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Therapeutic Strategies in Rheumatoid Arthritis Over a
40-Year Period 
HILAL MARADIT KREMERS, PAULO NICOLA, CYNTHIA S. CROWSON, W. MICHAEL O’FALLON, 
and SHERINE E. GABRIEL

ABSTRACT. Objective. To examine trends in therapeutic strategies and to identify the determinants of starting dis-
ease modifying antirheumatic drug (DMARD) therapy over a 40-year period in a population based
inception cohort of patients with rheumatoid arthritis (RA).
Methods. A population based inception cohort was assembled from among all Rochester, Minnesota,
residents aged ≥ 18 years who were first diagnosed with RA (1987 American College of
Rheumatology criteria) between January 1, 1955, and January 1, 1995. All subjects were followed
longitudinally through their complete medical records until death, migration from Olmsted County,
or date of abstraction (January 1, 2001, to January 1, 2003). Drug exposure data were collected on
all DMARD and corticosteroid regimens. Time to DMARD initiation was examined using the
Kaplan-Meier method. The influence of calendar time and disease characteristics on time from inci-
dence to first DMARD therapy and the number of DMARD regimens were analyzed using Cox
regression and proportional odds models, respectively.
Results. The study population comprised 603 patients (73% female) with a mean age of 58 years and
a mean followup of 15 years. At 2 years after RA onset, 26% of patients in the 1955–74 cohort, 40%
in the 1975–84 cohort, and 70% in the 1985–94 cohort had received a DMARD (log-rank p < 0.001).
Age, rheumatoid factor (RF) positivity, erythrocyte sedimentation rate, large joint swelling, rheuma-
toid nodules, and destructive changes on radiographs were significantly associated with time to first
DMARD regimen after adjustment for calendar time and sex. Patients who were older and RF pos-
itive and who did not receive CS were more likely to have received more DMARD regimens.
Conclusion. Time to initiation of DMARD therapy has shortened markedly over the past 3–4
decades. These changes in management of early RA provide evidence for the translation of scientif-
ic evidence into clinical practice in rheumatology. Age and various disease characteristics are sig-
nificantly associated with initiation and the number of DMARD regimens used. These should be
considered as confounders when examining the effect of early DMARD treatment on disease pro-
gression and mortality. (J Rheumatol 2004;31:2366–73)
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Rheumatoid arthritis (RA) is a chronic systemic disease
with progressive joint destruction, significant longterm dis-
ability, premature mortality, and higher lifetime costs1-4.
There is no known cure for RA, and therefore current phar-
macotherapeutic options aim at slowing joint destruction
and disability5. Until the late 1980s, the treatment of RA was
characterized by initial therapy with nonsteroidal antiin-

flammatory drugs (NSAID) to relieve pain and stiffness,
lifestyle changes, and delayed use of disease modifying
antirheumatic drugs (DMARD) for those who did not
respond to initial therapy6. This sequential approach
remained unchallenged until the late 1980s, when it was
demonstrated that early aggressive therapy might have the
potential to suppress disease activity before the irreversible
joint damage occurs. After 2 decades of accumulating evi-
dence, current management guidelines emphasize early
detection and diagnosis and timely pharmacotherapy with
DMARD to slow the progression of joint damage5,7. There
are currently about 10 DMARD, and the choice of various
DMARD alone or in combination as either the initial or fol-
lowup therapy tends to be highly variable8-22, mainly due to
lack of strong evidence on their longterm effectiveness.
Observational studies in population based cohorts may pro-
vide important insights to resolve some of these questions
about longterm effectiveness that cannot be addressed in
clinical trials. Our aim in this study was to examine trends
in therapeutic strategies and to identify the determinants of
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initiating DMARD therapy over a 40-year period in a popu-
lation based inception cohort of patients with RA.

MATERIALS AND METHODS
Epidemiological research in Rochester, Minnesota, is made possible by the
fact that the city is relatively isolated from other urban centers and that nearly
all medical care is delivered to local residents by a small number of providers.
A medical records linkage system allows easy access to complete records from
all healthcare providers for the local population including the Mayo Clinic and
its affiliated hospitals, the Olmsted Medical Center and its affiliated commu-
nity hospital, local nursing homes, and the few private practitioners. Thus, the
details of every inpatient and outpatient encounter, including visits to the
emergency department, laboratory results, pathology reports, and correspon-
dence concerning each patient, can easily be accessed. The potential of this
data system for population based research has been described23,24. This
records linkage system therefore constitutes a unique opportunity to study
therapeutic trends in a defined nonreferred RA population. 

Using this data resource, a population based incidence cohort of all
cases of RA first diagnosed between January 1, 1955, and January 1, 1995,
among Rochester, Minnesota, residents ≥ 18 years of age was assembled,
as described25,26. All cases fulfilled the 1987 American College of
Rheumatology (ACR) criteria for RA27. Incidence date was defined as the
first date of fulfillment of 4 of the 7 diagnostic criteria. All cases were fol-
lowed longitudinally through their complete (inpatient/outpatient) medical
records beginning at age 18 (or date of migration to Olmsted County for
those who first became residents after age 18) and continuing until death,
migration from Olmsted County, or date of abstraction (January 1, 2001, to
January 1, 2003).

