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Abstract

Context: Rheumatoid arthritis (RA) is a systemic autoimmune
disease that commonly affects joints. Althoughmany treatment
options exist, the most common, disease-modifying antirheu-
matic drugs (DMARDs), have been associated with pulmonary
infections. These types of infections (specifically pneumonia)
can be detrimental to RA patients. This leads providers to utilize
other treatment modalities such as glucocorticoids (GCs). GCs
are commonly utilized to treat RA; however, the role of GCs in
the onset of pneumonia in RA patients is not fully understood.
Objectives: The goal of this study was to systematically re-
view and statistically analyze pooled data documenting
pneumonia as an adverse event in RA patients on DMARDs
as a monotherapy vs RA patients on DMARDs and GCs as
combination therapy utilizing the Population, Intervention,
Comparison, and Outcomes (PICO) framework.
Methods: On August 1, 2021, a search was conducted and
completed on six databases: Embase, MEDLINE, Cochrane

Central Register of Controlled Trials (CENTRAL), Web of
Science, International Pharmaceutical Abstracts (IPA), and
ClinicalTrials.gov. A total of 12 researchers were involved
with the search and screening of articles (K.E., P.R.; V.A.,
D.P.C.; C.B., D.C.; T.A., E.S.; S.H., L.B.; K.S., C.S.). Search terms
were identified utilizing Medical Subject Headings (MeSH)
and Emtree and included “glucocorticoids,” “rheumatoid
arthritis,” “pneumonia,” and “respiratory tract infections,”
Inclusion criteria included human subjects over the age of 18
with seropositive RA, on a combination of GC (prednisone,
methylprednisolone, or prednisolone) with DMARD (meth-
otrexate [MTX], hydroxychloroquine [HCQ], or sulfasalazine
[SSZ]) and developed pneumonia of bacterial, viral, or fungal
origin. The control groups were on a DMARD monotherapy
regimen. Articles were excluded if they were not in English,
had less than 20 participants, were case reports or literature
reviews, included animal subjects, and did not adhere to the
established PICO framework. Five teams of two researchers
individually sorted through abstracts of articles based on the
inclusion and exclusion criteria. The same teams individu-
ally sorted through full-text articles of selected abstracts
based on the same criteria. Conflicts between each team
were resolved by a separate researcher. Odds ratios were
utilized to quantify the effect sizes of combined studies from
a random effects model. Chi-square tests and I2 statistics
were utilized to analyze heterogeneity.
Results: A total of 3360 articles were identified from all
databases, and 416 duplicate articles were removed. Thus, a
total of 2944 articles abstracts were screened, of which 2819
articles either did not meet the inclusion criteria or didmeet
the exclusion criteria. A total of 125 articles were retrieved
and assessed for full-text eligibility, of which only three
observational articles were included for meta-analysis. Sta-
tistical results revealed that patients treated with DMARDs
monotherapy are 95% (95% CI: 0.65–0.99) less likely to
develop pneumonia compared to patients treated with a
DMARD and GCs (p=0.002).
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Conclusions: Our data suggest that RA patients have a
higher probability of developing pneumonia on combination
therapy with GCs, compared to monotherapy with DMARDs.
To our knowledge, our findings are the first to systematically
review and statistically evaluate the relationship between
the use of GCs and show an increased chance of developing
pneumonia.

Keywords: concurrent therapy; DMARDs; glucocorticoids;
pneumonia; rheumatoid arthritis.

Rheumatoid arthritis (RA) is a chronic autoimmune disease
involving inflammatory, localized, or systemic manifestations
[1]. Its pathophysiology is characterized by a persistent and
symmetrical inflammation of the synovial fluid and mem-
branes that eventually leads to the degradation of the articular
joint cartilage, intensepain [2], and severephysical impairment
[3] such as severe stiffness, swelling, and joint deformities [4].
Even though the exact etiology of the disease is still unknown,
many studies have shown important relationships between
environmental triggers and genetic predisposition that lead to
the intricate network of inflammatory mediators that underlie
the disease’s immunopathogenesis [5]. RA affects approxi-
mately 0.6–1% of the US population [4], and the worldwide
incidence has been increasing since 1990 [6].

