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a b s t r a c t

Objective: Corticosteroids (CS) are standard treatment for giant cell arteritis (GCA), but concerns persist
over toxicities associated with long-term use. In this retrospective study of medical claims data, we
estimated risks for adverse events (AEs) in CS-treated GCA patients.
Methods: Cox regression analyses with CS use as a time-dependent variable were conducted on data
from the 2003 to 2012 Truven Health Analytics MarketScan Database. Patients 50 years of age and older
who had Z2 claims of newly diagnosed GCA, Z1 filled oral CS prescription, and no AEs before GCA
diagnosis were included. The primary outcome was presence of a new CS-related AE.
Results: In total, 2497 patients were included. Their mean age was 71.0 years, and 71% were women.
Follow-up was 9680 patient-years (PY). CS treatment continued for a mean (SD) of 1.196 (729.2) days;
mean (SD) prescribed cumulative CS dose was 6983.3 mg (6519.9). The overall AE rate was 0.43 events/
PY; the most frequent AEs were cataract and bone disease. For each 1000-mg increase in CS exposure, the
hazard ratio (HR) increased by 3% (HR ¼ 1.03; 95% CI: 1.02–1.05; P o 0.001). Additionally, statistically
significant individual associations between increased CS exposure and AE risk were observed for bone-
related AEs (P o 0.001), cataract (P o 0.001), glaucoma (P ¼ 0.005), pneumonia (P ¼ 0.003), and
diabetes mellitus (P o 0.001 in a subset of patients with no previous history of diabetes).
Conclusion: CS exposure significantly increased risk for potentially serious AEs, emphasizing a need for
new treatment options for GCA patients.

& 2016 Elsevier Inc. All rights reserved.
Introduction

Giant cell arteritis (GCA) is a form of immune-mediated inflam-
matory systemic vasculitis that affects large and medium-sized
arteries, including the extracranial branches of the carotid arteries
and the subclavian and axillary branches of the aorta [1].

The annual incidence of GCA in the United States is approx-
imately 10–30 cases per 100,000 persons; the prevalence is
estimated to be as high as 278 per 100,000 [2–4]. GCA occurs at
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least 2–3 times more often in women and rarely (if ever) in
persons younger than 50 years [3,4]. Clinical manifestations of GCA
vary, but headache, jaw claudication, polymyalgia rheumatica, and
anterior ischemic optic neuropathy are among the most common
features [3].

High-dose (1 mg/kg/day), long-term corticosteroids (CS)
attenuate systemic inflammation in most patients [4,5]. In a survey
of long-term CS users, however, 90% reported Z1 adverse event
(AE) attributed to this treatment [6]. Another population-based
study that focused specifically on GCA patients reported that 86%
experienced AEs, including diabetes mellitus (DM), hypertension,
fractures, gastrointestinal bleeding, sleeplessness, mood distur-
bances, cataracts, and infections [7]. These studies included data
on patients treated with CS as early as 1950—shortly after the
introduction of cortisone as a therapy for inflammatory disease—
but do not provide data beyond 2002. The aim of the current study
was to provide clinicians with updated information on AE risk
among CS-treated GCA patients.
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Methods

Study database and selection criteria

In this retrospective cohort analysis, Cox regression models
with CS use as a time-dependent variable were used to estimate
the risk for AEs in GCA patients. The data source was the 2003–
2012 Truven Health Analytics MarketScan Database, which
includes health insurance claims from large employers and health
plans across the United States. Claims include information on each
physician visit, medical procedure, hospitalization, drug dispensed,
date of service/prescription, number of days of medication sup-
plied, and test performed.

We included patients who had Z2 medical claims with GCA as
a listed diagnosis (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM], code 446.5) in the
identification period (January 1, 2004 to December 31, 2009) and
Z1 oral CS prescription fill within 6 months before or after the
index date. A CS prescription fill was required to exclude patients
who were evaluated for GCA but who might not have had the
disease. The index date was the first date of GCA diagnosis in the
identification period. We excluded persons younger than 50
because the validity of a GCA diagnosis may be questioned in that
age group [2,8]. We also excluded patients who had a GCA claim in
the year before the index date (i.e., did not have newly diagnosed
GCA). Patients were followed up for Z1 year and until either
disenrollment from a plan in the database or study end (December
31, 2012), whichever came first.

