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Introduction
Glucocorticoids have long been recog-
nized to have beneficial effects in rheu-
matoid arthritis (RA) (1, 2). Several
clinical trials over the last decade have
further documented the efficacy of glu-
cocorticoids in relieving inflammation
and in preventing radiographic ero-
sions in early RA (3-5). Additionally,
research has yielded new insights about
the cellular mechanisms responsible
for these perceived beneficial effects
(6,7). Despite potential short term ben-
efits, there is a lack of demonstrated
long-term efficacy as well as concerns
about short and long-term toxicity. Al-
though these concerns have limited en-
thusiasm for glucocorticoids by many
patients and practitioners, in the U.S. it
is estimated that 44% to 75% of RA
patients use glucocorticoids (8,9). Con-
fusion and controversy may relate to
the fact that toxicity reports are also li-
mited by only modest data quality and
quantity. Given growing clinical and
basic science evidence supporting the
efficacy of glucocorticoids for the treat-
ment of rheumatoid arthritis, their use
may further increase. In this review we
will examine the latest data supporting
the benefits and risks of glucocorticoid
use in RA.

Effects of glucocorticoids on RA
disease activity and radiographic
progression
In 1995, Kirwan conducted a large ran-
domized controlled trial comparing the
effects of low-dose glucocorticoids on
joint destruction in early RA. Oral pred-
nisolone, 7.5 mg daily was compared
with placebo, over a 2-year period in
128 patients. Other treatments includ-
ing nonsteroidal anti-inflammatory
drugs (NSAIDs) and disease modifying
anti-rheumatic drugs (DMARDs) were
allowed. After two years, the number of
new erosions was significantly lower in
the prednisolone-treated group. This

group also had significant improve-
ments in joint inflammation and pain,
but only during the first year of treat-
ment with glucocorticoids (5). A fol-
low-up study of this cohort, published
in 1998, reported that joint destruction
resumed in the prednisolone group af-
ter therapy was discontinued (10), which
differed from the results reported in the
COBRA trial (11) noted below. 
The COBRA study (Combinatiethera-
pie Bij Reumatoide Artritis) was a dou-
ble-blind, randomized trial that com-
pared a combination regimen of pred-
nisone, methotrexate, and sulfasalazine
to sulfasalazine alone, in 155 patients
with early rheumatoid arthritis. In the
combination treatment group, the pa-
tients were given 60 mg/day of predni-
sone for the first week, tapered over the
next 6 weeks to 7.5 mg/day and ulti-
mately discontinued after 28 weeks, as
well as methotrexate 7.5 mg/day for 40
weeks. Both patient groups received
sulfasalazine 2 gm/day. After 28 weeks
of the study, the combination therapy
group had significantly lower radiogra-
phic joint damage and disease activity
scores compared to the sulfasalazine
only group. Radiographic damage scores
were also lower in the combination
therapy group at weeks 56 and 80.
However, disease activity differences
between the two groups gradually dim-
inished, and were no longer significant
after the prednisone was discontinued
at 28 weeks. Also, no further changes
in clinical status occurred after metho-
trexate was stopped (4). A 4-5 year fol-
low-up assessment of these patients
showed continued suppression of radi-
ographic joint damage in the combina-
tion therapy group, leading to the con-
clusion that initial treatment of early
RA patients with high dose prednisone
with subsequent tapering may provide
long-term protection against joint dam-
age (11). The high doses used in this
study, while provocative for their role
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in disease modification, are infrequent-
ly used in most settings due to a height-
ened risk of even short-term toxicity, as
noted below.
The most recently published investiga-
tion of the disease modifying effects of
glucocorticoids, the Utrecht study, eva-
luated the use of prednisone 10 mg/day
in early RA (defined by a disease dura-
tion of less than 1 year). In this double-
blind, placebo-controlled, 2-year study,
41 patients received 10 mg/day of oral
prednisone and 40 patients received a
placebo. At 12 and 24 months, there
was statistically significantly greater
improvement in grip strength and the
28-joint tenderness scores in the pred-
nisone group than in the placebo group.
Use of physiotherapy, NSAIDs, parac-
etamol, and intra- articular steroids was
also significantly lower in the predni-
sone group. However, at 24 months no
difference was seen between the two
groups in health assessment question-
naire (HAQ) scores, morning stiffness,
joint swelling, or C-reactive protein le-
vels. Radiographic scores of the hands
and feet for erosions and joint space
narrowing were significantly lower in
the prednisone group at both 12 and 24
months (3). This study represents one
of the very first efficacy investigations
of glucocorticoid monotherapy and is
of importance as it demonstrated sig-
nificant reductions in radiographic pro-
gression with prednisone alone. Des-
pite its important contribution, the find-
ings of the Utretcht study have limited
applicability since most rheumatolo-
gists, including the authors, do not rec-
ommend glucocorticoid monotherapy
as the only disease modifying therapy
for patients with RA, and would in-
clude another DMARD, such as meth-
otrexate or a biologic agent. Further-
more, some have suggested that even
10 mg of prednisone is not really a
“low dose”, this term being generally
applied to doses of less than 7.5 mg per
day (12). 