Data on RA disease characteristics and the use of DMARD and corti-
costeroids were collected by 3 nurse abstractors according to a prespecified
and pretested protocol. Iterative comparative studies were performed in
which samples of medical records were reviewed by all nurse abstractors.
Guided by the results of these studies, the protocol and data entry instru-
ments were revised to reduce ambiguity and ensure agreement. Before
commencing data analysis, an extensive series of checks for data consis-
tency, proper sequences of dates, and an evaluation of missing or incom-
plete data was performed. Where necessary, medical records were reviewed
again, and questions were resolved by consensus of the investigative team.

RA disease characteristics were assessed both at baseline (RA inci-
dence) and throughout followup, and included rheumatoid factor (RF) pos-
itivity (≥ 40 IU/ml), erythrocyte sedimentation rate (ESR), tender and/or
swollen joint counts, erosions, periarticular osteoporosis and/or destructive
changes on radiographs, rheumatoid nodules (absent/present), and RA
complications. ESR at RA incidence was defined as the highest recorded
ESR during the first year after RA incidence. Sustained elevation of ESR
was defined as ≥ 3 recorded ESR values at ≥ 60 mm/h over a minimum
time interval of 30 days between the first and third measurements. Joint
tenderness and/or swelling was categorized as small joint involvement
(including wrists, ankles, metacarpophalangeal, metatarsophalangeal, distal
interphalangeal, and/or proximal interphalangeal joints of the hand and
foot) and large joint involvement (including the elbow, shoulder, hip, and
knee joints). RA complications included rheumatoid lung disease (i.e., pul-
monary vasculitis, intrapulmonary rheumatoid nodules, Caplan’s syn-
drome, chronic pleuritis, interstitial pneumonitis and fibrosis, bronchioli-
tis), vasculitis (i.e., various forms of vasculitis, arteritis, vasculopathy,
mononeuritis multiplex), Felty’s syndrome, Sjögren’s syndrome, rheuma-
toid myocarditis, and others (e.g., scleritis, episcleritis, uveitis, bronchioli-
tis obliterans).

For each DMARD regimen, details were collected on drug name, start-
ing and stopping dates, and duration of therapy. When it was not clear when
a DMARD was stopped, treatment was assumed to have been stopped mid-
way between the last date that the patient was definitely on the treatment
and the first date the patient was definitely off the treatment. The following
DMARD were considered: intramuscular (IM) and oral (PO) gold, sul-

fasalazine (SSZ), hydroxychloroquine (HCQ), azathioprine (AZA), D-
penicillamine (D-pen), methotrexate (MTX), leflunomide, etanercept,
infliximab, immunosuppressants, and alkylating agents. Each DMARD
regimen was defined as the total uninterrupted treatment time using a par-
ticular DMARD lasting ≥ 30 days. Overlapping periods of regimens last-
ing ≥ 30 days were defined as combination therapy. For all corticosteroid
courses, data were collected on drug name, route of administration, starting
and stopping dates, duration of therapy, and dosages.

Baseline characteristics of the study population and changes in use of
DMARD over time were summarized using descriptive statistics. Time to start
of DMARD by decades of RA incidence was estimated using the Kaplan-
Meier product-limit life table method and compared using the log-rank
test28,29. Cox regression models were used to estimate the influence of calen-
dar time and disease characteristics on DMARD initiation30. Disease charac-
teristics included those assessed at baseline as well as those assessed through-
out followup. Factors assessed throughout followup were modeled as time-
dependent covariates, in that an individual without one of the characteristics
at RA incidence could develop it during followup. For the analysis of the num-
ber of DMARD regimens, patients were classified as having received none,
one, 2, or ≥ 3 DMARD, and demographic and clinical predictors of change
in DMARD therapy were examined using proportional odds models. All 2-
way interactions among significant main effects were examined.

RESULTS
The study population for this analysis consisted of 603 inci-
dent cases of RA with a mean age of 58 years and 73.1%
were female. Table 1 shows the characteristics of the study
population at RA incidence and during the 9045 person-
years of followup (mean 15 yrs). The prevalence of RA in
this population was 1.08%. Over this followup period, 345
patients (57%) received a total of 753 DMARD regimens,
with the majority of these patients (58%) receiving more
than one regimen. In addition, 332 patients (55%) received
one or more corticosteroid regimens.

Overall, HCQ, MTX, and gold were the most frequently
prescribed DMARD in this cohort, with only very limited
use of the newer agents (Table 2). Similarly, the most fre-
quently used DMARD within the first year of RA were HCQ
and gold. This pattern was not surprising, as 76% of the
patients in this cohort were diagnosed prior to 1985, when
the standard initial treatment for RA consisted of analgesics
and NSAID, and the use of DMARD was typically delayed.

Utilization trends over time. For the decade 1955 to 1964,
80% of the newly initiated regimens were HCQ, compared
to only about 20% in more recent years (Figure 1). Efficacy
of MTX in RA was confirmed in the mid-1980s31,32, and by
the early 1990s 40% of regimens involved MTX. Almost
50% of the regimens between 1965 and 1985 were gold
compounds, with a sharp decline in use in the late 1980s,
following reports indicating that they may not be effica-
cious33. Other DMARD such as SSZ, AZA, and D-pen were
introduced in the 1960s and 1970s, but their use never
exceeded 15%, except for D-pen briefly reaching 27% in the
1970s. Use of biologics increased dramatically following
their introduction in 1998.

