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Abstract
Summary Retrospective claims analysis indicated that high
levels of daily and cumulative doses of systemic glucocorti-
coids were associated with elevated fracture risk in a large
cohort of new RA patients under age 65. Heightened risk
began to decline within months of discontinuation. Findings
were similar among patients age <50 years.
Introduction We evaluated the impact of systemic glucocorti-
coid exposure on fracture risk among relatively young patients
with new-onset rheumatoid arthritis (RA).
Methods Using administrative data, we identified 42,127 RA
patients diagnosed January 1, 2005–December 31, 2012, age
18–64 years, with benefits coverage for ≥12 months before
RA diagnosis. Follow-up extended to clinical fracture, cancer
diagnosis, or December 31, 2012. Glucocorticoid users were
new to therapy. Fracture incidence rates (IR) were stratified by
glucocorticoid exposure expressed as prednisone equivalent
doses. Cox’s proportional hazards models estimated fracture
risk adjusted for demographics and baseline clinical

characteristics to assess dose-response relationships with cur-
rent (daily) and prior (cumulative) dose, and by time since
discontinuation.
Results Most patients (85 %) had glucocorticoid exposure.
Exposed and unexposed patients were demographically simi-
lar (74 % female; mean age 49.7 and 48.8 years); 1 % had
prior fracture. Fracture IRs (95 % confidence intervals) were 5
to 9 per 1000 person-years at doses <15 mg/day, 16.0 (11.0,
22.6) at doses ≥15mg/day, and 13.4 (10.7, 16.7) at cumulative
doses ≥5400 mg. Adjusted fracture risk was approximately 2-
fold higher at highest dose levels compared with 0 mg/day
current daily dose and <675mg cumulative dose, respectively.
Fracture risk was 29 % lower at 60–182 days post-
discontinuation compared with ongoing use and was similar
to unexposed patients by 12 months. Findings were similar
among patients age <50 years.
Conclusions Among younger, new-onset RA patients, frac-
ture risk was significantly elevated at high levels of daily
and cumulative dose, and was similar to unexposed patients
by 12 months post-discontinuation.

Keywords Fracture . Glucocorticoids . Health services
research . Osteoporosis . Rheumatoid arthritis

Introduction

Systemic glucocorticoids are a mainstay in the treatment of
rheumatoid arthritis (RA) and offer both short-term inflamma-
tion control and the longer-term potential to modify RA dis-
ease progression and reduce radiographic damage [1, 2]. In
addition to these therapeutic benefits, use of systemic gluco-
corticoids is associated with a range of adverse effects, includ-
ing increased risk of osteoporosis and fracture, beginning
within the first 3 months of use [3–5].
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Glucocorticoid use is associated with a rapid and transient
increase in bone resorption followed by a decrease in bone
formation that persists throughout the duration of use [3, 6].
Fractures related to glucocorticoid-induced osteoporosis
(GIOP) have been reported in as many as 30–50 % of patients
receiving chronic glucocorticoid therapy for various rheuma-
tologic, pulmonary, and other diseases and followed for up to
1 year [7, 8]. Previous studies suggest that fracture risk in-
creases soon after therapy initiation, is generally dose-depen-
dent, and at least partially independent of bonemineral density
(BMD) [4, 9–15]. There is insufficient or inconsistent evi-
dence, however, regarding the steroid dose at which fracture
risk increases and the relative effects of cumulative versus
daily dose [4, 16–20]. Some studies suggest that a safe dose
of glucocorticoid does not exist with respect to bone health [4,
21]. Though limited, published data also suggest that risk may
increase only slightly with intermittent use and that risk may
decrease within a year after the discontinuation of glucocorti-
coids [3, 10, 14, 22].

Assessment of the relationship between glucocorticoid use
and fracture risk is challenging because exposures are dynam-
ic and difficult to measure, and the association may be con-
founded by independent associations of fracture risk with un-
derlying diseases, disease activity, patient age, and sex. This
may partially explain why evidence on glucocorticoid-related
fracture risk is sparse and GIOP treatment guidelines are lim-
ited or lacking for specific diseases and age groups, especially
young and middle-aged adults. Additionally, many studies
include patients with prevalent disease who are continuing
glucocorticoid therapy, making the impact of cumulative glu-
cocorticoid dose difficult to assess. Studying such patients
may yield substantial misclassification of past glucocorticoid
use, suggesting the need to study patients with new-onset
disease who are initiating glucocorticoid therapy.
Furthermore, patients initiating glucocorticoids appear to lose
bone early, leading some guidelines to preferentially highlight
management recommendations for patients newly initiating
therapy [3, 13, 23]. This study examined glucocorticoid-
related fracture risk in adults under age 65 who were newly
diagnosed with RA. We followed patients from RA treatment
onset and richly characterized systemic glucocorticoid expo-
sure from the time of first use to assess the impact of dose and
timing on fracture risk.

