
ORIGINAL RESEARCH

Retrospective Analysis of the Impact of Adalimumab
Initiation on Corticosteroid Utilization and Medical
Costs Among Biologic-Naı̈ve Patients
with Rheumatoid Arthritis

Christina A. Spivey . Kevin L. Winthrop . Jenny Griffith .

Cameron M. Kaplan . Yanru Qiao . Arnold E. Postlethwaite .

Junling Wang

Received: September 8, 2019 / Published online: November 18, 2019
� The Author(s) 2019

ABSTRACT

Introduction: Treatment guidelines recom-
mend low-dose corticosteroids as short-term
therapy among rheumatoid arthritis (RA)
patients. However, it may be difficult to wean/
eliminate steroids once initiated. Initiation of
more effective therapies such as biologics may
help to taper corticosteroid use. The objective
was to examine the impact of adalimumab
(ADA) initiation on steroid utilization and non-
drug medical costs among patients with RA.

Methods: A retrospective analysis was con-
ducted among adult RA patients initiating ADA
as the initial biologic in the MarketScan Data-
base (2012–2016). Study outcomes included
whether oral/injectable steroids were used, daily
dose, dosage categories (\5 and C 5 mg/day),
number of steroid injections, and non-drug
medical costs. Outcomes were compared
6 months pre- and post-ADA initiation. Mixed
effects logistic, classical linear, multinomial
logistic models, and linear model with a log link
and gamma distribution were used to adjust for
patient demographic and health characteristics.
Results: The sample included 7404 ADA ini-
tiators. Compared to pre-ADA initiation, in the
post-initiation period there was a reduction in
proportions of patients using oral steroids (from
71.80 to 62.56%) and injectable steroids (from
34.91 to 29.88%), average daily dose of oral
steroids (from 3.30 to 2.62 mg/day), patients
with dose C 5 mg/day (from 21.76 to 16.34%),
number of injections (from 0.64 to 0.53), and
non-drug medical costs (from $5356.30 to
$5146.84) (P\0.01). The multivariate analysis
produced similar patterns. For example, post-
ADA initiation, patients were less likely to use
oral steroids [odds ratio (OR) 0.51; 95% confi-
dence interval (CI) 0.47–0.56]; coefficient esti-
mate for daily dose reduction was - 0.68 (95%
CI - 0.81 to - 0.56); ratio estimate for medical
costs was 0.91 (95% CI 0.86–0.97).
Conclusions: Among patients with RA, follow-
ing ADA initiation, there is a reduction in
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steroid utilization and dosage, and non-drug
medical costs. Prospective studies should be
conducted to confirm this relationship in the
future.

Keywords: Adalimumab; Corticosteroids;
Medical costs; Rheumatoid arthritis

Key Summary Points

Why carry out this study?

Treatment guidelines recommend low-
dose corticosteroids as short-term therapy
among patients with rheumatoid arthritis
(RA).

It may be difficult to wean or eliminate
corticosteroids once they are initiated.

The study seeks to examine the impact of
adalimumab (ADA) initiation on
corticosteroid utilization and non-drug
medical costs among patients with RA.

What was learned from the study?

Results showed that ADA initiation among
RA patients was associated with a
subsequent reduction in the use of oral
and injectable corticosteroids,
corticosteroid dosage and number of
corticosteroid injections, and non-drug
medical costs.

INTRODUCTION

Rheumatoid arthritis (RA) affects approximately
1.5 million adults in the United States [1]. Due
to ongoing immune and inflammatory reac-
tions in the synovium of joints involved,
patients can suffer from stiffness, swelling, pain,
and loss of joint function. Symptoms may be
constant or fluctuate with periods of remission
and heightened severity. Bone damage can
occur in the early years of the disease, necessi-
tating early medical intervention. Treatment
goals for RA are to achieve remission, prevent

loss of function and further damage to joints,
and improve the patient’s quality of life. A few
classes of medications can be used in RA treat-
ment, including corticosteroids (steroids) to
treat inflammation and disease-modifying
antirheumatic drugs (DMARDs) to slow disease
progression.