RA is typically managed with the use of drugs such as
disease-modifying antirheumatic drugs (DMARDs), nonste-
roidal anti-inflammatory drugs (NSAIDs), analgesics, and
glucocorticoids (GCs) [7].

DMARDswork by targeting cytokines, cytokine receptors,
or cell surface proteins responsible for the inflammatory
response mediated by autoreactive lymphocytes infiltrating
the synovium [8]. While this mechanism can be useful in
suppressing the hyperactive immune system seen in RA
patients, it also carries the possibility of increasing the risk for
serious infection [9]. In a multicenter retrospective study by
Mori et al. [9], Among the 70RApatients, 85.7%whodeveloped
Pneumocystis pneumonia (PCP) were receiving methotrexate
(MTX) monotherapy or MTX combined with other DMARDs
with a mean duration of onset of 26.6 months. Coexisting RA
interstitial lung disease (ILD) was identified as an important
risk factor for morbidity due to PCP in RA patients taking
DMARDs [9].

GCs affect the inflammatory cascade of the disease on
multiple levels, including the inhibition of proliferation
and stimulation of macrophages and fibroblasts [10]. They
are also involved in the blockade of multiple cytokines and
interleukins (such as IL-1, IL6, tumor necrosis factor alpha
[TNF-α]) in addition to leukotrienes, among other media-
tors of inflammation [10]. Furthermore, there is evidence
that the use of low-dose GCs during the first 2 years of RA

progression may decrease the structural damage caused by
the disease [11], most probably due to the inhibition of the
factor receptor ligand κβ that activates osteoclasts
responsible for joint damage [11]. Because of their impor-
tant role in managing RA, GCs are commonly utilized as a
monotherapy or in combination with DMARDs [12].
Nevertheless, GCs are also associated with serious side ef-
fects, including the increased risk ofmultiple infections [13]
in a dose-dependent fashion [14]. Patients prescribed GCs
are at a very high risk of developing lower respiratory tract
infections (LRTIs) [15], which can result in severe pneu-
monia, such as that seen in tuberculosis and infection with
Pneumocystis carinii [12].

A cohort including 103,386 chronic obstructive pulmo-
nary disease (COPD) patients showed a 37% decrease in
the risk of developing pneumonia after the discontinuation
of inhaled GCs [16]. In patients with already existing
pneumonia, such as influenza pneumonia, the use of
GCs increased the probability of secondary pneumonic
infections and exacerbations due to the immunosuppression
[17]. In the context of rheumatic diseases, infection rates
tend to increase with the use of systemic GCs in patients
with RA [12], including severe infections such as bacterial
pneumonia, in a dose-dependent fashion [12]. It is thought
that the probability of these infections may decrease over
time in patients with RA relying on biological treatment
because the need for prednisone usage decreases over the
course of treatment [12].

The most common type of infections occurring in 86,039
seniors with RA were those targeting the lower respiratory
tract (with an odds ratio of 4 at low doses and 7.6 at high
doses) and therefore constituting a high risk of pneumonia
development [18]. RA patients have approximately a 10 to
20%mortality rate due to pulmonary involvement (whether
infectious or not) [19], which represents the second most
common cause of death in these patients [20]. These serious
infections are the result of multiple factors, including
immune dysregulation in RA, multi-organ involvement, and
immunosuppressive therapy [21]. In some cases, however,
the exact pathophysiology of these respiratory manifesta-
tions remains not fully understood [22].

Considering the potential associations seen between the
use of GCs and the risk of pneumonia, and due to the
repeated use of GCs in patients with RA, we aim to review
and analyze the studies that examine a relationship between
the onset of pneumoniawith the use of GCs, specifically in RA
patients on DMARDs. To our knowledge, our study is one of
the first systematic reviews and meta-analyses aiming to
fill this gap in the literature by investigating whether the
onset of pneumonia can be directly associated with GC use,
regardless of concurrent DMARD use.
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Methods

Study design

A systematic review was conducted and completed on August 1, 2021, to
evaluate the risk of GC (prednisone, methylprednisolone, and prednis-
olone) use in RA patients following the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(Figure 1). There was no funding provided, and Institutional Review
Board (IRB) and ethical approvals were not required because this was a
review of previously published literature that did not include partici-
pants’ information.

