumatic drug (DMARD) treatment. Results were truncated to the first 60 months. Each
symbol represents a censored data point.
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rheumatologist (87.4%). Overall, 68.4% of patients were
either started on DMARD treatment at the first rheumatol-
ogy visit or were treated by the rheumatologist previously
consulted.
Bivariate associations. In bivariate analyses, male sex,
absence of a concomitant musculoskeletal condition, previ-
ously consulting another rheumatologist, seeing an academ-
ic versus a nonacademic study rheumatologist, and higher
tender or swollen joint counts were associated with
DMARD treatment within 6 months from symptom onset
(Tables 1 and 2). Higher tender and swollen joint counts,
lack of radiographic evidence of erosions, male sex, absence
of a concomitant musculoskeletal condition, previously con-
sulting another rheumatologist, and consulting an academic
study investigator were associated with less time from
symptom onset to DMARD treatment (Table 3). The effect
sizes for significant bivariate associations between covari-
ables were small and did not warrant adjustment for
collinearity in multivariate analyses.
Multivariable-adjusted associations. From multivariable
logistic regression p < 0.50 stepwise selection models (Table
2), absence of a concomitant musculoskeletal condition and
previously consulting another rheumatologist were associat-
ed with greater odds for treatment within 6 months from
symptom onset. The most commonly selected variables
across the 200 bootstrap p < 0.50 stepwise selection models
were previously consulting another rheumatologist (98.5%),
absence of a concomitant musculoskeletal condition

(96.0%), consulting an academic investigator (87.5%), male
sex (84.5%), and absence of radiographic evidence of ero-
sions at baseline (81.5%). The c-index for bootstrap models
was 0.69 ± 0.03.

In the corresponding Cox proportional hazards model
(Table 3), older age at symptom onset (HR = 1.01, p = 0.02)
and the absence of a concomitant musculoskeletal condition
(HR = 1.45, p = 0.002) were significantly associated with
less time to DMARD treatment. The hazard ratios for these
2 variables were constant over time. The association
between increasing ESR and time to DMARD treatment
(HR = 1.01, p = 0.02) was an artifact of using the mean of 5
multiple imputation iterations in the model. When multiple
imputation variance was accounted for, this association was
not significant.

DISCUSSION
Our study demonstrated that 41% of patients with RA under
rheumatologic care were treated with DMARD within 6
months from symptom onset. The median time to DMARD
treatment was 8.4 months. The majority of patients initiated
DMARD treatment at first presentation to rheumatology.
The antirheumatic agents utilized at initiation of DMARD
for this cohort were previously reported26. A large minority
(39.8%) started DMARD treatment in advance of receiving
a definitive diagnosis. The majority of the time to DMARD
treatment (78.1%) occurred before referral to rheumatology.
The most prominent predictor of increased time to treatment
was concomitant musculoskeletal condition. The effects of

Figure 3. Components of time from symptom onset to disease-modifying antirheumatic drug
(DMARD) treatment. Boxes represent 25th-75th percentiles. Lines inside each box represent the
median. Each diamond symbol represents the mean. Lines outside each box represent 0 and 100th per-
centiles. Each circle symbol represents an outlier observation. Vertical broken line denotes median
time from symptom onset to DMARD initiation. NSAID: nonsteroidal antiinflammatory drugs.
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Table 2. Bivariate and multivariable-adjusted baseline* determinants of early DMARD treatment.

Bivariate Multivariable p < 0.50 Stepwise Selection Model
Variable Effect Size†, p†† ORadj (95% CI), % of Bootstrap 

n = 339 n = 339 Models**, n = 200

Age at symptom onset, yrs 0.59 0.77 1.01 (0.99, 1.03) 63.0
Swollen joint count 2 0.05 1.02 (0.99, 1.05) 59.5
Tender joint count 2 0.05 50.0
ESR, mm/h 0.50 0.92 55.5
CRP, mg/l 1.00 0.42 1.00 (0.99, 1.00) 66.0
Rheumatoid factor-positive 1.00 1.00 56.5
Male 0.55 0.02 1.63 (0.96, 2.76) 84.5
Absence of concomitant MSK 

condition 1.59 0.04 1.87 (1.12, 3.11) 96.0
Absence of radiographic

evidence of erosions 1.68 0.10 1.75 (0.92, 3.36) 81.5
Previously consulted another

rheumatologist 1.60 0.04 1.86 (1.15, 3.01) 98.5
Use of NSAID prior to diagnosis 0.90 0.74 49.0
Academic study investigator 1.73 0.02 1.60 (0.99, 2.59) 87.5
c-index ± SD NA NA 0.65 (NA) 0.69 ± 0.03