DMARDs play a central role in RA manage-
ment. The 2015 American College of Rheuma-
tology guideline for the treatment of RA
suggests that DMARDs be started at the earliest
stage of disease among patients with established
RA [2]. Two types of DMARDs are available:
nonbiologic and biologic. Nonbiologic
DMARDs such as methotrexate and hydroxy-
chloroquine are synthetic medications devel-
oped through the conventional drug
development process. In contrast, biologic
DMARDs are genetically engineered and include
both tissue necrosis factor (TNF) inhibitors [e.g.,
adalimumab (ADA)] and non-TNF inhibitors
(e.g., rituximab). Biologic DMARDs may be used
as monotherapy or in combination with non-
biologic DMARDS and are recommended for RA
patients who are refractory or intolerant to
other treatment [3–5]. Furthermore, biologic
DMARDs can improve clinical outcomes among
RA patients, particularly in combination with a
nonbiologic DMARD as noted by Aaltonen et al.
[6] and Donahue et al. [7].

Use of biologic DMARDs may also affect the
utilization of steroids as co-therapy in RA
treatment. Although the 2015 guideline rec-
ommends the consideration of low-dose ster-
oids as short-term ‘bridge’ therapy in RA
patients, steroid utilization is associated with
serious side effects such as osteoporosis, weight
gain, promotion of cataracts in the eyes, wors-
ening of diabetes, and an increased risk of
infection [2, 8]. Yet for many patients, it may be
difficult to wean or eliminate steroids once they
are initiated [2, 8]. Prior studies suggest
deployment of more effective therapies such as
biologics may help promote reduction in ster-
oid use [8–12]. For example, Nilsson et al. found
that among Danish RA patients taking steroids,
initiation of TNF inhibitors resulted in steroid
dose reduction in almost half of the patients
and discontinuation among one-third of
patients [9]. When examining the effects of
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DMARDs on the use of steroids as a co-therapy,
however, previous studies have not compre-
hensively studied the patterns of such effects.

Moreover, changes in the utilization of ster-
oids may have implications for downstream
health services and medical costs. For example,
the literature has documented the association
between the use of steroids and the risk of
infection [13, 14]. Furthermore, a study con-
ducted by Yazdany et al. found that RA patients
on glucocorticoid monotherapy had increased
physician visits and hospitalizations compared
to those who had at least one DMARD claim
[15]. Likewise, studies such as that by Spivey
et al. found that RA patients who used steroids
compared to non-users had greater number of
physician visits, hospitalizations, and emer-
gency department visits [16]. They also found
that steroid users had higher mean healthcare
costs than non-users.

Development of a more expansive under-
standing of these aspects of RA treatment can
better inform clinical and policy decision-mak-
ers on the appropriate use of biologic DMARDs
and steroids as co-therapy. Therefore, the study
objective was to examine whether steroid uti-
lization and non-drug medical costs decreased
following ADA initiation among patients with
RA.

METHODS

Study Design and Population

This retrospective cohort study used the Truven
MarketScan Commercial Claims and Encoun-
ters and Medicare Supplemental and Coordi-
nation of Benefits database (1/1/2012–12/31/
2016) [17].

The MarketScan Database is a de-identified,
nationwide medical claims database licensed by
Truven Health Analytics Inc. Compliant with
the Health Insurance Portability and Account-
ability Act, the MarketScan Database includes
insurance claims of inpatient, outpatient,
emergency room, pharmacy, behavioral health
care, and enrollment data. Historically, the
MarketScan Databases have more than 500
million claim records and claims data from over

100 payers annually, and represent a wide
variety of health plans. All claims in the Mar-
ketScan Database are linkable using a unique
patient identity code. The MarketScan Database
has been used widely to study outcomes and
patterns of medication utilization.

The study population included adult
patients (aged C 18 years) diagnosed with RA
(International Classification of Diseases or ICD-
9 codes of 714.0 and 714.2 and ICD-10 codes of
M05.xx, M06.xx excluding M06.4). The inclu-
sion and exclusion criteria for this study are
described in Fig. 1 [13, 18, 19]. To be included,
(1) patients must have at least two diagnoses of
RA on different dates; (2) ADA initiation had to
occur after RA diagnosis; (3) patients needed to
have filled a prescription for ADA with no pre-
scription for another biologic DMARD on the
same day, and no prescription for ADA or other
biologic DMARDs any time before that pre-
scription; (4) ADA initiation date had to occur
between 01/01/2013 and 06/30/2016; and (5)
patients had to have continuous enrollment in
health insurance plans for at least 12 months
before the index date and at least 6 months after
ADA initiation. Patients were excluded if they
met the following criteria at any time in the pre-
index or post-index periods: had a diagnosis of
human immunodeficiency virus (ICD-9 code of
042; ICD-10 code of B20); or had a diagnosis
that might impact study outcomes, including
some autoimmune diseases such as ulcerative
colitis (ICD-9 codes of 556; ICD-10 codes of
K51), Crohn’s disease (ICD-9 code of 555; ICD-
10 code of K50), psoriasis (ICD-9 codes of 696.1;
ICD-10 codes of L40.0, L40.1, L40.2, L40.8),
psoriatic arthritis (ICD-9 codes of 696.0; ICD-10
codes of L40.50, L40.54, L40.59), ankylosing
spondylitis (ICD-9 codes of 720.0; ICD-10 codes
of M54.9), and hidradenitis suppurativa (ICD-9
code of 705.83; ICD-10 code of L73.2).

