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An updated review of glucocorticoid-related adverse events in patients with
rheumatoid arthritis
Mariana Luísa, João Freitasa, Flávio Costaa, Frank Buttgereitb, Maarten Boersc, Da Silva JAPa,d,e and Tânia Santiago a,d

aRheumatology Department, Centro Hospitalar e Universitário de Coimbra, Coimbra, Portugal; bDepartment of Rheumatology and Clinical
Immunology, Charité University Medicine, Berlin, Germany; cDepartment of Epidemiology and Biostatistics, Amsterdam Rheumatology and
Immunology Center, Amsterdam University Medical Centers, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; dFaculty of Medicine,
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ABSTRACT
Introduction: Glucocorticoids represent a cornerstone in the treatment of rheumatoid arthritis. Their
effect as a disease-modifying treatment in rheumatoid arthritis is well established. Despite this, the risk
of adverse events of glucocorticoids, especially in high doses and over a long time, is constantly
highlighted. Data on the prevalence and impact of glucocorticoid-related adverse effects in rheumatoid
arthritis is needed, therefore, to be regularly revisited.
Areas covered: In this review, our primary aim was to provide an update of evidence from randomized
controlled trials and observational cohort studies on the safety of glucocorticoid treatment in rheuma-
toid arthritis. Our secondary aim was to provide a critical overview of the concerns raised with both
study designs – randomized clinical trials versus nonrandomized observational studies – regarding the
assessment of the safety of glucocorticoids in rheumatoid arthritis.
Expert opinion: In the meantime, adherence to recommendations and consensus on standardized
methodologies for monitoring and reporting adverse events is essential to improve our knowledge and
competence in the best management of glucocorticoids.
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1. Introduction

Glucocorticoids (GCs) are one of the oldest pharmacological
treatments in the management of inflammatory diseases and
remain a cornerstone therapy in a variety of conditions. In
rheumatoid arthritis (RA), they have been proven to have
a disease-modifying effect, i.e. reducing radiographic progres-
sion [1–4]. However, the current use of GC is always over-
shadowed by fear of adverse events (AEs). Evidence suggests
that most of these AEs are dose and time-dependent effect [5],
and most studies advocate that GCs have a favorable risk-
benefit profile if kept at low-dose, defined as ≤7.5 mg/day
prednisone-equivalent (PDN-eq) [6]. Clarifying the real magni-
tude of the GC-induced AEs has proved difficult because most
studies are observational and thus exposed to confounding
(bias) by indication: severe inflammation is associated with
both higher cumulative doses of GCs and with systemic com-
plications that coincide with many of the AEs attributed to
GCs. These include, among others, accelerated cardiovascular
disease, insulin resistance, altered bone metabolism and avas-
cular necrosis of bone [7]. This bias is strong and cannot be
resolved by statistical adjustments (e.g. propensity scores) in
observational studies [8].

Unfortunately, high-quality data regarding the safety of GCs in
RA is still limited, as randomized clinical trials have been designed
and powered for benefit (i.e., they are frequently too short or too

small for adequate risk assessment), and concerns have been
raised over the representativeness of trial populations, as these
are often selected to have less comorbidity (external validity).
A previous comprehensive review by Santiago and Da Silva pub-
lished in 2014 concluded that the evidence remains limitedboth in
quantity and quality, hindering clear conclusions regarding GC
safety [9].

In this paper, we update this review with the evidence from
recent literature in RA on the safety of low- and medium-dose GC
treatment.

2. Literature search

A PICO-structured search was made to identify relevant stu-
dies in Pubmed MEDLINE and Embase databases.

a. Population: RA population;
b. Intervention/test: Low-dose GC, defined as ≤10 mg/day;
c. Comparator/control: Any other GC dose or none;
d. Outcome: Adverse events of low-dose GC in RA patients;
e. Design: Observational studies (including cohort and case–

control studies), systematic reviews, and randomized trials.

The search was performed with free terms and medical
descriptors (e.g., MeSH terms). The terms used were:
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Rheumatoid arthritis, Glucocorticoids, Low-dose, Safety,
Toxicity, and Adverse events.