Trends and predictors of DMARD initiation over time.
Approximately 26% of patients diagnosed with RA between
1955 and 1974 received a DMARD by 2 years after inci-
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dence, whereas almost 70% of patients in the 1985–94
cohort received a DMARD within 2 years of RA incidence
date (Figure 2). These curves (Figure 2) illustrate that the
main difference in DMARD use across decades was
observed during the 2 years or so immediately after the
diagnosis of RA.

Univariable and multivariable Cox regression models
were used to assess various RA disease characteristics as pre-

dictors of initiation of DMARD (Table 3). In the multivari-
able model, there was a statistically significant calendar-year
effect, with those diagnosed in the most recent decade
(1985–94) being 7 times more likely to receive DMARD
compared to those diagnosed in the earliest decade (1955–64)
(p < 0.001). Younger patients were significantly more likely
to receive DMARD early (HR per 10-year decrease in age
1.37, 95% CI 1.26, 1.46). Also, patients with more severe dis-
ease, as assessed by RF positivity (HR 1.66, 95% CI 1.20,
2.30), high ESR values (HR 1.50, 95% CI 1.01, 2.23),
swelling of large joints (HR 2.50, 95% CI 1.83, 3.41),
destructive changes on radiographs (HR 2.17, 95% CI 1.57,
3.01), and presence of nodules (HR 1.97, 95% CI 1.37, 2.82)
were more likely to receive their first DMARD regimen com-
pared to those who did not have these disease characteristics.

Number of DMARD regimens and predictors. Among the
345 DMARD treated patients, HCQ was the first drug in 179
(52%) patients, followed by gold in 117 (34%) patients
(Figure 3). Only 24 (7%) patients received MTX as the first
DMARD regimen, whereas 118 (34%) patients received
MTX following another DMARD, mostly HCQ or gold.
Further, very few of the MTX treated patients received
another DMARD subsequently. Therefore, the most common
DMARD sequences in this cohort were HCQ → gold, HCQ
→ MTX, gold → HCQ, and gold → MTX, respectively.

There was an increase over time in the percentage of
patients undergoing combination therapy involving HCQ
and MTX. Between 1975 and 1984, 23.7% of the HCQ

Table 1. Characteristics of 603 Rochester residents (≥ 18 years of age) who first fulfilled 1987 ACR criteria for
RA between January 1, 1955, and January 1, 1995.

At RA Incidence Ever
Characteristics Observed N* N (%)† Observed N* N (%)†

Age, mean (SD), years 603 58.0 (± 15.2) —
Females 603 441 (73.1) —
Length of followup, mean (SD), years 603 15.0 (± 9.9)
RA disease characteristics

Rheumatoid factor (RF) titer ≥ 1:40 514 302 (58.8) 574 393 (68.5)
ESR 576 46.7 (± 30.1)§ 573 179 (31.2)§

Joint swelling
Small joints 571 542 (94.9) 603 591 (98.0)
Large joints 558 233 (41.8) 603 506 (83.9)

Radiographic changes
Destructive changes 453 93 (20.5) 535 243 (45.4)
Erosions 453 34 (7.5) 535 94 (17.6)
Periarticular osteoporosis 453 24 (5.3) 535 57 (10.6)

Rheumatoid nodules 603 35 (5.8) 603 197 (32.7)
RA complications¶ 603 0 (0.0) 603 151 (25.0)

RA vasculitis 603 0 (0.0) 603 21 (3.5)
RA lung disease 603 0 (0.0) 603 24 (4.0)

ACR: American College of Rheumatology; SD: standard deviation; ESR: erythrocyte sedimentation rate;
DMARD: disease modifying antirheumatic drugs. * Observed refers to the number of patients in whom the vari-
able was measured. † No. (%) unless noted. § Value at RA incidence refers to the mean (± SD) of highest record-
ed ESR value in 1st year after RA incidence. Value in ever column refers to the no. (%) of patients with ≥ 3
recorded ESR values at ≥ 60 mm/h. ¶ Includes complications such as rheumatoid lung disease, vasculitis, Felty’s
syndrome, Sjögren’s syndrome, rheumatoid myocarditis.

Table 2. Utilization of individual DMARD (for at least ≥ 30 days) among
603 Rochester, MN residents (≥ 18 years of age) who first fulfilled 1987
ACR criteria for rheumatoid arthritis (RA) between January 1, 1955, and
January 1, 1995.

Medication Use (≥ 30 days) First Year Overall
N (%) N (%)

Hydroxychloroquine 119 (19.7) 228 (37.8)
Methotrexate 23 (3.8) 142 (23.6)
PO/IM gold 87 (14.4) 181 (30.0)
Sulfasalazine 11 (1.8) 47 (7.8)
D-penicillamine 8 (1.3) 53 (8.8)
Azathioprine 3 (0.5) 31 (5.1)
Leflunomide, etanercept, infliximab 0 (0.0) 33 (5.5)
Other* 1 (0.2) 10 (1.7)
Corticosteroids 148 (24.5) 332 (55.1)
DMARD 213 (35.3) 345 (57.2)

1 regimen 174 (81.7) 145 (42.0)
2 regimens 37 (17.4) 99 (28.7)
≥ 3 regimens 2 (0.9) 101 (29.3)

ACR: American College of Rheumatology; DMARD: disease modifying
antirheumatic drugs. * Cyclosporine, cyclophosphamide.