The earliest date when a patient initiated
ADA is identified as the index date. Study out-
comes were compared before and after ADA
initiation for the same time duration of
6 months. The study population served as its
own control group in the 6-month post-initia-
tion period.
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Compliance with Ethics Guidelines
IRB exemption approval was received (#17-
05443-NHSR) from the IRB Office at the corre-
sponding author’s institution. Consent to par-
ticipate is not applicable.

Study Outcomes

This study examined the impact of initiating
ADA on steroid utilization and medical costs
among patients with RA. Specifically, study
outcomes included the effects of ADA initiation
on whether oral or injectable steroids were used,
changes in oral steroid daily dose (daily dose
was defined as total prednisone equivalence in
the observation period divided by the length of
the observation period among all patients,
number of steroid injections, steroid dosage

categories (no use, \ 5 and C 5 mg/day), and
non-drug direct medical costs [20–22]. It was
also determined whether the average daily dose
increased from before to after ADA initiation
based on the comparison of the average daily
dose between the two periods. Medical costs
included total payments for all inpatient and
outpatient services, excluding prescription
drugs.

Because these study outcomes are all related
to the utilization of medications or health ser-
vices, we used Andersen’s Behavioral Model of
Health Services Utilization as the theoretical
framework for including independent variables
in our models [23]. This model classifies deter-
minants of health services utilization into three
groups, namely predisposing, enabling, and
need factors. Predisposing factors included age,

Fig. 1 Flow chart of sample selection
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gender, types of health plans [comprehensive
plans, preferred provider organizations (PPOs),
health maintenance organizations (HMOs), and
other plans] and ADA initiation year. Enabling
factors included metropolitan statistical area,
census regions (Northeast, Midwest, South,
West, and Unknown), and rheumatologist visit.
Need factors included Deyo-adapted Charlson
Comorbidity Index (CCI), risk adjustment
summary score, and concomitant methotrexate
use. The Deyo-adapted CCI is a method of cat-
egorizing 17 major comorbidities of patients
based on diagnosis code [24, 25]. Risk adjust-
ment summary score is calculated based on
diagnostic information from claims. This score
was developed based on Diagnostic Cost Group/
Hierarchical Condition Category (DCG/HCC)
to risk-adjust payments to Medicare Advantage
plans [26, 27].

Statistical Analysis

Steroid utilization and non-drug direct medical
costs were compared for 6 months before and
after ADA initiation. Descriptive statistics were
used to describe patterns of steroid utilization.
Mean, standard deviation, and median were
reported for continuous variables. Proportions
were reported for categorical variables. Differ-
ences between pre- and post-index were tested
using paired t test for continuous variables.
Differences in costs were also tested using the
Wilcoxon test because cost variable may not be
normally distributed. McNemar’s and classical
Chi-square tests were used to compare categor-
ical variables pre- and post-index. Mixed effects
models were used to adjust for patient charac-
teristics. Specifically, logistic regression was
used for dichotomous variables, classical linear
regression was used for continuous variables,
multinomial logistic regression was used for
categorical variables with more than two cate-
gories, and generalized linear model with a log
link and gamma distribution was used for cost
variables. Multinomial instead of ordered
logistic regression was used because the
assumption of proportionality was violated
based on a Brant test. A dummy variable for
post-index period was included in regression

models to study the effects of ADA use. All
variables in Andersen’s Model were included as
independent variables in the regression models.
When analyzing the factors associated with
medical costs, average daily dose of steroids was
also included in the regression model. Besides
these analyses, factors associated with dosage
decrease of oral steroids were also examined to
explore potential strategies to reduce steroid
use. This was achieved by comparing the groups
with and without dosage decrease during the
post-index period and including as independent
variables patient characteristics at baseline. A
dose–response relationship was also determined
using this same method by including as inde-
pendent variables measures of steroid utiliza-
tion patterns in the pre-index period.