Materials and methods

Data source and study population

The MarketScan® Commercial Claims and Encounters
Database used for this retrospective analysis contains infor-
mation on health plan enrollment and enrollee demographics,
in addition to administrative claims data for inpatient and

outpatient medical services and outpatient prescription drug
fills for approximately 39 million commercially insured indi-
viduals (2011) in the USA. These data are statistically de-
identified per Section 164.514 (b) [1] (i–ii) of the Health
Insurance Portability and Accountability Act Privacy
Regulations, and Institutional Review Board approval was
not required.

The study population includes individuals with at least one
inpatient or two outpatient claims on different days with an
RA diagnosis (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] 714.X; claims
for diagnostic tests [e.g., X-rays, laboratory testing] were not
considered); at least one claim was incurred between January
1, 2005, and December 31, 2012. Patients were required to
have no RA claims during a 12-month period of medical and
pharmacy benefits coverage prior to their first RA claim in this
cohort selection period (Fig. 1). To improve the specificity of
the RA disease classification, patients were also required to
have received RA treatment (i.e., claim(s) for an RA-related
medication [Supplemental Table 1]) within 12 months (±) of
their RA diagnosis. For each patient, the index date marking
the beginning of follow-up was the latter of the RA diagnosis
date or first RA medication date. All patients were aged 18 to
64 years at index and had no pre-index cancer diagnoses (ex-
cluding nonmelanoma skin cancer).

In addition to the requirement for a 12-month baseline pe-
riod prior to the first RA diagnosis, patients with claims for
any glucocorticoid use had at least a 12-month glucocorticoid-
free clean period prior to their first glucocorticoid claim in the
study period. In addition, patients with pre-index glucocorti-
coid use were required to have continuous benefits coverage
between their first glucocorticoid claim and index date.
Together, these two requirements helped ensure complete cap-
ture of new glucocorticoid initiation, regardless of whether
glucocorticoids were initiated prior to or following RA onset.

For each patient, follow-up for fracture outcomes began at
the index date and extended through the earliest censoring
event: incident fracture, cancer diagnosis (excluding
nonmelanoma skin cancer), end of benefits coverage, or
December 31, 2012. Figure 1 illustrates the study design and
assessment windows.

Systemic glucocorticoid exposure

Systemic glucocorticoid exposure was assessed from the ear-
liest pre-index claim through the end of follow-up for each
patient. Exposure was defined by claims for oral, intravenous
(IV), and injected glucocorticoids, excluding intra-articular
injections. Inhaled steroids were not considered to provide a
quantifiable level of systemic exposure and were excluded.
Relevant claims were identified by National Drug Codes,
Healthcare Common Procedure Coding System codes, and
Current Procedural Terminology procedure codes. Data on
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strength and quantity for each glucocorticoid claim were used
to determine the amount of glucocorticoid dispensed, which
was converted to prednisone equivalents.

Exposure was assessed as a yes/no indicator of any use,
current daily dose, cumulative dose, cumulative exposure
days, peak dose, and days since most recent exposure.
Exposure metrics were assessed and updated for each
patient-day during the study period. Cumulative exposures
were assessed from the date of the first use; for some patients,
first use occurred in the pre-index period.

Fracture outcomes

We evaluated the incidence of fragility fractures, a composite
outcome that included closed fractures of the hip, distal radius/
ulna, other parts of radius/ulna, pelvis, humerus, shaft/
unspecified parts of femur, and clinically diagnosed vertebral
fractures. The only open fracture site included was the distal
radius/ulna. We also separately examined the incidence of hip
and vertebral fractures. An incident fracture was identified by
a relevant ICD-9-CM diagnosis code which was either (1)
preceded by at least 180 days with no diagnosis codes for
the same fracture site or (2) which appeared in conjunction
with a surgical repair procedure [24–26].

Statistical methods

Patient characteristics assessed during the 12-month pre-
index period were summarized descriptively for patients
with and without systemic glucocorticoid exposure at any
point during the study period. To fully capture historical
fragility fractures, we evaluated all available pre-index
data, after December 31, 2000. Standardized mean differ-
ences were computed to compare characteristics of ex-
posed and unexposed patients; differences ≤0.1 were con-
sidered negligible [27]. Exposure variables were summa-
rized into predefined categories based on treatment guide-
lines and the expected glucocorticoid use per authors’
clinical judgment [28]. Recommendations for osteoporo-
sis treatment among glucocorticoid users vary by dose
and duration of exposure, with 5 mg/day, 7.5 mg/day,
and 3 months of exposure representing key cut-points
[28]. These thresholds, along with the expected dose of
exposure in RA patients, guided categorization of expo-
sure variables. For example, 7.5 mg/day of exposure for
3 months represents approximately 675 mg of cumulative
exposure; thus, cumulative exposure categories are multi-
ples of 675 mg.