Adverse events

The primary outcome was the presence of a new CS-related AE
during the post-index period. AEs of interest were those likely,
based on published literature [9–11], to be associated with high-
dose CS use and identifiable in a claims database. These were
categorized as bone-related conditions (nonvertebral/vertebral
fractures, osteoporosis, aseptic necrosis of bone, and hip-
replacement procedures), opportunistic infections, pneumonia,
cataracts, glaucoma, peptic ulcer disease, and DM.

To ensure that AEs did not pre-date exposure to CS, patients
with AEs in the pre-index period were excluded. DM is highly
prevalent in older patients [12], and its inclusion would have
resulted in the exclusion of close to 20% of otherwise eligible
patients. Therefore, we explored the AE of DM in only a subset of
patients who did not have DM at baseline. Opportunistic infections
were limited to those considered severe (e.g., severe candidiasis
and severe herpes simplex) and excluded common conditions such
as candidal skin infection. AEs were identified using ICD-9-CM
diagnosis and/or Current Procedural Terminology codes
(Supplementary Table S1) from published studies or from clinician
input [13–16]. An AE was considered present in a patient the first
time its corresponding code(s) was identified.

CS exposure

The primary measure of CS exposure was cumulative
prednisone-equivalent dose [17] from 1 year before the index date
and was updated daily throughout the follow-up period such that,
on any given day, CS exposure was cumulative from 1 year before
the index date to the day of calculation. In sensitivity analyses, we
examined 2 other measures of exposure, both of which were also
updated daily: cumulative days (from 1 year before the index date
to the day of calculation) during which oral CS were available to
the patient and contemporaneous oral CS use. Contemporaneous
use was a categorical variable designed to describe the most recent
CS use. Categories were current use, recent use (within 90 days),
distant use (490 days but r180 days), remote use (4180 days
but r365 days), and no use within 1 year.

Covariates

Baseline measures included patient demographics (age, sex,
region), 2 measures of overall health, and GCA-specific measures.
The first measure of overall health was number of chronic
conditions, counted using the Healthcare Cost and Utilization
Project Chronic Condition Indicator. This defines a chronic con-
dition as one lasting Z12 months and limiting self-care, inde-
pendent living, and social interactions or resulting in the need for
ongoing medical intervention [18,19]. The second measure was the
Charlson comorbidity index (CCI) [20,21], a validated measure of
overall disease severity, originally developed as a tool for predict-
ing in-hospital mortality.

GCA-specific measures included temporal artery biopsy and
specific symptoms (headache, polymyalgia rheumatica, vision
deficits, vestibular dysfunction, aortic insufficiency, aneurysm,
dissection, stroke, myocardial infarction, left ventricular dysfunc-
tion, jaw claudication, arthralgia, fever, and malaise) [22]. Treat-
ment for GCA (oral CS, methotrexate, azathioprine, infliximab,
tocilizumab, etanercept, and leflunomide) and the extent to which
methotrexate users differed from nonusers in oral CS intake were
also reported. Demographics and overall health measures were
derived using data from the pre-index period, and other measures
were derived using data from the year after the index date (e.g.,
after the GCA diagnosis was made), with the exception of temporal
artery biopsy, which was derived using data from both before and
1 year after the index date.

Statistical analysis

Descriptive statistics, including mean, standard deviation (SD),
median, and percentage, were reported for each measure as
applicable. Incidence rates were calculated as the number of
patients with a given event divided by total patient-years (PY).
Total PY were calculated (for each event) as the sum of years from
the index date to that event or the end of follow-up. To study the
association between AE risk and oral CS use, Cox regression
models were used. Separate models were conducted for the initial
AE and for selected individual AEs. Oral CS use was updated daily
for each day of follow-up as a time-dependent variable in each
model. For the initial AE analysis, patients without any AE were
censored at the end of follow-up. For individual AE analyses,
patients without that AE were censored at the end of follow-up.
We reported adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs). All data transformations and statistical analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC). All
tests were 2-sided and had a significance level of 0.05.
Results

From 2004 to 2009, the database contained information on
12,198 persons 50 and older who had Z2 qualifying ICD-9-CM
codes. Of these, 5645 were not continuously enrolled during the
required period of 1 year before and 1 year after the index period.
An additional 1196 had no CS fills within 6 months before or after
the index date. Overall, 665 persons did not have newly diagnosed
GCA, and 2205 had Z1 AE (other than DM) during the pre-index
period. Thus, the primary study cohort included 2497 patients
with newly diagnosed GCA treated with CS who did not experi-
ence an antecedent AE.

