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Abstract

Long-term low-dose glucocorticoid therapy remains widely used in rheumatoid arthritis (RA), despite
concerns regarding cumulative toxicity. This traditional review evaluates the clinical benefits and
complications of oral glucocorticoids at doses of 7.5 mg/day prednisone equivalent in adults with RA, with
particular attention to disease control, bone health, cardiovascular outcomes, infection, and glucocorticoid
withdrawal. A literature search of PubMed Advanced, PubMed Central, and Google Scholar conducted from
July 1 to October 9, 2026, identified 56 potentially relevant studies, of which 36 were selected for qualitative
synthesis. Evidence from randomized controlled trials, observational cohorts, systematic reviews, meta-
analyses, and clinical guidelines was evaluated.

Low-dose glucocorticoids provide measurable clinical benefits, including reduced disease activity,
prevention of disease flares, and slowing of radiographic joint damage. However, these benefits must be
balanced against cumulative adverse effects. Infection was the most consistently demonstrated
complication, with observational evidence showing an increased risk even at doses of <5 mg/day. Evidence
regarding skeletal toxicity was mixed: observational studies associated low-dose glucocorticoids with
reduced bone mineral density (BMD) and increased fracture risk, whereas randomized trial data suggested
less pronounced effects when inflammation was controlled and bone-protective therapy was used.
Cardiovascular risk also remained uncertain at very low doses and was influenced by baseline cardiovascular
risk and cumulative exposure. Early initiation of effective biologic or targeted synthetic disease-modifying
antirheumatic drugs (DMARDs) was associated with greater success in glucocorticoid discontinuation, while
tapering could increase the risk of disease flare in patients with established low disease activity.

Overall, low-dose glucocorticoids retain clinically meaningful efficacy in RA, but long-term use is associated
with important cumulative risks, particularly infection. When continued therapy is necessary, the minimum
effective dose should be used with regular reassessment and appropriate monitoring and preventive

measures. When disease control permits, gradual tapering and steroid-sparing therapy should be prioritized.

Categories: Therapeutics, Rheumatology, Internal Medicine
Keywords: cardiovascular risk, complications, disease activity, efficacy, glucocorticoids, glucocorticoid withdrawal,
infection risk, low-dose prednisone, osteoporosis, rheumatoid arthritis

Introduction And Background

Rheumatoid arthritis (RA) is characterized by persistent inflammation in joints that leads to damage in the
surrounding cartilage and bone [1]. The disease affects approximately 0.5% to 1.0% of the global population
[2], with incidence rates rising progressively after age 40 [3]. Epidemiological data indicates a prevalence of
approximately five per 1,000 individuals [4], with comprehensive systematic analyses tracking global,
regional, and national burden trends over recent decades [5], and population-based systematic reviews
further confirming these prevalence patterns [6]. Both the disease and its treatment cause multiple
comorbidities, such as an increased incidence of cardiovascular disease, diabetes mellitus, and osteoporosis
and fragility fractures [7]. RA also increases the risk of hospitalized infections. These factors make treatment
decisions more complex.

Glucocorticoids (GCs), especially prednisone and prednisolone, have been used in the treatment of RA for a
long time, including for more than six months, due to their anti-inflammatory and immunosuppressive
effects. Current international guidelines recommend combining synthetic or biologic disease-modifying
antirheumatic drugs (DMARDs) with short-term GC bridging therapy while aiming for a swift taper [8],
whereas other major clinical guidelines provide conditional recommendations against routine long-term GC
use [9]. Modern consensus frameworks also establish clear definitions for short-term, long-term, and
chronic GC exposures alongside practical clinical guidance [10]. Furthermore, the timing of biologic or
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targeted synthetic (b/tsDMARD) initiation plays a critical role in facilitating successful GC withdrawal and
minimizing cumulative exposure [11]. Low doses of GCs £7.5 mg for long periods of time raise concerns about
possible toxicities and side effects, especially in older adults. Reportedly, 30% to 60% of patients with RA
remain on long-term GCs, especially at low doses [12]. Clinicians struggle to balance the undeniable clinical
efficacy of these low doses against the cumulative, insidious systemic toxicities that develop over prolonged
periods.

It is well established that GCs are associated with several adverse events, most of them related to dose and
time of exposure [13]. Observational studies, meta-analyses, and randomized clinical trials have reported
dose-dependent side effects, including bone mineral density (BMD) loss, osteoporosis, fractures,
cardiovascular events, diabetes mellitus, and infections. GC-induced osteoporosis (GIOP) is a particularly
important complication of prolonged GC exposure and is characterized by increased fracture risk associated
with GC therapy. To help optimize safety, an expert task force has established dose-stratified risk
frameworks defining acceptable levels of harm across specific daily dosage thresholds [14]. Even low-dose
GCs for prolonged periods of time can be harmful. To date, studies remain inconsistent regarding the
magnitude of harm of low-dose GCs, when these side effects start to appear, after how long, and what
combination of drugs increases the risk of side effects. Furthermore, each of these questions warrants
further investigation.

Although the efficacy of low-dose GCs in reducing disease activity and slowing radiographic progression has
been demonstrated, uncertainty remains regarding their long-term safety, particularly with respect to GIOP
and fragility fractures, cardiovascular outcomes, infections, metabolic complications, and the clinical
consequences of continued treatment versus tapering. Evidence is also heterogeneous with respect to
patient age, disease duration, GC dose, duration of exposure, and concomitant DMARD therapy. Therefore,
this traditional narrative review summarizes contemporary evidence regarding the benefits and
complications of long-term low-dose oral GC therapy in adults with RA, with particular attention to
efficacy, bone health, cardiovascular outcomes, infection risk, and GC tapering.

Review
Methodology and search strategy

Study Design and Search Framework

We designed this traditional narrative review to weigh the clinical benefits of low-dose GC therapy against
its long-term risks in adults with RA. Using the Patient, Intervention, Comparison, and Outcome (PICO)
framework, we focused on adult patients receiving a baseline daily dose of <7.5 mg/day prednisone-
equivalent GC. For dose conversion, prednisone 5 mg is considered approximately equivalent to
prednisolone 5 mg and methylprednisolone 4 mg; thus, the review's upper threshold of 7.5 mg/day
prednisone equivalent corresponds approximately to 7.5 mg/day prednisolone or 6 mg/day
methylprednisolone. Because dosing definitions vary across published trials, we also included studies
examining strict cutoffs of <5 mg/day or narrow ranges between 2.5 and 7.5 mg/day. The primary focus of
this review was long-term or chronic GC use, particularly treatment extending beyond six months. Studies of
shorter duration were included when they provided relevant evidence regarding efficacy, safety, bone health,
infection, or GC withdrawal and were interpreted as contextual rather than as direct evidence of long-term
exposure. Key outcomes centered on disease activity and radiographic progression, BMD, GIOP and fragility
fractures, cardiovascular outcomes, serious or hospitalized infections, metabolic complications including
hyperglycemia, and outcomes associated with GC tapering or withdrawal.