Inclusion and exclusion criteria

The criteria to include articles followed the Population, Intervention,
Comparison, and Outcomes (PICO) framework. Eligible populations
included human subjects over the age of 18 years with a seropositive
diagnosis of RA, according to the American College of Rheumatology
(ACR)/European League Against Rheumatism (EULAR) 2010 classifica-
tion. As an intervention, subjects had to be on a combination of a GC
(prednisone, methylprednisolone, or prednisolone) while on a DMARD
(MTX, hydroxychloroquine [HCQ], or sulfasalazine) and developed
pneumonia of bacterial, viral, or fungal origin. As comparisons, the
control groups had to be on a DMARD alone without the combination of
GCs. The outcomes included the increased risk of developing pneumonia
based on the use of GCs to manage their RA. Excluded articles were:
articles not in English; articles with less than 20 participants; case
reports, literature reviews, or systematic reviews; articles involving
animal subjects; and any article/study not adhering to the established
PICO framework.

Search strategy and screening

On August 1, 2021, a search was conducted on six databases: Embase,
MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL),
Web of Science, International Pharmaceutical Abstracts (IPA), and
ClinicalTrials.gov. Keywords and phrases, as well as possible synonyms
and abbreviations, were combined with Boolean logic terms (Supple-
mental Figure 1). Articles were filtered for matches and then exported
into Rayyan, a web tool for sorting articles. Five teams of two
researchers (VA, DPC; CB, DC; TA, ES; SH, LB; KS, CS) individually sorted
through abstracts of articles based on the inclusion and exclusion
criteria. Conflicts between each team on the inclusion or exclusion of an
abstract were resolved by an independent researcher (KE or PR). Next,
the included abstracts were reentered as full-text articles into Rayyan
and were evaluated by the five teams based on the inclusion and
exclusion criteria. Further conflicts between full-text articles were
resolved in the samemanner as the abstracts. All researchers conducted
a final review of the articles to validate their quality and adherence to
the eligibility criteria.

Statistical analysis and summary

In the first stage, data were modeled utilizing the binomial distribution.
In the second stage, the normal distribution was utilized after the logit

transformation to model the heterogeneity among the studies. Odds
ratios were utilized to quantify the effect sizes of combined studies from
a random effects model. To evaluate the studies for heterogeneity,
chi-square tests and I2 statistics were utilized. A p value of 0.05 was
considered statistically significant for the chi-square tests, and I2
values ≥75% was indicative of high heterogeneity. Egger’s test was
conducted to examine publication bias. R images (version 4.2.1) were
employed for all data analysis. For each included article, authors, year
of publication, title, study type, population, relevant results, adverse
effects, and limitations were extracted and summarized (Table 1).

Results

Systematic review

Our search, utilizing the following search engines, resulted
in a total of 3,360 articles: Embase, MEDLINE, Cochrane
CENTRAL, Web of Science, IPA, and ClinicalTrial.gov. A total
of 416 duplicates were identified and removed before initi-
ating screening. From the remaining records, 2,944 abstracts
were ultimately screened, and 2,819 articles did not meet
the inclusion criteria or meet the exclusion criteria. The
resulting 125 records were sought for retrieval and assessed
for eligibility. Of the 125 articles, three were included for
final statistical analysis (Table 1).

Housden et al. [23] recreated a study done by internally
by the Queen Elizabeth Foundation Hospital Trust in

Figure 1: Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) flow chart.
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Gateshead, United Kingdom. Utilizing medical records, re-
searchers collected data on patients with RA who were
hospitalized for an acute respiratory event between 2004

and 2007 [n=1822] [23]. A total of 26 patients were hospital-
ized for an LRTI [23]. Two admissions were found to have
been for MTX pneumonitis rather than infection and were

Table : Summary of final included articles.