Total follow-up time was 9680 PY, and mean follow-up time
was 3.9 years/patient. Mean age of the primary study group was



Table 1
Characteristics of 2497 patients with GCA treated between 2004 and 2009

Characteristic Patients with GCA, N ¼ 2497

Age, years, mean (SD) 71.0 (10.6)
50–59, n (%) 450 (18.0)
60–69, n (%) 606 (24.3)
70–79, n (%) 811 (32.5)
80þ , n (%) 630 (25.2)

Female, n (%) 1773 (71.0)

US geographic region, n (%)
North Central 853 (34.2)
Northeast 269 (10.8)
South 858 (34.4)
West 517 (20.7)

Chronic conditions, mean (SD) 3.4 (1.8)
Charlson comorbidity index, mean (SD) 1.5 (1.7)

Comorbidities, n (%)
Headache 1321 (52.9)
Arthralgia 777 (31.1)
Polymyalgia rheumatica 617 (24.7)
Stroke 617 (24.7)
Malaise 510 (20.4)
Vision deficits 446 (17.9)
Vestibular dysfunction 297 (11.9)
Aortic insufficiency, aneurysm, and dissection 193 (7.7)
Fever 52 (2.1)
Myocardial infarction 49 (2.0)
Left ventricular dysfunction 22 (0.9)
Jaw claudication 18 (0.7)

Pharmacologic treatment, n (%)
Methotrexate 291 (11.7)
Azathioprine 49 (2.0)
Infliximab 8 (0.3)
Leflunomide 16 (0.6)
Etanercept 14 (0.6)
Tocilizumab 0 (0.0)

GCA, giant cell arteritis; SD, standard deviation; US, United States.

Table 3
Rate of oral CS-related AEs over 9680 PY

Oral CS-related AE Events/PY

Any 0.426
Cataract 0.158
Bone disease 0.156

Osteoporosis 0.099
Fractures 0.066
Hip replacement 0.008
Aseptic necrosis of bone 0.004

Pneumonia 0.068
Glaucoma 0.022
Opportunistic infections 0.010
Ulcer disease 0.006

AE, adverse event; CS, corticosteroids; PY, patient-year.
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71.0 years; 71.0% of the patients were women (Table 1). Patients
had a mean of 3.4 (SD ¼ 1.8) chronic conditions and a CCI of 1.5
(SD ¼ 1.7). The most common GCA-related comorbidities reported
during the 1-year post-index period included headache (52.9%),
arthralgia (31.1%), polymyalgia rheumatica (24.7%), and stroke
(24.7%). The most common treatment other than oral CS
(a requirement for inclusion) was methotrexate (11.7%).

The median initial oral CS dose was 40 mg/day (mean ¼ 38.8,
SD ¼ 28.6) (Table 2). CS treatment continued for a median of 996
days or 33.2 months (mean ¼ 1196.6, SD ¼ 729.2), and the median
cumulative dose was 5350 mg (mean ¼ 6983.3, SD ¼ 6519.9). CS
dose was reduced from the initial 40 mg/day over the course of
Table 2
Oral CS treatment in GCA patients from start of study period to end of follow-upa

Category Patients, n

First dose in study period, mg/day 2497
Observed time on treatment, daysb 2497
Cumulative dose during the time on treatment, mg 2497
Days to reduce to r7.5 mg/dayc 1460
Cumulative dose to reduce to r7.5 mg/day, mgd 1460
Days to reduce to r5.0 mg/dayc 1381
Cumulative dose to reduce to r5.0 mg/day, mgd 1381

CS, corticosteroids; GCA, giant cell arteritis; SD, standard deviation.
Patients who stopped oral corticosteroid treatment before their dose reached the speci

a Patients were followed up for Z1 year and until either disenrollment or study en
b Period between the first fill and the end of days of supply of the last oral corticos
c Days from first oral corticosteroid fill to the day on which daily dose was reached
d Cumulative dose from first oral corticosteroid fill to the day on which listed daily
treatment. The median time to a daily dose of r7.5 mg/day was
190 days (6.3 months) [mean ¼ 283.8 days (9.4 months), SD ¼
329.0], and the median time to r5.0 mg/day was 210 days (7.0
months) [mean ¼ 308.5 days (10.3 months), SD ¼ 345.8].

