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Abstract

Objectives. To explore the 10-year tolerability profile of glucocorticoids (GC) use in patients with early RA.

Methods. Analysis of 10-year outcome from the early arthritis ESPOIR cohort. Patients were stratified in two

groups, without or with GC treatment at least once during their follow-up. The primary outcome was a composite

of deaths, cardiovascular diseases (CVD), severe infections and fractures. The weighted Cox time-dependent ana-

lysis model was used with inverse probability of treatment weighting (IPTW) propensity score method.

Results. Among the 608 patients [480 women, mean age of 47.5 (12.1) years], 397 (65%) received low-dose GC [me-

dian 1.9 mg/day (IQR 0.6–4.2), mean cumulative prednisone dose 8468 mg (8376), mean duration 44.6 months (40.1)]. In

univariate analysis, over 95 total events (10 deaths, 18 CVDs, 32 fractures and 35 severe infections), patients taking GC

experienced more events (n¼ 71) than those without GC (n¼ 24) (P ¼0.035). Highest cumulative exposure of GC

(�8.4 g) was associated with highest risk of occurrence of the primary outcome (24.3%, P ¼0.007), CVDs (7.9%,

P ¼0.001) and severe infections (9.9%, P ¼0.024). The risk of events over time was significantly associated with GC,

age, hypertension and ESR. The risk associated with GC treatment increased between the first follow-up visit [hazard

ratio (HR) at 1 year ¼ 0.46, 95% CI: 0.23, 0.90] and 10 years (HR¼6.83, 95% CI: 2.29, 20.35).

Conclusion. The 10-year analysis of this prospective early RA cohort supports a dose and time-dependent impact

of low-dose GC treatment, with a long-term high risk of severe outcomes.

Trial registration. (ClinicalTrials.gov Identifier: NCT03666091).
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Introduction

Glucocorticoids (GC) remain an essential part of the

therapeutic strategy in RA [1], especially in early RA [2].

They offer rapid relief of the patient’s symptoms and a

lasting reduction in disease activity, while having some

beneficial structural effects [3]. GCs appear to be widely

used in �50% of patients with RA [4], with varied dur-

ation and dosage among the studies. However, taking a

balanced position on the place of GCs in RA manage-

ment is not easy, as we are always torn between its effi-

cacy and its deleterious effects. Benefit/risk ratio is

currently still controversial. It was argued that the risk of
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. Highest cumulative exposure of glucocorticoids (GC) was associated with highest risk of occurrence of severe
outcomes.

. The risk associated with GC increased between 1 year (HR¼0.46, 95% CI: 0.23, 0.90) and 10 years (HR¼6.83,
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. Low-dose GC treatment may have a dose and time-dependent long-term high risk of severe outcomes in RA.
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harm from low-dose GC was sufficiently low for most

patients receiving long-term doses of �5 mg prednisone

equivalent per day [5]. Actually, there is little evidence of

safety [6], particularly with regard to the long-term use

of GC at low doses. Therefore, recent international

guidelines continue to indicate the use of short-term

GCs, which should be tapered as rapidly as clinically

feasible [2, 7]. The critical question remains as to

whether this low-dose regimen is actually of low toxicity

while still being effective.

In the Etude et Suivi des POlyarthrites Indifférenciées

Récentes (ESPOIR) cohort [8], more than half of patients

received GC at least once within 5 years of inclusion [9],

allowing the identification of incident events occurring

after GC initiation. An interim 7-year analysis did not

show a significant difference with regard to severe out-

comes between recent onset RA patients taking or not

low-dose GC [10], possibly due to insufficient number of

events or too short follow-up time.

Objective

In the present study, we aimed to explore the 10-year

tolerability profile of GC use in early RA patients in the

ESPOIR cohort, by investigating the relationship be-

tween GC use and all-cause mortality, cardiovascular

diseases (CVDs), severe infections and bone fractures.

Patients and methods

Study design and setting

The ESPOIR cohort is a prospective multicentre obser-

vational cohort that included patients with early arthritis

from 14 rheumatology centres in France. Patients had to

have inflammatory arthritis in at least two swollen joints

lasting from 6 weeks to 6 months, with the potential to

develop into RA, and be naı̈ve to DMARDs and GC ther-

apy. Patients with disease meeting criteria for a definite

diagnosis other than RA or exhibiting features that ruled

out progression to RA were excluded [8]. A total of 813

patients have been included between 2002 and 2005.