2.1. Selection criteria and search strategy

In September 2014, Neuroimmunomodulation published
a special supplement regarding ‘Low Dose Glucocorticoids in
Rheumatic Diseases’. This supplement included two important
reviews: one focusing on randomized controlled trials [9] and
other on observational studies [10]. The current paper is an
updated review of these previous publications.

For the purpose of this systematic review, studies were
included for detailed analysis if: (1) they included adult
patients with RA; (2) they focused on exposure to oral or
intramuscular injections GC treatment (excluding intra-
articular injections) in one arm and non-exposure in another,
otherwise comparable, study arm; (3) GCs were used in doses
≤10 mg of prednisone or equivalent per day; (4) they lasted 6
months or longer. Published articles from July 2013 to
October 2018, written in English, Spanish, French, Italian or
Portuguese were searched. The last search was run on
29 October 2018, with weekly automatic email updates, until
1 December 2018. A manual search for recent publications
without attribution of mesh terms was added on this date.

Publications reporting no original data or without a clear
description of the research methods, were excluded. No
search was made on conference abstracts or unpublished
studies. Duplicates were removed and the selected references
were imported into Microsoft Excel.

2.2. Study selection

Eligibility assessment was performed independently, on the
basis of title and abstract, by two authors (ML and TS).
Disagreements were resolved by discussion with the author/
expert (JAPS). In case of doubt, the full text of the article was
retrieved and discussed. Exclusion criteria were recorded after
the full text screening. The inter-rater agreement between ML
and TS for selection based on abstract and full text, measured
by Cohen’s kappa coefficient was 0.98.

3. Results

The selection of articles is reported in Figure 1. A total of 69
articles were identified from the two databases. Twenty-four
articles were excluded after abstract reviewing. The main rea-
sons for this were: case reports or case series, not RA, and not
focused on safety. Another 14 articles were excluded after
detailed review: 2 articles due to intra-articular GC formula-
tions, 3 articles exploring the benefit of modified formulations
of GC on circadian cycle, 3 articles related with low-dose GC
efficacy rather than safety, 5 articles because GC exposure was
not clearly defined, 1 article for the inclusion of pediatric
patients.

In the end, 31 articles were included in this updated review:
18 observational studies, 7 reviews, 3 recommendations/
guidelines, 2 meta-analyses, and one RCT. We also discuss
the relevance of two ongoing RCTs.

The main focus of the observational studies was mortality,
including all-cause and cardiovascular. Bone metabolism,
endocrine disturbances, and infection risk were other topics
covered. The studies included in this updated review are
described in Table 1. Results are expressed as relative risk
(RR) or odds ratio (OR) or hazard ratios (HR) with 95% con-
fidence interval (CI).

3.1. Findings from randomized control trials and
meta-analysis

In 2014, was published a systematic review on the safety of
GCs in RA [9]. In this review, which compiled data from 11
RCTs the authors did not identify any strong signal of relevant
toxicity of GC in doses of up to 10 mg of prednisone equiva-
lent/day for up to 2 years [9]. However, the quantity (1100
patient-years of exposure) and the quality of evidence were
too limited to support firm conclusions regarding this issue.

Since this review, only one RCT has been published. In the
tREACH trial (3 arms: an arm comprising MTX + sulfasalazine +
hydroxychloroquine + a bolus of IM GC (methylprednisolone
120 mg or triamcinolone 80 mg), an arm comprising MTX +
sulfasalazine +hydroxychloroquine + oral GC, and an arm
comprising MTX-only + oral GC), there were no significant
differences in terms of adverse events between the two GC
bridging therapies [11].

Meanwhile, results of long-term follow-up of the CAMERA
[12] and BARFOT [13] trials have been published giving more
insights into GC safety in RA (studies detailed below).

Two meta-analyses on specific GC safety issues have been
published since our last review [9].

In 2015, a meta-analysis of 7 RCTs evaluated the effects of
6–12 mg/d of PDN-eq on bone mineral density (BMD) in RA
patients (445 patients exposed to GCs and 347 controls) [14].
GCs were associated with a small negative effect on lumbar
spine (standardized mean difference in change in BMD −0.30
(0.55–0.04)), but not hip BMD with significant heterogeneity
across studies. The included RCTs had relatively short follow-
up duration (20 weeks to 2 years). In the two RCTs that
reported data on hand BMD, GCs were associated with less
hand bone loss than control treatment (SMD change in BMD
0.51 (0.20, 0.81), p = 0.001, I2 = 0%).