Mechanism of action of glucocorti-
coids
Over the past decade many new in-
sights into the cellular mechanism of
action of glucocorticoids have been
provided (6,7). Glucocorticoids diffuse

freely across the cell membrane into
the cytoplasm and bind to the glucocor-
ticoid receptor. This glucocorticoid/re-
ceptor complex then binds reversibly to
a specific DNA promoter or to suppres-
sor sites in the nucleus, resulting in
either the production or inhibition of
the transcription of anti-inflammatory
proteins. 
One of the major proteins for which pro-
duction is upregulated by glucocorti-
coids is lipocortin. The anti-inflamma-
tory effects of lipocortin are mediated
through its inhibition of phospholipase
A2. Phospholipase A2 converts mem-
brane-bound phospholipids into arach-
adonic acid, with the subsequent intra-
cellular production of prostaglandins,
leukotrienes and oxygen radicals. 
In addition, by stimulating lipocortin
production, glucocorticoids also inhibit
production of several other proinflam-
matory cytokines including interleu-
kin-1 (IL-1), interleukin-2 (IL-2), inter-
leukin-3 (IL-3), interferon-γ (IFN-γ),
and tumor necrosis factor-α (TNF-α)
(13). Glucocorticoids have also been
shown to inhibit the production of col-
lagenase, elastase, and plasminogen
activator in macrophages (14). Gluco-
corticoids also stimulate the production
of a protein that controls the cyclooxy-
genase-2 (COX-2) gene and downregu-
lates COX-2 activation in inflammato-
ry cells (13). Decreases in T-cell num-
ber and function are other proposed
mechanisms of the beneficial effects of
glucocorticoids in RA (15). More in-
sights regarding the mechanisms by
which glucocorticoids exert their ef-
fects may lead to their more rational,
effective, and safe use.

Adverse effects
General considerations
Following the Nobel Prize-winning
discovery in 1948 by Hench and col-
leagues, glucocorticoids initially were
widely used for RA. However, within
several years the classical adverse ef-
fects of glucocorticoids – including an
increased prevalence of hypertension,
diabetes, infection, cataracts, and oste-
oporosis – were frequently noted, par-
ticularly at the higher doses being then
used, and this markedly limited gluco-
corticoid use (16). Based on the steadi-

ly accumulating evidence demonstrat-
ing symptomatic relief of joint inflam-
mation and the potential for glucocorti-
coids to modify RA disease severity
(17), there has been a relative revival of
their use. Nonetheless, glucocorticoid
treatment of patients with RA should
be initiated with caution and conducted
under close observation in order to
avoid adverse effects. Several strate-
gies are recommended to minimize the
occurrence and severity of glucocorti-
coid-associated adverse events (Table
I). Although not all patients will require
every screening test or prophylactic
agent, these guidelines should be con-
sidered where clinically appropriate.
Eschewing the use of high dose regi-
mens, the goal is symptomatic improve-
ment and potential disease modifica-
tion with the lowest possible effective
dose (16). Once improvement is achiev-
ed, tapering to a more physiologic dos-
age (less than 7.5 mg/d) should be
strongly considered in most patients. 

Glucocorticoid-induced osteoporosis
Probably the most common, yet one of
the most poorly treated, potentially pre-
ventable serious complications of glu-
cocorticoid therapy in RA is glucocor-
ticoid-induced osteoporosis (GIOP).
Bone loss is estimated to occur in 50%
of patients treated with glucocorticoids
for >6 months (18). Bone loss and frac-
tures occur most commonly in post-
menopausal women, but men and pre-
menopausal women are not spared these
complications (19). Although rheuma-
toid arthritis itself causes regional and
generalized bone loss, glucocorticoids
exert an independent deleterious on
bone that is dose-dependent (20,21). A
retrospective medical record review of
rheumatologists at a large U.S. aca-
demic medical center examined osteo-
porosis risk factor management in 236
RA patients taking glucocorticoids at a
mean daily dosage of 8.8 mg ± 3.5.
Only 23% of the patients studied had
undergone bone density testing, and
calcium and/or vitamin D were noted
on only 25% of the medication lists.
Forty-two percent (42%) of the patients
were taking prescription medications
for osteoporosis. It is worth noting that
men, pre-menopausal women, and pa-
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tients with at least one comorbid condi-
tion were less likely to undergo bone
density testing or receive a prescription
medication for osteoporosis treatment
(9). Highlighting an international need
to better translate research into prac-
tice, these findings were actually better
than other reports evaluating the same
issue in different settings (22, 23). 
The deleterious effects of glucocorti-
coids on bone occur early with varying
estimates of 1.5 – 20% losses of bone
mineral density (BMD) in the first 6
months after starting therapy, followed
by a slower rate of 1-3% per year there-
after (24, 25). The initial bone loss is
primarily trabecular bone from sites
such as the lumbar spine and greater
trochanter. Cortical bone loss from the
femoral neck also occurs, but at a slow-
er rate (26). Cortical deformities of the
spine were seen in 25% of patients re-
ceiving glucocorticoids on a daily basis
in one large Dutch study (27). Beyond
the increased risk of fractures that re-
sults from lowered BMD, glucocorti-
coids can rapidly increase the fracture
risk by other mechanisms such as their
direct toxic effect on osteoblasts and
osteocytes. Using the General Practice
Research Database (GPRD), Van Staa
and colleagues studied 244,235 oral
glucocorticoid users and 244,235 age-
and gender-matched controls and docu-