Information Sources and Search Execution

Between July 1 and October 9, 2026, we searched PubMed Advanced, PubMed Central (PMC), and Google
Scholar using keywords across four core themes: rheumatoid arthritis, glucocorticoids, low-dose regimens,
and clinical outcomes. To ensure we did not miss valuable papers that looked only at safety or only at
efficacy, we avoided requiring both terms in a single query. Our PubMed Advanced search string was:
(rheumatoid arthritis OR RA) AND (prednisone OR prednisolone OR methylprednisolone OR glucocorticoid
OR corticosteroid) AND (low dose OR low-dose OR low dosage) AND (complications OR adverse events OR
glucocorticoid-induced osteoporosis OR toxicity OR safety OR efficacy OR outcome). For PMC and Google
Scholar, we ran phrase searches using rheumatoid arthritis AND prednisone AND low-dose, reviewing the
top 150 PMC results and the top 110 Google Scholar results ranked by relevance. We also manually checked
the reference lists of included articles to catch any additional relevant studies.

Eligibility Criteria

We included peer-reviewed, English-language studies on human adults with RA published between 2016 and
2026 that evaluated low-dose oral GCs, including prednisone, prednisolone, or methylprednisolone, and
were accessible in full text through open access or institutional access. Original clinical trials, observational
cohorts, and meta-analyses provided our primary data for RA-specific efficacy. Clinical guidelines, narrative
reviews, editorials, and studies covering mixed inflammatory populations (such as RA overlapping with
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Reference

7

(18]

120]

[22]

Study design

Retrospective cohort

GLORIA trial protocol

Prospective cohort

Retrospective cohort

Population-based cohort

Retrospective cohort

Completed GLORIA

systemic lupus erythematosus) were excluded from our primary efficacy evaluation. However, we drew on
them selectively as background context when discussing broader steroid toxicity mechanisms. We excluded
studies evaluating systemic GC regimens above the prespecified low-dose threshold of >7.5 mg/day
prednisone equivalent when the exposure was not separately analyzable, intravenous pulse therapy or other
very-high-dose regimens outside the scope of this review, animal studies, and non-English-language

studies.

Study Selection and Yield

Our initial database search and reference check turned up 56 potential papers. After removing duplicates
and reviewing full texts against our criteria, a total of 36 publications were included in the qualitative
synthesis. These comprised primary clinical studies, observational cohorts, secondary analyses, systematic
reviews and meta-analyses, clinical practice guidelines, consensus statements, narrative reviews, and one
study protocol. We excluded the remaining 20 papers for specific reasons: a focus on high-dose or pulse
therapy (n = 6), lack of separate RA data in mixed-disease cohorts (n = 5), duplicate cohort reporting in long-
term extension trials (n = 6), and incomplete outcome data (n = 3).

Results and evidence synthesis

Primary clinical, observational, and secondary clinical evidence concerning the efficacy, safety, and steroid-
sparing effects of systemic GC therapy in RA is summarized in Table 7 [1,7,11,12,15-27].

Population

RA patients initiating TNF

inhibitor therapy

RA with inadequate

disease control

RA initiating first

b/tsDMARD

RA receiving stable

DMARD therapy

Six immune-mediated

inflammatory diseases

Newly diagnosed
inflammatory/immune-

mediated diseases

double-blind.

placebo-controlled trial

Double-blind randomized

controlled trial

Secondary analysis of

randomized trial

RA registry interim analysis

Longitudinal cohort

Retrospective cohort

active RA

Active early RA

Active RA aged 265 years

RA patients receiving low-

dose GC

‘Women with inflammatory

rheumatic musculoskeletal

disease

RA receiving stable

Sample size

40933

800 planned

229

172,041
Medicare

patients

87794

403337

451

395

randomized

449

425

884 women

135,583

Medicare
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Age

Mean
53

years

265

years

Mean
57

years

Adults

Mean
56

years

18-64

years

Mean
72

years

Adults

265

years

Adults

Adult

women

Adults

GC

intervention/exposure

Oral GC, <7.5 mg/day

or >7.5 mg/day

Prednisolone 5 mg/day

Very-low-dose GC, <5

mg/day

GC <5 mg/day

Oral prednisolone-

equivalent GC

Systemic GC

Prednisolone 5 mg/day

Prednisolone 60
mg/day or 10 mg/day

tapered to 0

Prednisolone 5 mg/day

Prednisolone-
equivalent 2.5-7.5

mg/day

Prednisone-equivalent

GC

Oral GC by daily dose

Comparator

No GC

Placebo

No GC

No GC

No GC

No GC

exposure

Placebo

Placebo

Placebo

No GC

Matched

controls

No GC

Follow-up

Up to 2 years

2 years

3 years

1 year

Median 5 years

Up to 8 years

2 years

52 weeks

2 years

Cross-

sectional/interim

Up to 6 years

1 year

Principal

outcome

Hospitalized
infectious

events

DAS28

GC

discontinuation

Hospitalized

infection

Cardiovascular

disease

Osteoporotic

fracture

DAS28

Radiographic

progression

Body weight

Lumbar-spine

BMD

Femoral-neck

BMD

Composite

cardiovascular

Principal finding

High-dose GC
incidence: 13.3/100

person-years

Primary efficacy

outcome prespecified

Permanent GC

discontinuation: 23%

Infection incidence:

11.0% with <5 mg/day

HR for CVD with <5

mg/day: 1.74

Fracture incidence with
<5 mg/day: 9.33/1,000

person-years

Between-group DAS28

difference: 0.37 points

High-dose
prednisolone showed
no superiority over

placebo

Between-group weight

difference: +1.3 kg

L1-L4 BMD difference:

-0.042 glcm?

BMD change with 25

mg/day: -4.26%

Predicted 1-year

incidence with <5

Main limitation

Residual

confounding

Protocol; no

outcome data

Single-center
observational

design

Claims-based
exposure

misclassification

Mixed disease

population

Mixed disease

population

Elderly

population

Physician-
directed therapy

after week 12

Secondary

analysis

Nonrandomized

design

Not RA-specific

No significant

association in
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(23]

[24]

[25]

[26]

[27]

Population-based cohort

Prospective cohort

Retrospective cohort

DMARD therapy

RA patients

Early RA

RA patients in UK CPRD

Secondary biomarker analysis

of randomized trial

Double-blind randomized

controlled trial

Early RA

RA with low disease activity

on tocilizumab

patients events mg/day: 1.4%
Major adverse
Time-varying HR with =5 mg/day:
12233 Adults No GC Mean 8.7 years cardiovascular
prednisolone dose 2.02
events
Highest cumulative
Mean No/low Severe
exposure group:
608 475 Low-dose GC cumulative 10 years composite
24.3% primary
years exposure outcomes
outcome
Not specified
All-cause Current GC use HR:
in primary Adults Oral GC No GC Longitudinal
mortality 177
abstract
GC-sparing GC treatment was
NORD-STAR PCSK9
Adults Systemic GC treatment  treatment 24 weeks associated with
participants concentration
strategy increased PCSK9
Prednisone
Between-group DAS28
259 Adults Prednisone 5 mg/day taper to 0 24 weeks DAS28-ESR
difference: 0.61 points
mglday