Fracture incidence rates per 1000 person-years were com-
puted for the post-index period, stratified by glucocorticoid

Patient Selection Window 

Claims Incurred:  
January 1, 2005 – December 30, 2012 

691,145 patients with ≥ 1 rheumatoid arthritis diagnosis 
code and related-treatment  

42,127 patients met all inclusion criteria 

Date of Patient’s 
Rheumatoid Arthritis 

Diagnosis and 
Treatment 

(Index Date) 

Historical Claims Window 

Claims Incurred:   
January 1, 2001  –  December 31, 2004 

Used to exclude patients with prior rheumatoid 
arthritis treatment or any non-melanoma cancers and 
to ensure a 12 month glucocorticoid-free period for 
all patients 

≥ 12 Months of Continuous Medical and 
Pharmacy Benefits Coverage Prior to 

Index Date 

Follow-up 

Claims Incurred through: 
December 31, 2012 

Follow-up Extends To First of Incident Fracture, 
Cancer Diagnosis, End of Benefits Coverage, or 

End of Study Period 

Assessment Windows 

Glucocorticoid exposure:  pre-index (entire historical claims window) and post-index periods 

Historical fractures: entire historical claims window 

Baseline clinical and demographic characteristics:   at index date and/or 12 months pre-index  

Incident fracture (primary endpoint):  on or after index date 

Fig. 1 Study design
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exposure levels. Glucocorticoid exposure was updated on a
daily basis, and patients could contribute both unexposed and
exposed time during follow-up. Glucocorticoid users were
likewise allowed to contribute person time to various dose
categories (e.g., 5 mg/day, 7.5 mg day), and this dose could
change over time. For the composite fracture outcome, inci-
dence rates among glucocorticoid exposure groups were also
separately estimated for patients aged <50 and ≥50 years.

Among exposed patients, Cox’s proportional hazards
regression was used to estimate the effects of cumulative
and current daily dose on fracture risk, after adjusting for
patient age and sex, pre-index use of anticonvulsant
medications, antidepressants, osteoporosis therapies, and
baseline disease burden (number of medications,
Charlson Comorbidity Index score [29]) and selected co-
morbidities (asthma/COPD, inflammatory bowel disease,
multiple sclerosis). These models were first run with all
of these variables included as adjusters; the models were
also run using these variables as stratification variables.
Since the results were similar, we present the results only
from the first approach in this paper. These regression
analyses were repeated among all patients, including
those with no exposure. Sensitivity analysis in which
patients with pre-index fractures were excluded was also
performed.

A separate Cox’s proportional hazards model was run
to examine fracture risk associated with time since last
exposure. This model, which shows the impact of gluco-
corticoid discontinuation, included only patients with at
least some glucocorticoid exposure and adjusted for and
the patient demographic and baseline clinical characteris-
tics noted above as well as past cumulative dose. We used
the chi-square test to evaluate the presence of linear trends
in fracture rates and risk associated with increasing glu-
cocorticoid dose.

Analyses were conducted in SAS Software, version 9.2
(SAS Institute, Cary, NC). This study complied with
STROBE observational research guidelines.

Results

Of the 691,145 patients with at least one RA diagnosis during
the selection period, 42,127 met all study inclusion criteria
(Supplemental Table 1). The majority (85 %) of patients used
systemic glucocorticoids in the study period (Table 1). In both
the exposed and unexposed groups, nearly three-quarters of
patients were women, the average age was approximately 49–
50 years, and approximately 1 % of patients had fracture(s)
pre-index. In both groups, approximately 1 % had a formal
osteoporosis diagnosis and 7 % received osteoporosis medi-
cations pre-index.

The average (standard deviation) health plan enrollment
time was 1482 days (875) pre-index and 807 days (700)
post-index. The median follow-up in the study population
was 595 days (1.6 years), which is slightly longer than the
median for all adults in the source database (486 days,
1.3 years). Among all exposed patients, approximately half
were long-term glucocorticoid users defined by >90 days of
use and 14 % were exposed for >1 year (Table 2).
Approximately 54 % of patients with at least 12 months of
follow-up and 40 % of patients with shorter follow-up had
>90 days of cumulative glucocorticoid use. Approximately
60, 22, and 9 % of exposed patients had cumulative dose of
≥675, ≥2700, and ≥5400 mg, respectively (i.e., the equivalent
of more than approximately 90 days, 1 year, and 2 years,
respectively, of physiologic range prednisone of 7.5 mg per
day) (Table 2) at the end of follow-up. Themajority of patients
(71 %) had some systemic glucocorticoid exposure pre-index
(prior to RA diagnosis date), and 2 % of all patients had
accumulated ≥5400 mg of exposure pre-index (data not
shown).

