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ABSTRACT

Introduction: Oral glucocorticoids (GC) have
been the mainstay of treatment for giant cell
arteritis (GCA). We estimated the risk and
dose–effect relationship of potential GC-related
adverse events (AEs) in patients with GCA.
Methods: This retrospective, observational
cohort study utilized data from the IBM Explo-
rys Electronic Health Records database from
2008 through 2016. Inclusion criteria included
the presence of at least two GCA diagnostic
codes in subjects aged 50 or older along with
supporting laboratory [C-reactive protein (CRP)
or erythrocyte sedimentation rate (ESR)], pre-
scription data on oral GCs, and at least

12 months of follow-up before and after the first
oral GC prescription for GCA (index date).
Potential AEs captured on the basis of new
diagnoses, prescriptions, and laboratory tests
were assessed during the 12 months post-index
date. Results were descriptively summarized
across cohorts according to quartiles (Q) of
mean daily GC dose measured over the first
6 months of follow-up (Q1, C 1.00 to
B 13.75 mg; Q2, [ 13.75 to B 25.00 mg; Q3,
[25.00 to B 40.00 mg; Q4,[40.00 mg).
Results: We identified 785 eligible patients
with GCA. The mean (SD) age of the cohort was
76 (9) years and 70% were female. The mean
oral GC dose during the first 6 months post-in-
dex was 28.9 mg/day. A dose–effect response
was observed from Q1 to Q4 in the following
potential GC-related AEs: newly diagnosed
type 2 diabetes/HbA1c[ 7.5% (range
7.5–24.5%), blood glucose C 200 mg/dL (range
7.5–15%), serious infection (range 16.8–24.8%),
cataracts (range 12.0–21.7%), gastrointestinal
bleed/ulcer (range 6.0–11.8%), and increase in
BMI C 5 units (range 4.1–6.4).
Conclusions: In patients with GCA, potential
GC-related AEs increased with higher daily oral
GC doses. This highlights the need for effective
therapies that reduce GC exposure and toxicity.
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Key Summary Points

Why carry out this study?

Patients with giant cell arteritis (GCA), a
systemic inflammatory disease commonly
presenting with persistent, severe
headache, are typically treated with high
doses of oral glucocorticoids; however,
oral glucocorticoids are associated with
several adverse events.

We sought to evaluate the prevalence of
adverse events (AEs) among patients with
GCA treated with various doses of oral
glucocorticoids using a US electronic
health records database with interest in
investigating the relationship between
AEs and glucocorticoid dosing.

What was learned from this study?

The proportion of patients experiencing
AEs, such as incident type 2 diabetes,
hyperglycemia, serious infection, cataract,
increase in BMI, and gastrointestinal bleed
or ulcer, increased as the average daily
dose of oral glucocorticoids increased.

This highlights the need for effective
therapies to reduce glucocorticoid
exposure and toxicity in patients with
GCA.

INTRODUCTION

Giant cell arteritis (GCA) is a vasculitis of med-
ium- and large-sized arteries. Typical clinical
manifestations of GCA include new onset
headache, scalp tenderness, jaw pain, visual
symptoms (including blindness), shoulder and
hip pain and stiffness, and constitutional com-
plaints (e.g., fever and weight loss) [1]. GCA is
the most common type of primary vasculitis
with a projected prevalence of approximately
950,000 cases in the USA by 2050 [2]. The dis-
ease is more common in women over 50 years

of age [3], with an age- and sex-adjusted preva-
lence rate of 204 per 100,000 population [4].

Until recently, lengthy tapers of oral gluco-
corticoids (GC) have been the mainstay of
treatment for GCA [5]. Despite their established
therapeutic role, prolonged GC exposure leads
to toxicity including serious adverse events (AE)
in the majority of patients with GCA [6–14].
GC-related side effects are diverse and may
include diabetes, hypertension, osteoporosis,
fragility fractures, cataracts, glaucoma, gas-
trointestinal bleeding, psychosis, weight gain,
insomnia, and infection [6–14].