mented an increased risk of all types of
fractures beginning at 3 months, inclu-
ding hip fracture (RR 1.61, 95% CI
1.47-1.76) and vertebral fracture (RR
2.60, 95% CI 2.31-2.92) (28). 
Glucocorticoids exert negative effects
on bone health via multiple mecha-
nisms. GIOP occurs primarily due to
decreased bone formation and secon-
darily as a result of increased bone
resorption. Glucocorticoid inhibition of
bone formation occurs by an overall
decrease in osteoblast number and
function. Osteoblast reduction is sec-
ondary to a decrease in osteoblastic cell
replication and differentiation and the
increased apoptosis of mature osteo-
blasts. Also, glucocorticoids inhibit os-
teoblast synthesis of type I collagen,
the major component of the bone extra-
cellular matrix (29). The increased
bone resorption which occurs in GIOP
appears to involve the receptor of the
activator of the nuclear factor-kB lig-
and (RANK-L) and osteoprotegerin.
RANK-L is an osteoblastic signal that
binds to an osteoclast receptor and, in
association with colony stimulating
factor (CSF)-1, induces osteoclastoge-
nesis. Osteoprotegerin is a decoy re-
ceptor that binds RANK-L, preventing
it from binding to the osteoclast recep-
tor and subsequent osteoclastogenesis.
Glucocorticoids increase the expres-

sion of RANK-L and CSF-1 and de-
crease osteoprotegerin production by
osteoblasts ultimately resulting in bone
resorption (29).
Glucocorticoid also induces osteoporo-
sis by increasing renal calcium elimi-
nation and decreasing intestinal calci-
um absorption, leading to a negative
calcium balance (30). The development
of this state of negative calcium bal-
ance has long been thought to lead to
the development of secondary hyper-
parathyroidism. The theory has been
refuted more recently, however, since
serum levels of parathyroid hormone in
patients treated with glucocorticoids
have not been demonstrated to be in the
hyperparathyroid range (31). More im-
portantly, patients exposed to glucocor-
ticoids develop a bone disease funda-
mentally characterized by decreased
bone remodeling, whereas increased
remodeling is found in hyperparathy-
roidism (32).
Glucocorticoids also lead to decreased
sex steroid production which con-
tributes to the development of GIOP.
Some of the reported mechanisms in-
clude: decreased gonadotropin output,
reduced ACTH release from the anteri-
or pituitary leading to the reduced pro-
duction of adrenal androgens, and the
direct inhibition of testicular and ovari-
an steroidogenesis (33).

Table I. Strategies for the prevention glucocorticoid adverse events.

Adverse effects Diagnostic studies Preventative intervention

Glucocorticoid-induced osteoporosis DEXA scan Calcium, vitamin D
Risk factor modification*
Bisphosphonates
Calcitonin
Hormonal therapy
Teriparitide (?)

Osteonecrosis Bone radiographs Early diagnosis and reduced weight bearing
MRI

Ophthalmologic (cataract, glaucoma) Annual eye examination None known

Gastrointestinal Monitor CBC Avoid use of glucocorticoids with NSAIDs
(peptic ulcer disease, diverticulitis) Stools for occult blood Proton-pump inhibitors

Cardiovascular (dyslipidemia, Lipid profile Lipid-lowering agent
atherosclerosis, hypertension) Monitor blood pressure Antihypertensives

Diabetes mellitus Regular glucose monitoring Diet and weight control

HPA suppression Co-syntropin stimulation test Slower tapering of glucocorticoids

Infectious PPD, Chest radiograph Prophylactic antibiotic therapy

HPA: hypothalamic pituitary axis; *weight-bearing exercise, smoking cessation, moderation of alcohol and caffeine intake.

     



Osteonecrosis
Although there are many causes for os-
teonecrosis, glucocorticoids represent a
major risk factor. Osteonecrosis is most
frequently seen in patients with sys-
temic lupus erythematosus taking pred-
nisone doses greater than 15 mg/day
(34), and is uncommon in patients tak-
ing the glucocorticoid doses most fre-
quently used in RA (<10 mg/day) (35,
36). Previous treatment with high doses
of glucocorticoids, even if only for
brief periods, has also been associated
with the development of osteonecrosis
(37). 

