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Abstract

Objectives—To examine trends in glucocorticoid (GC) use and dosage among patients

diagnosed with rheumatoid arthritis (RA) over time.

Methods—A population-based inception cohort of RA patients diagnosed during 1980–2007 was

followed longitudinally through their medical records until death, migration or 12/31/2008. GC

start and stop dates were collected along with dosages in prednisone equivalents.

Results—The study population comprised 349 patients (68% female) diagnosed in 1980–1994

and 464 (69% female) diagnosed in 1995–2007, with median followup of 15.3 and 5.7 years,

respectively. A higher proportion of patients started GCs in their 1st year of disease in 1995–2007

(68% vs 36%, p<0.001), but the starting dose (mean 8.7 vs 10.3mg, p=0.08) and cumulative dose

in the first year of use (mean 1.8g [mean daily dose 4.9mg] vs 2.1g [mean daily dose 5.8mg],

p=0.48) were not different. A higher proportion also discontinued GCs in their 1st year of disease

in the 1995–2007 cohort (p<0.001). These differences in GC initiation and discontinuation

persisted throughout followup. Prevalence of GC use was higher in the 1995–2007 cohort for

the1st 3 years of disease.

Conclusion—More patients are starting GCs early in their disease course now compared to

previously which is consistent with established treatment guidelines. A higher proportion are also

discontinuing GCs, but the proportion of patients on GCs at any given point of disease during the

first 4 years is higher now than previously. Despite early addition of a DMARD, some patients

may not be able to discontinue GCs over the long term.
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INTRODUCTION

With Edward Kendall’s discovery of compound E, Louis Sarrett’s synthesis of ‘cortisone’

and Philip Hench’s successful application to a patient with rheumatoid arthritis (RA),

glucocorticoids (GCs) became the ‘wonder drug’ of the 20th century and have held a special

place in the management of rheumatoid arthritis ever since (1). Their use is cost-effective

and their potent anti-inflammatory properties help provide rapid symptomatic relief.

Randomized controlled trials have demonstrated an ability to retard radiographic

progression in RA and prevent development of new erosions, thus confirming disease

modifying effects when used in low doses (2–4). These gains are maintained only for the

duration of therapy and may even be associated with a rebound deterioration of symptoms

following withdrawal of treatment.

Unfortunately, while generally regarded as safe with short term use, protracted use of GCs is

linked to adverse effects, including osteoporosis, fractures, gastrointestinal bleeding,

cataracts, glaucoma, infections and cardiovascular disease, among others. A better

understanding of these adversities has changed the status of GCs to ‘best friend, worst

enemy’ and despite extensive clinical experience with their use, there remains significant

controversy among clinicians with respect to their efficacy, safety, optimal dose and

duration of therapy.

In actual clinical practice, the use of GCs in RA treatment is dynamic. It is not only affected

by patient and disease related factors, but also physician beliefs, training and preferences

(5). High disease activity, severity (evidenced by radiographic joint damage/erosive disease

and need for joint surgery) and extra-articular manifestations do necessitate use of GCs, but

recent data suggests that up to 25% (5) of patients continue taking GCs despite being in

remission or with minimal disease activity. The definition of ‘high dose’ and ‘low dose’ is

also highly variable and often depends on individual physician prescribing patterns (6). A

standardized nomenclature has been suggested by EULAR with doses of ≤ 7.5 mg

prednisone equivalent a day considered low dose, 7.5–30 mg/day considered medium dose

and >30 mg/day considered high dose therapy (7). Although, in the past, GCs were merely

being used as a temporary ‘bridge’ till disease modifying therapy became effective, a greater

recognition of their disease modifying effects has encouraged the use of low dose GC

therapy for longer durations with an acceptable adverse effect profile at least in the short to

medium term (8).

In the last several decades, a better understanding of RA pathophysiology and disease

progression has resulted in several changes to RA therapeutics. A greater emphasis has been

placed on early recognition of disease, a treat-to-target approach and aggressive control of

disease activity through intensive use of disease modifying anti-rheumatic drugs (DMARDs)

and biologic response modifiers (BRM). It is, however, unclear if these practices have

affected GC use in RA. We hypothesized that the cumulative use of GC has declined in the

recent years.
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Our aim in this study was to examine trends in GC use in a population based inception

cohort of patients with RA to determine if they have changed with a change in prescribing

and treatment practices.