Several studies have investigated the risk of
AEs associated with GC use among patients
with GCA [7–14]. In a retrospective analysis of
2497 patients with GCA and 9680 patient-years
of follow-up, GC treatment was associated with
a significant increase in the development of
metabolic bone disease, cataracts, glaucoma,
pneumonia, and new onset diabetes [7]. A
recent claims-based study from the USA and the
UK confirmed these findings, noting that the
risk of GC-related AEs increased with progres-
sively higher cumulative GC exposures [12].

The relationship between daily GC dosing
and GC-related toxicity has been incompletely
studied. In addition, to date, most studies of
GC-related AEs have been limited by the use of
administrative claims databases. These data-
bases typically do not include prescription data
and laboratory results, which can be useful in
identifying AEs and characterizing their severity
(e.g., hemoglobin A1c [HbA1c] for evaluation of
AEs related to glucose metabolism).

The aims of this study were to assess the real-
world use of GC in GCA, quantify the risk of
GC-related toxicity in this patient population,
and establish the dose–effect relationship
between daily GC dosing and GC-related AEs
comprehensively defined on the basis of diag-
nostic codes, laboratory, and prescription data.

METHODS

Study Design

This retrospective, observational cohort study
utilized US electronic health records (EHR) data
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from the IBM Explorys� Database between Jan-
uary 1, 2008 and December 31, 2016. We
identified incident cases of GCA and character-
ized their GC treatment. Eligible patients were
stratified into four quartiles based on their
mean daily oral GC dose. The index date was set
as the date of the first prescription for oral GC
occurring within 6 months following the GCA
diagnosis. The study period consisted of a
12-month pre-index baseline period over which
baseline clinical characteristics were measured,
and a 12-month post-index follow-up period
during which the study outcomes were assessed.

Data Source

IBM Explorys is a computerized medical data-
base that contains longitudinal EHR data of
approximately 55 million patients from 23
integrated health networks composed of nearly
360 hospitals and 330,000 providers. The data-
base contains information regarding health care
provided in the inpatient, ambulatory, emer-
gency, and post-acute settings. The data include
diagnoses (International Classification of Dis-
eases-Clinical Modification [ICD-CM] Version 9
or 10, Systematized Nomenclature of Medicine
[SNOMED], procedures (Current Procedure Ter-
minology [CPT], Healthcare Common Proce-
dure System [HCPCS], Berenson-Eggers Type of
Service [BETOS], SNOMED), medications (Na-
tional Drug Code [NDC], RxNorm, SNOMED),
laboratory test results (Logical Information
Identifiers Names and Codes [LOINC]), patient-
reported outcomes, vital signs, body mass index
(BMI), encounter-level information, providers
(National Provider Indication [NPI], National
Plan and Provider Enumeration System
[NPPES]), and other clinical, financial, and
operational data.

All database records are anonymized and
fully compliant with US patient confidentiality
requirements, including the Health Insurance
Portability and Accountability Act (HIPAA) of
1996. Because this study did not involve the
collection, use, or transmittal of individually
identifiable data, institutional review board
(IRB) approval was not required.