Ophthalmologic side effects
The development of posterior subcap-
sular cataracts is a well recognized
complication of long-term glucocorti-
coid use, although study data support-
ing this complication is less robust for
low dose therapy (38). Cortical catar-
acts have also been associated with glu-
cocorticoid use (39). Cataract forma-
tion has been reported with both oral
and inhaled steroids and with dosages
as low as 5 mg/day (40). Wolfe and col-
leagues reported a significantly in-
creased risk of cataracts in their analy-
sis of 819 RA patients taking 5 mg/day
of prednisone for 3 yrs (OR = 2.7, 95%
CI 1.7 – 4.4) (41). Increased intraocular
pressure with minor visual disturban-
ces also occurs in chronic glucocorti-
coid users (42). Glucocorticoids are not
thought to be a direct cause of glauco-
ma; however, they may hasten the on-
set in those already at increased risk. In
light of the ocular risks, it is advisable
that all long-term glucocorticoid users
have periodic eye examinations.

Gastrointestinal side effects
Glucocorticoid use has been associated
with an increased risk of adverse gas-
trointestinal (GI) complications includ-
ing ulcers, bleeding, and perforation
(43). The relative risk directly attri-
butable to low dose glucocorticoids is
small, being estimated to be between
1.1 and 1.5 (44). The most significant
increase in risk occurs with the combi-
nation of glucocorticoids and NSAIDS,
for which case studies have shown a 2-
to 4-fold higher risk of an adverse
event (43-45). Rheumatoid arthritis it-

self may increase the risk of peptic ul-
cer disease and its complications (46).
In one study using the UK General Prac-
tice Research Database as its source,
glucocorticoid users were found to a
relative risk of 1.8 (95% CI, 1.3 – 2.4)
for an upper GI complication in com-
parison to non-users (47). 
In addition to upper GI issues, a recent
study evaluated the association be-
tween sigmoid diverticular abscess per-
foration and glucocorticoid use. In this
case-controlled study, 64 patients were
compared with 320 controls matched
for age, sex, geographic location, and
socioeconomic status. The study re-
vealed that a rheumatologic diagnosis
was significantly more common in the
cases than in the controls (48% vs 17%;
p < 0.001). A significantly higher pro-
portion of cases than controls were re-
ceiving glucocorticoids (16% vs 0.6%;
p<0.001) and NSAIDs (42% vs 26%; p
= 0.008). After multivariable adjust-
ments, glucocorticoid treatment was
strongly associated with diverticular
perforation (OR 31.9; 95% CI 6.4 –
159.2; p<0.001), as was a diagnosis of
a rheumatic disease (OR 3.5; 95% CI
1.9 – 6.7; p < 0.001) (48).

Cardiovascular side effects
Chronic glucocorticoid use has been
associated with dyslipidemia and ather-
osclerosis in several conditions includ-
ing systemic lupus erythematosus
(SLE), asthma, and organ transplant re-
cipients (49-52). In lupus patients, the
adverse lipid profile effects appear to
occur only at prednisone doses greater
than 10 mg/day (53).
Several studies have suggested that RA
patients have increased atherosclerotic
disease and mortality due to cardiovas-
cular events (54-57). Increased cardio-
vascular deaths in RA patients are
thought occur due to endothelial dam-
age and hypercoagulability as a result
of chronic inflammation. Studies eval-
uating the effects of glucocorticoids on
lipids and atherosclerosis in RA pa-
tients have yielded mixed results, with
reports of beneficial, neutral, and ad-
verse effects (58-60). At this time, the
existing evidence does not show a
strong association between low-dose
glucocorticoids and cardiovascular dis-

ease in RA.
Increased hypertension has been ob-
served in about 30% of patients using
glucocorticoids (61, 62). Fluid reten-
tion has been postulated to partially
account for this observation, although
the full mechanisms involved remain
unclear and are likely to be highly
dose-dependent (62). The risk of hy-
pertension with glucocorticoid use ap-
pears to be greatest with doses greater
than 10 mg/day (61). Blood pressure
should be closely monitored and
aggressively treated in patients with
pre-existing hypertension, cardiac, or
renal disease receiving concomitant
glucocorticoid therapy.