The objective, design and characteristics of the cohort

were previously described [9, 11] (supplementary meth-

ods, available at Rheumatology online). All patients gave

their signed informed consent before inclusion.

Treatment of patients was at the discretion of the treat-

ing physician, and investigators at the cohort centres

were simply collecting data without giving recommenda-

tions. The protocol of the ESPOIR cohort and of this

study was approved by the ethics committee of

Montpellier, France (No. 020307). All the data of the

ESPOIR cohort are available after approval by the scien-

tific committee (www.lacohorteespoir.fr).

Patients and GC use

Among the 813 included patients, we selected the 720

who fulfilled the 2010 American College of

Rheumatology/European League Against Rheumatism

criteria for RA over the 10 years of follow-up. We

excluded patients with missing data for GC treatment

and those not followed up to 1 year. We then excluded

patients with a past history at baseline of CVD, severe

infection or bone fracture because these patients might

have a different profile for the prescription of GC and

risk of related side effects; we first examined data for

these 608 patients with RA (population 1). Then, we also

analysed data for 670 patients including the 62 patients

with a past history of CVD, severe infections or fractures

(population 2) (Fig. 1).

Selected patients were classified into two groups

based on whether or not they received GC at least once

over the 10-year follow-up period. The GC group

included patients who received systemic GC therapy

(oral, intramuscular or intravenous) at least once be-

tween inclusion and the end of follow-up. The non-GC

group included patients who never took a GC between

inclusion and the end of follow-up. GC use was defined

as use (yes or no) when the first safety event occurred.

Doses were calculated as prednisone-equivalent based

on accepted standards.

Patients were not involved in the design, or conduct,

or reporting or dissemination plans of our study. Once

the study has been published, participants will be

informed of the results through a dedicated information

letter.

Variables and outcomes

The primary outcome was a composite of new-onset

safety events including all-cause mortality, CVDs (myo-

cardial ischaemia, stroke and heart failure), severe infec-

tions and bone fractures (declarative data that were

verified in the patient’s medical record). Secondary out-

comes included each of these components. We have

selected these four types of adverse effects of GC ther-

apy to cover those of greatest concern [12]. For each

patient, if more than one event occurred, only the first

event was counted. Causes of deaths were assessed

using CépiDC, the French national registry of specific

causes of mortality. A variable named ‘cardiovascular

risk’ was created to account for the presence of at least

one cardiovascular risk factor among hypertension,

hypercholesterolaemia, BMI >30 kg/m2, diabetes and

smoking. Severe infection was defined as requiring hos-

pitalisation or intravenous antibiotics.

Statistical analysis

Descriptive statistics are presented as mean (S.D.) or

number (%) where appropriate. The non-parametric

Mann–Whitney U test was used to compare the distribu-

tion of continuous variables and v2 test (or Fisher’s

exact test) to test the association of categorical varia-

bles. Continuous variables were transformed into cat-

egorical variables with the median or a predetermined

threshold. The P-values <0.05 were considered signifi-

cant and all statistical tests were two-sided. The com-

posite primary outcome and each of its components
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were compared by v2 test (or Fisher’s exact test) on uni-