CDM cohort

Observational
residual

confounding

Observational

cohort

Confounding by

disease severity

Surrogate
biomarker

outcome

Conducted in
patients
receiving

tocilizumab

TABLE 1: Primary, observational, and secondary clinical evidence on systemic glucocorticoid
therapy in rheumatoid arthritis

RA: rheumatoid arthritis, TNF: tumor necrosis factor, GC: glucocorticoid, GLORIA: Glucocorticoid Low-dose in Rheumatoid Arthritis, b/tsDMARD: biologic
or targeted synthetic disease-modifying antirheumatic drug, DMARD: disease-modifying antirheumatic drug, HR: hazard ratio, CVD: cardiovascular
disease, DAS28: Disease Activity Score using 28 joint counts, BMD: bone mineral density, CPRD: Clinical Practice Research Datalink, NORD-STAR:
Nordic Trial of Active Therapies for Early Rheumatoid Arthritis, PCSK9: proprotein convertase subtilisin/kexin type 9, DAS28-ESR: Disease Activity Score
using 28 joint counts and erythrocyte sedimentation rate

Reference

[2]

131

4]

(8]

[

[10]

Study type

Narrative review

Narrative clinical review

Narrative clinical review

Global epidemiological

analysis

Systematic review

EULAR clinical practice

recommendations

ACR clinical practice

guideline

Expert commentary

Systematic reviews, meta-analyses, clinical practice guidelines, consensus statements, and contextual

literature addressing GC-related adverse effects, tapering, bone health, and treatment recommendations are

summarized in Table 2 [2-6,8-10,13,14,28-36].

Population

Patients with RA

Patients with RA

Patients with RA

Global RA population

Population-based RA

studies

Adults with RA

Adults with RA

Patients with RA
receiving low-dose

GC

Sample Gc
Age
size exposure/intervention
Not Systemic GC
Adults
applicable mechanisms
Not GC bridging within
Adults
treat-to-target therapy
Not GC bridging during
Adults
applicable DMARD initiation
Global All
Not applicable
population  ages
All
57 studies Not applicable
ages
Not
Adults  Short-term GC bridging
applicable
Not Short-term or long-term
Adults
applicable GC use
Not Low-dose and very-
Adults
applicable low-dose GC
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Comparator

Targeted DMARD

therapy

DMARD-based

treatment

DMARD therapy

alone

Not applicable

Not applicable

csDMARD strategy
without prolonged

GC

DMARD-based

strategy

Dose concepts

Follow-

up

Not

applicable

Not

applicable

Not

applicable

1990-

2017

Variable

Not fixed

Not fixed

Not

applicable

Principal

outcome

Inflammatory

mechanisms

Treatment

strategy

Disease control

RA burden

RA prevalence

GC duration

Treatment

recommendation

GC terminology

Principal finding

GCs suppress inflammatory

pathways involved in RA

GCs are generally used as

temporary adjunctive therapy

Early DMARD treatment reduces

reliance on prolonged GC therapy

Age-standardized point

prevalence: 246.6/100,000

Global RA prevalence: 0.46%

GCs should be tapered and
discontinued as rapidly as clinically

feasible

ACR recommends avoiding long-

term GC initiation

Distinguishes low-dose from very-

low-dose exposure

Main limitation

Narrative review

No independent
quantitative

analysis

Broad clinical

review

Dependent on

GBD modeling

Geographic

heterogeneity

Recommendation
depends on

clinical context

Conditional
evidence for some

recommendations

Expert

commentary

4 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

3]

[14]

[28]
[29]

[30]
[31]
[32]
[33]

[34]

[36]

Expert clinical

review/debate

EULAR task-force

consensus

Narrative/mechanistic

review

Systematic review

Systematic review and

meta-analysis

Systematic literature

review

Systematic review and

meta-analysis

Systematic literature
review and IPD meta-

analysis

ACR clinical practice

quideline

Narrative review

Narrative/mechanistic

review

RA with low disease Not Low-dose maintenance Not Benefit-harm Continued GC may maintain Conceptual
Adults GC cessation
activity applicable GC applicable  balance disease control in selected patients  synthesis
<5 mg/day was identified as a
Patients requiring Not Prednisone-equivalent Not Acceptable
Adults Dose-free reference lower-harm dose range in the Consensus-based
long-term GC applicable dose stratification applicable  harm
consensus framework
Patients with
Not Not Glucose GCs increase hepatic glucose No quantitative
autoimmune Adults  Systemic GC exposure  No fixed comparator
applicable and insulin resistant pooled estimate
rheumatic diseases
Chronic RAand SLE 10 included Prolonged GC therapy ~ Tapering/withdrawal Withdrawal Evidence supports gradual GC Heterogeneous
Adults Variable
populations studies and withdrawal strategies effects withdrawal when clinically feasible ~ evidence
RA and SLE with low
472 Continued GC <7.5 24-104 Very low certainty
disease Adults GC tapering Disease flare Tapering HR for flare: 3.41
participants mg/day weeks of evidence
activity/remission
Supports efficacy of GC bridging
Early and established Multiple GC bridging and Efficacy and Heterogeneous
Adults DMARD strategies Variable while documenting dose- and
RA studies maintenance safety evidence
duration-related toxicity
Predominantly
46,711 RA Bone mineral Lumbar-spine BMD difference:
RA populations Adults  GC exposure RA controls Variable observational
patients density -0.038 g/lcm?
evidence
1,112
Early and established Placebo/standard Lumbar-spine Few fracture
participants ~ Adults  GC <7.5 mg/day 2 years BMD difference: -0.021 g/lcm?*
RA care BMD events
with IPD
Risk-based Pharmacological treatment is Recommendations
Adults receiving Not 22,5 mg/day for >3 Fracture
Adults osteoporosis Not fixed strongly recommended for patients  vary by fracture
chronic GC therapy applicable months prevention
management at high or very high fracture risk risk
GC with
RA receiving Not Lower/no GC Not Infection risk increases with GC Narrative
Adults  DMARD/biologic Serious infection
DMARDs and/or GC  applicable exposure applicable exposure synthesis
therapy
RA patients receiving Not Not Bone GCs reduce osteoblast activity and Mechanistic
Adults  Systemic GC exposure  No fixed comparator
Gc applicable applicable  metabolism increase skeletal fragility evidence

TABLE 2: Systematic reviews, guidelines, consensus statements, and contextual evidence on
glucocorticoid use in rheumatoid arthritis

RA: rheumatoid arthritis, GC: glucocorticoid, DMARD: disease-modifying antirheumatic drug, GBD: Global Burden of Disease, EULAR: European Alliance

of Associations for Rheumatology, csDMARD: conventional synthetic disease-modifying antirheumatic drug, ACR: American College of Rheumatology,
SLE: systemic lupus erythematosus, HR: hazard ratio, BMD: bone mineral density, IPD: individual participant data

Studies incorporating mixed immune-mediated inflammatory conditions or combined cohorts, such as RA
combined with systemic lupus erythematosus (SLE) or broader rheumatic diseases, are included strictly as
supportive evidence to contextualize systemic toxicities and broad pharmacological trends where pure RA
data are limited [15,16,28-30].