Metabolic and endocrine side 
effects
Hyperglycemia and diabetes mellitus
are potential complications of even low
dose glucocorticoids. Persons at the
highest risk for these adverse effects
include those with existing glucose in-
tolerance and those who are obese,
elderly, or have a family history of dia-
betes. The Utrecht study evaluated the
use of prednisone 10 mg/day over 2
years in 41 patients with early RA and
compared the results to 40 placebo-
treated patients. Serum glucose mea-
surements significantly increased in the
prednisone group from 92±11 mg/dl to
106 ± 34 mg/dl (p = 0.01). Hyperglyce-
mia as defined by the World Health
Organization developed in 2 patients in
the prednisone group and in 1 in the
placebo group (3). 
An increased risk of the need to initiate
hypoglycemic drugs is seen in patients
who take glucocorticoids (63). Gluco-
corticoid-induced diabetes usually
responds to dose reduction and may
fully reverse after cessation of gluco-
corticoid use (64). In general, all RA
patients receiving glucocorticoids
should have their glucose levels check-
ed prior to the initiation of therapy and
periodically thereafter.
Long-term glucocorticoid treatment
also commonly causes hypothalamic-
pituitary-adrenal (HPA) suppression
with secondary adrenal insufficiency.
Although not fully described and un-
derstood, this is thought to occur after
the use of as little as 10 mg/day of
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prednisone for 4 to 6 weeks. HPA sup-
pression may occur more rapidly with
higher doses of glucocorticoids or with
twice-a-day dosing. Symptoms of
adrenal insufficiency after glucocorti-
coid use include arthralgias, myalgias,
fatigue, nausea, vomiting, and hypoten-
sion. In cases of suspected glucocorti-
coid-induced adrenal insufficiency, a
co-syntropin stimulation test may help
to confirm the diagnosis. In general,
when tapering patients to the reduced
glucocorticoid dosages typically used
in the treatment of RA (≤ 10 mg/day),
the safest approach is a slow dose re-
duction of approximately 1 mg every 1
to 2 weeks (65).

Infectious disease as a side effect
Glucocorticoids increase susceptibility
to all classes of infectious agents in a
dose-dependent fashion (66). The in-
creased risk of infections is believed to
occur through multiple alterations in
host defenses including altered cellular
and humoral immunity, decreased pha-
gocytosis and intracellular killing, and
the inhibition of cytokine release. In-
fections with atypical organisms and
herpes zoster appear to occur more
commonly in persons taking glucocor-
ticoids (36, 67). Pneumocystis carinii
infections may occur more frequently
in patients using moderate doses of
glucocorticoids (68), although con-
founding by indication (i.e., sicker RA
patients who are already more prone to
infectious complications are more like-
ly to be treated more aggressively with
glucocorticoids) is a concern with this
and other putative infectious toxicities
believed to be associated with gluco-
corticoid use. Studies evaluating the
incidence of infections in RA patients
taking low dose glucocorticoids have
not shown significantly increased risks
of infection (41, 69). However, in the
current era of RA treatment, patients
will likely be receiving other immuno-
suppressive agents in addition to gluco-
corticoids, making it imperative that
one maintain a high index of clinical
suspicion for infection in patients with
unusual symptoms.

Conclusions 
Glucocorticoids continue to be an

important and highly prescribed com-
ponent of the treatment regimen for
patients with rheumatoid arthritis. An
increasing body of literature from well-
designed clinical trials supports the
efficacy of glucocorticoids for both
short-term symptomatic relief and as a
disease-modifying agent. Basic science
research is also yielding increasing
insights regarding the mechanisms by
which glucocorticoids cause both bene-
ficial and deleterious effects. One of
the most serious and well-described
adverse effects of glucocorticoids is os-
teoporosis. Unfortunately, this also re-
mains the most under-treated potential
complication. Glucocorticoids have
other potential negative side effects;
however, the data supporting the true
incidence of what are popularly upheld
to be adverse events at the low doses
commonly used in the contemporary
treatment of RA is scant and, in many
cases, controversial. Thus, balancing
the benefits of symptomatic improve-
ment and disease modification with the
true risk of side effects remains the
major challenge of glucocorticoid use
in RA. Through judicious use and with
close monitoring for potential side
effects, lower doses of glucocorticoids
can be safely used by many RA pa-
tients. 

References
1. EMPIRE RHEUMATISM COUNCIL SUB-COMMIT-

TEE: Multi-center controlled trial comparing
cortisone acetate and acetyl salicylic acid in
the long-term treatment of rheumatoid arthri-
tis. Results of up to one year. Ann Rheum Dis
1955; 14: 353-63.

2. EMPIRE RHEUMATISM COUNCIL SUB-COMMIT-
TEE: Multi-center controlled trial comparing
cortisone acetate and acetyl salicylic acid in
the long-term treatment of rheumatoid arthri-
tis. Results of three years of treatment. Ann
Rheum Dis 1957; 16: 277-89.

3. VAN EVERDINGEN AA, JACOBS JWG, VAN

REESEMA DR, BIJLSMA JWJ: Low dose
prednisone therapy for patients with early
active rheumatoid arthritis: clinical efficacy,
disease modifying properties and side effects.
A double-blind placebo-controlled clinical
trial. Ann Intern Med 2002; 136: 1-12.

4. BOERS M, VERHOVEN AC, MARKUSSE HM
et al.: Randomised comparison of combined
step-down prednisolone, methotrexate and
sulphasalazine with sulphasalazine alone in
early rheumatoid arthritis. Lancet 1997; 350:
309-18.