Study Study type Population DMARD + GC DMARD
alone

Outcomes Adverse
effects

Limitations

Housden
et al. []

Observational
retrospective
study

United
Kingdom
-n= RA
patients
hospitalized
between 

and 

-n= RA
patients
hospitalized
for LRTI
-Mean age:
.

n= n=
(MTX)

(1) No increased risk in
hospitalizations for LRTI in
RA patients as a direct
consequence of DMARD
use [23].

(2) Increased risk of
hospitalizations with oral
steroid use (in dose-
dependent manner) [23].

(3) Long-term steroid use may
be a major contributory
factor in the development
of LRTI in RA patients [23].

None
reported

(1) Other factors due to RA
pathology may contribute
to the onset of LRTI, such as
bone marrow suppression
and hypoalbuminemia [23].

Holland-
fischer
et al. []

Observational
prospective
cohort study

Denmark
n= RA
patients
diagnosed with
pneumonia
-n= (female)
-n= (male)
-Mean age: 

n= n=
(MTX)

(1) 90 day-mortality in
patients with RA is not
significantly increased
compared to non-RA
patients [24].

(2) Patients with RA taking
prednisolone within the
previous 3 months prior to
hospitalization had more
than 40% increased 90-day
mortality compared to
patients on DMARD
monotherapy [24].

(3) Treatment with biologics
did not cause an increase
in 90-day mortality [24].

None
reported

(1) The DNPR utilized to
identify patients may have
excluded patients with mild
RA (patients treated in
outpatient services) [24].

(2) Researchers may not have
included all confounders to
examine the association
between chronic diseases
and pneumonia outcome
[24].

Grijalva
et al. []

Observational
retrospective
cohort study

United States of
America
-n=, RA
patients
-n= RA
patients
hospitalized for
pneumonia
-Mean age: 

n= n=
(MTX)
n= (SSZ)
n=
(HCQ)

(1) No increased risk of
hospitalizations due to
serious infections among
initiators of TNF-α
antagonists compared
with initiators of MTX

(2) Did not observe significant
increases in the risk of
infections among other
DMARD regimens
commonly utilized in our
population

(3) Strong association
betweenGC use (especially
at high doses) and the risk
of serious infections
(i.e., pneumonia) requiring
hospitalization among RA
patients.

None
reported

(1) Patient adherence
(2) The study relied on coded

information to identify
study outcomes. Misclassi-
fication can make it more
difficult to demonstrate
true association.

(3) TennCare could not be an
accurate representation of
the general population

DMARD, disease-modifying antirheumatic drug; DNPR, Danish National Patient Register; GC, glucocorticoid; HCQ, hydroxychloroquine; LRTI, lower
respiratory tract infection; MTX, methotrexate; RA, rheumatoid arthritis; SSZ, sulfasalazine; TNF-α, tumor necrosis factor alpha.

182 Elsouri et al.: Pneumonia in rheumatoid arthritis: a systematic review and meta-analysis



excluded [23]. The remaining 24 admissions resulted from
LRTIs, with all having bacterial pneumonia confirmed on
culture or serology [23]. The treatment profile consisted of
MTX monotherapy (n=9), MTX and another DMARD (n=5),
anti-TNF agent and MTX (n=2), alternative DMARD mono-
therapy (n=5), and no rheumatic medication (n=3) [23].
Among this population, 54% (n=13) were taking oral steroids
in addition to their medication regimens [23]. RA patients on
oral steroids had a significantly increased risk of hospitali-
zation due to pneumonia compared to those on DMARDs
alone [23].

Holland-Fischer et al. [24] utilized the Danish National
Patient Register (DNPR) to collect data on 52,577 Danish
patients hospitalized for pneumonia between 1997 and 2011
(n=52,577). Of these hospitalized patients, 1,220 were
diagnosed with RA [24]. The treatment profile of these
RA patients consisted of MTX monotherapy (n=43), any
prednisolone (n=526), any biologics (n=46), other combined
DMARDs (conventional synthetic DMARDs [csDMARDs]) as
monotherapy (n=63), combination therapy of csDMARDs
(n=48), and no RA medication regimen (n=394) [24]. Patients
with RA with at least one prescription for prednisolone
within 3 months prior to hospitalization had a more than
40% increased 90-day all-cause mortality compared with
patients with RA treated with MTX alone [24]. Treatment
with biologics did not increase all-cause mortality [24].