Article highlights

● Evidence to support clear conclusions regarding safety remains lim-
ited, both in quantity and quality.

● Observational data are often negatively affected by bias by indication
and other methodological issues that hinder interpretation; such
strong bias cannot be overcome by statistical techniques.

● More attention should be given to monitoring and reporting GC-AEs
in clinical trials.

● Large prospective trials dedicated to the safety of low-dose GC are
dearly needed.

● Adherence to guidelines/recommendations may contribute to reduce
and better understand GC-related AEs and optimize their use for the
benefit of patients.

This box summarizes key points contained in the article.
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Another meta-analysis investigated the association
between GCs and the risk of developing cataract and/or glau-
coma in RA [15]. The authors point out that only 3 of the 28
RCTs included reported ophthalmological AEs. There was
insufficient data to determine the impact of dose and duration
of treatment, and thus the risk could not be accurately quan-
tified [15].

3.2. Findings from observational and cohort studies

3.2.1. All-cause and cardiovascular mortality and
morbidity
The cardiovascular effects as well as morbidity and mortality
associated with GCs have been addressed over recent years
solely on the basis of observational data.

A study based on the German biologics register –
Rheumatoid Arthritis Observation of Biologic Therapy
(RABBIT) (with ~8,900 RA patients) found a more than twofold
mortality risk in patients with a sustained higher disease activ-
ity (HR: 2.43 (1.64–3.61)), even after controlling for GC treat-
ment [16]. However, GC>5 mg/day during the most recent 12
months was significantly associated with increased mortality,
independent of disease activity. No increased mortality was
seen with treatment with <5 mg/d GC. Importantly, however,
the authors acknowledged that due to the observational nat-
ure of this study and the long list of risk factors and confoun-
ders, residual confounding with an impact on the results
cannot be ruled out.

Roubille et al. reached similar conclusions in a study based on
the French cohort ESPOIR (~600 RA patients) [17]. Low-dose GC
(<5mg/d, mean dose 3.1 ± 2.9mg/d) showed a good safety profile
in early RA with neither cumulative nor duration of GC treatment

having a significant effect on survival as long as disease activity
and prognostic risk factors are taken into the equation [17].

Despite the emphasis given to CV mortality, the leading
cause of death in RA, Movahedi et al. found GC treatment
(~16,760 RA patients) to be associated with death caused by
neoplasms, HR 1.46 (1.42–1.49), specially respiratory and
digestive [18]. This observation may be partly explained by
perimortal bias, since patients with terminal illness are more
likely to be prescribed with GC both as part of cancer therapy
and as a substitute for other DMARDs. Also, classical risk
factors related to several types of neoplasms were not
included in the model such as body mass index, diet, seden-
tarism, and occupational exposure. However, for GC < 5mg/d,
no increased mortality risk was found for any of the cause-
specific mortality categories evaluated [18].

The Texas study group (~780 RA patients) concluded that
7.5 mg/d is the maximum daily dose that can be considered
safe from the standpoint of mortality risk [19]. The threshold
associated with increased mortality when considering GC
cumulative dose was found to be 40 g or 7g/year [19]. This
represents 22 years of 5mg/d, which can be reached in any
chronic inflammatory disease as RA suggesting that low-dose
GC may not be entirely safe in the long term [19]. All associa-
tions between GC exposure and death, either all-cause or
cardiovascular-related, remained significant after correction
for confounding factors, such as RA disease activity and sever-
ity, and cardiovascular risk factors. However, this study has
some limitations including the small sample size, the retro-
spective nature of data collection and the fact that authors did
not account for the use of low-dose aspirin.