5. KIRWAN JR, and the ARTHRITIS AND RHEUM-
ATISM COUNCIL LOW DOSE GLUCOCORTICOID

STUDY GROUP: The effect of glucocorticoids

on joint destruction in rheumatoid arthritis. N
Engl J Med 1995; 333: 142-6.

6. EGGERT M, SCHULZ M, NEECK G: Molecu-
lar mechanisms of glucocorticoid action in
rheumatic autoimmune diseases. J Steroid
Biochem Mol Biol 2001; 77: 185-91.

7. BARNES PJ, ADCOCK I: Anti-inflammatory
actions of steroids: molecular mechanisms.
Trends Pharmacol Sci 1993; 14: 436-41.

8. PINCUS T, MARCUM SB, CALLAHAN LF:
Longterm drug therapy for rheumatoid arthri-
tis in seven rheumatology private practices:
II. Second line drugs and prednisone. J Rheu-
matol 1992; 19: 1885-94.

9. SOLOMON DH, KATZ JN, JACOBS JP, LA
TOURETTE AM, COBLYN J: Management of
glucocorticoid-induced osteoporosis in pa-
tients with rheumatoid athritis: Rates and
predictors of care in an academic rheumatol-
ogy practice. Arthritis Rheum 2002; 46:
3136-42.

10. HICKLING P, JACOBY RK, KIRWAN JR, and
the ARTHRITIS AND RHEUMATISM COUNCIL

LOW DOSE GLUCOCORTICOID STUDY GROUP:
Joint destruction after glucocorticoids are
withdrawn in early rheumatoid arthritis. Br J
Rheumatol 1998; 37: 930-6.

11. LANDEWE RBM, BOERS M, VERHOEVEN
AC et al.: COBRA combination therapy in
patients with early rheumatoid arthritis. Arth-
ritis Rheum 2002; 46: 347-56.

12. BIJLSMA JWJ, BOERS M, SAAG KG, FURST
DE: Glucocorticoids in the treatment of early
and late rheumatoid arthritis. Ann Rheum Dis
2003; 62: 1033-7.

13. KIRWAN JR: Systemic corticosteroids in
rheumatology. In HOCHBERG MC, SILMAN
AJ, SMOLEN JS, WEINBLATT ME, WEISMAN
MH (Eds.): Rheumatology, 3rd ed., Vol. 1.
Philadelphia, Mosby 2003: 385-92.

14. WERB Z: Biochemical actions of glucocorti-
coids on macrophages in culture-specific in-
hibition of elastase, collagenase and plasmin-
ogen activator functions. J Exp Med 1978;
147: 1695-712.

15. BOUMPAS DT, CHROUSOS GP, WILDER RL
et al.: Glucocorticoid therapy for immune-
mediated diseases: Basic and clinical corre-
lates. Ann Intern Med 1993; 119: 1198-208.

16. STEIN CM, PINCUS T: Glucocorticoids. In
RUDDY S and HARRIS ED JR (Eds.): Text-
book of Rheumatology, 5th ed., Philadelphia,
W.B. Saunders 2001: 823-40.

17. SAAG KG, KIRWAN JR: Glucocorticoid ther-
apy in rheumatoid arthritis. In TSOKOS GC
(Ed.): Modern Therapeutics in Rheumatic
Diseases. Totowa, Humana Press 2001.

18. REID IR: Glucocorticoid-induced osteoporo-
sis. J Clin Densitometry 1998; 1: 65-73.

19. STEINBUCH M, YOUKET TE, COHEN S:
Oral glucocorticoid use is associated with an
increased risk of fracture. Osteoporosis Int
2004; 15: 323-8.

20. BALTZAN MA, SUISSA S, BAUER DC, CUM-
MINGS SR: Hip fractures attributable to cor-
ticosteroid use (research letters). Lancet
1999; 353: 1327.

21. COOPER C, COUPLAND C, MITCHELL M:
Rheumatoid arthritis, corticosteroid therapy
and hip fracture. Ann Rheum Dis 1995; 54:
49-52.

22. PEAT ID, HEALY S, REID DM, RALSTON SH:

                                                                 



S-82

Glucocorticoid use in RA / H.B. Townsend & K.G. Saag

Steroid induced osteoporosis: an opportunity
for prevention ? Ann Rheum Dis 1995; 54:
66-8.

23. WALSH LJ, WONG CA, PRINGLE M, TAT-
TERSFIELD AE: Use of oral corticosteroids
in the community and the prevention of sec-
ondary osteoporosis: a cross sectional study.
BMJ 1996; 313: 344-6.

24. BUCKLEY LM: Clinical and diagnostic fea-
tures of glucocorticoid-induced osteoporosis.
Clin Exp Rheumatol 2000;18 (Suppl. 21):
S41-43.

25. VERHOEVEN AC, BOERS M: Limited bone
loss due to corticosteroids: a systematic re-
view of prospective studies in rheumatoid
arthritis and other diseaes. J Rheumatol 1997;
24: 1495-503.