variate analysis. Thereafter, Cox proportional hazards re-

gression was used to assess the association between

GC treatment and outcome, estimating hazard ratios

(HRs) and 95% CIs. To reduce the impact of treatment

selection bias and potential confounding, the weighted

Cox proportional hazards model was used with inverse

probability of treatment weighting (IPTW) [13]. With this

method, weights for patients who had and patients who

had not received GC were the inverse of ‘propensity

score’ (PS) and the inverse of ‘1–PS’, respectively. The

PS is defined as the predicted patient’s probability of

receiving GC, conditional on a set of observed baseline

covariates. The PS was estimated by multiple logistic re-

gression analysis. Two sets of observed baseline

covariates were included in the PS model (see

Supplementary Figs S1 and S2, available at Rheumatology

online) [14]. The first set of covariates, selected by using

the log-rank test, was related to the outcome and the se-

cond set, selected using v2 test, was related to GC treat-

ment. For both long-rank and v2 tests, the level of

significance was set at P <0.15. In addition, we used three

procedures for selecting variables (forward, backward and

stepwise), all procedures led to the same model. The PS

was then included in the Cox proportional-hazards model

with the baseline covariates that were significant at 15%

on the log-rank test and not already included in the PS

model. Furthermore, because the proportional hazard as-

sumption was not verified for GC treatment (yes or no), a

time-by-covariate interaction was created to check if GC

FIG. 1 Study design

CVD: cardiovascular diseases (myocardial ischaemia, stroke and heart failure); ESPOIR: Etude et Suivi des

POlyarthrites Indifférenciées Récentes; GC: glucocorticoids.
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treatment hazard ratios vary with time. Graphs showing the

evolution over time of the HR (95% CI) of GC treatment

were made.

In the sensitivity analysis of the 670 patients, compris-

ing the patients without and with a past-history at base-

line of CVD, severe infection or fracture and sufficient

data, the methodology was similar. The two sets of

covariates included in the PS model were the same as

in the principal analysis, with, in addition, the covariate

past-history at baseline of CVD, severe infection or frac-

ture. As with the first population analysis, a time-by-

covariate interaction was created for GC treatment.

Furthermore, the original studied population could be

considered different subgroups on the basis of the cu-

mulative GC dose and total duration of GC treatment

over 10 years. These two variables were transformed

into a two then three-level categorical variable by me-

dian and quartiles. First, the log-rank test was used to

assess the effect of those new covariates. Then, Cox

models with time-by-covariate interaction for GC treat-

ment were carried out. P-value <0.05 was considered

to be statistically significant and all statistical tests were

two-sided. Statistical analyses involved use of SAS ver-

sion 9.4 (SAS Institute, Cary, NC, USA).

Results

Study population

The study population (population 1) comprised 608 RA

patients, including 480 women, mean age of

47.5 (12.1) years. Mean duration of follow-up was

8.66 (2.58) years [median 9.97 years (IQR 9.01–10.02)],

441 patients had a 10-year visit. Baseline characteristics

of this population are presented in Table 1. Most of

patients had moderate to high disease activity, with

43.4% of them being anti-citrullinated protein antibodies

(ACPA) positive. In total, 397 patients (65.3%) received

low-dose GC, mainly started during the first 6 months

(70%). The mean dose over the entire follow-up was

2.8 (2.8) mg/d (median 1.9 mg/day (IQR 0.6–4.2)) and the

mean dose over the duration of use was 9.0 mg/d (9.6)

[median 6.3 mg/d (IQR 4.9–8.6)]. The mean duration of

GC treatment was 44.6 months (40.1), and the mean cu-

mulative GC dose was 8468 mg (8376) [median 5646 mg

(IQR 1940–13 022)]. Among the 397 patients who

received GC during follow-up, 55% received GC for

>2 years; 47 (11.8%) patients received GC for up to

9 years. GC patients had more active disease at base-

line, with higher DAS28-CRP and HAQ scores, higher

ACPA levels, and consumed more NSAIDs and more

biologic agents or DMARDs during follow-up.

Association between GC use and composite of
death, CVD, severe infections and fractures

Overall, on the study population, 95 events were identi-

fied during follow-up: 10 deaths, 18 CVDs, 32 fractures

and 35 severe infections. Deaths were related to myo-

cardial infarction (n¼ 1), cancer or malignant blood

diseases (n¼6), multi-system organ failure (n¼1), rup-

ture of oesophageal varices (n¼1), natural death (n¼ 1).

Based on univariate analysis at 10 years, patients taking

GC experienced significantly more events (n¼ 71) than

those without GC (n¼ 24) (P ¼0.035), particularly severe

infections (n¼30 with GC vs 5 without GC, P ¼0.009)

(Table 2). Interestingly, we found a significant cumulative

dose effect on the primary outcome (P ¼0.007), CVDs

(P ¼0.001) and severe infections (P ¼0.024) (Table 3).

Highest cumulative exposure of GC was associated with

highest risk of occurrence of the primary outcome.