Use of osteoporosis medications was relatively uncommon
in the post-index period (following RA diagnosis), ranging
from 7 % in patients who never received glucocorticoids and
those with cumulative dose <675 mg to 8 % among patients
with cumulative dose 675 to <1350 mg, 10 % among patients
with cumulative dose 1350 to <2700 mg, 13 % among pa-
tients with cumulative dose 2700 to < 5400mg, and then near-
ly doubling (25 %) in patients with cumulative dose ≥5400
mgs. The majority of patients used either alendronate (54 %)
or risedronate (23 %), with oral ibandronate also commonly
used (18 %). Similarly, post-index use of dual-energy X-ray
absorptiometry (DXA) scans was low, ranging between 14 %
among unexposed patients and 43 % among patients with
cumulative dose ≥5400 mg.

We observed 519 incident post-index osteoporosis-related
fractures, including 167 clinical vertebral fractures and 95 hip
fractures. The unadjusted incidence rates of any osteoporosis-
related fracture increased significantly in a dose-dependent
manner for all exposure metrics evaluated (Table 3,
Supplemental Table 2). The highest incidence rates (95 %
CI) were 16.0 (11.0, 22.6) per 1000 person-years at daily
doses of ≥15 mg/day, 13.4 (10.7, 16.7) per 1000 person-
years at cumulative doses of ≥5400 mg, and 11.1 (9.1, 13.4)
per 1000 person-years at cumulative exposures longer than
365 days. Similar trends existed when clinical vertebral and
hip fractures were evaluated separately (Table 3,
Supplemental Table 2), although small sample sizes resulted
in less precise estimates that did not achieve statistical signif-
icance for daily and peak dose associations with hip fractures.
In these unadjusted results, only the highest levels of daily
dose and cumulative dose were associated with statistically
higher fracture risks compared to unexposed. Age-stratified
analyses of incidence rates of any osteoporosis-related fracture
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showed similar trends among patients younger vs. older than
50 years. These trends achieved statistical significance for
measures of cumulative exposure in the younger age group
and for all exposure metrics in the older age group
(Supplemental Table 3).

We further evaluated the impact of daily and cumulative
dose in regression analyses that adjusted for patient age and
sex. In these analyses, fracture risk increased significantly
with increasing steroid dose. Cumulative doses ≥5400 mgs
were associated with an approximately 2-fold increased frac-
ture risk compared to cumulative doses <675 mg, after
adjusting for patient demographics, pre-index clinical charac-
teristics, and daily glucocorticoid dose (Table 4). Compared to
no current exposure (0 mg/day current daily dose), daily doses
≥15 mg/day were associated with an approximately 2.3-fold
increased fracture risk, after adjusting for patient demo-
graphics, pre-index clinical characteristics, and cumulative
dose. In sensitivity analysis excluding patients with fracture
in prior to the index date from the model, the results were

extremely similar for the highest levels of both cumulative
dose and current daily dose (data not shown).

When considering time since discontinuation, the unadjust-
ed fracture incidence rates were highest during current expo-
sure and decreased significantly with longer time since dis-
continuation, returning to a level similar to that of unexposed
patients by 12months post-discontinuation (Table 3). In Cox’s
models adjusted for patient sex and age and cumulative dose,
fracture risk was 31 to 44 % lower beginning 60 days after
discontinuation, compared with current exposure (Fig. 2,
Supplemental Table 4).

Discussion

In this cohort of newly diagnosed RA patients with a mean age
of only 49 years, many of whom initiated glucocorticoids
during the study period, we found that fracture risk increased
significantly with increasing steroid exposure. Osteoporosis-

Table 1 Demographic and pre-index clinical characteristics of RA study population, stratified by systemic glucocorticoid exposure during the entire
study period

Characteristic at or within
12 months pre-index

Value Never exposed,
N = 7002, n (%)

Ever exposed,
N = 35,125, n (%)

Standardized
mean differencea

Sex Female 5169 (73.8) 25,975 (74.0) 0.00

Male 1833 (26.2) 9150 (26.0) 0.00

Age at index (mean, SD) (48.8, 11.2) (49.7, 10.4) 0.08

(median, IQR) (51.0, 17.0) (52.0, 15.0)