Discussion

Long-term low-dose GC therapy in RA sits at the intersection of proven anti-inflammatory efficacy and
cumulative, dose-related toxicity. The literature reviewed here indicates that doses of <7.5 mg/day
prednisone equivalent retain measurable clinical and structural benefits, but that these benefits are
accompanied by a consistent excess of infections and a more variable, largely dose- and patient-dependent
signal for skeletal and cardiovascular harm. The following sections synthesize the evidence across these
domains and consider its implications for prescribing, monitoring, and withdrawal.

Efficacy and Safety Balance: Evidence from Clinical Trials

The pragmatic, double-blind, placebo-controlled GLORIA trial provides the most directly relevant
randomized evidence for the population of interest, having tested add-on prednisolone 5 mg/day for two
years in patients with active RA aged 65 years and older [17]. Its design deliberately gave equal weight to

2026 Al-Shudifat et al. Cureus 18(10): e117932. DOI 10.7759/cureus.117932

5of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

benefit and harm, with disease activity and radiographic progression assessed alongside a pre-specified list
of adverse events of special interest [7]. Prednisolone produced a clinically meaningful reduction in disease
activity and a slowing of radiographic joint damage relative to placebo, confirming that even 5 mg/day
retains disease-modifying capacity when added to existing therapy [17]. Comprehensive systematic
literature reviews informing international guidelines further confirm this well-established balance of
therapeutic efficacy and associated safety considerations [31]. Against this, the trial demonstrated an excess
of adverse events of special interest in the prednisolone arm, driven predominantly by non-severe infections
rather than by serious events, fractures, or deaths [17]. Furthermore, broader randomized trial evidence
comparing different bridging strategies indicates that high-dose GC regimens do not necessarily confer
superior radiographic benefits over lower doses in active early disease [18].

Evidence from younger adults also helps address the limited age range of the GLORIA trial. Krause et al. [18]
studied patients with active early RA and compared short-term bridging strategies using higher- and lower-
dose prednisolone. This trial provides evidence about early disease control in a population not restricted to
older adults, although its short-term bridging design does not establish the long-term safety of maintenance
GC therapy. The 10-year analysis of early RA by Roubille et al. [24] provides additional longer-term context
for severe outcomes in an early-disease population, but its observational design limits causal conclusions.
Taken together, these studies broaden the evidence beyond older adults while highlighting that evidence on
long-term low-dose GC safety in younger patients remains limited.

This pattern - modest but real efficacy accompanied by a narrow and largely infectious harm profile - is the
central finding of the trial literature, and it frames the entire risk-benefit debate [13]. Systematic reviews
and meta-analyses of randomized trials comprising over 1000 patients likewise demonstrate that continuing
versus tapering low-dose GCs yields notable benefits in disease activity scores, functional ability, and
radiographic progression without significantly increasing overall adverse events, except for infections [30].
Importantly, GLORIA also illustrates the limitations of the trial evidence base: a two-year horizon in an
older population, in whom longer-term follow-up may be difficult, cannot capture the slowly accruing
toxicities, such as osteoporotic fracture and atherosclerotic cardiovascular disease, that motivate most
clinical anxiety about long-term GC use [7]. Randomized trials of low-dose GCs are generally short and
underpowered for safety endpoints, which is precisely why observational data continue to dominate the
harm literature despite their susceptibility to confounding by indication [12,13].

Metabolic and body-composition effects are frequently cited as a reason to avoid GCs. The GLORIA body-
composition sub-study found that two years of add-on prednisolone 5 mg/day in patients aged 65 and older
did not produce clinically significant changes in body weight or lean mass, though modest increases in trunk
fat were observed [19]. These findings contrast with patient-reported concerns and with the broader
adverse-effect profile documented by Naranjo Palacio et al. [29], who catalogued weight gain, cushingoid
features, skin fragility, and hyperglycemia among the most common complaints during prolonged GC
therapy. The discrepancy suggests that metabolic harm at very low doses may be subtler than commonly
assumed, but the clinical significance of even modest fat redistribution in an elderly population already at
elevated cardiometabolic risk should not be dismissed.

Skeletal Toxicity, Glucocorticoid-Induced Osteoporosis, and Bone Health

Bone is the organ system in which the evidence is most internally contradictory, and the evidence regarding
GIOP, BMD, and fracture risk remains inconsistent across study designs. Observational data are consistently
unfavorable. Cheng et al. [20] found that RA patients receiving low-dose GCs had lower BMD, a higher rate of
prior fragility fracture, and a higher FRAX-estimated 10-year probability of major osteoporotic and hip
fracture than RA patients not receiving GCs. In a large cohort of US patients with selected inflammatory
conditions, Balasubramanian et al. [16] demonstrated a graded relationship between GC exposure and
fracture risk, with risk rising as cumulative and daily dose increased. Systematic reviews and meta-analyses
further corroborate these concerns, demonstrating significantly lower BMD and substantial vertebral
fracture prevalence in this population [32]. Moreover, detailed clinical investigations show that BMD loss
can occur even at very low thresholds, such as 2.5 mg/day, while fracture risk specifically increases at doses
>5 mg/day [21].

Randomized and pooled trial data are less alarming. The individual participant data meta-analysis by
Palmowski et al. [33], which synthesized participant-level information on BMD change and fracture over two
years of low-dose GC treatment for RA, represents the methodologically strongest available assessment of
this question and did not reproduce the magnitude of skeletal harm suggested by cohort studies.

Several explanations for this divergence merit discussion. First, GCs suppress the inflammatory drive that
itself causes periarticular and generalized bone loss in RA, so part of their direct catabolic effect on bone
may be offset by disease control [13,36]. Second, patients enrolled in trials are more likely to receive calcium,
vitamin D, and bisphosphonate co-prescription, which may neutralize measurable bone loss at low doses.
Furthermore, professional society guidelines emphasize systematic prevention frameworks, noting that
fracture risk can increase at doses >2.5 mg/day (with rapid bone loss heavily concentrated in the initial three
to six months) and highlighting the efficacy of anti-osteoporosis medications in preventing such damage
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[21,34]. Notably, Adami et al. [21] demonstrated that anti-osteoporosis treatment prevents bone loss
effectively below 5 mg/day, directly supporting the argument that this risk is modifiable through early
prophylaxis. Third, observational cohorts capture patients with higher disease severity, longer cumulative
exposure, and greater frailty - the confounding-by-indication problem in its clearest form [16,20]. Finally,
randomized trials are limited by shorter follow-up intervals and few accrued fracture events, whereas
observational cohorts capture longer cumulative exposure and broader long-term real-world outcomes.