Indeed, among patients who received a cumulative dose

>8.4 g of prednisone during follow-up, 24% experienced

the primary outcome, with almost 8% having a CVD and

almost 10% a severe infection (Table 3). We found no sig-

nificant difference between groups with or without events

based on the number of biologic DMARDs (P ¼0.40) or on

the duration of biologic DMARDs (P ¼0.54).

Next, to account for potential confounding by indica-

tion, we used a PS. The baseline covariates retained in

the final PS regression model were: ACPA, diabetes,

HAQ Disability Index (HAQ-DI) score, cardiovascular

risk, patient’s overall assessment using visual analogue

scale and osteoporosis (Supplementary Fig. S1, avail-

able at Rheumatology online). The PS was then included

in the Cox proportional-hazards model with the baseline

covariates that were significant at 15% on the log-rank

test and not already included in the PS model: age, gen-

der, history of hypertension, ESR, CRP, RF-IgA.

On weighted Cox time-dependent analysis, using the

IPTW propensity score method, the risk of events over

time was significantly associated with GC treatment

(P <0.001), age, history of hypertension and ESR.

Importantly, the risk associated with GC treatment

increased between the first follow-up visit: hazard ratio

(HR) at 1 year ¼ 0.46, 95% CI: 0.23, 0.90 and 10 years

(HR¼6.83, 95% CI: 2.29, 20.35) (Fig. 2).

In the sensitivity analysis on the 670 patients with or

without a past-history (population 2), over 109 events

(13 deaths, 24 CVDs, 34 fractures and 38 severe infec-

tions), patients taking GC also experienced more events

(n¼81) than those without GC (n¼28) (univariate ana-

lysis, P ¼0.029), especially severe infections (n¼ 32 with

GC vs 6 without GC, P ¼0.011) (Supplementary Table

S1, available at Rheumatology online).

The baseline covariates retained in the PS regression

model for this analysis were almost the same (except

for cardiovascular risk), plus smoker and tender joint

count (Supplementary Fig. S2, available at

Rheumatology online). The PS was then included in the

Cox proportional-hazards model with age, gender, his-

tory of hypertension, history of CVD, severe infection or

fracture, RF, ESR. The risk of events over time was

again significantly associated with GC treatment

(P <0.001), age, history of hypertension and gender.

Again, the risk associated with GC increased between

the first follow-up visit and 10 years (HR¼ 6.72, 95%

CI: 2.41, 18.73) (Supplementary Fig. S3, available at

Rheumatology online).
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Discussion

In the present study, we aimed to determine the long-

term adverse events of low-dose GC treatment in the

ESPOIR cohort. We report that the risk associated with

low-dose GC increases with time, becoming significant

after 6 years with a maximum by 10 years. These find-

ings argue for a delayed harmfulness of low-dose GC,

TABLE 1 Baseline demographic, clinical, biological and radiographic characteristics of the study population from the

ESPOIR cohort (n¼608) and those without and with glucocorticoids (GC)

n Total study
population
(n 5 608)

Without GC
(n 5 211)

With GC (n 5 397) P-valuea

Age, mean (S.D.), years 608 47.5 (12.1) 48 (11.9) 47.3 (12.3) 0.634
Female, n (%) 608 480 (78.9) 173 (82) 307 (77.3) 0.180b

BMI, mean (S.D.), kg/m2 606 25 (4.6) 25 (4.5) 25 (4.6) 0.919
BMI >30 kg/m2, n (%) 606 83 (13.7) 28 (13.3) 55 (13.9) 0.823b

Diabetes, n (%) 608 19 (3.1) 12 (5.7) 7 (1.8) 0.008b

Hypertension, n (%) 608 98 (16.1) 31 (14.7) 67 (16.9) 0.486b

Hypercholesterolemia, n (%) 608 85 (14) 25 (11.8) 60 (15.1) 0.269b

Smokers, n (%) 608 296 (48.7) 84 (39.8) 212 (53.4) 0.001b

Hypertension or hypercholesterolemia or diabetes
or BMI>30 or smoker, n (%)

608 407 (66.9) 128 (60.7) 279 (70.3) 0.016b

At least one DMARD treatment from baseline to
10 years, n (%)

608 549 (90.3) 176 (83.4) 373 (94) <0.001b

At least one biological agent from baseline to
10 years, n (%)