Any fragility fracture Yes 66 (0.9) 348 (1.0) 0.00

Number of Charlson
Comorbidity Index
conditionsb

0 4461 (63.7) 19,837 (56.5) 0.15

1 2155 (30.8) 12,679 (36.1) 0.11

2 297 (4.2) 1956 (5.6) 0.06

3+ 89 (1.3) 653 (1.9) 0.05

Formal osteoporosis diagnosis Yes 77 (1.1) 368 (1.0) 0.01

Number of concomitant
medications, excluding RA
medicationsc

0 335 (4.8) 396 (1.1) 0.22

1 to 5 3648 (52.1) 10,552 (30.0) 0.46

6 to 10 2196 (31.4) 14,084 (40.1) 0.18

11+ 823 (11.8) 10,093 (28.7) 0.43

Selected medications Osteoporosis medication used 467 (6.7) 2273 (6.5) 0.01

Anticonvulsant medication use 653 (9.3) 5197 (14.8) 0.17

Antidepressant medication usee 1474 (21.1) 10,536 (30.0) 0.21

Exposure status based on all pre-index and post-index data for each patient. Post-index period is censored at earliest of incident fracture, incident cancer
diagnosis, end of health plan enrollment, or end of study period

IQR inter-quartile range, RA rheumatoid arthritis, SD standard deviation
a Standardized mean difference ≤0.1 indicates a negligible difference between groups [27]
b This refers to the number of conditions diagnosed in the patient from among those included in the Charlson Comorbidity Index [29]
c RA medications include sulfasalazine, hydroxychloroquine, methotrexate, leflunomide, TNF alpha inhibitors (etanercept, adalimumab, infliximab,
golimumab, certolizumab pegol), rituximab, abatacept, and other biologics
d Osteoporosis medications include alendronate, denosumab, fortical, ibandronate, miacalcin, raloxifene, risedronate, teriparatide, and zoledronic acid
e Antidepressants include selective serotonin reuptake inhibitors, selective serotonin and norepinephrine reuptake inhibitors, serotonin modulators,
tricyclics and other norepinephrine reuptake inhibitors, and monoamine oxidase inhibitors
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related fractures occurred at the rate of approximately 5 to 9
per 1000 person-years at low glucocorticoid doses, and this
risk was elevated 2- to 2.5-fold at high doses (≥15 mg/day or
≥5400 mg cumulative dose). The increased fracture risk ap-
peared to be reversible, decreasing by 31 to 44% beginning at
60 days after glucocorticoid discontinuation and to the level
observed among unexposed patients by 12 months post-dis-
continuation. Age-specific estimates were less precise, but
trends were similar in patients under age 50 and those age
50 or older.

Our newer findings are consistent with the glucocorticoid-
related fracture risk reported for general populations of steroid
users. A 2002 meta-analysis estimated relative rates of any
fracture in steroid users compared to nonusers of 1.33 (95 %
CI 1.29–1.38) to 1.91 (95 % CI 1.68–2.15) and reported 61 to
101 % higher hip fracture risk and 160 to 185 % higher ver-
tebral fracture risk among steroid users versus nonusers [30].
Decreased risk within 1 year following discontinuation of glu-
cocorticoid therapy has also been reported for a large UK
population [3]. In another study, recent prolonged (≥3months)
steroid exposure was associated with elevated fracture risk,
while remote and short-term exposures were not [14]. In ad-
dition, individuals who were Bon drug^ have been shown to
be at higher risk than unexposed individuals, and during times
when exposed individuals were Boff drug,^ their risk was
between the risk levels of the on drug and unexposed patients
[12].

Evidence regarding the threshold and patterns of exposure
that result in substantial increases in fracture risk are limited

and inconsistent. In one large-scale study of a general popu-
lation of steroid users, daily doses of 20 mg were associated
with a 60 % higher rate of nonvertebral fracture compared
with daily doses of less than 2.5 mg [4].Moreover, cumulative
dose was reported to be an important determinant of fracture
risk among patients who were intermittently exposed:
Intermittent exposure to high glucocorticoid doses (≥15 mg/
day) was associated with significantly increased fracture risk
at cumulative glucocorticoid doses >1 g but not when previ-
ous exposure was <1 g [10]. Studies in RA and lung disease
populations have also reported associations between cumula-
tive dose and fracture risk, and have found cumulative dose to
be a stronger predictor of fracture compared to daily dose
[15–17].

In our study, significant dose-response trends of in-
creasing fracture risk with increasing levels of exposure
were seen for both cumulative and daily dose. Rates of
osteoporosis-related fracture increased from approximate-
ly 5 to 9 per 1000 person-years at the lower dose ranges
to approximately 13 to 16 per 1000 person-years at the
highest doses (≥15 mg/day and cumulative doses
≥5400 mg). Risk of osteoporosis-related fracture should
warrant particular attention among younger RA patients
exposed to glucocorticoids exceeding these high thresh-
olds. We note, however, that incidence rates of vertebral
and hip fracture observed among patients unexposed or
exposed to low levels of steroids in our study are compa-
rable to those reported for post-menopausal women aged
50–70 years in the general population [31, 32].