The reasonable interpretation is that low-dose GCs are not skeletally neutral, but that the magnitude of
their attributable fracture risk at doses in the 5 mg/day range remains uncertain, given the inconsistency
between trial and observational data; this risk may be at least partly modifiable through systematic
osteoporosis prophylaxis, though confirmatory long-term evidence is lacking.

Cardiovascular Toxicity

Cardiovascular risk is the domain where dose thresholds appear most decisive. It is important to note that
most of the evidence in this area derives from observational studies, which can demonstrate associations but
cannot establish causation due to inherent susceptibility to confounding by indication and residual
confounding. Using large administrative cohorts of RA patients on stable DMARD therapy, Coburn et al.

[22] found a dose-dependent association between GC prescription and composite cardiovascular outcomes,
but the association was concentrated in the older, more comorbid population and was largely absent in a
younger, healthier cohort except among those with pre-existing cardiovascular risk. This suggests that
baseline cardiovascular vulnerability, rather than GC exposure alone, may determine whether low-dose
therapy is associated with events.

So et al. [23] reached a compatible conclusion in a population-based study specifically examining the time-
and dose-dependent relationship between systemic GCs and major adverse cardiovascular events in RA,
identifying a threshold effect whereby risk rose materially at higher daily doses, while very low doses were
not significantly associated with excess risk. Furthermore, 10-year analyses in early RA cohorts demonstrate
dose- and time-dependent risks for severe outcomes encompassing cardiovascular events, infections, and
fractures [24]. Pujades-Rodriguez et al.[15] reported increased cardiovascular risk even below 5 mg/day
across a large population with immune-mediated inflammatory diseases. However, this discrepancy is partly
explained by population heterogeneity, as that cohort was not restricted to RA, and by the difficulty of
adjusting for disease activity, which independently drives cardiovascular risk and also drives GC prescribing
(a key limitation emphasized by Buttgereit & Tam [10], as well as the EULAR systematic literature review,
which explicitly found cardiovascular data "inconsistent").

Regarding mortality outcomes, retrospective cohort findings indicate that doses below 5 mg/day are not
significantly associated with increased mortality [25], though careful consideration of perimortal bias
remains essential. Thresholds for excess all-cause mortality appear to emerge at higher exposure levels,
specifically around a daily dose of 8 mg/day or a cumulative dose of 40 g.

From a mechanistic standpoint, Lend et al. [26] demonstrated in a 24-week post hoc analysis of a
randomized trial population with early RA that GC treatment was independently associated with increased
PCSK9 levels, a central regulator of low-density lipoprotein (LDL) recycling and hence circulating LDL
cholesterol. In addition, mechanistic and clinical pathway evaluations of GC-induced diabetes emphasize
that, while metabolic pathways are affected, the risk of clinically significant diabetes in RA patients is
primarily concentrated at doses exceeding 10 mg/day [28]. While this provides biological plausibility for a
lipid-mediated pathway by which GC exposure could contribute to atherogenesis, it should be interpreted
strictly as hypothesis-generating; no study has yet linked GC-induced PCSK9 elevation to clinical
cardiovascular events, and the available source is limited to a 24-week post hoc evaluation rather than long-
term follow-up.

Taken together, the evidence indicates that, at very low doses, the magnitude of cardiovascular risk remains
uncertain and largely derives from observational data prone to confounding by indication and the inability to
fully adjust for disease activity. While risk shows a dose-dependent pattern in some observational cohorts
[22] and threshold effects in others [23], it appears small and remains clinically material principally in
patients who already carry elevated baseline risk.

Infectious Risk and Concomitant Immunosuppression

Infection is one of the most consistently reported complications associated with low-dose GC therapy,
although the magnitude of risk varies by population and study design. George et al. [12], in a large cohort of
patients with RA receiving stable DMARD therapy, found that doses of <5 mg/day prednisone equivalent
were associated with a higher one-year incidence of hospitalized infection than no GC use. In the Medicare
cohort, the estimated one-year incidence was 8.6% among patients not receiving GCs and 11.0% among
those receiving <5 mg/day. In the Optum cohort, the corresponding estimates were 4.0% and 5.2%,
respectively. Higher-dose categories were associated with progressively higher estimates in both cohorts
[12]. These findings demonstrate an association, but residual confounding by disease activity, comorbidity,
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and treatment indication cannot be excluded.

The available evidence generally reports serious or hospitalized infections as composite outcomes rather
than establishing that a specific pathogen accounts for most of the excess risk. The studies discussed here do
not provide sufficient evidence to conclude that tuberculosis, hepatitis, or HIV is the predominant infection
associated with low-dose GC use. Such infections remain clinically relevant in appropriate risk settings,
particularly when other immunosuppressive therapies are used, but pathogen-specific screening should
follow the patient’s risk profile and the recommendations relevant to the accompanying DMARD or biologic
therapy. Riley and George [35] emphasized that GC-associated risk must be considered alongside the
infectious risks of conventional synthetic, biologic, and targeted synthetic DMARDs.

Schenfeld et al. [1] quantified this interaction directly, demonstrating a dose-dependent association
between oral GC exposure and hospitalized infectious events in RA and showing that risk was further
modified by concomitant TNF inhibitor therapy.

The GLORIA trial adds nuance by showing that the randomized excess in infection at 5 mg/day was
predominantly in non-severe events, without a demonstrable increase in serious infection [17]. This
apparent divergence from the cohort data is best explained by statistical power and follow-up duration
rather than by genuine contradiction: serious infections are uncommon enough that only very large cohorts
can detect a modest relative increase [12]. The pragmatic conclusion is that patients on long-term low-dose
GCs should be counseled about infection risk, kept current with vaccination, and reassessed whenever
additional immunosuppression is introduced [1,35].

Tapering Strategies, Withdrawal, and Modern Practice Recommendations

Because cumulative exposure is central to the long-term risk-benefit balance, tapering and withdrawal are
directly relevant to deciding whether maintenance low-dose GC therapy remains justified. Giollo et al. [11]
examined very-low-dose GC therapy in RA and the relationship between the timing of biologic or targeted
synthetic DMARD initiation and successful GC withdrawal. Earlier introduction of effective DMARD therapy
was associated with greater success in discontinuation, supporting the use of GCs as a temporary bridge
while steroid-sparing treatment takes effect rather than as indefinite maintenance whenever
discontinuation is feasible. The SEMIRA trial [27] also demonstrated the clinical trade-off involved in
tapering: among patients with RA who had low disease activity while receiving tocilizumab and prednisone
5 mg/day, tapering increased the risk of losing disease control compared with continuing prednisone. These
findings support an individualized tapering strategy that considers disease activity, the effectiveness of
background DMARD therapy, duration of GC exposure, and the patient’s risk of adverse effects.