Grijalva et al. [25] utilized medical records from
TennCare, a health insurance utilized for eligible Medicaid
recipients in Tennessee. Researchers collected data on
American patients diagnosed with RA and initiating therapy
that included a TNF-α antagonist, DMARD, or oral GCs
between 1995 and 2005 (n=14,586) [25]. Among this popula-
tion, 192 were hospitalized for pneumonia [25]. The risk of
pneumonia hospitalizations was consistently increased with
the initiation of GCs (adjusted hazard ratio [aHR] 2.30, 2.36,
and 4.33 for low, medium, and high doses, respectively) [25].
Initiation of leflunomide (LEF), sulfasalazine (SSZ), or HCQ
did not increase serious infections, compared withMTX [25].
Both initiation and concurrent GC usewere associatedwith a
dose-dependent increase in serious infections [25].

Meta-analysis

Examiningmodel statistics, τ2=4.56 (95%CI: 1.39–44.91], I2=90%
(95% CI: 78.8–95.0), H=3.12 (95% CI: 2.17–4.47), and Q=38.82
(p<0.01), demonstrated high heterogeneity and supported the
use of a random-effects model. The Egger’s index showed a
nonsignificant publication bias (p=0.414). Statistical results
reveal that patients treated with DMARDs are 95% (95% CI:
0.65–0.99) less likely to develop pneumonia compared to
patients treated with a DMARD and a GC (p=0.002) (Figure 2).

Discussion

Results from our meta-analysis supports our hypothesis that
patients with RA who are treated with a DMARD (such as
MTX, HCQ, and SSZ) alone are significantly less likely to
develop pneumonia compared to patients treated with a
DMARD and a GC (such as prednisone, methylprednisolone,
and prednisolone). This is noteworthy because ILDs are only
second to cardiac disease as a cause of mortality in RA
patients [26, 27]. Among the ILDs, which can increase
mortality, pneumonia seems to be a common etiology [26].
Despite usual interstitial pneumonia (UIP) being the most
common pattern of pneumonia among RA patients with ILD
[28], the onset of UIP carries a worse prognosis for RA
patients compared to other patterns of RA-ILD [28]. Indeed,
some research supports the notion that the outcomes of
RA-UIP are similar to interstitial pulmonary fibrosis [28, 29].
While research has traditionally pointed thefinger at the use
of DMARDs in patients with RA as a cause of the onset of
respiratory disease, our findings shift the focus.

Housden et al. [23] suggests that oral steroid therapy
may be a major contributory factor in the development of
LRTIs. In 22 RA patients hospitalized for pneumonia, 54%
were utilizing GCs for the treatment of RA for at least 1 year
prior to their admission [23]. The prevalence of oral steroid
consumption among admissions was significantly higher
than in the RA group as a whole (n=1822; 14%, p=0.021) [23].
Over half of the patients admitted in the study were taking
oral steroids, compared to 14% of the RA population in
general (p=0.021) [23]. However, the results of Holland-
Fischer et al. [24] suggest that rather than DMARD use
increasing the risk for pneumonia, the risk lies in disease
activity. Patients with RA with at least one prescription for
prednisolone within 3 months prior to hospitalization had a
more than 40% increased 90-day all-cause mortality
compared with patients with RA treated with MTX [24].
While treating RA patients with biologics has been
associated with the onset of infection [30], results show that
biologics do not significantly increase themortality rate [24].
This could be due to a multitude of factors. Biologics fall into
the class of DMARDs [31]; however, their mechanism of
action works by preventing specific aspects of an immune
response further along in the process [31], compared to
conventional treatment (e.g., MTX), which acts by nonspe-
cifically inhibiting cell-mediated immunity [31]. Biologics
are an alternative treatment for RA [31] and have been
shown to play a smaller role in the development of ILDs
in RA due to this increased specificity [32], in contrast with
conventional DMARD agents [32]. Nonetheless, future
studies would benefit from analyzing whether the similar
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pattern of pneumonia onset seen with DMARD combination
therapy with GC also occurs with biologic combination
therapy with GC.