Another retrospective study based on an administrative
healthcare claims data (~84,000 RA patients) observed that

Figure 1. PRISMA flowchart.
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higher cumulative oral GC dose was associated with increased
risk of potential GC-related adverse events [20]. Namely,
a cumulative oral GC dose of >1.8 g prednisone equivalent
was associated with an increased risk of ‘any AE’ during 1 year
compared with no GC exposure (OR 1.19 (1.09–1.30)). In addi-
tion, GC cumulative doses of 0.8–1.8 g/year (≈2–5 mg/d for
1 year) were associated with greater risk of some GC-related
adverse events, mainly opportunistic infections (OR 1.28
(1.02–1.60)) and bone-related adverse events (OR 1.24
(1.11–1.40)) [20]. In this study, these two types of adverse
events were also responsible for the highest health-care
costs (~38 900$ for hospitalization for opportunistic infections
and ~15 500$ for aseptic necrosis). We emphasize that these
results should be appreciated with caution. This study is
intrinsically associated with a number of methodological
issues that may obscure the interpretation of the results as
we highlighted in the accompanying editorial [21]. Similarly to
previous observational studies, Best et al., tend to attribute to
GC all negative events that occur during GC treatment. Many
of these AE may actually be manifestations of the RA itself or
AE of concomitant medications [21].

Considering cardiovascular risk, a recent prospective study
(~350 RA patients) followed for incident cardiovascular dis-
ease highlighted that confounding by indication probably
distorts the relationship between GC exposure and CV dis-
ease in RA [22]. The authors also suggested that the finding
of incident cardiovascular disease in RA patients exposed to
GCs is strongly confounded by indication due to high disease
activity [22].

Subsequently, the BARFOT study group (~220 RA patients)
examined the long-term effects of early low-dose GC (defined
as <7.5 mg/d PDN-eq) in RA patients [13]. The authors found
that low-dose GC had no impact on the risk of coronary events
or cardiovascular death, while an increased risk for cerebro-
vascular events was observed, HR 3.7 (1.2–11.4) [13]. Caution is
needed before drawing firm conclusions due to the low num-
ber of registered events and the fact the medications were not
controlled for, after the initial randomization period.

Long-term results of the CAMERA II trial (~218 RA patients)
showed a low occurrence of AEs [12]. However, the authors
suggested an increased cardiovascular risk for the patients
with early RA treated with 10mg/d prednisone for at least 2
years. In addition, a higher number of cardiovascular comor-
bidities and mortality in the former MTX+PDN group than in
MTX-placebo group was found, although not statistically sig-
nificant. This result is in line with the findings of the BARFOT
study.

This cardiovascular safety issue was appreciated in the 2014
reviews [9,10] with converging conclusions. Both reviews high-
light the results of an important meta-analysis from 2011, in
which 4 out of 6 studies found that low-dose GC (<10 mg/day
PDN-eq) was associated with major CV events, particularly
stroke (OR 4.36 (1.60–11.90)) [23]. No association was found
regarding atherosclerosis and high blood pressure, while
a protective effect on the serum lipid profile was suggested.

Overall, we conclude that low-dose GC therapy is relatively
safe from the CV point of view although caution is advised
in high-risk patients, especially concerning cerebrovascular
events.

3.2.2. Health-care utilization and costs
Recently, Spivey et al. examined treatment patterns and asso-
ciated burden of GC utilization before initiation of biologic
DMARDs among RA patients [24]. This retrospective study
(with ~25,540 RA patients, 41% GC users) showed that GC
users compared to non-users had greater health-care utiliza-
tion and costs prior to initiating biologic DMARDS. The authors
speculate that health-care providers and RA patients who use
GC, particularly for a longer time and/or at recommended
lower dosages, may be hesitant to disrupt a stable treatment
regimen by initiating biologic DMARDs [24]. This observational
study has several methodological limitations, such as lack of
controlling for confounders, data concerning disease activity
and duration, and/or patient background factors, among
others. Further, there is a lack of systematic evaluation of
AEs as these were determined based on the patients’ claims
database.

In summary, these methodological issues hinder appropri-
ate interpretation of the results. Issues around economic costs
and burden surely need better robust studies.

3.2.3. Bone mineral density and fracture risk
Data concerning low-dose GC side effects on bone mineral
density (BMD) and risk of fractures are scarce. In 2014, Okano
et al. assessed, retrospectively, the effects of biologics, bispho-
sphonates (alendronate or risedronate 35 mg/week) and GC
on BMD and bone metabolism markers, in 219 RA patients
[25]. Patients (n = 79) receiving GCs without bisphosphonates
showed a significant decrease in BMD of the total hip
(p < 0.01) compared with patients not receiving GC or receiv-
ing GC with bisphosphonates [25]. However, co-treatment was
not constant (i.e., there were variations in methotrexate and
GC doses), an important limitation of this study.