Table 2 Prednisone-equivalent
exposure and duration of
glucocorticoid use among RA
patients during the study period

Ever exposed patients

N = 42,127

Exposure measure Value n %

Cumulative dose (mg) <675 14,109 40.2

675 to <1350 6642 18.9

1350 to <2700 6525 18.6

2700 to <5400 4711 13.4

≥5400 3138 8.9

Peak dose (mg/day) <7.5 3819 10.9

7.5 to <15 4343 12.4

≥15 26,963 76.8

Cumulative days 1 to 90 17,722 50.5

91 to 365 12,395 35.3

>365 5008 14.3

Percent of follow-up days with exposure Mean (SD) 8.6 (10.9)

Median (IQR) 4.3 (9.5)

Measured from first exposure through the end of follow-up, which was censored at earliest of incident fracture,
incident cancer diagnosis, end of health plan enrollment, or end of study period. Glucocorticoid exposure includes
both pre- and post-index use

IQR inter-quartile range, SD standard deviation

3244 Osteoporos Int (2016) 27:3239–3249



In contrast to previous studies of glucocorticoid users with
diverse disease [15, 33–37], we may have better isolated the
impact of glucocorticoid use on fracture risk by focusing on
incident RA patients and, thus, decreasing the potential for
disease-related confounding. This approach also reduced the
heterogeneity in patterns of steroid use, which varies by dis-
ease. For each patient, we captured steroid use from first ex-
posure and characterized exposure in multiple ways for each
follow-up day. The result is a more precise and detailed as-
sessment of exposures than reported in previous studies. In

addition, our data source provided insights about younger pa-
tients which are generally not available elsewhere. Clinical
guidelines do not specifically address the management of
steroid-induced bone loss in patients under age 50 [23].
Although small sample sizes limited statistical power, our
findings were similar in patients under age 50 and those age
50 or older.

We acknowledge limitations of this study. Patient
identification can be challenging in administrative claims
data studies, though we believe that our two-part

Table 3 Crude fracture incidence rates per 1000 person-years by systemic glucocorticoid exposure

Systemic GC exposure Any osteoporosis fracturea

(519 events)
Clinical vertebral fractureb

(167 events)
Hip fracturec (95 events)

IR 95 % CI IR 95 % CI IR 95 % CI

Current daily dose (mg/day) 0 5.0 (4.6, 5.6) 1.5 (1.3, 1.8) 0.8 (0.6, 1.0)

>0 to <5 9.0 (5.7, 13.7) 0.8 (0.1, 3.0) 4.5 (2.2, 8.0)

5 to <7.5 7.8 (5.3, 11.1) 2.3 (1.1, 4.4) 2.3 (1.1, 4.4)

7.5 to <15 6.8 (4.6, 9.6) 2.7 (1.4, 4.7) 1.3 (0.5, 2.9)

≥15 16.0 (11.0, 22.6) 10.4 (6.5, 15.9) 2.0 (0.5, 5.1)

Cumulative dose (mg) 0 4.3 (3.4, 5.4) 0.9 (0.5, 1.5) 0.8 (0.5, 1.4)

>0 to <675 4.6 (3.8, 5.4) 1.3 (0.9, 1.7) 0.7 (0.5, 1.1)

675 to <1350 5.7 (4.6, 7.1) 1.9 (1.2, 2.7) 1.2 (0.7, 1.9)

1350 to <2700 5.3 (4.2, 6.7) 1.9 (1.2, 2.7) 0.8 (0.4, 1.4)

2700 to <5400 6.4 (4.9, 8.2) 2.2 (1.4, 3.4) 1.4 (0.8, 2.4)

≥5400 13.4 (10.7, 16.7) 5.7 (4.0, 7.9) 2.6 (1.5, 4.2)

Peak dose (mg/day) 0 4.3 (3.4, 5.4) 0.9 (0.5, 1.5) 0.8 (0.5, 1.4)

>0 to <5 4.8 (3.0, 7.2) 0.9 (0.2, 2.2) 1.1 (0.4, 2.5)

5 to <7.5 4.8 (2.9, 7.5) 1.5 (0.6, 3.3) 0.8 (0.2, 2.2)

7.5 to <15 5.7 (4.3, 7.4) 2.2 (1.3, 3.3) 1.1 (0.6, 2.0)

≥15 6.0 (5.4, 6.7) 2.1 (1.7, 2.5) 1.1 (0.8, 1.4)

Cumulative days 0 4.3 (3.4, 5.4) 0.9 (0.5, 1.5) 0.8 (0.5, 1.4)