Withdrawal itself carries risk. The systematic review by Naranjo Palacio et al. [29] documented withdrawal
phenomena following prolonged GC therapy in RA and systemic lupus erythematosus, including symptoms
attributable to hypothalamic-pituitary-adrenal (HPA) axis suppression and to disease flare. It should be
noted that while HPA axis suppression is well documented at pharmacological doses, evidence for clinically
significant adrenal insufficiency at doses considered physiological (<5 mg/day prednisone) is more limited;
nevertheless, case-level evidence and clinical experience suggest that even these doses can suppress the
HPA axis when administered chronically, and gradual tapering remains advisable regardless of dose [29].

Buttgereit and Kvien [13], framing the controversy explicitly, argued that maintenance low-dose GC therapy
remains a defensible option in selected patients, particularly where alternative therapies have failed, are
contraindicated, or are inaccessible, provided the dose is minimized, the indication is periodically re-
examined, and prophylaxis against predictable harm is instituted.

The evidence reviewed here identifies several patient subgroups in whom the risk-benefit balance of long-
term low-dose GC therapy tilts more decisively toward harm. Older adults (>65 years), patients with pre-
existing cardiovascular disease or multiple cardiovascular risk factors, those with a history of osteoporosis or
fragility fracture, individuals with prior serious infections, and patients with diabetes or pre-diabetes should
be regarded as higher-risk for GC-related complications [12,20,22]. Concurrent use of biologic or targeted
synthetic DMARDs, particularly TNF inhibitors, further amplifies infectious risk [1,35]. In these populations,
the threshold for initiating or continuing low-dose GCs should be higher, tapering should be pursued more
actively, and systematic prophylaxis, including bone-protective therapy, infection screening, vaccination,
and glycemic monitoring, should be standard practice.

Limitations

Several limitations constrain the conclusions of this review. As a traditional narrative review, article
identification was not exhaustive and is subject to selection bias; restriction to English-language, freely
available full-text articles published within the last 10 years may have excluded relevant evidence.

The included studies were heterogeneous in design, population, comparator, GC dose, duration of exposure,
and follow-up. Definitions of low-dose exposure varied, most commonly using thresholds of <5 mg/day or
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<7.5 mg/day prednisone equivalent, which limits the ability to identify a single dose threshold for adverse
outcomes. Evidence from mixed inflammatory-disease populations was used only for context where RA-
specific evidence was limited; such findings may not be directly generalizable to RA.

Most evidence on long-term harm came from observational studies, which are vulnerable to confounding by
indication because GCs may be prescribed to patients with more active or refractory disease. Conversely,
randomized trials generally had shorter follow-up and insufficient power to detect uncommon or delayed
outcomes such as serious infection, fragility fracture, and cardiovascular events. Several key trials involved
older adults, limiting generalizability to younger patients who may accumulate a longer lifetime exposure.
Finally, this review used narrative synthesis and did not perform a formal risk-of-bias assessment or a new
meta-analysis. The findings should therefore be interpreted as a critical summary of the available literature
rather than a quantitative estimate of causal effects.

Conclusions

Low-dose GC therapy at <7.5 mg/day prednisone equivalent may reduce disease activity and slow
radiographic progression in RA, but these benefits must be weighed against cumulative risks. Infection is the
most consistently supported safety concern, including evidence of increased hospitalized-infection risk at
doses of <5 mg/day. The evidence for skeletal and cardiovascular harm at very low doses is less consistent
and is affected by differences in study design, patient characteristics, disease activity, and cumulative
exposure.

When continued GC therapy is necessary because of persistent disease activity or a lack of suitable
alternatives, the minimum effective dose should be used, with regular reassessment and appropriate
monitoring. Assessment and prevention of GIOP, vaccination and infection-risk review, cardiovascular risk
management, and glycemic monitoring should be tailored to the individual patient. When disease control
permits, gradual tapering and effective steroid-sparing DMARD therapy should be prioritized. Tapering
should be individualized because disease flare and, after prolonged exposure, possible hypothalamic-
pituitary-adrenal axis suppression may complicate withdrawal.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Malk Al-Shudifat, Wodwentzky Lefranc, Miguel Rivas-Perez, Laraib Iftikhar
Acquisition, analysis, or interpretation of data: Malk Al-Shudifat, Rahul Satheesh, Malvika Sawai
Drafting of the manuscript: Malk Al-Shudifat, Wodwentzky Lefranc, Laraib Iftikhar

Critical review of the manuscript for important intellectual content: Malk Al-Shudifat, Rahul
Satheesh, Miguel Rivas-Perez, Malvika Sawai

Supervision: Laraib Iftikhar

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Schenfeld ], Iles ], Trivedi M, Accortt NA: Dose relationship between oral glucocorticoids and tumor necrosis
factor inhibitors and the risk of hospitalized infectious events among patients with rheumatoid arthritis.
Rheumatol Int. 2017, 37:1075-82. 10.1007/s00296-017-3679-4

2. Gravallese EM, Firestein GS: Rheumatoid arthritis: common origins, divergent mechanisms . N Engl ] Med.
2023, 388:529-42. 10.1056/NE]Mra2103726

3. DiMatteo A, Bathon JM, Emery P: Rheumatoid arthritis. Lancet. 2023, 402:2019-33. 10.1016/50140-
6736(23)01525-8

4.  Aletaha D, Smolen JS: Diagnosis and management of rheumatoid arthritis: a review . JAMA. 2018, 320:1360-
72.10.1001/jama.2018.13103

5. Safiri S, Kolahi AA, Hoy D, et al.: Global, regional and national burden of rheumatoid arthritis 1990-2017: a
systematic analysis of the Global Burden of Disease study 2017. Ann Rheum Dis. 2019, 78:1463-71.

2026 Al-Shudifat et al. Cureus 18(10): e117932. DOI 10.7759/cureus.117932 9of 11


https://dx.doi.org/10.1007/s00296-017-3679-4
https://dx.doi.org/10.1007/s00296-017-3679-4
https://dx.doi.org/10.1056/NEJMra2103726
https://dx.doi.org/10.1056/NEJMra2103726
https://dx.doi.org/10.1016/S0140-6736(23)01525-8
https://dx.doi.org/10.1016/S0140-6736(23)01525-8
https://dx.doi.org/10.1001/jama.2018.13103
https://dx.doi.org/10.1001/jama.2018.13103
https://dx.doi.org/10.1136/annrheumdis-2019-215920

Cureus

Part of SPRINGER NATURE

10.

11.

12.