An interesting meta-analysis published in 2016 provided
data on 1-year GC-associated bone loss across GC-treated
patients with chronic inflammatory diseases (low-dose) and
transplants (high-dose) [26]. The authors concluded that in
chronic inflammatory diseases, bone loss appears limited and
most likely manageable if current antiosteoporotic strategies
are implemented [26]. Further, within the two groups, bone
loss was not related to GC dose. This study was not integrated
in our analysis because the populations studied included sev-
eral chronic inflammatory diseases and it had no unexposed
control group.

In 2018, Cheng et al. retrospectively assessed the effect of
low-dose GC (defined here as 2.5–7.5 mg/d PDN-eq) on BMD
and fractures, in 425 RA patients (340 with low-dose GC –
study group – versus 85 who never used GC – control group)
[27]. Patients receiving GCs had a significantly lower vertebral
BMD (LS1–4) (g/cm2) (0.85 (0.20) versus 0.9 (0.20), p = 0.05) in
the control group. The 10-year probabilities of major fractures
according to FRAX® were higher in the low-dose GC group
(14.0 versus 8.0, p < 0.0001) [27].Several limitations can be
found in this study that may bias the results. Fractures were
narrated by a self-reported questionnaire, and a large propor-
tion of the patients were receiving medications to reduce the
fracture risk, which may impair the assessment of the associa-
tion between fractures and GCs in this population.
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In summary, there is considerable heterogeneity among the
above-mentioned observational studies, which is mainly
attributed to different GC doses, cumulative exposure, time-
varying exposure, comedication, comorbidity, and the inher-
ent bias by indication. The effects on GCs upon bone mineral
density and fracture risk were assessed by both 2014 reviews
[9,10]. Based on published RCTs, Santiago and Da Silva con-
cluded that RCTs were either too small or too short in duration
to allow definitive conclusions. Based on observational studies
[10], the opinion was that very-low-dose exposure appears not
to be associated with an increased risk of osteoporosis.

In summary, on the basis of the literature review, our main
conclusion is that evidence suggests very limited risk regard-
ing the effects of low dose GC on bone remains limited in
both quality and quantity.

3.2.4. Infections
In 2011, Dixon et al. published a meta-analysis about the
association between systemic GC treatment and the risk of
infection in patients with RA [28]. The authors compiled data
from 21 RCTs (1026 GC-treated patients with RA) and 42
observational studies. The estimated relative risk (RR) of infec-
tion associated with GC treatment differed significantly
between the RCTs (RR 0.97 (0.69–1.36)) and the observational
studies (RR 1.67 (1.49–1.87)).

Regarding, the risk of hepatitis B virus (HBV) reactivation as
a result of GC, observational studies suggest that high dose GC
treatment is strongly correlated with HBV reactivation [29,30].

Yan et al. [31] addressed this issue in a retrospective cohort
study of ~2200 RA patients and HBV, identified from the
National Health Insurance Research Database (1991 to 2011,
in Taiwan) (please see Table 1). Treatment with prednisone
<20mg/d for ≥3 months or equivalent did not increase liver-
related mortality rate. Patients who received ≥20mg/d had the
lowest mortality rate among four groups (no GC; GC <20 mg
for ≥3 months; GC ≥20mg/day for 3 days; GC pulse treatment).
The authors suggested that the most Taiwanese rheumatolo-
gists were aware of the need to prescribe prophylactic or
preemptive antiviral agents for HBsAg-positive RA patients
before or during high-dose GC. Overall, data from this study
suggest that prescribing a long-term low-dose GC along with
DMARDs for inactive HBV RA patients is safe.

In addition, large observational studies have suggested that
low-dose GCs increase the risk of hospitalized infectious
events. Although the definition of low and high dose varies
between studies [32–34].