Personal, non-commercial use only.  The Journal of Rheumatology.  Copyright © 2004. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


Pe
rs

on
al

 n
on

-c
om

m
er

ci
al

 u
se

 o
nl

y.
 T

he
 J

ou
rn

al
 o

f R
he

um
at

ol
og

y.
 C

op
yr

ig
ht

 ©
 2

00
4.

 A
ll 

rig
ht

s 
re

se
rv

ed

2369Kremers, et al: Therapeutic strategies in RA

users and 33.3% of MTX users received combination thera-
py, whereas after 1995, 43.7% and 41.4% of HCQ and MTX
users, respectively, received combination therapy. Similarly,
until 1985, only 14.4% of the DMARD regimens involved
concomitant corticosteroid use, whereas thereafter it
increased steadily, reaching 31.4% in late 1990s. In other
words, 46.2% of patients in the 1955–74 cohort, 54.0% in the
1975–84 cohort, and 73.6% in the 1985–94 cohort had
received corticosteroid at any time during the disease course.

Proportional odds models were used to assess various
RA disease characteristics as predictors of the number of
DMARD regimens (Table 4). The odds of receiving multi-
ple DMARD regimens were significantly higher after 1970

(OR 4.17, 95% CI 2.93, 5.94) and among RF positive
patients (OR 3.57, 95% CI 2.50, 5.08). In contrast, younger
age at diagnosis (OR 1.81 per 10-year decrease, 95% CI
1.61, 2.02), and prior corticosteroid use (OR 0.67, 95% CI
0.47, 0.94) were associated with reduced likelihood of
receiving multiple DMARD regimens.

DISCUSSION
We report the trends and predictors of time to DMARD ini-
tiation and the number of DMARD regimens in a population
based inception cohort of patients with RA over a 40-year
period. Our findings show that time to DMARD initiation
has shortened markedly over the past 3–4 decades and pro-
vide further evidence for the translation of scientific evi-
dence into clinical practice in rheumatology. Age, RF
seropositivity, high ESR values, presence of large joint
swelling, destructive radiographic changes, and rheumatoid
nodules emerged as significant predictors of DMARD initia-
tion and the number of DMARD regimens. All these signifi-
cant predictors of DMARD initiation and switches are also
associated with longterm morbidity and mortality outcomes
in patients with RA. Therefore they need to be considered as
confounders when examining the effect of DMARD treat-
ment on RA disease progression and mortality, in order to
adjust for confounding by indication and reduce bias.

Our findings confirm and extend the findings of previous
studies on DMARD therapeutic trends8-22. These studies
collectively demonstrate that the clinical practice in phar-
macotherapy of RA has changed considerably over the last
decades, with early introduction of DMARD regimens, use
of multiple regimens, and major changes in type of
DMARD. However, most of the studies prior to ours were
cross-sectional in design, and relied on surveys of rheuma-

Figure 1. Changes in use of DMARD over time among 603 Rochester residents (age ≥ 18 yrs) who first ful-
filled criteria for RA between January 1, 1955, and January 1, 1995.

Figure 2. Time to first DMARD regimen by decades of RA incidence date.
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tologists. Ours is the first population based study reporting
trends and determinants of DMARD therapy over almost
half a century. There were only 4 studies to date that exam-
ined trends over time19-22. Although the periods covered in
these 4 studies were much shorter than ours, the findings
were very similar. Galindo-Rodriguez, et al reported on
trends in DMARD initiation in a referral cohort of patients
ascertained in Edmonton, Canada, over a 10-year period
between 1985 and 199519. This period corresponds to the
last decade of observation in our cohort, and their observa-
tions are very similar to ours: more than 70% of patients
diagnosed with RA during this time period received an ini-
tial DMARD prescription within 1.5–2 years of disease

onset. Aletaha, et al examined prescription patterns of indi-
vidual DMARD over a 28-year period20. Although the study
was conducted in Austria, the patterns with individual
DMARD are similar to ours: sharp decline in use of oral
gold in the late 1980s, and almost 40% of regimens involv-
ing MTX starting early in the 1990s.

Our findings have several implications. First, utilization
studies such as ours can be particularly valuable while inter-
preting morbidity and mortality trends in RA. Clearly,
changes in DMARD therapeutic patterns over time led to
considerable improvements in RA associated morbidity34.
Yet it is still unclear whether these improvements in mor-
bidity would also translate into improved mortality in these

Table 3. Univariable and multivariable predictors of time to first DMARD initiation among 603 Rochester, MN
residents (≥ 18 years of age) who first fulfilled 1987 ACR criteria for rheumatoid arthritis between January 1,
1955 and January 1, 1995.