METHODS

Study Population

This retrospective cohort study was approved by the Mayo Clinic Institutional Review

Board. It was conducted within the population of Olmsted County, Minnesota using

resources of the Rochester Epidemiology Project. This unique system ensures virtually

complete ascertainment of all clinically recognized cases of RA among the residents of

Olmsted County and provides details of all inpatient and outpatient encounters, including

medication use and doses, providing an opportunity to study therapeutic trends in a defined

RA population.

Using this resource, a population-based incidence cohort of patients diagnosed with RA

between January 1, 1980, and December 31, 2007, among residents of Olmsted County,

Minnesota and ≥18 years of age was assembled. All cases fulfilled the 1987 American

College of Rheumatology criteria (ACR) for RA and were followed longitudinally through

their complete medical records until death, migration or 12/31/2008.

Data collection

RA disease characteristics assessed included rheumatoid factor (RF) positivity, erythrocyte

sedimentation rate (ESR) (at RA incidence and highest during first year after diagnosis) and

radiographic erosions. DMARD use was defined as uninterrupted treatment lasting ≥30 days

with a particular DMARD (oral or intramuscular gold, sulfasalazine, hydroxychloroquine,

azathioprine, D-penicillamine, methotrexate, leflunomide, alkylating agents or BRM).

Definition of glucocorticoid exposure

All generic and trade names of GC medications were used to identify exposures documented

in the medical records. Exposures from inpatient, outpatient, emergency department and

nursing home encounters were ascertained. Use of oral, intravenous and intramuscular GCs,

their doses in prednisone equivalents (categorized as 0–5 mg/day, 6–10 mg/day, 11–15 mg/

day, 16–20 mg/day 21+ mg/day), dates of initiation and discontinuation, and duration of

therapy were recorded. Intra-articular and inhalational GC use was not abstracted.

Data on RA disease characteristics, use of DMARDs and GCs were collected through

medical record review by trained nurse abstractors according to a prespecified and pretested

protocol (9). A given dosage of GC was assumed to have continued until it had been

discontinued or changed. If the recorded dosage was higher or lower at a subsequent visit,

then the date of this change was assumed to have been the date of that subsequent visit. For

long intervals between physician visits, the subjects were assumed to have continued taking

a given dosage of a GC if it was indicated as a current medication at both the current and

former visits, with no documented plan of tapering or other alteration. Changes in the oral

GC dosage that remained within a dosage category were not documented.
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To assess for interobserver variation in the cumulative GC dose, data were re-abstracted (by

JMD) on a random sample of 20 patients and compared against the data collected by the

nurse abstractors. A high correlation was noted between the independent observations for

GC exposure (r =0.95 for total number of days receiving glucocorticoids; r =0.97 for

cumulative glucocorticoid dose) (9).

Comparisons were made between patients diagnosed and treated for RA during the 2 time

periods from 1980–1994 vs. 1995–2007 to determine trends in GC use.

Statistical analysis

Descriptive statistics were used to summarize the demographic characteristics of the cohort

by time period (1980–1994 vs 1995–2007) with comparisons performed using chi-square

and rank-sum tests. Because GC use was collected in categories, the midpoint of each

dosage category was used when calculating the cumulative dosage (e.g., for 5–10 mg/day

category, 7.5 mg/day). Cumulative incidence of GC initiation and discontinuation was

computed with adjustment for competing risk of death (10). The current prevalence of GC

use was estimated as the proportion of subjects on GCs from among those under observation

during each month of RA duration, adjusted for mortality to avoid survival bias.

RESULTS

Clinical characteristics of patients with RA according to time period of RA incidence are

displayed in Table 1. The study population comprised 349 (68% female) patients with

incident RA in 1980–1994 and 464 (69% female) in 1995–2007, with a median followup of

15.3 and 5.7 years, respectively. Mean age was 56 years, and 66% patients were rheumatoid

factor positive in both cohorts. Patients with incident RA in the 1995–2007 cohort were less

likely to be current smokers and had a higher body mass index (BMI; 28.6 vs 26.8, p<0.001)

at RA incidence than patients in the 1980–1994 cohort. They also had a lower mean ESR at

diagnosis (23.0 vs 27.2 mm/hr, p<0.001) than the 1980–1994 cohort, as well as a lower

mean ESR during the first year of diagnosis (30.1 vs 36.2 mm/hr, p<0.001).

Patients in the 1995–2007 cohort were more likely to have started DMARDs in their first

year of disease compared to the 1980–1994 cohort (83% vs. 52%, p<0.001). A higher

proportion of patients also started GCs in their first year of disease in the 1995–2007 cohort

(68% vs 36%, p<0.001), but the starting dose in prednisone equivalents (mean 8.7 [standard

deviation (sd) 5.3] vs 10.3 [sd 7.2] mg, p=0.08) and cumulative dose in the first year of use

(mean 1.8 g [sd 1.7g]/mean daily dose 4.9 mg vs 2.1 g [sd 3.4g]/mean daily dose 5.8 mg,

p=0.48) were not significantly different compared to the 1980–1994 cohort. There was no

apparent trend in the starting dose over time (data not shown).