Data analysis was conducted using SAS� 9.4
(SAS Institute Inc., Cary, NC, USA) and STATA�

13.1 (STATA Corporation, College Stations, TX,
USA). The statistical significance level was set a
priori at 0.05. Institutional review board
approval was obtained from the IRB at the cor-
responding author’s institution.

RESULTS

The RA patient cohort was comprised of 7404
individuals who met all inclusion criteria.
Baseline patient characteristics are summarized
in Table 1. Mean age was 52.75 years [standard
deviation (SD) = 11.69], and 22.15% were male.
A small percentage of patients (6.92%) had
comprehensive insurance, over half (61.98%)
had PPO, 9.45% had HMO, and 21.66% had
other insurance. The proportions of patients
who initiated ADA in the years of 2013, 2014,
and 2015 were similar at approximately 30%,
while only 8.35% of patients initiated ADA in
2016. Over 80% lived in a metropolitan statis-
tical area. Rheumatologist visit occurred in
69.9% of patients. Mean Deyo-adapted Charl-
son Comorbidity Index was 1.63 (SD 1.20), and
mean risk adjustment summary score was 0.61
(SD 0.56). More than 70% of patients used
methotrexate in the post-index period.

Compared to 6 months pre-ADA initiation,
in the post-initiation period, there was a sig-
nificant reduction in steroid utilization and
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medical costs (Table 2). Proportions of patients
using oral steroids decreased from 71.80 to
62.56%. Proportions of patients using
injectable steroids decreased from 34.91 to
29.88%. Average daily dose of oral steroids
decreased from 3.30 mg/day (SD 5.86 mg/day)
to 2.62 mg/day (SD 5.33 mg/day). The number
of steroid injections decreased from an average
of 0.64 per patient (SD 1.15) to 0.53 per patient
(SD 1.11). The proportion of patients with
steroid dose of zero mg/day increased from
40.88 to 49.72%, proportion of patients with
dose\5 mg/day decreased from 37.36 to
33.94%, and proportion of patients with
dose C 5 mg/day decreased from 21.76 to
16.34%. Mean non-drug medical costs
decreased from $5356.30 (SD $11 787.38) in the
pre-ADA initiation period to $5146.84 (SD
$13,528.09) in the post-ADA initiation period.
All outcome comparisons between pre- and
post-ADA initiation are significant (P\ 0.01).

Multivariate analysis found a reduction in
steroid utilization in the post-ADA initiation
period (Table 3). Odds ratio (OR) for any use of
oral steroids was 0.51 [95% confidence interval
(CI) 0.47–0.56]. This number indicates that
patients were 49% less likely to use oral steroids
post-initiation versus pre-initiation. Coefficient
estimate for daily dose was - 0.68 (95% CI
- 0.81 to - 0.56) in the post-index period. This
suggests that daily dose was 0.68 mg/day lower
in the post-initiation period versus pre-initia-
tion period (Table 3). The coefficient estimate
for the reduction of the number of steroid
injections was - 0.11 (95% CI - 0.14 to - 0.08)
in the post-index period.

Post-ADA relative risk ratios (RRR) for dosage
categories\5mg/day and C 5mg/day compared

Table 1 Characteristics of adult patients with rheumatoid
arthritis (N = 7404)

Characteristics Groups Number Percentage

Age Mean,

52.75

SD, 11.69

Age 18–64 6561 88.63%

65–74 643 8.69%

75–84 174 2.35%

85 and Above 25 0.34%

Gender Male 1640 22.15%

Female 5763 77.85%

Types of

insurance

plans

Comprehensive 503 6.92%

PPO 4508 61.98%

HMO 687 9.45%

Other 1575 21.66%

Adalimumab

initiation year

2013 2057 27.79%

2014 2415 32.62%

2015 2313 31.24%

2016 618 8.35%

Metropolitan

statistical area

No 1341 18.11%

Yes 6062 81.89%

Geographic

region

Northeast 1083 14.63%

Midwest 1605 21.68%

South 3402 45.95%

West 1181 15.95%

Unknown 132 1.78%

Rheumatologist

visit

No 2229 30.11%

Yes 5175 69.90%

Deyo-adapted Charlson

Comorbidity Index

Mean,

1.63

SD, 1.20

Risk Adjustment Summary Score Mean,

0.61

SD, 0.56

Table 1 continued

Characteristics Groups Number Percentage

Methotrexate

use

No 2025 27.35%

Yes 5379 72.65%

HMO health maintenance organization, PPO preferred
provider organization, SD standard deviation
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to no steroid use were 0.57 (95% CI 0.52–0.63)
and 0.47 (95% CI 0.42–0.52), respectively
(Table 4). These numbers indicate that patients
were 43% less likely to use\ 5 mg/day com-
pared to zero and 53% less likely to
use C 5 mg/day compared to zero, respectively.