Characteristic Univariable, Hazard Multivariable, Hazard
Ratio (95% CI)* Ratio (95% CI)*

Age at RA incidence (per 10 years decrease) 1.24 (1.15, 1.34) 1.37 (1.26, 1.46)
Sex (male) 1.01 (0.78, 1.32) 1.30 (0.96, 1.78)
Calendar year of RA incidence

1955–64 1 1
1965–74 1.15 (0.79, 1.68) 1.26 (0.76, 2.07)
1975–84 2.19 (1.55, 3.08) 2.91 (1.80, 4.73)
1985–94 4.00 (2.81, 5.69) 7.30 (4.31, 12.39)

Rheumatoid factor titer ≥ 1:40 2.22 (1.69, 2.92) 1.66 (1.20, 2.30)
ESR (≥ 3 values ≥ 60 mm/h) 1.24 (0.89, 1.72) 1.50 (1.01, 2.23)
Joint swelling

Small joints 1.88 (1.08, 3.28)
Large joints 2.35 (1.81, 3.05) 2.50 (1.83, 3.41)

Radiographic changes
Destructive changes 1.55 (1.19, 2.02) 2.17 (1.57, 3.01)
Erosions 1.19 (0.77, 1.83)
Periarticular osteoporosis 0.81 (0.42, 1.58)

Rheumatoid nodules 2.22 (1.64, 3.01) 1.97 (1.37, 2.82)
RA complications§ 1.23 (0.80, 1.89)

RA vasculitis 0.56 (0.08, 4.02)
RA lung disease 2.82 (0.89, 8.90)

Prior corticosteroid use 1.57 (1.19, 2.08)

ACR: American College of Rheumatology; ESR: erythrocyte sedimentation rate; DMARD: disease modifying
antirheumatic drugs. * From Cox regression models with time-dependent covariates.

Figure 3. DMARD sequences among 345 patients who received at least one DMARD regimen. *Includes sul-
fasalazine, D-penicillamine, azathioprine, leflunomide, etanercept, and infliximab.
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patients35-41. Hence there is considerable interest in identi-
fying the role of DMARD therapy on longterm outcomes.
Drug utilization trends combined with studies on morbidity
and mortality trends can provide ecological evidence on the
possible beneficial role of DMARD therapy.

Second, although randomized trials are regarded as the
gold standard in assessment of beneficial therapeutic effects
of drugs, they may not be feasible under certain circum-
stances, such as identifying delayed effects42. So far, the
efficacy of the various DMARD and some combinations has
been assessed in clinical trials that, for a life-long disease
like RA, are limited in duration, size, and representativeness
of the target population. Randomized trials typically run for
no longer than a year and efficacy can be assessed using
only intermediate endpoints. Only 20% of RA patients in the
community would be eligible for inclusion into clinical tri-
als due to strict inclusion and exclusion criteria43.
Limitations of clinical trials also result in inability to assess
the role of disease severity, dose adjustments, comedica-
tions, combinations, and sequences, which all contribute to
reduced effectiveness in the community44. Therefore, while
clinical trials demonstrate efficacy of a particular therapeu-
tic regimen over a short time period, they provide little
information on the longterm effectiveness of commonly
used therapeutic regimens (i.e., DMARD combinations,
sequences) in the community. Extensive followup of popu-
lation based cohorts of RA patients is an ideal data source to
evaluate longterm effectiveness of various therapeutic regi-
mens. A few recent observational studies have already
attempted to address some of these real-life drug effective-
ness questions39,41,45-48. Clearly, the pharmacoepidemiolo-

gy of RA is complex. Our findings elucidate some of these
complexities by summarizing the multiple dimensions of
DMARD therapy, including time to initiation, type of
DMARD, and combinations and sequences. These data
form the foundation of future research evaluating the impact
of DMARD therapeutic strategies on longterm outcomes.

Finally, the need for real-life data is probably more press-
ing for pharmacoeconomic assessments49-51. It is almost
impossible to predict how favorable intermediate endpoints
that are assessed in clinical trials would translate into
longterm effectiveness. Further, although trials to date
examined various combination regimens and management
strategies, there are no trials on therapeutic sequences and
strategies that are common to everyday clinical practice and
cumulatively reflect the treatment experience of patients
with RA. Our findings clearly indicate that patterns of
DMARD therapy vary considerably in terms of time to ini-
tiation, choice of DMARD, combinations, and sequences.
The longterm effectiveness and cost-effectiveness of
DMARD therapy probably result from this cumulative treat-
ment experience over years, rather than a single DMARD
course. Hence the real challenges in management of RA can
only be addressed if evidence from randomized clinical tri-
als is supplemented by observational studies.

Despite all these important advantages of observational
studies to examine longterm effectiveness of DMARD ther-
apeutic strategies, they have been underutilized to date.
Treatment assignment in observational studies is not ran-
domized and the indication for treatment is commonly relat-
ed to the risk of future events. This results in incomparabil-
ity of prognosis between treated and untreated patients. This

Table 4. Univariable and multivariable predictors of the number of DMARD regimens among 603 Rochester,
MN residents (≥ 18 years of age) who first fulfilled 1987 ACR criteria for rheumatoid arthritis between January
1, 1955 and January 1, 1995.