Study Population

The study population comprised adult patients
aged 50 years or older with at least two diag-
noses (inpatient or outpatient) for GCA (ICD-9-
CM code 446.5 or ICD-10-CM code M31.5 or
M31.6) within 7–90 days of one another
between January 1, 2009 and December 31,
2015. The definition of GCA also required at
least two prescriptions for oral GC within 6
months of the first GCA diagnostic code, and
one or more C-reactive protein (CRP) or ery-
throcyte sedimentation rate (ESR) laboratory
test during the 12 months preceding the GCA
diagnosis. The index date was defined as the
date of the first GC prescription occurring on or
after the qualifying GCA diagnosis. Addition-
ally, patients were required to have at least one
encounter in the 90 days before index date to
indicate data availability in the pre-index
period (i.e., baseline period) as well as at least
one encounter in the 90 day–12 months after
the index date to indicate data availability in
the post-index period. Patients with evidence of
an autoimmune disease (i.e., ankylosing
spondylitis, Crohn’s disease, polyarteritis
nodosa, psoriatic arthritis, rheumatoid arthritis,
ulcerative colitis, granulomatosis with
polyangiitis, systemic lupus erythematosus) or a
disease requiring high-dose GC (i.e., asthma,
multiple sclerosis) any time during the
12-month pre-index period or up to 24 months
post-index were excluded. Patients who had
anti-TNF exposure (adalimumab, certolizumab,
etanercept, golimumab, or infliximab) in the
12-month pre-index period or exposure to
tocilizumab during the 12-month pre-index
through 24 months after the index date were
also excluded.

Assessment of Oral Glucocorticoid
Exposure

Patients were classified into one of four quartiles
(Q) according to their mean oral GC daily dose
over 6 months post-index. The daily dose of oral
GC was calculated using one of the following two
formulae depending on the availability of
required information within the data: daily
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dose = (strength 9 number of tablets 9 fre-
quency per day) 9 prednisone conversion factor;
or daily dose = [(quantity of pills 9 dose
strength 9 number of refills)/(end date – start
date ? 1 day)] 9 prednisone conversion factor.
The dosing distribution quartiles were as follows:
Q1, C 1.00 to B 13.75 mg/day; Q2, [13.75 to
B 25.00 mg/day; Q3,[25.00 to B 40.00 mg/day;
and Q4,[40.00 mg/day. Among patients whose
dose was at least 40 mg/day on or within 30 days
after the index date, those with an eventual
decrease in dose to below 40 mg/day were identi-
fied. Additionally, patients with evidence of an
oral GC daily dose increase after a previous
decrease were also captured.

Outcomes

Potential GC-related AEs assessed during the
12-month post-index period included bone-re-
lated events (i.e., osteoporosis, fracture [vertebral
and non-vertebral], and new prescriptions for
osteopenia/osteoporosis [e.g., bisphosphonates]),
endocrine/metabolic events (i.e., new onset
type 2 diabetes [T2D] based on diagnosis and
hemoglobin A1c [HbA1c] C 7.5%, worsening
T2D, defined as HbA1c C 7.5% in the post-index
period but not in the baseline period for patients
with pre-existing T2D, blood glucose
level C 200 mg/dL, oral glucose tolerance test
[OGTT] C 200 mg/dL, diagnosis of impaired fast-
ing glucose or glucose intolerance, obesity diag-
nosis, increase in BMI C 5 units based on BMI
calculated from patient records and recorded
under BMI-specific LOINC codes, adrenal insuffi-
ciency), serious infections (defined as hospital-
ization with a diagnosis of infection or receipt of
intravenous antibiotics), hospitalization with
myocardial infarction diagnosis, hospitalization
with stroke diagnosis, gastrointestinal (GI) events
(i.e., GI bleeding or ulcer), and ophthalmologic
events (i.e., cataracts or glaucoma). The occur-
rence of AEs was summarized across the four daily
oral GC dose quartiles.

Covariate Assessment

Demographic characteristics were measured on
the index date and included age, sex, and

geographical region. Baseline comorbid condi-
tions were identified on the basis of diagnoses
present on medical claims during the 12-month
pre-index period. These included the
Deyo–Charlson Comorbidity Index (DCCI) and
diagnoses based on the DCCI (i.e., mild to
moderate diabetes, cerebrovascular disease,
rheumatologic disease other than systemic
lupus erythematosus and rheumatoid arthritis
[specifically polymyositis, Felty’s syndrome,
rheumatoid lung, and polymyalgia rheumat-
ica], renal disease, chronic pulmonary disease,
congestive heart failure, malignancy, peripheral
vascular disease, and diabetes with chronic
complications). The severity of GCA was deter-
mined by the presence of a diagnosis of vision
impairment (including blindness) and diagnosis
of aortic aneurysm during the baseline period.
CRP and ESR values were based on laboratory
tests conducted during the 12 months pre- and
post-index periods.