13.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

10.1136/annrheumdis-2019-215920

Almutairi KB, Nossent JC, Preen DB, Keen HI, Inderjeeth CA: The prevalence of rheumatoid arthritis: a
systematic review of population-based studies. ] Rheumatol. 2021, 48:669-76. 10.3899/jrheum.200367
Hartman L, Rasch LA, Klausch T, et al.: Harm, benefit and costs associated with low-dose glucocorticoids
added to the treatment strategies for rheumatoid arthritis in elderly patients (GLORIA trial): study protocol
for a randomised controlled trial. Trials. 2018, 19:67. 10.1186/s13063-017-2396-3

Smolen JS, Edwards CJ, Konzett V, et al.: EULAR recommendations for the management of rheumatoid
arthritis with synthetic and biologic disease-modifying antirheumatic drugs: 2025 update. Ann Rheum Dis.
2026, 85:991-1009. 10.1016/j.ard.2026.01.023

Fraenkel L, Bathon JM, England BR, et al.: 2021 American College of Rheumatology guideline for the
treatment of rheumatoid arthritis. Arthritis Care Res (Hoboken). 2021, 73:924-39. 10.1002/acr.24596
Buttgereit F, Tam LS: Low-dose and very low-dose glucocorticoids: which low is low risk? Authors' reply.
Lancet Rheumatol. 2026, 29:2665. 10.1016/52665-9913(26)00180-3

Giollo A, Salvato M, Frizzera F, Zen M, Doria A: Very-low-dose glucocorticoid therapy in rheumatoid
arthritis: impact of b/tsDMARDs initiation timing on glucocorticoid withdrawal. Rheumatology (Oxford).
2025, 64:501-8. 10.1093/rheumatology/keae077

George MD, Baker JF, Winthrop K, et al.: Risk for serious infection with low-dose glucocorticoids in patients
with rheumatoid arthritis: a cohort study. Ann Intern Med. 2020, 173:870-8. 10.7326/M20-1594

Buttgereit F, Kvien TK: Controversies in rheumatology: maintenance therapy with low-dose glucocorticoids
in rheumatoid arthritis. Rheumatology (Oxford). 2022, 62:35-41. 10.1093/rheumatology/keac355

Strehl C, Bijlsma JW, de Wit M, et al.: Defining conditions where long-term glucocorticoid treatment has an
acceptably low level of harm to facilitate implementation of existing recommendations: viewpoints from an
EULAR task force. Ann Rheum Dis. 2016, 75:952-7. 10.1136/annrheumdis-2015-208916

Pujades-Rodriguez M, Morgan AW, Cubbon RM, Wu J: Dose-dependent oral glucocorticoid cardiovascular
risks in people with immune-mediated inflammatory diseases: a population-based cohort study. PLoS Med.
2020, 17:1003432. 10.1371/journal.pmed.1003432

Balasubramanian A, Wade SW, Adler RA, Saag K, Pannacciulli N, Curtis JR: Glucocorticoid exposure and
fracture risk in a cohort of US patients with selected conditions. ] Bone Miner Res. 2018, 33:1881-8.
10.1002/jbmr.3523

Boers M, Hartman L, Opris-Belinski D, et al.: Low dose, add-on prednisolone in patients with rheumatoid
arthritis aged 65+: the pragmatic randomised, double-blind placebo-controlled GLORIA trial. Ann Rheum
Dis. 2022, 81:925-36. 10.1136/annrheumdis-2021-221957

Krause D, Mai A, Klaassen-Mielke R, et al.: The efficacy of short-term bridging strategies with high- and
low-dose prednisolone on radiographic and clinical outcomes in active early rheumatoid arthritis: a double-
blind, randomized, placebo-controlled trial. Arthritis Rheumatol. 2022, 74:1628-37. 10.1002/art.42245
Giiler-Yiiksel M, Kuijper M, Bos R, et al.: Changes in body weight and body composition in patients with
active rheumatoid arthritis aged 65+ treated with 2-year low-dose add-on prednisolone in the randomised
double-blind placebo-controlled GLORIA trial. RMD Open. 2023, 9:10.1136/rmdopen-2022-002905

Cheng TT, Lai HM, Yu SF, Chiu WC, Hsu CY, Chen JF, Chen YC: The impact of low-dose glucocorticoids on
disease activity, bone mineral density, fragility fractures, and 10-year probability of fractures in patients
with rheumatoid arthritis. | Investig Med. 2018, 66:1004-7. 10.1136/jim-2018-000723

Adami G, Fassio A, Rossini M, et al.: Bone loss in inflammatory rheumatic musculoskeletal disease patients
treated with low-dose glucocorticoids and prevention by anti-osteoporosis medications. Arthritis
Rheumatol. 2023, 75:1762-9. 10.1002/art.42529

Coburn BW, Baker JF, Hsu JY, Wu Q, Xie F, Curtis JR, George MD: Association of cardiovascular outcomes
with low-dose glucocorticoid prescription in patients with rheumatoid arthritis. Arthritis Rheumatol. 2024,
76:1585-93. 10.1002/art.42928

So H, Lam TO, Meng H, Lam SH, Tam LS: Time and dose-dependent effect of systemic glucocorticoids on
major adverse cardiovascular event in patients with rheumatoid arthritis: a population-based study. Ann
Rheum Dis. 2023, 82:1387-93. 10.1136/ard-2023-224185

Roubille C, Coffy A, Rincheval N, Dougados M, Flipo RM, Daures JP, Combe B: Ten-year analysis of the risk
of severe outcomes related to low-dose glucocorticoids in early rheumatoid arthritis. Rheumatology
(Oxford). 2021, 60:3738-46. 10.1093/rheumatology/keaa850

Movahedi M, Costello R, Lunt M, Pye SR, Sergeant JC, Dixon WG: Oral glucocorticoid therapy and all-cause
and cause-specific mortality in patients with rheumatoid arthritis: a retrospective cohort study. Eur |
Epidemiol. 2016, 31:1045-55. 10.1007/s10654-016-0167-1

Lend K, Twisk JW, Kumar N, et al.: Glucocorticoid treatment in early rheumatoid arthritis is independently
associated with increased PCSK9 levels: data from a randomised controlled trial. RMD Open. 2025,
11:10.1136/rmdopen-2024-005129

Burmester GR, Buttgereit F, Bernasconi C, et al.: Continuing versus tapering glucocorticoids after
achievement of low disease activity or remission in theumatoid arthritis (SEMIRA): a double-blind,
multicentre, randomised controlled trial. Lancet. 2020, 396:267-76. 10.1016/S0140-6736(20)30636-X

Soura M, Bakiri A, Fragoulis GE, Vassilakis KD: Glucocorticoid-induced diabetes mellitus: mechanisms, risk
factors, and clinical pathways with insights from autoimmune rheumatic diseases. Rheumatol Int. 2026,
46:10.1007/5s00296-026-06099-z

Naranjo Palacio LX, Rojas Lépez AK, Forero Vésquez BN, Avila Alarcén SA, Bedoya Jaramillo JE, Estrada
Garcia MN, Escand6n Gonzalez RE: Adverse effects and withdrawal symptoms of prolonged glucocorticoid
therapy in chronic rheumatoid arthritis and systemic lupus erythematosus: a systematic review. Cureus.
2025, 17:99081. 10.7759/cureus.99081