The overall rate of AEs was 0.43 events/PY (Table 3). The most
frequent AE was cataract (0.16 events/PY), followed by bone
disease (osteoporosis, fracture, hip replacement, and aseptic
necrosis). Patients who experienced any AE, compared with those
who did not experience any AE, had been prescribed more days of
oral CS (median ¼ 195 vs 102.5 days) and received a higher
cumulative prednisone-equivalent dose (median ¼ 3400 vs
2145 mg). The population was divided into 7 groups by CS
exposure, and the AE rate in the 1-year post-index period was
plotted for each group (Fig.).

To estimate risk for a first AE, we conducted Cox regression
analysis with daily updated CS exposure as the independent
variable. The model included age, sex, geographic region, number
of chronic conditions, CCI, and DM (at baseline) as covariates. The
model demonstrated that for each 1000-mg increase in CS expo-
sure, the hazard ratio for first AE increased by 3% (HR ¼ 1.03; 95%
CI: 1.02–1.05; P o 0.001) (Table 4). In this model, age 60 or older,
female sex, and number of chronic conditions were statistically
significantly associated with elevated risk for initial AE.

Additional Cox models addressed individual AEs. A statistically
significant association between increased oral CS exposure and
increased AE risk was observed for bone-related AEs (HR ¼ 1.05;
95% CI: 1.03–1.06; P o 0.001), cataract (HR ¼ 1.03; 95% CI: 1.02–
1.05; P o 0.001), glaucoma (HR ¼ 1.05; 95% CI: 1.01–1.08; P ¼
0.005), and pneumonia (HR ¼ 1.03; 95% CI: 1.01–1.04; P ¼ 0.003)
(Tables 4 and 5). There was no such relationship between CS
exposure and risk for ulcer disease, hip replacement, or opportun-
istic infection. A subset of 2008 patients who did not have DM in
the pre-index period was used to estimate the association between
Mean SD Median

38.8 28.6 40
1196.6 729.2 996
6983.3 6,519.9 5350
283.8 329.0 190

4442.7 4427.6 3380
308.5 345.8 210

4620.9 4474.4 3600

fied level (7.5 or 5.0 mg) were excluded.

d (December 31, 2012), whichever came first.
teroid fill.
7.5 (or 5) mg.
dose was reached.



Fig. Relationship between oral CS exposure during the year after GCA diagnosis and the rate of CS-related AEs. *Cumulative oral CS use in the post-index period. To be
included in the study, each patient had to have Z1 prescription for CS filled in the 6 months before or after the index date. AE, adverse event; CI, confidence interval; CS,
corticosteroids; GCA, giant cell arteritis.
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CS use and DM. The HR for DM increased by 5% with each 1000-mg
CS exposure (HR ¼ 1.05; 95% CI: 1.03–1.07; P o 0.001) in patients
with no history of DM (not shown).

We compared oral CS use between 291 users and 2206 non-
users of methotrexate. Users filled a mean of 225 days’ supply of
CS over 1 year, or 5645 mg, compared with 161 days and 3664 mg
for nonusers. Sensitivity analyses were conducted to investigate
the impact of different methods of specifying CS exposure on the
Cox model results. The first sensitivity analysis used cumulative
months of treatment with oral CS as a predictor of AE risk, and the
second used contemporaneous use of CS (classified as current,
recent, distant, or remote). Both models were consistent with the
Table 4
Cox regression model of risk for first AE and bone-related AEs based on daily updated

HR (95% CI)

First AE Bone-related AE Ost

Age, years
60–69 vs 50–59 1.41 (1.19–1.66)* 1.29 (1.03–1.62)** 1.3
70–79 vs 50–59 2.16 (1.86–2.51)* 1.98 (1.62–2.42)* 2.1
80þ vs 50–59 2.14 (1.83–2.51)* 2.18 (1.77–2.69)* 2.0