Statistical Analyses

All data including demographics, comorbidi-
ties, oral GC prescription patterns, and AEs
(stratified by the four GC quartiles) were ana-
lyzed using descriptive methods. Mean and
standard deviation (SD) were reported for con-
tinuous variables and counts and percentages
were reported for categorical variables. We
report trends in outcomes across quartiles; no
statistical comparisons were made between the
dosing quartiles. Additionally, patients for
whom the GC dose could not be calculated were
excluded from the AE analysis (n = 58).

RESULTS

Baseline Patient Characteristics

Of the 3968 patients diagnosed with GCA dur-
ing January 1, 2009 to December 31, 2015, 785
(19.8%) met the study definition of GCA and
had 12 months of data available before and after
the index date (Fig. 1). The mean age of the
patients was 75.8 years (SD = 8.6) and 69.6%
were female. Table 1 summarizes other baseline
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characteristics of this patient cohort. The mean
DCCI at baseline was 1.6 (SD = 2.0). The most
common baseline comorbid conditions based
on those included in the DCCI were mild to
moderate diabetes (24.7%), cerebrovascular
disease (19.1%), rheumatologic disease (18.9%)
primarily in the form of polymyalgia rheumat-
ica (17.2%), chronic pulmonary disease
(11.1%), and renal disease (11.3%). Vision
impairment including blindness was diagnosed
in 11.3% of the patients; aortic aneurysms were
infrequently diagnosed (2.4%) in the pre-index
period. During the 12-month pre-index period,
72.7% of patients had a CRP lab test and 92.2%
had an ESR lab test. When the test value that
immediately preceded the GCA diagnosis was

analyzed, mean CRP was 14.9 mg/dL and mean
ESR was 46.7 mm/h.

During the 12-month post-index period,
nearly three-quarters (74.4%) of patients had a
CRP lab test with the mean CRP value of
5.1 mg/dL (SD = 13.6) and 86.2% of patients
had an ESR lab test with the mean ESR value of
26.5 mm/h (SD = 20.7).

Oral Glucocorticoid Dosing

The mean daily dose of oral GC of the entire
cohort was 28.9 mg (SD = 23.0) during the first
6-month post-index period. Patient stratifica-
tion by quartiles of oral GC daily dose showed
184 patients each in Q1 (C 1.00 to B 13.75 mg)

Fig. 1 Patient selection. CRP c-reactive protein, ESR
erythrocyte sedimentation rate, GC glucocorticoid, GCA
giant cell arteritis, ICD-9-CM International Classification

of Diseases, Ninth Revision, Clinical Modification, ICD-
10-CM International Classification of Diseases, Tenth
Revision, Clinical Modification
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Table 1 Baseline patient characteristics

All patients (N = 785)

Age (years), mean (SD) 75.8 (8.6)

Age group (years), N (%)

50–59 42 (5.4%)

60–69 139 (17.7%)

70–79 266 (33.9%)

80–89 338 (43.1%)

Sex, N (%)

Male 239 (30.4%)

Female 546 (69.6%)

Geographic region, N (%)

Northeast 75 (9.6%)

North Central 459 (58.5%)

South 143 (18.2%)

West 107 (13.6%)

Unknown 1 (0.1%)

DCCI, mean (SD) 1.6 (2.0)

DCCI comorbidities, N (%)

Diabetes (mild to moderate) 194 (24.7%)

Cerebrovascular disease 150 (19.1%)

Rheumatologic disease other than systemic lupus erythematosus and rheumatoid arthritisa 148 (18.9%)

Polymyalgia rheumatica 135 (17.2%)

Renal disease 89 (11.3%)

Chronic pulmonary disease 87 (11.1%)