Palmowski A, Pankow A, Terziyska K, et al.: Continuing versus tapering low-dose glucocorticoids in patients
with rheumatoid arthritis and systemic lupus erythematosus in states of low disease activity or remission: a
systematic review and meta-analysis of randomised trials. Semin Arthritis Rheum. 2024, 64:152349.
10.1016/j.semarthrit.2023.152349

Bergstra SA, Sepriano A, Kerschbaumer A, et al.: Efficacy, duration of use and safety of glucocorticoids: a

2026 Al-Shudifat et al. Cureus 18(10): e117932. DOI 10.7759/cureus.117932

10 of 11


https://dx.doi.org/10.1136/annrheumdis-2019-215920
https://dx.doi.org/10.3899/jrheum.200367
https://dx.doi.org/10.3899/jrheum.200367
https://dx.doi.org/10.1186/s13063-017-2396-3
https://dx.doi.org/10.1186/s13063-017-2396-3
https://dx.doi.org/10.1016/j.ard.2026.01.023
https://dx.doi.org/10.1016/j.ard.2026.01.023
https://dx.doi.org/10.1002/acr.24596
https://dx.doi.org/10.1002/acr.24596
https://dx.doi.org/10.1016/S2665-9913(26)00180-3
https://dx.doi.org/10.1016/S2665-9913(26)00180-3
https://dx.doi.org/10.1093/rheumatology/keae077
https://dx.doi.org/10.1093/rheumatology/keae077
https://dx.doi.org/10.7326/M20-1594
https://dx.doi.org/10.7326/M20-1594
https://dx.doi.org/10.1093/rheumatology/keac355
https://dx.doi.org/10.1093/rheumatology/keac355
https://dx.doi.org/10.1136/annrheumdis-2015-208916
https://dx.doi.org/10.1136/annrheumdis-2015-208916
https://dx.doi.org/10.1371/journal.pmed.1003432
https://dx.doi.org/10.1371/journal.pmed.1003432
https://dx.doi.org/10.1002/jbmr.3523
https://dx.doi.org/10.1002/jbmr.3523
https://dx.doi.org/10.1136/annrheumdis-2021-221957
https://dx.doi.org/10.1136/annrheumdis-2021-221957
https://dx.doi.org/10.1002/art.42245
https://dx.doi.org/10.1002/art.42245
https://dx.doi.org/10.1136/rmdopen-2022-002905
https://dx.doi.org/10.1136/rmdopen-2022-002905
https://dx.doi.org/10.1136/jim-2018-000723
https://dx.doi.org/10.1136/jim-2018-000723
https://dx.doi.org/10.1002/art.42529
https://dx.doi.org/10.1002/art.42529
https://dx.doi.org/10.1002/art.42928
https://dx.doi.org/10.1002/art.42928
https://dx.doi.org/10.1136/ard-2023-224185
https://dx.doi.org/10.1136/ard-2023-224185
https://dx.doi.org/10.1093/rheumatology/keaa850
https://dx.doi.org/10.1093/rheumatology/keaa850
https://dx.doi.org/10.1007/s10654-016-0167-1
https://dx.doi.org/10.1007/s10654-016-0167-1
https://dx.doi.org/10.1136/rmdopen-2024-005129
https://dx.doi.org/10.1136/rmdopen-2024-005129
https://dx.doi.org/10.1016/S0140-6736(20)30636-X
https://dx.doi.org/10.1016/S0140-6736(20)30636-X
https://dx.doi.org/10.1007/s00296-026-06099-z
https://dx.doi.org/10.1007/s00296-026-06099-z
https://dx.doi.org/10.7759/cureus.99081
https://dx.doi.org/10.7759/cureus.99081
https://dx.doi.org/10.1016/j.semarthrit.2023.152349
https://dx.doi.org/10.1016/j.semarthrit.2023.152349

Cureus

Part of SPRINGER NATURE

32.

33.

34.

35.

36.

systematic literature review informing the 2022 update of the EULAR recommendations for the
management of rheumatoid arthritis. Ann Rheum Dis. 2023, 82:81-94. 10.1136/ard-2022-223358

Wang Y, Zhao R, Gu Z, Dong C, Guo G, Li L: Effects of glucocorticoids on osteoporosis in rheumatoid
arthritis: a systematic review and meta-analysis. Osteoporos Int. 2020, 31:1401-9. 10.1007/s00198-020-
05360-w

Palmowski A, Haugegaard T, Hafstrom I, et al.: Changes in bone mineral density and fractures during 2
years of low-dose glucocorticoid treatment for rheumatoid arthritis: a systematic literature review and
individual participant data meta-analysis. RMD Open. 2026, 12:10.1136/rmdopen-2025-006615
Humphrey MB, Russell L, Danila MI, et al.: 2022 American College of Rheumatology guideline for the

prevention and treatment of glucocorticoid-induced osteoporosis. Arthritis Rheumatol. 2023, 75:2088-102.

10.1002/art.42646
Riley TR, George MD: Risk for infections with glucocorticoids and DMARDs in patients with rheumatoid
arthritis. RMD Open. 2021, 7:10.1136/rmdopen-2020-001235

Giiler-Yiiksel M, Hoes JN, Bultink IE, Lems WF: Glucocorticoids, inflammation and bone. Calcif Tissue Int.

2018, 102:592-606. 10.1007/500223-017-0335-7

2026 Al-Shudifat et al. Cureus 18(10): e117932. DOI 10.7759/cureus.117932

11 0of 11


https://dx.doi.org/10.1136/ard-2022-223358
https://dx.doi.org/10.1136/ard-2022-223358
https://dx.doi.org/10.1007/s00198-020-05360-w
https://dx.doi.org/10.1007/s00198-020-05360-w
https://dx.doi.org/10.1136/rmdopen-2025-006615
https://dx.doi.org/10.1136/rmdopen-2025-006615
https://dx.doi.org/10.1002/art.42646
https://dx.doi.org/10.1002/art.42646
https://dx.doi.org/10.1136/rmdopen-2020-001235
https://dx.doi.org/10.1136/rmdopen-2020-001235
https://dx.doi.org/10.1007/s00223-017-0335-7
https://dx.doi.org/10.1007/s00223-017-0335-7

	Benefits and Complications of Long-Term Low-Dose Glucocorticoids in Rheumatoid Arthritis: A Traditional Review
	Abstract
	Introduction And Background
	Review
	Methodology and search strategy
	Results and evidence synthesis
	TABLE 1: Primary, observational, and secondary clinical evidence on systemic glucocorticoid therapy in rheumatoid arthritis
	TABLE 2: Systematic reviews, guidelines, consensus statements, and contextual evidence on glucocorticoid use in rheumatoid arthritis

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