The cumulative incidence (CI) of GC initiation by time period of incident RA is

demonstrated in Figure 1. It was higher in the 1995–2007 cohort compared to 1980–1994

cohort for all disease durations studied. Figure 2 illustrates the CI of GC discontinuation (for

at least 90 or more days) by time period of incident RA. Rates of GC discontinuation were

higher among the 1995–2007 cohort compared to the 1980–1994 cohort for all periods

studied since glucocorticoid initiation (p<0.001). When this analysis was restricted to
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patients who initiated GC within their first year of disease onset, the results were nearly

identical.

Figure 3 compares current prevalence of GC use by duration of RA among the two incident

cohorts. Although use of GCs appears to be higher for the initial 3 years of disease in the

1995–2007 cohort, it approaches that of the 1980–2004 cohort by 4th year of disease (Figure

3A). Furthermore, within each incidence cohort, initiation of a DMARD within the first 6

months of RA did not demonstrate any significant influence on prevalence of GC use

(Figure 3B).

DISCUSSION

Since their first use more than 65 years ago (11), GCs have become an indispensable

component of all therapeutic regimens utilized for RA management. Physicians treating

patients with RA have long recognized the tension between the beneficial and adverse

effects of GCs. Their beneficial effects in RA are well recognized (12, 13) in addition to the

rapidity of symptom relief and cost effectiveness of treatment. Unfortunately, the

symptomatic benefit is often ill sustained once they are discontinued, even in the face of

DMARD use (14, 15). In fact, rebound deterioration in RA symptoms has been recognized

following withdrawal of GC treatment (16, 17).

The disease modifying properties of GCs have also been much debated. Although a few

early trials had suggested disease modifying effects of GCs (13), several other studies

showed no convincing evidence for alteration in progression of erosive damage in RA

patients receiving GCs (17–20). Kirwan et al revisited this issue more recently (21) and

compared prednisolone 7.5 mg/day with placebo in 128 patients with early RA (disease

duration <2 y) and reported slowing in radiological progression of disease and of

development in new erosions. This study, however, did not control for second line therapy

which itself could have provided a disease modifying effect. Thereafter, in a Cochrane

review based on data from 15 studies and 1,414 patients with early RA (disease duration up

to 2 years), Kirwan et al (3) concluded that there was convincing evidence that GCs given in

addition to standard DMARD therapy can substantially reduce rate of erosion progression in

RA, and the benefit achieved was over and above that provided by second line therapy.

More recently, Bakker et al (2) also confirmed that introducing low dose prednisone 10 mg

daily to a methotrexate based treatment strategy for tight control in early RA (<1 year)

improves patient outcomes including a decrease in erosive joint damage, improvement in

disease activity and reduces physical disability and progression to use of biologics. The

2013 EULAR update on treatment recommendations of RA (22) recommends addition of

low dose GC as part of the initial treatment strategy for up to 6 months and tapering as soon

as clinically feasible.

This evidence has posed a challenge to the traditional approach of using GCs as ‘bridge

therapy’ until disease modifying treatments become effective and may in fact encourage

prolonged use, albeit in lower dosages. Although confirmed in early RA, whether the same

effects hold true for established RA or longer disease durations of RA (beyond 2 years)
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remains to be studied. It is also uncertain if these disease modifying benefits seen in early

disease affect long term outcomes in RA.

Higher doses and long durations of GC use in RA are associated with multiple toxic effects

that include but are not limited to cushingoid facies, hirsutism, cataracts, glaucoma,

psychosis, diabetes, hypertension, skin atrophy, peptic ulceration and increased risk of

serious infections (23). These side effects are dose dependent, but a few, like cataracts (24),

osteoporosis and fractures, may develop at doses as low as 5–7.5 mg/day (25) and have

significantly dampened enthusiasm for long term use in RA both at the level of physicians

and patients alike. A EULAR task force addressing these issues has developed 10 key

propositions related to safe use of systemic GCs in RA, all with an emphasis to reduce the

likelihood of long term side effects (26).

GC use has also been recognized as an independent predictor of mortality in RA patients

(27, 28). It is however unclear if GCs themselves are the culprit or whether this effect is due

to a channelling bias or confounding by indication given that patients with high disease

activity and poor prognostic factors tend to have a higher likelihood on being on GCs.