608 181 (29.8) 37 (17.5) 144 (36.3) <0.001 b

Consumption of NSAIDs, n (%) 608 547 (90) 179 (84.8) 368 (92.7) 0.002b

DAS28-CRP, mean (S.D.) 597 5.2 (1.3) 4.8 (1.1) 5.3 (1.3) <0.001
DAS28-CRP, n (%) 597 0.001b

�2.6 13 (2.2) 9 (4.4) 4 (1.0)
2.6-3.2 24 (4.0) 7 (3.4) 17 (4.3)

3.2-5.1 258 (43.2) 105 (51.0) 153 (39.1)
>5.1 302 (50.6) 85 (41.3) 217 (55.5)

HAQ score, mean (S.D.) 608 1 (0.7) 0.8 (0.6) 1.1 (0.7) <0.001
HAQ, n (%) 608 <0.001b

�0.5 189 (31.1) 86(40.8) 103 (25.9)

>0.5 419 (68.9) 125 (59.2) 294 (74.1)
CRP, mean (S.D.), mg/l 608 19.8 (32.8) 13.7 (22.3) 23.1 (36.8) <0.001
CRP level >10 mg/l, n (%) 608 276 (45.4) 77 (36.5) 199 (50.1) 0.001b

RF, mean (S.D.), UI/ml 608 120.4 (443.5) 113 (503.8) 124.4 (408.6) 0.050
IgM-RF positivity, n (%) 608 317 (52.1) 101 (47.9) 216 (54.4) 0.124b

ACPA, mean (S.D.), UI/ml 608 510.1 (1329.8) 342.7 (1040.8) 599.1 (1453.7) <0.001
ACPA positivity, n (%) 608 264 (43.4) 70 (33.2) 194 (48.9) <0.001b

Typical erosion, n (%) 575 153 (26.6) 53 (26.8) 100 (26.5) 0.950b

vSHS score, mean (S.D.) 580 5.4 (7.7) 5.9 (8.3) 5.1 (7.4) 0.203

Data are n (%) or mean (S.D.). P-values were assessed by aMann–Whitney test and bchi-square test (or Fisher’s exact
test). ACPA: anti-citrullinated protein antibodies; DAS28-CRP: Disease Activity Score in 28 joints, with CRP level; IgM: im-
munoglobulin M; mSHS: van der Heijde-modified Sharp score.Bold p-values are statistically significant values.

TABLE 2 Primary outcome at 10 years (death, cardiovascular disease, severe infection or fracture) in the total sample and

with and without glucocorticoid (GC) (univariate analysis)

Total study population (n 5 608) Without GC With GC P-value

Primary outcome, n (%) 95 (15.6%) 24 (11.4%) 71 (17.9%) 0.035
Death, n (%) 10 (1.6%) 1 (0.5%) 9 (2.3%) 0.103
Cardiovascular diseases, n (%) 18 (3%) 3 (1.4%) 15 (3.8%) 0.177
Severe infections, n (%) 35 (5.8%) 5 (2.4%) 30 (7.6%) 0.009
Fractures, n (%) 32 (5.3%) 15 (7.1%) 17 (4.3%) 0.137
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which increases with the cumulative dose, especially

with regard to CVDs and severe infections. This may ex-

plain, in addition to the lower power linked to the reduce

number of events, that our 7-year interim analysis did

not find a significant difference with respect to severe

outcomes between patients taking or not low-dose GC

[10].

GC therapy has been associated with well-known tox-

icities, particularly at high doses. By contrast, with re-

spect to low-dose GC, the evidence appears to be

more controversial. A systematic review highlighted the

lack of data on the association between low-dose GC

and risk of infection [15]. A meta-analysis has shown

that GCs significantly increase CVDs (RR, 1.47; 95% CI:

1.34, 1.60) [16]. Importantly, more than the low dose it-

self, it may rather be the cumulative dose that has the

most impact. In our results, the cumulative dose was

significantly associated with both CVDs and severe

infections, with 24% of patients taking more than the

mean cumulative dose of 8.4 g experiencing the primary

outcome. This mean cumulative dose is equivalent to

taking �5 mg/day during 5 years, which seems very

common. However, to date, it seems that the benefit/

risk ratio of low-dose GC in RA has been perceived as

positive, with an assumed overestimated level of toxicity

[17, 18]. Nevertheless, strong evidence on the risk of

harm of long-term use of low-dose GC treatment

remains quite limited [1].