Female vs male 1.33 (1.20–1.48)* 2.07 (1.77–2.41)* 2.2

US geographic region
North Central vs South 0.98 (0.88–1.10) 0.89 (0.77–1.04) 0.9
Northeast vs South 0.97 (0.83–1.15) 1.17 (0.95–1.44) 1.1
West vs South 1.03 (0.91–1.18) 1.03 (0.87–1.22) 1.1
No. chronic conditions 1.04 (1.01–1.07)** 1.08 (1.04–1.12)* 1.0
Charlson comorbidity index 1.03 (1.00–1.07) 0.98 (0.94–1.03) 0.9
Diabetes mellitus 0.93 (0.82–1.06) 0.78 (0.65–0.93)** 0.6
Cumulative exposure, per 1 g
prednisone equivalenta

1.03 (1.02–1.05)* 1.05 (1.03–1.06)* 1.0

AE, adverse event; CI, confidence interval; CS, corticosteroid; HR, hazard ratio; US, Unit
Values in bold are significant.

n P o 0.001.
nn P o 0.05.
a Cumulative oral CS use since the beginning of the pre-index period; time-depend
primary analysis, demonstrating a statistically significant increase
in first AE risk as CS exposure became greater or more recent. The
models also confirmed a statistically significant relationship
between CS use and risk for all the individual outcomes identified
in the primary model (Supplementary Table S2).
Discussion

Oral CS at relatively high doses and for prolonged periods are
the mainstay of treatment for GCA, but they are not without risk.
In this study of 2497 GCA patients, the median initial CS dose was
cumulative oral CS exposure

eoporosis Fracture Hip
replacement

Aseptic necrosis
of bone

6 (1.04–1.78)** 1.41 (0.99–2.01) 1.12 (0.47–2.67) 0.85 (0.32–2.27)
2 (1.67–2.70)* 2.30 (1.69–3.14)* 1.76 (0.83–3.74) 0.97 (0.41–2.31)
9 (1.62–2.69)* 3.20 (2.34–4.38)* 1.88 (0.86–4.09) 0.90 (0.35–2.29)
9 (1.89–2.77)* 1.91 (1.54–2.37)* 1.63 (0.92–2.88) 1.18 (0.59–2.37)

0 (0.75–1.08) 0.94 (0.77–1.16) 1.12 (0.65–1.91) 0.68 (0.33–1.41)
4 (0.89–1.46) 1.03 (0.77–1.39) 1.12 (0.52–2.41) 0.51 (0.15–1.73)
6 (0.95–1.41) 0.98 (0.77–1.24) 0.69 (0.34–1.41) 0.58 (0.24–1.40)
5 (1.01–1.10)** 1.10 (1.04–1.16)* 1.09 (0.95–1.26) 0.98 (0.81–1.19)
8 (0.93–1.03) 0.96 (0.90–1.03) 0.87 (0.72–1.05) 1.19 (1.00–1.43)
5 (0.52–0.81)* 1.09 (0.86–1.38) 1.00 (0.52–1.95) 0.59 (0.23–1.47)
5 (1.03–1.07)* 1.04 (1.03–1.06)* 1.04 (0.99–1.08) 1.06 (1.01–1.12)**

ed States.

ent variable, updated daily.



Table 5
Cox regression model of non–bone-related AE risk based on daily updated cumulative oral CS exposure

HR (95% CI)

Cataract Pneumonia Glaucoma Opportunistic infection Ulcer disease

Age, years
60–69 vs 50–59 1.87 (1.49–2.34)* 0.99 (0.72–1.38) 1.43 (0.84–2.44) 0.86 (0.47–1.60) 1.71 (0.58–5.03)
70–79 vs 50–59 2.88 (2.34–3.54) 1.60 (1.21–2.11) 1.80 (1.10–2.93)** 0.56 (0.31–1.02) 3.03 (1.16–7.94)**

80þ vs 50–59 1.46 (1.16–1.83) 2.43 (1.84–3.20) 2.49 (1.52–4.06) 0.92 (0.51–1.64) 2.65 (0.98–7.19)
Female vs male 1.18 (1.03–1.36)** 0.97 (0.81–1.16) 1.22 (0.89–1.68) 0.93 (0.60–1.45) 0.72 (0.42–1.22)