26. NISHIMURA J, IKUYAMA S: Glucocorticoid-
induced osteoporosis: pathogenesis and man-
agement. J Bone Miner Metab 2000;18:350-2.

27. DE NIJS RNJ, JACOBS JWG, GIJLSMA JWJ et
al. on behalf of the OSTEOPOROSIS WORKING

GROUP OF THE DUTCH SOCIETY FOR RHEUMA-
TOLOGY: Prevalence of vertebral deformities
and symptomatic vertebral fractures in corti-
costeroid treated patients with rheumatoid
arthritis. Rheumatology 2001; 40: 1375-83.

28. VAN STAA T, LEUFKENS H, ABENHAIM L,
ZHANG B, COOPER C: Use of oral coticoster-
oids and risk of fractures. J Bone Miner Res
2000; 15: 993-1000.

29. CANALIS E, DELANY AM: Mechanisms of
glucocorticoid action in bone. Ann New York
Acad Sci 2002; 966: 73-81.

30. REID IR, IBBETSON HK: Evidence for de-
creased tubular reabsorption of calcium in
glucocorticoid-treated asthmatics. Horm Res
1987;27: 200-4.

31. RUBIN MR, BILEZIKIAN JP: The role of
parathyroid hormone in the pathogenesis of
glucocorticoid-induced osteoporosis: A re-
examination of the evidence. J Clin Endo-
crinol Metab 2002; 87: 4033-41.

32. CARBONARE L, ARLOT ME, CHAVASSIEUX
PM, ROUX JP, PORTERO NR, MEUNIER PJ:
Comparison of trabecular bone microarchi-
tecture and remodeling in glucocorticoid-in-
duced and postmenopausal osteoporosis. J
Bone Min Res 2001; 16: 97-103.

33. PATSCHAN D, LODDENKEMPER K, BUT-
TGEREIT F: Molecular mechanisms of gluco-
corticoid-induced osteoporosis. Bone 2001;
29: 498-505.

34. ZIZIC TM, MARCOUX C, HUNGERFORD DS:
Corticosteroid therapy associated with isch-
emic necrosis of bone in systemic lupus ery-
thematosus. Am J Med 1985; 79: 596-604.

35. VREDEN SGS, HERMUS ARMM, VAN LIES-
SUM PA et al.: Aseptic bone necrosis in pa-
tients on glucocorticoid replacement therapy.
Neth J Med 1991; 39: 153-7.

36. SAAG K KR, CALDWELL J, BRASINGTON R
et al.: Low dose long-term corticosteroid
therapy in rheumatoid arthritis: An analysis
of serious adverse events. Am J Med 1994;
96: 115-23.

37. CALDWELL JR, FURST DE: The efficacy and
safety of low-dose corticosteroids for rheum-

atoid arthritis. Semin Arthritis Rheum 1991;
21: 1-11.

38. SKALKA HW, PRCHAL JT: Effect of cortico-
steroids on cataract formation. Arch Ophthal-
mol 1980; 98: 1773-7.

39. KLEIN BE, KLEIN R, LEE KE, DANFORTH
LG: Drug use and five-year incidence of age-
related cataracts: The Beaver Dam Eye Stu-
dy. Opthalmology 2001; 108: 1670-4.

40. CUMMING RG, MITCHELL P, LEEDER SR:
Use of inhaled corticosteroids and the risk of
cataracts. N Engl J Med 1997; 337: 8-14.

41. WOLFE F, FURST D, LANE N et al.: Sub-
stantial increases in important adverse events
follow low dose prednisone therapy of rheu-
matoid arthritis (RA). Arthritis Rheum 1995;
38: S312.

42. GARBE E, LELORIER J, BIOBIN J-F, SUISSA
S: Risk of ocular hypertension or open-angle
glaucoma in elderly patients on oral gluco-
corticoids. Lancet 1997; 350: 979-82.

43. MESSER J, REITMAN D, SACKS HS, SMITH
HJ, CHALMERS TC: Association of adreno-
corticosteroid therapy and peptic-ulcer dis-
ease. N Engl J Med 1983; 309: 21-4.

44. PIPER JM, RAY WA, DAUGHERTY JR, GRIF-
FIN MR: Corticosteroid use and peptic ulcer
disease: role of noncorticosteroidal anti-in-
flammatory drugs. Ann Intern Med 1991;
114: 735-40.

45. GABRIEL SE, JAAKKIMAINEN L, BOMBAR-
DIER C: Risk for serious gastrointestinal
complications related to use of nonsteroidal
anti-inflammatory drugs. Ann Intern Med
1991; 115: 787-96.

46. BOMBARDIER C, LAINE L, REICIN A et al.:
Comparison of upper gastrointestinal toxicity
of rofecoxib and naproxen in patients with
rheumatoid arthritis. N Engl J Med 2000;
343: 1520-8.