Treatment of RA has significantly changed over the last 30 years. The original ‘step-up’

treatment approach is being replaced by early diagnosis and a ‘treat to target’ approach.

With a better understanding of pathophysiological mechanisms in RA, the armamentarium

for RA treatment has expanded tremendously. There has been increasing emphasis on early

introduction of disease modifying therapy, and availability of newer and more effective

DMARDs and BRMs has facilitated this approach (22).

To this point, it has not been known whether these treatment practices have made any

difference in GC use over the last several decades has not been studied. This is the first

study to our knowledge that describes trends in GC use over 27 years from a single large

population based practice of RA patients. We have reported a comparison between the 2

incident cohorts from 1980–1994 and 1995–2007. The results of this study demonstrate a

consistently higher rate of GC initiation among RA patients in the more recent incident

cohort. This difference persists for all durations of disease since RA incidence. There are

several potential explanations for this finding. Among these, there is always a proportion of

patients who do not receive treatment with DMARDs. Indeed, the proportion of patients not

receiving any DMARDs were noted to have increased from 13% to 18% between 1999–

2009 (29). These patients were older, had a longer RA disease duration and had fewer

swollen joints. Another study from Germany reported no DMARD use among 13–19%

patients from a large longitudinal cohort of RA patients between 1997 and 2007 (30). The

reason behind not being on a DMARD is often difficult to discern from retrospective

observational studies but may be attributed either to minimal to low disease activity,

patient’s personal preference to avoid the risk of side effects or comorbid diseases that

prohibit use of immunosuppressants. These patients are often then treated with GCs alone

and may continue to remain on low dose GCs in the long term to prevent disease

exacerbations. (5). Other factors include physician training, beliefs and experience (31).

Patients under the care of generalists or orthopedists are much more likely to be treated with

oral or injectable GCs than DMARDs (32). Patients with worse clinical status are more
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likely to receive GCs, with higher rates of discontinuation among patients with better

clinical status (4). As well, there is a lower likelihood of GC use among patients >65 years

of age, however if these patients were started on GCs, they were more likely to continue it.

Interestingly, we did not note a significant difference in the mean starting dose of GC (in

prednisone equivalents) between the 2 incident cohorts (10.3 vs 8.7 mg). This is in contrast

to the report by Pincus et al (8) who noted a decline in mean initial prednisone dose from

10.3 mg/day to 3.6 mg/day between 1980 and 2004. Also, there was no difference in the

cumulative GC dose over first year of GC use between the 2 incident cohorts. In a recent

study by del Rincón et al (33), an increase in mortality rate was associated with GC use in

RA, with a daily threshold dose of 8 mg, at which the number of deaths increased in a dose-

dependent manner. It is notable that the initial doses used in our 2 incident cohorts exceeded

this threshold, but may have been necessary to treat an acute flare at presentation or bring

the disease activity under control rapidly. We did not study associations with mortality in

our cohort of patient.

We also observed higher rates of discontinuation in GC use in the more recent incident

cohort with the difference persisting among the two time-frames for all durations since GC

initiation. This may be a result of increasing use of DMARD. In our study, use of DMARDs

in the first year of disease increased significantly from 52% to 83% between 1980–1994 and

1995–2007, possibly facilitating the decline in GC use. This trend is also mirrored in other

studies (29).

Although prevalence of GC use appears to be higher for the initial 3 years of disease in the

1995–2007 cohort, it tends to approach that of the 1980–2004 cohort by 4th year of disease

(Figure 5A). While not investigated in this study, this finding may be attributable to better

awareness of disease modifying effects of GC in low doses and their propensity to diminish

radiological progression in early RA. This also appears to be in line with established

treatment guidelines (34). Given the risk of side effects in the long term and unclear disease

modifying effects in late disease, persistent use of GCs is generally discouraged (35).

Interestingly, our results showed that early initiation of a DMARD within the first 6 months

of RA did not have a significant influence on prevalence of GC use in either cohort (Figure

5B). It is possible that this is due to the practice of keeping patients on GCs to provide

symptom relief and avoid damage until slow acting DMARD can demonstrate clinical

benefit.