US geographic region
North Central vs South 0.94 (0.81–1.09) 1.11 (0.91–1.35) 1.27 (0.90–1.79) 1.15 (0.70–1.88) 0.82 (0.45–1.49)
Northeast vs South 0.94 (0.76–1.17) 0.96 (0.72–1.29) 0.91 (0.53–1.56) 1.09 (0.53–2.23) 0.51 (0.17–1.47)
West vs South 1.03 (0.87–1.22) 0.89 (0.70–1.14) 1.43 (0.98–2.09) 1.01 (0.56–1.82) 0.91 (0.45–1.83)
No. chronic conditions 0.98 (0.95–1.02) 1.05 (0.99–1.10) 1.06 (0.97–1.16) 1.05 (0.93–1.19) 0.93 (0.79–1.09)
Charlson comorbidity index 1.04 (0.99–1.09) 1.13 (1.08–1.19)* 0.87 (0.78–0.98)** 1.15 (1.02–1.29)** 1.13 (0.97–1.33)
Baseline diabetes 0.93 (0.78–1.10) 0.99 (0.80–1.23) 1.68 (1.18–2.39)** 0.95 (0.56–1.61) 1.21 (0.63–2.30)

Cumulative exposure, per 1 g prednisone equivalenta 1.03 (1.02–1.05)* 1.03 (1.01–1.04)** 1.05 (1.01–1.08)** 1.04 (1.00–1.08) 1.00 (0.94–1.06)

AE, adverse event; CI, confidence interval; CS, corticosteroid; HR, hazard ratio; US, United States.
Values in bold are significant.

n P r 0.001.
nn P o 0.05.
a Cumulative oral CS use since the beginning of the pre-index period; time-dependent variable, updated daily.
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equivalent to 40 mg/day prednisone. The next most common
treatment, methotrexate, was used by only 11% of patients. More-
over, methotrexate users filled more days and had higher total
doses of CS than nonusers, suggesting that this medication is still
used by clinicians as a “steroid-sparing” treatment despite good
evidence that its efficacy, if any, in GCA is limited [23] and
indicating methotrexate may not be steroid sparing.

Oral CS treatment continued an average of 43 years, and 46
months elapsed before the daily dose fell below 7.5 mg. In a Cox
regression model, controlling for a variety of covariates, increasing
exposure to CS was significantly associated with increased risk for
various AEs. Each gram of CS prescribed increased the risk for AEs
by 3%. For individual AEs such as fracture, osteoporosis, cataract,
and glaucoma, the increase in risk was 3–5%. We observed no
increased risk for ulcer, opportunistic infection, or hip replace-
ment. In patients who did not previously have DM, the risk for DM
rose 5% with each 1000-mg CS exposure. Even a successful 1-year
glucocorticoid taper—assuming a starting dose of 60 mg/day,
continued for 1 month and then tapered to 7.5 mg/day by
6 months, followed by discontinuation by 1 year—would lead to
a cumulative prednisone dose of approximately 6000 mg. Unfortu-
nately, GCA patients may require treatment with CS for many
years, with cumulative doses 410,000 mg, thereby greatly
increasing their risk for DM. The results were consistent whether
CS exposure was measured in milligrams of prednisone-equivalent
steroids, months of exposure, or time since last use.

Oral CS use in this recent national sample of GCA patients
appears consistent with recommendations from published guide-
lines. Although there is some variation in the initial starting dose,
most guidelines consider oral CS use for this indication “high
dose,” ranging from 40 to 60 mg/day [24–26]. Little appears to
have changed in the past several decades in the use of CS to treat
GCA patients. In a study of patients in Olmsted County, Minnesota,
with diagnoses of GCA from 1950 to 1991 and monitored for a
median of 10 years, Proven et al. [7] reported an initial CS dose of
60 mg/day, 6.5 months to reduce the dose to 7.5 mg/day, and
7.5 months to reduce the dose to 5 mg/day, virtually identical to
our findings.

The major risks associated with CS use have been long
established. Prolonged use of high CS doses places patients at
substantial risk for as many as 21 different types of complications,
including bone fractures, hyperglycemia and DM, infections,
hypertension, cataracts, and weight gain [27]. Increasing dose
and duration have been associated with increased toxicity [28].
The present study supplements an older body of knowledge
pertaining to the use of CS in patients with autoimmune diseases
such as systemic lupus erythematosus and rheumatoid arthritis
(RA) and adds disease-specific risk estimates for complications of
therapy in GCA patients [29,30]. Disease-specific risk estimates are
useful because the typical CS regimens vary considerably across
diseases. RA patients have benefited substantially, in terms of
decreased morbidity and decreased AE burden, from the develop-
ment of novel therapies that reduce the reliance on CS [31]. The
development of CS-sparing treatments for GCA might provide
similar benefit [4,32]. In particular, the anti–IL-6 receptor-α mono-
clonal antibody tocilizumab may result in improvement in patients
with refractory GCA and/or unacceptable side effects related to
corticosteroids [33]. In the present study, the use of methotrexate
did not result in lower CS use. We did not adjust for differences
between methotrexate users and nonusers, suggesting additional
analyses are necessary to confirm it.