* Maximum value recorded in the clinical chart up to the date of diagnosis. Early DMARD treatment defined as
treatment onset within 6 months from symptom onset. † Median difference for ordinal variables with skewed
data distributions, < 6 months to ≥ 6 months; OR for binary variables, < 6 months vs ≥ 6 months. †† Z approxi-
mation of Wilcoxon rank-sum test for ordinal variables with skewed data distributions; Cochran 
Mantel-Haenszel chi-square test for 2 × 2 tables for binary data, positive vs negative variable. ** Percentage of
200 bootstrap p < 0.5 stepwise selection models that selected the variables. CRP: C-reactive protein; DMARD:
disease-modifying antirheumatic drug; ESR: erythrocyte sedimentation rate; MSK: musculoskeletal; NA: not
applicable; NSAID: nonsteroidal antiinflammatory drug; ORadj: odds ratio adjusted for variables included in
model.

Table 3. Bivariate and multivariable-adjusted baseline* determinants of time to DMARD treatment.

Multivariable p < 0.50 
Bivariate Stepwise Selection Model

Variable Effect Size†, p†† Hazard Ratio**, p
n = 339 n = 339

Age at symptom onset, yrs –0.09 0.11 1.01 0.02
Swollen joint count –0.12 0.03
Tender joint count –0.11 0.05
ESR, mm/h –0.08 0.15 1.01 0.02
CRP, mg/l –0.10 0.08 1.00 0.48
Rheumatoid factor-positive +2 0.72 1.14 0.33
Male –96 0.03
Absence of concomitant MSK condition –94 0.05 1.45 < 0.01***
Absence of radiographic evidence

of erosions –160 0.02 1.28 0.11
Previously consulted another

rheumatologist –62 0.05
Use of NSAID prior to diagnosis +35 0.59
Seen by an academic study investigator –95 0.04 1.25 0.06

* Maximum value recorded in the clinical chart up to the date of diagnosis. Time to DMARD treatment mea -
sured relative to date of symptom onset. † For ordinal variables, Spearman’s rank correlation coefficient for vari-
able vs days from symptom onset to DMARD treatment; for binary variables median difference in days from
symptom onset to DMARD treatment for positive minus negative variable. †† Spearman’s rank correlation coef-
ficient p value for ordinal variables; Wilcoxon rank-sum test for binary variables. ** For DMARD treatment.
*** p = 0.002. CRP: C-reactive protein: DMARD: disease-modifying antirheumatic drug; ESR: erythrocyte sed-
imentation rate; MSK: musculoskeletal; NSAID: nonsteroidal antiinflammatory drug.
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female sex, younger age, consulting a single versus multiple
rheumatologists, consulting a nonacademic study investiga-
tor, and radiographic evidence of erosive joint damage were
inconsistent across the models developed. Generally, effect
sizes were small, with OR < 1.9.
Time to DMARD treatment. In this cohort, the timing of ini-
tiation of DMARD met guideline benchmarks that target the
initiation of treatment within 3 months from “established”
disease1,2,3. Here, established disease was interpreted as
synonymous with the study definition of a definitive diag-
nosis. The majority of patients were treated with DMARD
at first presentation to rheumatology and before documenta-
tion of a definitive diagnosis. Relative to symptom onset,
the results were less encouraging: 41% were treated with
DMARD within 6 months from symptom onset.
Components of time to DMARD treatment. The majority of
time to DMARD treatment occurred before rheumatology
referral (78.1%). Using the start of NSAID treatment as a
surrogate for a first primary care physician (PCP) visit,
51.1% of the time to DMARD treatment occurred while
under the care of a PCP. NSAID are commonly prescribed
by PCP for RA32.