Characteristic† Univariable, Odds Multivariable, Odds
Ratio (95% CI)* Ratio (95% CI)*

RA incidence date after 1970 3.46 (2.50, 4.79) 4.17 (2.93, 5.94)
Age at RA incidence (per 10 years decrease) 1.73 (1.55, 1.92) 1.81 (1.61, 2.02)
Sex (male) 1.09 (0.79, 1.52)
Rheumatoid factor titer ≥ 1:40 3.73 (2.68, 5.20) 3.57 (2.50, 5.08)
ESR (per 10 mm/h increase) 0.91 (0.86, 0.96)
Joint swelling

Small joints 1.78 (0.96, 3.33)
Large joints 0.95 (0.71, 1.29)

Radiographic changes
Destructive changes 0.61 (0.40, 0.93)
Erosions 0.78 (0.41, 1.49)
Periarticular osteoporosis 0.96 (0.45, 2.04)

Rheumatoid nodules 1.08 (0.58, 2.01)
Prior corticosteroid use 0.64 (0.46, 0.88) 0.67 (0.47, 0.94)

ACR: American College of Rheumatology; ESR: erythrocyte sedimentation rate; DMARD: disease modifying
antirheumatic drugs. * From proportional odds models where all patients were classified as having received none,
1, 2, ≥ 3 DMARD. † Only baseline (at RA incidence) status of these characteristics were considered in predic-
tion of the number of DMARD regimens.
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phenomenon is usually referred to as confounding by indi-
cation or channeling bias and needs to be taken into account
in the design, analysis, and interpretation of findings from
observational studies52-54. Typical examples of confounders
in RA are disease characteristics55,56. As we have shown, RF
seropositivity, ESR values, large joint swelling, destructive
changes, and rheumatoid nodules are all significantly asso-
ciated with time to DMARD initiation, and yet all of these
disease characteristics also significantly associated with
overall and cardiovascular mortality26,57,58. Therefore any
beneficial effects of DMARD therapy would be superim-
posed on the higher risk these patients already face. Our
study provides us a unique opportunity to assess the effec-
tiveness of various aspects of DMARD therapy on longterm
outcomes, while accounting for the confounding effect of
these disease characteristics.

The strengths of our study include the population based
design, inclusion of a large community based RA cohort
assembled over almost half a century since 1955, extensive
and complete followup data on patterns of DMARD therapy
and disease characteristics, and the ability to examine trends
over a very long time period. Most previous studies of
DMARD treatment trends were either cross-sectional or
extended over much shorter time periods, and none includ-
ed population based cohorts. Moreover, these previous stud-
ies were mainly based on surveys among patients or
rheumatologists. We were able to ascertain the DMARD
pharmacotherapy based on the complete medical records of
these patients over almost the entire course of the disease.

Nevertheless, it is important to acknowledge some limi-
tations. Our findings may not be generalizable to non-white
individuals because the Rochester population during the cal-
endar years under investigation was > 95% white. With the
exception of a higher proportion of the working population
employed in the healthcare industry, and correspondingly
higher education levels, the local population is socioeco-
nomically similar to American whites24. On the other hand,
there is no assurance that local patterns of clinical practice
resemble those elsewhere. This was a retrospective observa-
tional study that relied on the clinical information recorded
in the patients’ medical records. RA disease characteristics
and DMARD therapies that were not adequately recorded in
the medical records would have been missed. We were
unable to ascertain the use of over-the-counter NSAID in
our cohort. As a result of the years covered in this study, we
have limited data on trends and predictors of use of biolog-
ics, which were introduced after 1998. Further, various
healthcare characteristics could affect the likelihood of
DMARD prescriptions (e.g., frequency of visits, continuity
of care, rheumatologist involvement) and we did not take
these into account in this analysis. Information on morbidi-
ty (e.g., quality of life, disability) was not collected in this
study. Our study was not designed to address whether early
DMARD use was associated with disease outcomes and

mortality in these patients. This is the subject of continuing
analyses.

In summary, our findings demonstrate that time to initia-
tion of DMARD treatment has shortened markedly over the
past 3 to 4 decades. Age and various disease characteristics
are significantly associated with initiation of and the number
of DMARD regimens. These factors need to be taken into
account to adjust for disease severity and reduce bias when
examining the effect of early DMARD treatment on RA dis-
ease progression and mortality.

REFERENCES
1. Gabriel SE. The epidemiology of rheumatoid arthritis. Rheum Dis

Clin North Am 2001;27:269-81.
2. Yelin E, Wanke LA. An assessment of the annual and long-term

direct costs of rheumatoid arthritis: the impact of poor function and
functional decline. Arthritis Rheum 1999;42:1209-18.

3. Wong JB, Ramey DR, Singh G. Long-term morbidity, mortality,
and economics of rheumatoid arthritis. Arthritis Rheum
2001;44:2746-9.

4. Gabriel SE, Crowson CS, Luthra HS, Wagner JL, O’Fallon WM.
Modeling the lifetime costs of rheumatoid arthritis. J Rheumatol
1999;26:1269-74.

5. American College of Rheumatology Subcommittee on Rheumatoid
Arthritis Guidelines. Guidelines for the management of rheumatoid
arthritis: 2002 update. Arthritis Rheum 2002;46:328-46.

6. Wolfe F, Rehman Q, Lane NE, Kremer J. Starting a disease 
modifying antirheumatic drug or a biologic agent in rheumatoid
arthritis: standards of practice for RA treatment. J Rheumatol
2001;28:1704-11.