Recently, a retrospective study evaluated the impact of oral
GC dose on rates of hospitalized infectious events among RA
patients newly exposed to tumor necrosis factor inhibitor
(TNFi) treatment [35]. A total of 40,933 patients were identified
(mean age 53.0 years) from the data of the MarketScan claims
database, between 2005 and 2014. Adult RA patients newly
exposed to TNFi treatment were identified and assigned to
three cohorts: no GC, low-dose GC (≤7.5 mg), and high-dose
GC (>7.5 mg). The incidence rate (IR) was 3.9 (3.63–4.13) for no
GC; 6.4 (5.68–7.16) for low-dose GC; and 13.3 (11.9–15.5) for
high-dose GC. The adjusted rate ratio for variables was for low-
dose GC vs no GC was 1.4 (1.19–1.58), for high-dose GC vs no

GC was 2.8 (2.30–3.31), and for high-dose GC vs low-dose GC
was 2.0 (1.65–2.44). Rates of HIEs were lowest for RA patients
on no GC. The risk of hospitalized infectious events increased
with increasing age, but did not increase with longer exposure
to GCs. Glucocorticoids, regardless of the dose, significantly
increased the risk of hospitalized infectious events among RA
patients newly initiating TNFi treatment. The interpretation of
these results is limited because of the absence of data con-
cerning disease severity/activity and GC tapering.

This issue was approached in both 2014 reviews [9,10]
again with conflicting results. On the one hand, none of the
RCTs found an increasing incidence of any kind of infections
over the 1–2 years of follow-up. On the other hand, observa-
tional studies showed a trend towards higher infection rates,
which may be affected by disease severity and indication bias.

In summary, the association between low-dose GC and
increased risk of severe infections is not resolved, and will
probably remain unclear until powerful RCTs are conducted
to clarify this issue.

3.2.5. Diabetes mellitus
Hyperglycemia and insulin resistance are well-recognized GC-
AEs, although studies regarding whether and to what extent
oral GC treatment lead to the development of diabetes melli-
tus are less clear. Importantly, no studies consider the impact
of dosage, duration, and timing of GC use in the risk of
diabetes mellitus.

A retrospective study including ~22,000 UK and ~12,700 US
patients showed a HR for DM of 1.30 (1.17–1.45) and 1.61
(1.37–1.89) in current GC users compared to nonusers in the
UK primary care database and in the US National Data Bank for
Rheumatic Diseases, respectively [18]. Both cohorts showed
that current use of GC at 5mg/day prednisone equivalent
was not associated with a significantly increased risk of dia-
betes. The authors concluded that only GC doses taken within
the preceding 6 months are associated with the current risk of
diabetes mellitus. Risk increases with dose: each 5 mg increase
of current oral GCs was associated with a 25–30% increased
risk of diabetes [18].

Also, in a study based in a large database (National Data
Bank for Rheumatic Diseases, ~13,670 patients with RA), the
incidence of diabetes mellitus was found to be increased in
association with GCs: adjusted HR for diabetes was 1.31 (1.15
to 1.49) [36].

Considering the dose-related diabetogenic effect, 2 differ-
ent short-term treatment of GC (one week of 30 and 60 mg/d
PDN-eq) were tested in 41 patients with high disease activity
[37]. Despite an increase of impaired glucose tolerance and in
the number of patients progressing to diabetes, this effect was
found to be reversible after 1 week. In addition, several
patients who were prediabetic at baseline actually normalized
their glucose tolerance during the week of GC treatment.
These findings suggest active RA is a diabetogenic factor,
and that there is a balance in the diabetogenic and the anti-
inflammatory effects of GC therapy in early active RA patients,
making short-term exposure to high-dose prednisone a safe
treatment option, from a metabolic view [37]. Both reviews
from 2014 have addressed this issue [9,10]. In the seven RCTs
reviewed, there were no relevant differences in the number of
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cases of new-onset diabetes. In the review by Hwang and Saag
[10], the authors concluded that the development of new-
onset diabetes after starting low-dose GC treatment is rare,
but the progression of preceding glucose intolerance to dia-
betes is more common. Contrary to these reviews, the obser-
vational studies published by Movahedi et al. [18] and Ozen
et al. [36] suggest that GC increases the risk of diabetes.
Caution is certainly warranted in this respect until the issue if
fully resolved.

3.2.6. Adrenal insufficiency
Whether adrenal insufficiency is a clinically significant problem
during long-term low-dose GC treatment remains unclear. In
2016, a systematic review found adrenal insufficiency to range
between 0% and 100% (median 37.4%) in systemic GC treated
patients [38]. This was particularly true at <5mg/day PDN-eq
or cumulative dose <0.5 g, <4 weeks of exposure and follow-
ing tapered withdrawal. However, the included studies were
small, with heterogeneous methodologies and results too
divergent to draw firm conclusions [38].