An important strength of our study is the expansion of prior
literature—most of which describe small samples—and the identi-
fication of nearly 2500 GCA patients (Supplementary Table S3).
Previous studies of CS use in GCA include 5 randomized controlled
trials with sample sizes of 21–98 patients [23,34–37]. These
studies, and a meta-analysis of 3 of them [38], were too small to
confirm the statistical significance of even large differences in CS
AE rates. Other previously published cohort analyses were based
on national or county-level epidemiological data from southern
Australia [39], northern Germany [40], Olmsted County, Minnesota
[7,41], the U.K. [42], Spain [43,44], Brazil [45], Israel [46], France
[47], and Sweden [1]. In a Spanish retrospective study of 103 GCA
patients, Les and colleagues found that a statistically significantly
higher proportion of patients receiving 430 mg/day prednisone
had CS-related AEs compared to those receiving r30 mg/day (66%
vs 43%; P ¼ 0.02) [43]. In a 2014 retrospective study of 106
patients, Alba compared GCA patients who experienced relapses
with those who did not and found the first group had received
higher cumulative CS doses (by almost 1 g over a year) and had
higher rates of osteoporosis (66% vs 32%; P ¼ 0.001) but not other
CS-related AEs [44]. Most other studies identified relatively high
rates of CS-related AEs but either were not designed to detect or
were underpowered to detect statistically significant differences in
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risk between high and low CS users. Our study provides a unique
perspective on U.S. patients who have commercial insurance.
Additional strengths included the use of CS exposure variables
updated daily. This allowed us to estimate CS exposure at the time
of an AE instead of simply measuring annual exposure, which in
some cases might have occurred after the outcome of interest. We
used 3 distinct measures of exposure and found consistent results.
The use of Cox regression allowed us to observe patients for
variable time periods and to control for measurable variation
between patients.

This study also has potential limitations. We have no direct
evidence that observed CS prescription fills resulted in the
observed increase in AEs. In addition, distinguishing between an
underlying (pre-existing) comorbidity and a true AE resulting from
CS is particularly difficult using administrative claims. Claims are
submitted for payment, not collected for research purposes, and
they lack detailed clinical information that would permit con-
firmation of patient diagnoses and allow nuanced patient charac-
terization. We had to rely on proxies, albeit validated ones such as
CCI, to estimate disease severity and on individual ICD-9-CM codes,
with no clinical or pathological validation, to identify outcomes.
For example, the prevalence of stroke in our cohort was 24.7%
higher than previously reported [48,49]. We used a single ICD-9-
CM code for identifying comorbidities, which might have resulted
in the inclusion of “rule-out” cases, although our strategy was
similar to what has been used in other studies [50]. We have no
reason to believe that miscoding occurred differentially, depending
on CS exposure. Such miscoding would have the effect of reducing
the observed difference—bias toward the null hypothesis. Exclu-
sion of patients with pre-index claims for ICD-9-CM codes for AEs
might have led to an underestimation of risk. Although we used
multiple methods for measuring exposure, other techniques have
been described. A “recency-weighted” method that combines
variables such as drug dose and duration into a “composite”
weight has been used to model the impact of CS on infection in
RA [51,52]. We considered this approach; however, the composite
variable was designed using a different health insurance database
and for a different disease. Finally, we could not measure actual CS
use, only prescription fills, a limitation common to all studies using
insurance claims.
Conclusions

High-dose oral CS use has been the primary treatment for GCA
patients for many years. Current practice involves initial doses of
approximately 40 mg/day, with typical CS exposure of 45 g over
the course of several years. At these dosing levels, AEs are
common. Each additional 1000 mg prednisone raises the HR for
new AEs by 3% and the HR for new-onset DM by 5%. New
treatments that improve outcomes for GCA patients while reduc-
ing CS exposure are needed.
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