7. O’Dell JR. Treating rheumatoid arthritis early: a window of 
opportunity? Arthritis Rheum 2002;46:283-5.

8. Irvine S, Munro R, Porter D. Early referral, diagnosis, and 
treatment of rheumatoid arthritis: evidence for changing medical
practice. Ann Rheum Dis 1999;58:510-3.

9. Ward MM, Fries JF. Trends in antirheumatic medication use among
patients with rheumatoid arthritis. J Rheumatol 1998;25:408-16.

10. Wolfe F, Albert DA, Pincus T. A survey of United States 
rheumatologists concerning effectiveness of disease-modifying
antirheumatic drugs and prednisone in the treatment of rheumatoid
arthritis. Arthritis Care Res 1998;11:375-81.

11. Ward MM. Trends in the use of disease modifying antirheumatic
medications in rheumatoid arthritis, 1980-1995: results from the
National Ambulatory Medical Care Surveys. J Rheumatol
1999;26:546-50.

12. Maetzel A, Bombardier C, Strand V, Tugwell P, Wells G. How
Canadian and US rheumatologists treat moderate or aggressive
rheumatoid arthritis: a survey. J Rheumatol 1998;25:2331-8.

13. Mikuls TR, O’Dell J. The changing face of rheumatoid arthritis
therapy: results of serial surveys. Arthritis Rheum 2000;43:464-5.

14. Hawley DJ, Wolfe F, Pincus T. Use of combination therapy in the
routine care of patients with rheumatoid arthritis: physician and
patient surveys. Clin Exp Rheumatol 1999;17:S78-82.

15. Criswell LA, Redfearn WJ. Variation among rheumatologists in the
use of prednisone and second-line agents for the treatment of
rheumatoid arthritis. Arthritis Rheum 1994;37:476-80.

16. Zink A, Listing J, Ziemer S, Zeidler H, German Collaborative
Arthritis Committee. Practice variation in the treatment of 
rheumatoid arthritis among German rheumatologists. J Rheumatol
2001;28:2201-8.

17. Horsfall MW, Shaw JP, Highton J, Cranch PJ. Changing patterns in
the use of slow acting antirheumatic drugs for the treatment of
rheumatoid arthritis. NZ Med J 1998;111:200-3.

Personal, non-commercial use only.  The Journal of Rheumatology.  Copyright © 2004. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


Pe
rs

on
al

 n
on

-c
om

m
er

ci
al

 u
se

 o
nl

y.
 T

he
 J

ou
rn

al
 o

f R
he

um
at

ol
og

y.
 C

op
yr

ig
ht

 ©
 2

00
4.

 A
ll 

rig
ht

s 
re

se
rv

ed

2373Kremers, et al: Therapeutic strategies in RA

18. Pope JE, Hong P, Koehler BE. Prescribing trends in disease 
modifying antirheumatic drugs for rheumatoid arthritis: a survey of
practicing Canadian rheumatologists [comment]. J Rheumatol
2002;29:255-60.

19. Galindo-Rodriguez G, Avina-Zubieta JA, Fitzgerald A, LeClerq SA,
Russell AS, Suarez-Almazor ME. Variations and trends in the 
prescription of initial second line therapy for patients with 
rheumatoid arthritis. J Rheumatol 1997;24:633-8.

20. Aletaha D, Smolen JS. The rheumatoid arthritis patient in the clin-
ic: comparing more than 1,300 consecutive DMARD courses.
Rheumatology 2002;41:1367-74.

21. Kasman N, Shipton D, Badley EM. Prescribing patterns for 
arthritis-related medications over a ten-year period [abstract].
Arthritis Rheum 2002;46 Suppl:S122.

22. Riise T, Jacobsen BK, Gran JT. Changes in therapy of rheumatoid
arthritis during the period 1979 to 1996. Scand J Rheumatol
2001;30:199-202.

23. Kurland L, Molgaard C. The patient record in epidemiology. Sci
Am 1981;245:54-63.

24. Melton L. History of the Rochester Epidemiology Project. Mayo
Clin Proc 1996;71:266-74.

25. Doran MF, Pond GR, Crowson CS, O’Fallon WM, Gabriel SE.
Trends in incidence and mortality in rheumatoid arthritis in
Rochester, Minnesota, over a forty-year period. Arthritis Rheum
2002;46:625-31.

26. Gabriel SE, Crowson CS, Maradit Kremers H, et al. Survival in
rheumatoid arthritis: a population-based analysis of trends over 40
years. Arthritis Rheum 2003;48:54-8.

27. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

28. Kaplan E, Meier P. Non-parametric estimation from incomplete
observations. J Am Statist Assoc 1958;53:457-81.

29. Peto R, Peto J. Asymptotically efficient rank invariant procedures. 
J Roy Stat Soc 1972;135:185-207.

30. Cox D. Regression models and life-tables. J Roy Stat Soc
1972;34:187-220.

31. Weinblatt ME, Coblyn JS, Fox DA, et al. Efficacy of low-dose
methotrexate in rheumatoid arthritis. New Engl J Med
1985;312:818-22.

32. Weinblatt ME, Trentham DE, Fraser PA, et al. Long-term 
prospective trial of low-dose methotrexate in rheumatoid arthritis.
Arthritis Rheum 1988;31:167-75.

33. Felson DT, Anderson JJ, Meenan RF. The comparative efficacy and
toxicity of second-line drugs in rheumatoid arthritis: results of two
metaanalyses. Arthritis Rheum 1990;33:1449-61.