1 to 90 4.8 (4.1, 5.5) 1.3 (1.0, 1.7) 0.8 (0.5, 1.1)

91 to 365 5.5 (4.6, 6.4) 2.0 (1.5, 2.6) 1.1 (0.7, 1.5)

>365 11.1 (9.1, 13.4) 4.4 (3.2, 5.9) 2.3

Days since glucocorticoid discontinuation No exposure 4.3 (3.4, 5.4) 0.9 (0.5, 1.5) 0.8 (0.5, 1.4)

0 (current use) 9.0 (7.4, 10.8) 3.4 (2.5, 4.6) 2.3 (1.6, 3.3)

>0 to <60 7.2 (5.7, 8.9) 2.5 (1.7, 3.6) 1.3 (0.7, 2.1)

60 to <182 5.4 (4.2, 6.8) 1.8 (1.1, 2.6) 0.8 (0.4, 1.4)

182 to <365 5.0 (3.8, 6.4) 1.6 (1.0, 2.5) 0.5 (0.2, 1.1)

≥365 4.4 (3.7, 5.3) 1.3 (0.9, 1.8) 0.7 (0.4, 1.1)

Denominator includes days from index date through earlier of end of follow-up, post-index cancer diagnosis, or post-index fracture of interest; numerator
includes only fractures that occurred on or after index date. Cumulative exposure metrics include pre-index exposures

CI confidence interval, n number, IR incidence rate
a The chi-square test of linear trend comparing fracture incidence rates across dose levels yielded the following results: p < 0.001 for current daily dose,
cumulative dose, cumulative days, and days since glucocorticoid discontinuation; p = 0.02 for peak dose
b The chi-square test of linear trend comparing fracture incidence rates across dose levels yielded the following results: p < 0.0001 for current daily dose,
cumulative dose, cumulative days, and days since glucocorticoid discontinuation; p = 0.001 for peak dose
c The chi-square test of linear trend comparing fracture incidence rates across dose levels yielded the following results: p = 0.60 for current daily dose,
p < 0.001 for cumulative dose, p = 0.48 for peak dose, p = 0.001 for cumulative days, and p < 0.0001 for days since glucocorticoid discontinuation
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Table 4 Risk of osteoporosis-related fracture by current daily dose and cumulative dose among RA patients ever exposed to systemic glucocorticoids

Ever exposed All patients

Hazard ratioa 95 % CI Hazard ratio 95 % CI

Sex Male ref ref

Female 1.45 (1.13, 1.86) 1.37 (1.09, 1.72)

Age 18 to 39 ref ref

40 to 44 1.48 (0.81, 2.69) 1.23 (0.72, 2.11)

45 to 49 2.36 (1.42, 3.92) 1.93 (1.23, 3.01)

50 to 54 2.77 (1.72, 4.46) 2.52 (1.67, 3.80)

55 to 59 3.17 (1.98, 5.06) 2.68 (1.79, 4.03)

60 to 64 4.29 (2.68, 6.85) 3.70 (2.47, 5.55)

Current daily doseb (mg/day) 0 ref ref

>0 to <5 1.39 (0.89, 2.15) 1.37 (0.88, 2.13)

5 to <7.5 1.23 (0.83, 1.81) 1.20 (0.82, 1.77)

7.5 to <15 1.05 (0.70, 1.55) 1.01 (0.68, 1.49)

≥15 2.32 (1.57, 3.43) 2.22 (1.51, 3.27)

Cumulative dose (mg) 0 – – ref

>0 to <675 ref 0.93 (0.70, 1.25)

675 to <1350 1.19 (0.91, 1.57) 1.13 (0.81, 1.56)

1350 to <2700 1.05 (0.79, 1.40) 1.01 (0.72, 1.41)

2700 to <5400 1.15 (0.84, 1.57) 1.11 (0.77, 1.59)

≥5400 2.03 (1.48, 2.79) 1.98 (1.37, 2.86)

Anticonvulsant use No ref ref

Yes 1.28 (1.01, 1.62) 1.29 (1.03, 1.61)

Antidepressant use No ref ref

Yes 1.50 (1.22, 1.85) 1.54 (1.27, 1.88)

Osteoporosis agents No ref ref

Yes 1.47 (1.13, 1.91) 1.50 (1.17, 1.91)

Number of medications 0 ref ref

1 to 5 0.89 (0.28, 2.84) 0.85 (0.37, 1.95)

6 to 10 1.02 (0.32, 3.20) 0.90 (0.40, 2.05)

11+ 1.20 (0.38, 3.81) 1.09 (0.47, 2.51)

Charlson Comorbidity Index Score 0 ref ref

1 1.20 (0.98, 1.48) 1.16 (0.96, 1.41)