47. GARCIA RODRIGUEZ LA, HERNANDEZ-
DIAZ S: The risk of upper gastrointestinal
complications associated with nonsteroidal
anti-inflammatory drugs, glucocorticoids,
acetaminophen, and combinations of these
agents. Arthritis Res 2001; 3: 98-101.

48. MPOFU S, MPOFU CM, HUTCHINSON D,
MAIER AE, DODD SR, MOOTS RJ: Steroids,
non-steroidal anti-inflammatory drugs, and
sigmoid diverticular abscess performation in
rheumatic conditions. Ann Rheum Dis 2004;
63: 588-90.

49. PETRI M, PEREZ-GUTTHANN S, SPENCE D
et al.: Risk factors for coronary artery disease
in patients with systemic lupus erythemato-
sus. Am J Med 1992; 93: 513-9.

50. EL-SHABOURY AH, HAYES TM: Hyperlipi-
demia in asthmatic patients receiving long-
term steroid therapy. Br Med J 1973; 2: 85-6.

51. BECKER DM, CHAMBERLAIN B, SWANK R
et al.: Relationship between corticosteroid
exposure and plasma lipid levels in heart
transplant recipients. Am J Med 1988; 85:
632-8.

52. CATTRAN DC, STEINER G, WILSON DR, FEN-
TON SSA: Hyperlipidemia after renal trans-
plantation: natural history and pathophysiol-
ogy. Ann Intern Med 1979; 91: 554-9.

53. PETRI M, SPENCE D, BONE LR et al.: Coro-
nary artery disease risk factors in the Johns
Hopkins Lupus Cohort: Prevalence, recogni-
tion by patients, and preventative practices.
Medicine 1992; 71: 291-302.

54. ISOMAKI HA, MEUTRU O, KOOTA K: Death
rate and causes of death in patients with rheu-
matoid arthritis. Scand J Rheumatol 1975; 4:
205-8.

55. MUTRU O, LAAKSO M, ISOMAKI H, KOOTA
K: Ten year mortality and causes of death in
patients with rheumatoid arthritis. Br Med J
1985; 290: 1797-9.

56. WOLFE F, MITCHELL DM, SIBLEY JT et al.:
The mortality of rheumatoid arthritis. Arthri-
tis Rheum 1994; 37: 481-94.

57. WALLBERG-JONSSON S, OHMAN ML, DAHL-
QUIST SR: Cardiovascular morbidity and
mortality in patients with seropositive rheu-
matoid arthritis in Northern Sweden. J Rheu-
matol 1997; 24: 445-51.

58. BOERS M, NURMOHAMED MT, DOELMAN
CJA et al.: Influence of glucocorticoids and
disease activity on total and high density lip-
oprotein cholesterol in patients with rheuma-
toid arthritis. Ann Rheum Dis 2003;62:842-5.

59. PARK Y-B, AHN C-W, CHOI HK, LEE S-H, IN
B-H, LEE H-C, NAM C-M, LEE S-K: Ather-
osclerosis in rheumatoid arthritis: Morpho-
logic evidence obtained by carotid ultra-
sound. Arthritis Rheum 2002; 46: 1714-9.

60. ALKAABI JK, HO M, LEVISON R, PULLAR T,
BELCH JJF: Rheumatoid arthritis and macro-
vascular disease. Rheumatology 2003; 42:
292-7.

61. JACKSON SHD, BEEVERS DG, MYERS K:
Does long-term low-dose corticosteroid ther-
apy cause hypertension ? Clin Sci 1981; 61:
381s-383s.

62. WHITWORTH JA: Mechanisms of glucocorti-
coid-induced hypertension. Kidney Int 1987;
31: 1213-24.

63. GURWITZ JH, BOHN RL, GLYNN RJ, MO-
NANE M, MOGUN H, AVORN J: Glucocorti-
coids and the risk for initiation of hypoglyce-
mic therapy. Arch Intern Med 1994; 154: 97-
101.

64. MILLER SE, NEILSON JM: Clinical features
of the diabetic syndrome appearing after ster-
oid therapy. Postgrad Med J 1964; 40: 660.

65. BYNY RL: Withdrawal from glucocorticoid
therapy. N Engl J Med 1974; 294: 30-2.

66. SERGENT J, LOCKSHIN M, KLEMPER M,
LIPSKY B: Central nervous system disease in
systemic lupus erythematosis: therapy and
prognosis. Am J Med 1975; 58: 644.

67. FAUCI AS: Glucocorticosteroid therapy:
Mechanisms of action and clinical considera-
tions. Ann Intern Med 1976; 84: 304-15.

68. YALE SH, LIMPER AH: Pneumocystis carinii
pneumonia in patients without acquired im-
munodeficiency syndrome: associated ill-
nesses and prior corticosteroid therapy. Mayo
Clin Proc 1996; 71: 5-13.

69. STUCK A, MINDER C, FREY F: Risk of in-
fectious complications in patients taking glu-
cocorticosteroids. Rev Infect Dis 1989; 11:
954-63.

                                                                                                                         