Later, an interesting study has shown that 20 out 42 48%
(33–62%) RA patients treated with 5mg/d PDN-eq for
a minimum of 6 months had an insufficient adrenal response
to the Synacthen test [39]. This suggests that significant adre-
nal insufficiency occurs not only after GC withdrawal but also
during ongoing low-dose treatment [39]. The clinical relevance
of these findings is unclear. Further, Synacthen test does not
fully reveal the response of the hypothalamo-hypophyseal
axis, and a normal test does not exclude a risk of adrenal
insufficiency [40].

4. Future?

In each of the adverse events sections described above, we
have highlighted the recent evidence about the safety of GCs,
essentially low-dose, based mainly on observational studies.
As noted, these studies have major limitations that obscure
the interpretation of the results. These methodological issues
include the confounding/bias by indication: in brief, patients
with higher disease activity are more likely to be treated with
GC and also more likely to experience AEs that are associated
both with the medication and with the disease itself [41]. The
actual origin of these negative events cannot be precisely
ascertained, but they tend only to be attributed to GC treat-
ment. Thus, we can conclude that the safety of GCs, essentially
low-dose, remains widely discussed but inadequately studied.

Hopefully, in the near future, we will have robust data with
two ongoing large prospective pragmatic investigator´s initia-
tive trials (CORRA and GLORIA). The evaluation and monitoring
of AEs are not clearly specified in the protocol of the
‘Comparison of the efficacy and safety of two starting doses
of prednisolone in early active rheumatoid arthritis’ (CORRA)
trial [42]. This trial is focused on 3-month bridging strategies
(GC high and low dose) compared to placebo. On the other
hand, the ‘Glucocorticoid Low-dose Outcome in Rheumatoid
Arthritis’ (GLORIA) was designed specifically to consider GCs’
AEs in the elderly (65+ years) treated with 5 mg prednisolone
or placebo for two years [43]. Safety will be fully evaluated

according to GCP standards, including spontaneous reports,
and a 57-item symptom list completed by the patients at the
beginning and the end of the study [44].

We expect that the results of these studies will result in
a substantial revision of the existing guidelines on RA
treatment.

Meanwhile, adherence to recommendations on standar-
dized methodologies for the registration and report of GC-
AEs must be fulfilled [7,45].

In 2016, EULAR published updated recommendations for
RA management [46]. Here the authors defend their use as
a ‘bridging therapy’, whenever DMARDs need adjustment. As
in its previous version, it is recommended that GCs should be
used for as short time as possible. However, in the 2016
update, the 6-month maximum period of exposure was
replaced by the expression ‘as rapidly as clinically feasible’,
suggesting a change of awareness towards a more acceptable
safety profile of low-dose GC [46].

Later, a multidisciplinary EULAR Task Force specified condi-
tions where long-term GCs have an acceptably low risk of
harm in the treatment of chronic inflammatory rheumatic
diseases [6]. Another important aspect conveyed by this task
force was the concept that the risk of GC-associated harm
depends on a combination of individual risk factors (age,
comorbidities, smoking status, osteoporosis, and cardiovascu-
lar risk factors), drug-specific characteristics (dose, duration),
and/or preventive measures (vaccination status, weight lost,
exercise, sufficient vitamin D/calcium intake) [6]. The risk of
harm conveyed by long-term GC treatment is dose-dependent
with dosages of ≤5 mg/day giving an acceptably low risk level
in almost every patient (with the exception of patients at high
CV risk). At >10mg/day the risk is elevated. This report also
states that patient-specific parameters (healthier lifestyle, early
diagnosis, low disease activity, low cumulative GC dosage,
monitoring and treatment of additional risk factors and
comorbidities) clearly modify the actual risk of harm and that
these need consideration when evaluating actual and future
benefit–risk balance of long-term GC treatment, especially at
dosages between >5 and ≤10 mg/day [6].

5. Conclusion

Overall, the conclusions concerning the safety of low-dose GC
treatment in RA in 2018 are approximately the same as those
of 2014 [9,10]. We maintain those conclusions, i.e., evidence
based on RCTs indicate that the toxicity of low-dose GC dose
in RA used for 2 years is mild and not statistically different
from placebo [9]. The RCTs published are still scarce, with
insufficient dimension and duration and with a limited assess-
ment of adverse events.