2 1.89 (1.37, 2.59) 1.86 (1.38, 2.50)

3+ 2.09 (1.29, 3.40) 1.97 (1.23, 3.13)

Asthma/COPD No ref ref

Yes 0.84 (0.50, 1.39) 0.82 (0.49, 1.36)

Inflammatory bowel disease No ref ref

Yes 0.34 (0.05, 2.43) 0.31 (0.04, 2.19)

Multiple sclerosis No ref ref

Yes 6.38 (1.52, 26.72) 5.52 (1.33, 22.82)

Pre-index fracture No ref ref

Yes 4.83 (3.33, 7.00) 4.63 (3.25, 6.60)

Each factor adjusted for all other factors

CI confidence interval, ref reference group
a Chi-square test of linear trend yielded p < 0.0001 for cumulative dose and p = 0.002 for current daily dose for the ever exposedmodel and p < 0.0001 for
cumulative dose and p = 0.004 for current daily dose for all the patient model
b Although this analysis is restricted to ever-exposed patients, current daily dose can have a value of 0 mg/day among patients who are intermittently
exposed
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selection process increased the likelihood that study pa-
tients had new onset RA at their index date. This was
accomplished by selecting patients based on their first
claim (excluding claims for diagnostic tests) with an
RA diagnosis after at least 12 months with no RA
claims, and requiring that each patient have also received
medication indicative of RA therapy. Realizing the im-
portance of accurately capturing exposures, we also re-
quired that all patients who used glucocorticoids before
or after their index date were new users with a 12-month
glucocorticoid-free interval prior to their first steroid
claim in the study period. It is possible that left censor-
ing of the data may have misclassified some patients
with prior steroid exposure as being new glucocorticoid
users, although the required 12-month period free of all
glucocorticoid use likely minimized this misclassifica-
tion. This approach also ensures capture of glucocorti-
coid exposure from first use forward through the end of
follow-up (i.e., censoring event) for each patient.

Ascertainment of incident fractures is challenging in
administrative claims data. We improved fracture identi-
fication by using algorithms that have been previously
used in claims data studies, some of which have been
validated against clinical records [24–26]. Even with
this approach, we expect some underestimation of frac-
ture events, particularly for clinical vertebral fractures
which tend to be underdiagnosed. Thus, the absolute
incidence rates reported for vertebral fractures are likely
low, as only fractures that have come to clinical atten-
tion can be identified in the claims data. In addition, it
is possible that some of the vertebral fractures consid-
ered incident in this study may have occurred earlier in
the exposure period without being detected in the data
at the time of occurrence. In any such instances, the
fractures would have likely occurred at lower levels of
cumulative glucocorticoid exposure suggesting that our
results may be conservative. Although we restricted our

study to RA patients in an effort to minimize confound-
ing of the association between steroids and fracture by
the underlying disease, residual confounding may re-
main since we could not adjust for disease activity
and severity. Finally, the relatively small numbers of
hip fractures reduced the precision of our estimates of
hip fracture risk.

Despite the known deleterious impact of glucocorticoid use
on bone, rates of diagnosis and treatment for steroid-induced
bone loss tend to be low. In this study, although nearly one-
quarter of patients had cumulative steroid exposure exceeding
1 year and most patients were exposed before their RA was
diagnosed, the use of osteoporosis medications was low in
both the pre- and post-index periods. Osteoporosis treatment
was more common in the post-index period among patients
with high dose steroid exposures, yet only one-quarter of pa-
tients with cumulative doses of ≥5400 mg used osteoporosis
medication and less than half of patients at that dose level had
a post-index DXA scan. A previous administrative claims
study showed that 42% of glucocorticoid users received mon-
itoring, treatment, or both [38]. Other published results are
mixed but suggest that only approximately half of glucocorti-
coid users may receive an osteoporosis-preventing medication
and only one quarter may be managed according to guidelines
[39–41].

Our results extend previously published evidence,
using newer data and a rigorous method for quantifying
steroid exposure, that glucocorticoid use has the potential
to increase the risk of fracture, particularly at higher daily
and cumulative dose levels. While risk decreases within a
few months after glucocorticoid discontinuation, it may
remain above baseline levels for extended periods of time.
Our results suggest that management of steroid-induced
bone loss should be an important consideration in RA
care, particularly for patients who are on longer-term con-
tinuous therapy regardless of age. This stance is consistent
with that of the American College of Rheumatology and
the European League Against Rheumatism, which recom-
mend monitoring for osteoporosis to ensure safe treatment
of patients with rheumatic diseases prescribed glucocorti-
coids. Our data suggest that there may be opportunities to
improve the level of osteoporosis monitoring and treat-
ment in this vulnerable population.
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