The median time to patient referral to rheumatology
coincided with the median time to reporting a probable diag-
nosis of RA. In the absence of good diagnostic tests for early
disease, PCP appear to be reluctant to refer patients until
they can assign a probable diagnosis33. The delay to assign-
ing a probable diagnosis may be the consequence of a large
proportion of patients with RA presenting with insidious
symptoms. Data from the Norfolk Arthritis Register
(NoAR) support this hypothesis34. In NoAR, estimates of
RA incidence rose by 45% for women and 36% for men
when the duration of symptom onset eligibility criterion
increased from 1 to 5 years. The NoAR data indicate that
many patients present with undifferentiated inflammatory
arthritis and remain undiagnosed well beyond 6 months
from symptom onset. Despite initiatives to improve the
musculoskeletal examination competency of PCP35,36 and
early RA referral37,38, the heterogeneity of RA near symp-
tom onset may be a major obstacle to PCP referral to
rheumatology and early DMARD treatment. Further, there
is abundant data to suggest that patient preferences and psy-
chosocial variables, and patient- and physician-physician
interrelationship issues, may contribute to delays in using
otherwise accessible healthcare10,33,39,40,41. In the absence
of improved early disease detection methods, earlier referral
to rheumatology may increase the false-positive rate of RA
referrals, consume specialty resources, and adversely affect
stage 2 diagnostic certainty42. Screening tools such as the
self-administered early inflammatory arthritis detection
tool43 hold promise in this regard.
Predictors of delays to DMARD treatment. The most promi-
nent predictor of increased time to DMARD treatment was
the existence of a concomitant musculoskeletal condition.

The foremost explanation for this association is the chal-
lenge of discriminating developing RA from established
noninflammatory conditions1,2,13,36,38. It is noteworthy,
however, that the association in this study was seen with
osteoporosis independently, a disease with symptoms dis-
tinct from RA. Concomitant musculoskeletal conditions
affected 40.4% of patients and their potential influence on
early intervention warrants further investigation. Research
to better define and validate RA-specific symptoms may be
required to lessen time to treatment.

The significance of other variables we considered were
less consistent across the models developed. In the logistic
regression model and bootstrap validation, previously con-
sulting another rheumatologist was associated with treat-
ment within 6 months from symptom onset. The association
may be the effect of early treatment as opposed to a cause.
Because the majority of patients started DMARD treatment
at their first rheumatology presentation, patients treated
early with DMARD may subsequently consult additional
rheumatologists to obtain a second opinion. Of the patients
who consulted multiple rheumatologists, 87.4% started
DMARD treatment before their first visit with the study
rheumatologist, a median difference of 127 days (IQR
26−432). It is conceivable that a proportion of patients con-
sulting multiple rheumatologists consulted the initial
rheumatologist in an emergent hospital setting; however, the
IQR for initial DMARD treatment suggests that this expla-
nation may account for only a small proportion of patients
consulting multiple rheumatologists. Given that 41.9% of
patients with RA consult multiple rheumatologists in the set-
ting of limited rheumatology resources, this finding war-
rants further investigation.

Increased time to DMARD treatment for women was sug-
gested from the bootstrap validation data and is consistent with
literature reports20,44,45. In our study, no sex-based difference
existed in time from symptom onset to the initiation of
NSAID; however, times to rheumatology referral and rheuma-
tology visit were prolonged for women. These post hoc,
bivariate comparisons were hypothesis-generating in charac-
ter. They warrant further investigation given that female sex is
predictive of disease persistence and poor outcome46.