Regarding our update on observational studies, this indi-
cates a trend towards higher cardiovascular risk, higher risk of
infections, higher risk of diabetes, and higher mortality among
RA patients taking GCs even at low doses [16–19,36,47].
Interpretation of these results must be cautious due to the
numerous methodological issues inherent to their observa-
tional nature. Moreover, observational studies are often of
lower quality: high risk of bias (especially confounding by
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indication), poor documentation of GC exposure and differing
models of risk attribution. Consequently, results can be contra-
dictory and their interpretation is sometimes biased.

Hopefully, in the near future, we will have more robust data
about GC safety based on randomized clinical trials such as
GLORIA [42,43].

Until then, we should abstain from giving strong and
wrong advice based on weak observational data [48]. We
should adhere to evidence-based recommendations for
patient education, monitoring, and prevention of GC-related
AEs and consensus on specific conditions of long-term GC
treatment. These represent crucial steps towards a better abil-
ity to reduce the GC-related AEs in RA and optimize their use
for the benefit of patients.

6. Expert opinion

Although constantly ‘accused’ of numerous and serious
adverse events, GCs remain a pillar in the treatment of RA.
Regarding the safety of low-dose GC, there is no strong scien-
tific evidence of their harm, as the published literature remains
limited both in quantity and quality.

We did not identify any new RCT published since our 2014
review. Two randomized pragmatic clinical trials are currently
ongoing [42,43]. On the other hand, observational studies
continue to pile up. They have considerable limitations when
compared to RCTs, but also some advantages, namely larger
number of participants, closer proximity to real-life use of
medications and longer follow-up. Although their conclusions
need to be interpreted with caution, they suggest, overall, that
the main adverse events (infection, cardiovascular risk, infec-
tion, and diabetes) are relatively rare with low-dose GC, across
different types of ‘real-life’ RA populations.

GC harm depends on drug-specific (i.e., type, dose, and
duration) and patient-specific aspects (i.e., individual risk fac-
tors and/or preventive measures). Both aspects should be
considered, discussed and optimized with patients before
and during GC treatment is started [6].

When referring to long-term low-dose GC treatment, the
potential advantages of using GC cumulative dose instead of
daily dose deserve consideration. However, the use of GC
cumulative dose carries an almost inevitable loss of precision
and practicality due mainly to daily dose modifications
through time, because of disease activity, surgical or infectious
complications or occurrence of adverse events and adherence.
Also, this would only be relevant in a very long term (years),
which decreases the likelihood of it being considered in RCTs
due to financial and ethical issues.

There is an urgent need for a large and long-lasting RCT on
low-dose GC in RA with appropriate standardization in the
definition and monitoring of AEs. Some limitations/barriers can
be anticipated: 1) RCTs are quite expensive, making long follow-
up periods hard to accomplish; 2) RCTs are generally designed
and powered for benefit; 3) pragmatic, i.e. their eligibility criteria
need to be non-restrictive, or the results will be less relevant for
patients in real life practice; 4) patients frequently set their GC
dose according to their complaints, even against medical advice;
5) use of co-interventions for the treatment of RA add to con-
founding; 6) certain GC-related AEs are difficult to standardize in

terms of screening and diagnosis (such as, GC-induced skin
atrophy, vascular fragility or cushingoid appearance, and others).

In practice, clinicians need to standardize questionnaires
and define GC-specific core outcome parameters, including
safety [6]. Certainly, this will provide better monitoring and
reporting as well as quantification and communication of the
GC-adverse events within rheumatologists and in clinical stu-
dies. Also, this could allow us to predict or identify patients at
a higher risk of developing GC-related AEs.

An interesting attempt to standardize and quantify GC AEs
was performed by Miloslavsky et al. with the proposal of the
Glucocorticoid Toxicity Index [49]. The real value of this index
for assessment of GC toxicity is still unknown, awaiting pub-
lications on its use in (research) practice.

Until then, we should all keep Jones’ advice in mind when
prescribing low-dose GC: ‘Medication risk must be balanced
with benefit, not fear’ [50].
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