34. Krishnan E, Fries JF. Reduction in long-term functional disability
in rheumatoid arthritis from 1977 to 1998: a longitudinal study of
3035 patients. Am J Med 2003;115:371-6.

35. Coste J, Jougla E. Mortality from rheumatoid arthritis in France,
1970-1990. Int J Epidemiol 1994;23:545-52.

36. Gabriel SE, Crowson CS, O’Fallon WM. Mortality in rheumatoid
arthritis: have we made an impact in 4 decades? J Rheumatol
1999;26:2529-33.

37. Kroot EJ, van Leeuwen MA, van Rijswijk MH, et al. No increased
mortality in patients with rheumatoid arthritis: up to 10 years of
follow up from disease onset. Ann Rheum Dis 2000;59:954-8.

38. Lindqvist E, Eberhardt K. Mortality in rheumatoid arthritis patients
with disease onset in the 1980s. Ann Rheum Dis 1999;58:11-4.

39. Krause D, Schleusser B, Herborn G, Rau R. Response to
methotrexate treatment is associated with reduced mortality in
patients with severe rheumatoid arthritis. Arthritis Rheum
2000;43:14-21.

40. Choi HK, Hernan MA, Seeger JD, Robins JM, Wolfe F.
Methotrexate and mortality in patients with rheumatoid arthritis: a
prospective study. Lancet 2002;359:1173-7.

41. Landewe RB, van den Borne BE, Breedveld FC, Dijkmans BA.
Methotrexate effects in patients with rheumatoid arthritis with 
cardiovascular comorbidity [letter]. Lancet 2000;355:1616-7.

42. Strom BL. What is pharmacoepidemiology? In: Strom BL, ed.
Pharmacoepidemiology. West Sussex, UK: John Wiley & Sons
Ltd.; 2000.

43. Pincus T, Stein CM. What is the best source of useful data on the
treatment of rheumatoid arthritis: clinical trials, clinical 
observations, or clinical protocols? [editorial]. J Rheumatol
1995;22:1611-7.

44. Suarez-Almazor ME. In quest of the holy grail: efficacy versus
effectiveness in rheumatoid arthritis [editorial]. J Rheumatol
2002;29:209-11.

45. Choi HK, Hernán MA, Seeger JD, Robins JM, Wolfe F.
Methotrexate and mortality in patients with rheumatoid arthritis: a
prospective study. Lancet 2002;359:1173-7.

46. Sokka T, Mottonen T, Hannonen P. Mortality in early “sawtooth”
treated rheumatoid arthritis patients during the first 8-14 years.
Scand J Rheumatol 1999;28:282-7.

47. Bukhari MA, Wiles NJ, Lunt M, et al. Influence of 
disease-modifying therapy on radiographic outcome in 
inflammatory polyarthritis at five years: results from a large 
observational inception study. Arthritis Rheum 2003;48:46-53.

48. Wiles NJ, Lunt M, Barrett EM, et al. Reduced disability at five
years with early treatment of inflammatory polyarthritis: results
from a large observational cohort, using propensity models to
adjust for disease severity. Arthritis Rheum 2001;44:1033-42.

49. Maetzel A, Bombardier C. Give observational studies a chance:
Better observational studies make better economic evaluations. 
J Rheumatol 1999;26:2298-9.

50. Maetzel A, Tugwell P, Boers M, et al. Economic evaluation of 
programs or interventions in the management of rheumatoid 
arthritis: defining a consensus-based reference case. J Rheumatol
2003;30:891-6.

51. Gabriel S, Drummond M, Maetzel A, et al. OMERACT 6
Economics Working Group report: a proposal for a reference case
for economic evaluation in rheumatoid arthritis. J Rheumatol
2003;30:886-90.

52. Walker AM. Confounding by indication. Epidemiology 
1996;7:335-6.

53. Salas M, Hofman A, Stricker BH. Confounding by indication: an
example of variation in the use of epidemiologic terminology. Am 
J Epidemiol 1999;149:981-3.

54. Psaty BM, Koepsell TD, Lin D, et al. Assessment and control for
confounding by indication in observational studies. J Am Geriatr
Soc 1999;47:749-54.

55. Landewe RB. The benefits of early treatment in rheumatoid 
arthritis: confounding by indication, and the issue of timing.
Arthritis Rheum 2003;48:1-5.

56. Wolfe F, Flowers N, Burke TA, Arguelles LM, Pettitt D. Increase in
lifetime adverse drug reactions, service utilization, and disease
severity among patients who will start COX-2 specific inhibitors:
quantitative assessment of channeling bias and confounding by
indication in 6689 patients with rheumatoid arthritis and
osteoarthritis. J Rheumatol 2002;29:1015-22.

57. Maradit Kremers H, Nicola P, Crowson C, Ballman K, Gabriel S.
Cardiovascular death in rheumatoid arthritis: a population-based
study. Arthritis Rheum 2004;in press.

58. Wolfe F, Mitchell DM, Sibley JT, et al. The mortality of rheumatoid
arthritis. Arthritis Rheum 1994;37:481-94.

Personal, non-commercial use only.  The Journal of Rheumatology.  Copyright © 2004. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