Similarly, bootstrap validation data suggested earlier
DMARD treatment among patients who consulted an aca-
demic study investigator. A higher percentage of nonaca -
demic rheumatologists serve large geographical areas,
including rural communities, where disparities in DMARD
use have been linked with lack of access to specialty care47.
As such, regional disparities in access to specialty care may
partially account for delays prior to rheumatology referral.
Nonetheless, it is noteworthy that among patients who con-
sulted a single rheumatologist, the time from first rheuma-
tology visit to treatment was shorter for those consulting an
academic [0 days (IQR 0−30)] versus a nonacademic inves-
tigator [21 days (IQR 0−98; p = 0.002)].
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Similarly, care is required in the interpretation of the
radiographic evidence of erosions data. At baseline, only
16.2% had radiographic evidence of erosions. Of these
patients, 74.5% had first evidence of erosions documented
on or before the date of initiating DMARD. Overall, how-
ever, 38.6% of patients (n = 131) had evidence of erosions
ever reported over study followup. Of these, the majority
(67.2%) were treated with DMARD prior to the first docu-
mented evidence of erosions. For most patients, DMARD
treatment was chosen prior to documented evidence of ero-
sions. These data suggest that physicians do not rely on
radio graphic evidence for initial decision making about
DMARD treatment.

RF positivity did not influence the timing of initiating
DMARD. Others have found that positive RF triggers refer-
ral to rheumatology20,23. No association between RF and
time to DMARD treatment was observed in the current
study.

The association between older age and lesser time to
DMARD treatment in the Cox model corroborates an
 earlier report20. Elderly onset RA may be associated with
acute symptom onset48,49, and tends to have higher levels
of acute-phase reactants48,49 and possibly increased ero-
sive damage50. Older age is also associated with function-
al decline earlier in the disease course48,49. Although age
varies with these predisposing variables, data from the Cox
model in our study suggested that increasing age was an
independent predictor of earlier treatment with DMARD.

Despite the known limitations with chart audits51, this
may be the most appropriate study design for quality
assurance-related research questions52. Our specific work
was limited to patients with RA who presented to a
rheumatologist. Although administrative datasets suggest
that patients with RA who are under rheumatologic care
may represent as little as 50% of true incident RA32,53, its
diagnostic algorithms have limited accuracy54. These data
suggest that a small proportion of RA patients start
DMARD therapy in primary care32. Further, time to
DMARD treatment in our study was within the range
reported by others18,19,20,21,22,23,24.

The number of rheumatologists who participated in this
study was limited. Despite involving only 18 rheumatolo-
gists, 41.9% of included patients had previously consulted
another rheumatologist, and 87.4% of them were started on
DMARD therapy by that other rheumatologist. Thus, these
data represent initial DMARD care from a broader sample
of rheumatologists than those who specifically participated
in the study. Further, on the basis of demographics, educa-
tional variables, and academic appointments, participating
rheumatologists were similar to all Canadian rheumatolo-
gists25. By randomly sampling patients at each site, selec-
tion bias toward “best cases” was avoided.

The diagnostic inception window for this cohort was
June 2001 to May 2003. Over this interval, time from symp-

tom onset to DMARD treatment decreased slightly (r =
−0.14, p = 0.02). As reported26, temporal differences in
DMARD prescription behavior also existed in this cohort.
These findings support a contemporary reevaluation of this
work.

Regarding the observed association between concomitant
musculoskeletal disease and delays to initiation of
DMARD, confounding by indication cannot be dismissed as
an alternative explanation. Despite using the rheumatolo-
gists’ reports of symptom onset, the low specificity of symp-
toms may bias the results toward longer durations for
patients with concomitant musculoskeletal conditions, such
as osteoarthritis or fibromyalgia, but surely not osteoporo-
sis. Other literature suggests that patient preferences, psy-
chosocial factors, and patient-physician and physi -
cian-physician interrelationship issues hamper rheumatol-
ogy referral10,33,39,40,41. The chart-audit design was not con-
ducive to collection of these potentially predictive variables.
Of regional consequence, the literature suggests that geo-
graphical displacement may also influence access to care53.
Our study did not specifically consider this issue, which
may be predictive of time to DMARD treatment.

In this national, incident cohort of randomly selected,
clinically diagnosed patients with RA, 41% started
DMARD treatment within 6 months from symptom onset.
The average patient was treated at first presentation to
rheumatology, prior to the documentation of a definitive
diagnosis. The majority of time to DMARD treatment
occurred before referral to rheumatology. A concomitant
musculoskeletal condition was predictive of increased time
to DMARD treatment. Earlier referral to rheumatology and
distinction of RA from other musculoskeletal conditions
may allow for decreased time to treatment. A contemporary
reevaluation is required to corroborate and further investi-
gate the findings from this study.
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