Grijalva et al. [25] established that the initiation of LEF,
SSZ, or HCQ did not increase serious infections, compared
with MTX [25]. However, both the initiation of a DMARD and
concurrent GC use were associated with a dose-dependent
increase in serious infections such as pneumonia [25].
Although these studies were conducted in different parts
of the world, they share a common theme: the risk for
developing pneumonia in RA patients has consistently been
higher in those on combination therapy (DMARD +GC) or GC
monotherapy compared to DMARD monotherapy [23–25].
Additionally, their results suggest that the progression of
pneumonia, which can cause irreparable damage to RA
patients [28, 29], can be associated with high disease activity.
This emphasizes the importance of maintaining RA patients
on DMARDs to ensure proper treatment and prevention of
disease progression. Common practice tends to stop the use
of the DMARD in RA patients at risk for infection, while our
findings suggest that this measure could result in a worse
prognosis compared to maintaining DMARD treatment [24].

Currently, there is no consensus on how to manage
DMARD therapy in the perioperative setting [33]. Although
the recent guidelines from the American College of
Rheumatology/American Association of Hip and Knee
Surgeons recommend continuing conventional DMARDs and
holding biologics for one dosing interval before surgery [34],
our findings support continuing DMARD therapy and
withholding GCs. Ultimately, the cessation of DMARDs may
set patients’ progress back by allowing the disease process to
continue unchecked and the use of GCs to increase the risk of
infection, regardless of the use of a DMARD [24, 34, 35]. Our
results should encourage practitioners to bemoremindful of
discontinuing DMARD therapy and maintaining GCs in RA
patients because of the possibility of pneumonia, which
carries a significantly high burden of fatality in these
patients [28, 29]. Our data do not definitively suggest the use
of GCs as an etiology behind the onset of respiratory disease
among RA patients, and our data contain natural limitations

such as inevitable exhaustion bias from screeners while
reading through articles. However, our findings do raise
the important question of how to treat the underlying
disease without simultaneously triggering the onset of a
life-threatening infection. The current literature is limited
on the specific adverse effects of treatment for RA. Although
a significant amount of research addresses the idea that the
effects of disease-managing treatment courses can increase
the risk of infection and complicate the course of RA, limited
work adequately correlates the onset of pneumonia with
the use of GCs with patients already on DMARDs. Due to the
specificity of this analysis, we were limited by the number
and types of studies we included and by the high heteroge-
neity (I2=90%) exhibited in included studies. This review and
analysis only utilized six search engines, which could have
limited the search and possibly skew our statistical findings.
Additionally, the performed searches only focused on three
DMARDs and GCs commonly utilized for RA. Future studies
should analyze the correlation of pneumonia or ILDs with
additional DMARDs and GCs, which are also utilized in RA.
Furthermore, the exclusion of articles written in English,
as done by our review, could downplay the amount of
universally present research covering this topic. We believe
these factors to be the greatest limitations of this study.
However, the data from these analyses appear to provide an
interesting linkage between RA treatment and pneumonia.
To provide amore salient relationship, future studies should
not only focus on analyzing the same factors (RA patients
being treated with only a DMARD vs patients treated with a
DMARD plus a GC) and the occurrence of pneumonia,
but also through an experimental randomized control
study within a regulated environment, in order to eliminate
heterogeneity.

Conclusions

Our data suggest a concern for pneumonia development in
GCs plus DMARD-treated patients; however, our data do not
allow us to determine the causality of the relationship.

Figure 2: Forrest plot of study outcome 1.
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Although there are many published articles suggesting a
relationship between GC treatment in rheumatic individuals
and the development of infections, we believe that our study
is unique in its approach and findings for (1) pneumonia
infections specifically, and (2) with the precision that a
statistical analysis provides. We believe that our statistical
analysis will allow physicians to better devise a holistic
treatment plan for rheumatic patients. This approach is
central to osteopathic medicine, and will guide physicians to
weigh the potential benefits with the statistically significant
pneumonic complications.
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