Congestive heart failure 72 (9.2%)

Malignancy 65 (8.3%)

Peripheral vascular disease 58 (7.4%)

Diabetes with chronic complications 54 (6.9%)

Conditions indicative of GCA severity, N (%)

Vision impairment including blindness 89 (11.3%)

Aortic aneurysm 19 (2.4%)

Laboratory tests prior to GCA diagnosis

CRP, N (%) 571 (72.7%)

Mean test result, mg/dL (SD) 14.9 (36.9)
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and Q2 ([13.75 to B 25.00 mg) cohorts, 198
patients in Q3 cohort ([25.00 to B 40.00 mg),
and 161 patients in Q4 cohort ([40.00 mg)
(Fig. 2). Approximately half (47.0%) of the
patients had a daily oral GC dose of at least
40 mg on or within 30 days following the index
date. Of these patients, 79.4% had a subsequent
decrease of oral GC daily dose to below 40 mg
within a mean of 84.9 days (SD = 69.6). Within
the 12-month follow-up period, 17.4% of these
patients had a subsequent increase in the oral
GC dose to at least 40 mg in a mean of 84.0 days
(SD = 83.9).

Potential Glucocorticoid-Related Adverse
Events

Figure 3 shows the prevalence of endocrine/
metabolic AEs. Among those without T2D or
HbA1c C 7.5% in the pre-index period, the
proportion of patients with newly diagnosed
T2D or HbA1c C 7.5% during the 12-month
follow-up ranged from 7.5 (Q1) to 24.5% (Q4).

Among patients with T2D and controlled
HbA1c in the pre-index period, the proportion
of patients with worsening diabetes increased
from 32.3% in the Q1 cohort to 50.0% in the Q3
cohort, prior to decreasing to 26.7% in the Q4
cohort. The maximum HbA1c value across
HbA1c lab results during the 12-month follow-
up was on average 7.8 (SD = 2.5) in Q1 and
increased to 8.3 (SD = 2.9), 8.2 (SD = 2.4), and
8.6 (SD = 3.1) in the Q2, Q3, and Q4 cohorts,
respectively. When patients who did not have a
lab test with blood glucose level C 200 mg/dL
in the pre-index period were examined, the
proportion of patients with glucose C 200 mg/
dL in the follow-up period increased across daily
dose quartiles from 7.5% in Q1 to 15.0% in Q4.
Similarly, among patients with no diagnoses of
impaired fasting glucose, impaired glucose tol-
erance, or abnormal glucose and no lab tests
with blood glucose level C 200 mg/dL in the
pre-index period, we noted an increase in glu-
cose intolerance based on diagnoses or lab tests
during the post-index period from 16.0% in Q1
to 26.7% in Q4. An increase in BMI C 5 units

Table 1 continued

All patients (N = 785)

ESR, N (%) 724 (92.2%)

Mean test result, mm/h (SD) 46.7 (32.8)

DCCI Deyo–Charlson comorbidity index, GCA giant cell arteritis, SD standard deviation
a Rheumatologic disease includes polymyositis, Felty’s syndrome, rheumatoid lung, and polymyalgia rheumatica

Fig. 2 Distribution of daily oral glucocorticoid dose in milligrams (mg)
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ranged from 3.1% in the Q2 cohort to 6.4% in
the Q4 cohort.

Figure 4 shows the prevalence of other AEs.
The proportions of patients with a new bone-
related AE (osteoporosis or fracture diagnosis) in
the post-index period were as follows: Q1:
22.8%; Q2: 17.4%; Q3: 23.5%; Q4: 19.4%.
Among those without an osteoporosis medica-
tion during the pre-index period, the propor-
tion of patients with osteoporosis medications

during follow-up increased from 29.4% in the
Q1 cohort to 41.8% in the Q3 and 37.1% in the
Q4 cohorts.