On the one hand, based on RCTs, the safety profile of

low-dose GC appears to be relatively mild and hardly

different from that of placebo [3, 17, 19, 20]. Indeed,

some RCTs argue that short-term treatment with high to

moderate doses of GC in early RA is effective and may

be considered safe [21–23], although long-term safety

data are scarce.

Long-term post-trial analysis (median follow-up nearly

7 years) of the Computer Assisted Management in Early

RA (CAMERA II), in which patients with early RA

received prednisone at 10 mg/day for at least 2 years,

showed no significant difference in GCs-related comor-

bidities. However, although not significant, increase of

CVD and mortality risk was evidenced in patients

receiving GCs [24]. In the Better Anti-Rheumatic

PharmacOTherapy (BARFOT) study, low-dose prednisol-

one (7.5 mg/day) use in early RA, was associated with

longterm increased incidence of CVD and a trend to-

wards increased mortality [25].

On the other hand, high-quality long-term observation-

al studies, using statistical methods, that allow to minim-

ize confounding by indication, may help to explore GC

safety profile in real-life settings. For instance, Dixon

et al. reported an increased risk of infection in associ-

ation with low-dose GC in patients aged over 65 [26],

contrasting with no significant difference from placebo

based on the RCTs [27]. Highest cumulative exposure of

GCs have been associated with increased risk of CVD

[28].

The limitations of the present study include those that

cannot be ignored in observational cohort studies, with

potential confounding factors that could not be taken

into account. Moreover, most data regarding comorbid-

ities were declarative, with potential recall bias. Finally,

we used a composite end point. However, we found

enough events to show some significance for individual

end point such as CVDs and severe infections.

Our study has a number of strengths. The ESPOIR co-

hort allows exploration of the time-dependent tolerance

profile of GC in early RA, in a real-world setting, provid-

ing long follow-up time with a low rate of missing data

or drop-out. Besides, to reduce the indication bias, we

used a PS to ensure the association between GC and

outcomes is as relevant as possible. Indeed, patients

with more severe arthritis are more likely to receive GC,

which artificially leads to more adverse events [29].

Here, given that GC patients had more active disease,

higher ACPA levels, and consumed more NSAIDs and

more biologic or synthetic DMARDs, using a PS to re-

duce confounding by indication appears clinically

relevant.

In summary, this 10-year data analysis of low-dose

GC in the ESPOIR cohort revealed a significant time-

dependent risk of severe outcomes, including CVDs and

severe infections. These results support a long-term in-

cidence of serious adverse events that warrant

TABLE 3 Primary outcome at 10 years (death, cardiovascular disease, severe infection or fracture) depending on the cu-

mulative dose of glucocorticoid (GC) (univariate analysis)

Cumulative dose of GC treatment (mg): quartiles P–value

0 [0–1842] [1842–8421.5] >5 8421,5

n 5 211 % n 5 93 % n 5 152 % n 5 152 %

Primary outcome 24 11.4% 13 14.0% 21 13.8% 37 24.3% 0.007
Cardiovascular diseases 3 1.4% 2 2.2% 1 0.7% 12 7.9% 0.001
Death 1 0.5% 1 1.1% 4 2.6% 4 2.6% 0.248
Fractures 15 7.1% 5 5.4% 6 3.9% 6 3.9% 0.475

Severe infections 5 2.4% 5 5.4% 10 6.6% 15 9.9% 0.024
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integrated and sustained screening and management of

GC-related complications in RA patients. Therefore,

according to our results, the current expert consensus

that GCs should be used at the lowest possible dose

and for the shortest duration comes to full sense.

A second topic scarcely considered by any guideline

to date is the potential influence of patient-specific fac-

tors on the optimal treatment regimen. This is a signifi-

cant deficit that should be addressed, as patient-

specific factors like comorbidities, co-medications, or

other (relative) contra- indications are of crucial import-

ance in guiding glucocorticoid therapy in individual

patients.
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