The strengths of our study include its population-based design with standardized case

ascertainment and use of a comprehensive medical record linkage system (in-patient and

out-patient care from all local providers) providing an opportunity to study a large cohort of

RA patients through inclusion of 2 successive incidence cohorts with long and complete

follow-up of all subjects. We think that results of this study would be generalizable to other

population based settings where RA is treated, but the pattern of GC use (doses, durations

and mode of administration) is not standardized and could vary greatly between

rheumatology practices, institutions and countries.
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Study limitations include the fact that this was a retrospective observational study with its

inherent biases that relied on clinical information recorded in the patient’s medical records,

including GC doses and their initiation and discontinuation dates. Thus, it was based on the

assumption that these were in fact recorded correctly. Any significant changes in doses that

were not recorded would have been missed. The GC doses were also abstracted as categories

rather than individual doses. Also, physician recommendations do not always directly

translate into patient compliance and could have affected the results. In some patients, use of

intra-articular GCs can be frequent and substantial, even when they are otherwise exposed to

minimal amounts of systemic GC. Information on intra-articular use of GC was not

collected in this study. Different durations of follow up in the 2 incident cohorts made it

difficult to compare cumulative doses long term.

In summary, our findings demonstrate that a higher proportion of patients are starting GCs

early in their disease course now compared to previously. Although more patients are also

discontinuing GCs now compared to previously, the proportion of patients on GCs at any

given time point of disease duration is higher now than previously, at least during the first 4

years of disease. In addition, some patients who start GCs may not be able to discontinue

them over the long term, despite the addition of a DMARD early in their disease course. It

remains unclear if they remain on high doses due to persistent disease activity or low doses

primarily for decreasing risk of flares and obtaining a disease modifying effect, as this was

not studied.

Despite changing practice patterns, the starting GC dose and cumulative GC dose during

first year of GC use have not remarkably changed between the 2 time periods. We think that

GC use in RA may not only be representative of disease severity in RA, but rather an

indicator of the secular trend of changing practice patterns. More aggressive use of GCs

early in RA may also be representative of a change in goals of treatment from merely

controlling disease activity to inducing a state of ‘remission’(36).
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SIGNIFICANCE AND INNOVATION

1. Earlier and more intensive use of disease modifying therapy have revolutionized

rheumatoid arthritis management over the last 30 years, but their effects on

glucocorticoid (GC) usage are unknown.

2. A higher proportion of patients are starting GCs early in their disease course

now compared to previously.

3. Patients that start GCs may not discontinue them over the long term, despite the

addition of a disease modifying antirheumatic drug (DMARD) early in their

disease course.

4. Despite changing practice patterns, the starting GC dose and cumulative GC

dose during the first year of GC use has not changed between the 2 time periods

1980–1994 vs. 1995–2007.
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Figure 1.
Cumulative incidence of start of glucocorticoids according to time period of rheumatoid

arthritis (RA) incidence - 1980–1994 (dashed line) vs. 1995–2007 (solid line), p<0.001.
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Figure 2.
Cumulative incidence of discontinuation of glucocorticoids for at least 90 days according to

time period of rheumatoid arthritis incidence: 1980–1994 (dashed line) vs. 1995–2007 (solid

line), (p<0.001).
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Figure 3.
A. Current prevalence of glucocorticoid (GC) use by rheumatoid arthritis (RA) duration,

according to time period of RA incidence: 1980–1994 (dashed line; n=394) vs. 1995–2007

(solid line; n=464). B. Patients who started a disease modifying antirheumatic drug in the

first 6 months of RA (red line; 1980–94 n=164, 1995–2007 n=356) vs those who did not

(black line; 1980–1994 n=185, 1995–2007 n=108).
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Table 1

Characteristics of the rheumatoid arthritis cohort (1980–2007)

Variable 1980–1994
(n=349)

1995–2007
(n=464)

p-value

Age, years, mean (SD) 56.2 (15.9) 55.6 (15.5) 0.44

Female, n (%) 236 (68) 320 (69) 0.68

Rheumatoid factor +, n (%) 231 (66) 306 (66) 0.94

BMI at diagnosis, kg/m2, mean (SD) 26.8 (5.5) 28.6 (6.2) <0.001

Smokers, current, n (%) 98 (28) 80 (17) <0.001

ESR at diagnosis, mm/hr, mean (SD) 27.2 (22.1) 23.0 (19.0) 0.01

Highest ESR*, mm/hr, (mean (SD) 36.2 (26.7) 30.1 (24.7) <0.001

Erosions/destructive changes*, n (%) 85 (24) 134 (29) 0.15

DMARDs*, n (%) 181 (52) 385 (83) <0.001

Duration of follow-up, years, mean (SD) 14.6 (7.2) 5.9 (3.5) --

*
During the first year of RA diagnosis

BMI = body mass index; DMARDs = disease modifying antirheumatic drugs; ESR = erythrocyte sedimentation rate
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