During the 12-month post-index period, the
prevalence of serious infections ranged from
16.8% to 24.8% from the Q1 to the Q4 cohort.
Similarly, the prevalence of serious infections
requiring intravenous antibiotics also increased
from 15.8% in the Q1 cohort to 21.7% in the Q4
cohort. The proportion of patients diagnosed

Fig. 3 Prevalence of metabolic and endocrine-related
adverse events. *Mean daily dose: Q1, C 1.00 to
B 13.75 mg; Q2, [ 13.75 to B 25.00 mg; Q3, C 25.00
to B 40.00 mg; Q4, C 40.00 mg. For all the new onset
events, the total number of patients without the event in

the pre-index period (i.e., the denominator for the
proportions) is presented as ‘‘N’’ in the figure. HbA1c
hemoglobin A1c, BG blood glucose, OGC oral glucocor-
ticoid, OGTT oral glucose tolerance test, Q quartile
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with cataracts increased by nearly 10% in the
Q4 cohort (21.7%) compared to the Q1 cohort
(12.0%). A larger proportion of patients in the

Q4 cohort developed GI bleeding or ulcer
compared to patients in the Q1 cohort. An
inconsistent trend was noted across quartiles in

Fig. 4 Prevalence of other adverse events. *Mean daily
dose: Q1, C 1.00 to B 13.75 mg; Q2, [ 13.75 to
B 25.00 mg; Q3, C 25.00 to B 40.00 mg; Q4,
C 40.00 mg. For all the new onset events, the total
number of patients without the event in the pre-index
period (i.e., the denominators for the proportions) is
presented as ‘‘N’’ in the figure. Where not reported,

reference the overall quartile Ns presented in the legend.
During the follow-up period, only eight patients had a
diagnosis of Cushing’s disease and only one patient had a
hospitalization for myocardial infarction during the
follow-up; therefore, these outcomes are not reported in
the figure. GI gastrointestinal, IV intravenous, OGC oral
glucocorticoid, Q quartile
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patients diagnosed with glaucoma. Though
rare, the proportions of patients with a hospi-
talization for stroke increased from the Q1 to
the Q4 cohort.

DISCUSSION

Prolonged exposure to GC significantly increa-
ses the risk of an array of AEs in patients with
GCA. In this study, we estimated the risk of
steroid toxicity in patients with GCA by ana-
lyzing the outcomes of more than 700 patients
treated with oral GC. Our results indicate that
diabetes, worsening glucose metabolism, catar-
acts, and serious infections occur frequently in
this patient population. Moreover, GC-related
AEs occurred soon after GCA diagnosis (within
1 year) and generally in a dose-dependent
manner. While the prevalence of GC toxicity in
GCA differs by study depending on the
methodology used, including the definition of
AEs and the duration of follow-up, the patterns
of oral GC use and AEs in the patients with GCA
in our study are largely consistent with prior
data presented in the literature [7–14]. How-
ever, by incorporating laboratory results and
BMI information for better characterization of
the outcomes of interests, our analysis adds to
the existing body of work on the subject of GC
toxicity.

We found that the average daily oral GC
dose was associated with several negative out-
comes related to glucose metabolism including
new onset T2D (seen in up to 24.5% of Q4
patients), hyperglycemia (seen in up to 15% of
Q4 patients), and glucose intolerance (seen in
up to 26.7% of Q4 patients). Worsening pre-
existent diabetes occurred in up to 50% of
patients, but did not clearly parallel the average
daily GC dose. Other analyses have reported
similar findings [7, 10, 12, 13]. Researchers
using both US and UK data found that both
glucose intolerance and diabetes were associ-
ated with higher GC exposure [12]. For every 1-g
increase in cumulative GC dose over 1 year,
there was a 7–14% increase in the odds of glu-
cose intolerance and a 12% increase in the odds
of diabetes [12]. In another US claims-based
analysis, the risk of new onset diabetes

increased by 5% with each additional gram of
GC intake [7]. In contrast to prior studies, our
definition of AEs related to glucose metabolism
included key laboratory values (e.g., HbA1c and
serum glucose) that most likely increased the
accuracy with which these complications were
captured.

How GCs impact BMI in patients with GCA
has been underexplored. We were able to
examine this outcome and found that the pro-
portion of patients with GCA experiencing an
increase in BMI of 5 units tended to be higher
among those receiving higher daily GC doses
([6% in Q4 patients). Assessment of BMI has
been limited in large observational studies
because weight and height information is gen-
erally not available in claims, a commonly used
data source. Our findings related to BMI chan-
ges with the use of GC are important given the
implication of BMI in cardiovascular risk, which
is known to be increased in elderly patients in
general and in patients with GCA in particular
[15].

In agreement with work done by others, we
observed increased incidence of infection in
patients with GCA receiving higher GC doses
[7, 10, 12]. In fact, 25% of patients with GCA in
Q4 who were receiving a mean daily GC dose of
40 mg or more developed a serious infection
that required hospitalization and/or intra-
venous antibiotic therapy. In addition, other
GC-related AEs including cataracts and GI
bleeding or ulcer showed a pattern of incidence
that mirrored the average daily GC dosing.

Several studies have reported that patients
with GCA exposed to GC are at greater risk for
metabolic bone disease including osteoporosis
and fragility fracture [7, 10, 11, 14]. In our
cohort, approximately 20% of the patients
received the diagnosis of osteoporosis or frac-
ture. Nevertheless, we did not demonstrate a
clear GC dose-related trend in the incidence of
this complication. One speculation for the
absence of a dose-dependent effect could be
that 1 year of follow-up might not be a suffi-
ciently long period of time to fully capture the
impact of different GC doses on bone metabo-
lism. Studies with longer longitudinal moni-
toring, however, have reported associations
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between cumulative GC exposure and risk of
osteoporosis and fracture [7, 12, 14].

Some limitations of this study merit consid-
eration. This study was limited to individuals
seeking care with providers covered by the
Explorys healthcare system. Any contact these
patients may have had with healthcare provi-
ders outside of Explorys EHR could not be cap-
tured. Consequently, missing data could have
introduced bias to our analysis. In some cases,
the number of patients eligible to experience a
certain outcome in each quartile was small,
precluding us from drawing strong conclusions.
The potential for misclassification of GCA and
AEs exists as the data for this study were derived
from EHR, which are subject to data coding
limitations and data entry error. However, any
misclassification is expected to be balanced
across GC dose quartiles given the large sample
size. Patients may have been prescribed other
medications to treat their disease, such as
methotrexate, or to treat comorbid conditions
that may confound the associations between
GC dose and AEs. Levels of GCA disease activity
and inflammation, which may also be associ-
ated with some of the AEs evaluated in this
analysis, were not available in the EHR system.
Finally, patients were assumed to fill and take
their medications as prescribed, but the actual
GC use by patients could not be confirmed. We
were unable to calculate cumulative GC dose
because the length of prescription was not
available for all GC prescriptions and length of
prescription is required for cumulative dose
calculation. The database does not contain dose
information for intravenous GC
administrations.

CONCLUSION

Current treatment recommendations call for
the use of high doses of GC to treat GCA
[16, 17]. However, consistent with other analy-
ses, we found that an increase in the oral GC
dose increases the risk of several glucocorticoid-
related AEs [5, 6, 10, 12]. Potential GC-related
AEs were more prevalent in patients with GCA
who were prescribed higher doses of oral GC
and the risk of AEs increased systematically with

the increase in daily GC dose. Understanding
the patterns of GC-related AEs may drive the
exploration of additional treatment options.
Effective GC-sparing therapies should be
encouraged to reduce the exposure and poten-
tial risk of GC and improve clinical outcomes in
patients with GCA. Additionally, these findings
highlight the need for newer GC-sparing treat-
ment options that could reduce the clinical
burden imposed by GC-related AEs among
patients with GCA.
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