Select factors were significantly associated
with oral steroid dosage reduction among all
patients after ADA initiation (Table 5). When
average daily dose in the pre-initiation period
was not included, patients who were male (OR
1.15; 95% CI 1.03–1.29) or who used
methotrexate (OR 1.30; 95% CI 1.17–1.45) were
more likely to have reduced oral steroid dosage
in the post period. Patients who lived in the
West (OR 0.75; 95% CI 0.63–0.89) or Unknown
region (OR 0.50; 95% CI 0.33–0.77) had lowered
steroid dosage in the post period. Patients with
higher steroid dosage in the pre-index period
were more likely to have reduced dosage in the
post-index period (OR 1.40; 95% CI 1.38–1.43),
as were those patients who used methotrexate
(OR 1.14; 95% CI 1.01–1.29). Patients who were
male (OR 0.85; 95% CI 0.74–0.98) and had
higher risk adjustment score (OR 0.84; 95% CI

0.74–0.96) were less likely to have dosage
reduction in the post-index period.

Non-drug medical costs were significantly
reduced after ADA initiation based on adjusted
analysis (Table 3). Ratio estimate for non-drug
medical costs was 0.91 (95% CI 0.86–0.97),
indicating that non-drug medical costs were
reduced by 9% in the post-ADA initiation
period.

DISCUSSION

The current study examined the effects of ADA
initiation on steroid utilization patterns and
non-drug medical costs among RA patients. In
comparing the two study periods, 6 months
before and after ADA initiation, the findings
indicated that following initiation of ADA,
fewer RA patients used oral steroids or
injectable steroids, and fewer patients used low-
dose oral steroids (\5 mg/day) and high-dose
oral steroids (C 5 mg/day). Additionally, RA
patients experienced reductions in daily steroid
dose, number of steroid injections, and non-
drug medical costs after starting ADA.

Table 2 Steroid utilization and non-drug medical costs before and after adalimumab (ADA) initiation among patients with
rheumatoid arthritis (N = 7404)

Variables Before ADA
initiation

After ADA initiation Difference P value

Oral steroid use (percentage) 71.80% 62.56% 9.24% \ 0.01

Steroid injection (percentage) 34.91% 29.88% 5.04% \ 0.01

Steroid daily dose, mean (standard deviation) 3.30 mg/day

(5.86 mg/day)

2.62 mg/day

(5.33 mg/day)

0.68 mg/day \ 0.01

Number of steroid injections, mean (standard

deviation)

0.64 (1.15) 0.53 (1.11) 0.11 \ 0.01

Average daily dose

= 0 (no steroid use) 40.88% 49.72% 8.84% \ 0.01

0\ to\ 5 mg/day 37.36% 33.94% 3.42%

C 5 mg/day 21.76% 16.34% 5.42%

Non-drug medical costs, mean (standard

deviation)

$5356.30 ($11,787.38) $5146.84 ($13,528.09) $209.46 \ 0.01
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Similar to the findings of the current study,
prior studies have consistently noted an asso-
ciation between biologic DMARD initiation/
utilization and reduction in steroid utilization
[6–8]. As previously described, Nilsson et al.
found that initiation of TNF inhibitors was
associated with a reduction or elimination of
steroid use among RA patients [9]. Likewise, in a
study of more than 6000 RA patients conducted
by Accortt et al., initiation of the biologic
DMARD etanercept resulted in a decline in the
proportion of patients using oral steroids from
70.6% to 56.7% [28]. Lathia et al., in a study of
Canadian RA patients, found that those who
were adherent to biologic DMARD treatment
(defined as medication possession ratio C 0.80)
had significantly lower steroid utilization com-
pared to nonadherent patients [12]. Addition-
ally, Chu et al. noted that ADA nonadherence
among adult RA patients was associated with
corticosteroid use [29]. In examining RA treat-
ment trends, Herrinton et al. noted that as use
of DMARDs including biologics increased (from
38 to 63%) between 1998 and 2009, use of
steroids decreased (from 23% to 15%) [30]. The
cumulative findings of these studies suggest
that implementation of medication therapy
considered more effective in the treatment of
RA, namely biologic DMARDs, is associated
with reduced need for less effective co-therapies
such as steroids.

In addition to the reduction in the use of oral
and injectable steroids, the present study also
found that steroid dosage may be impacted by
ADA initiation. As aforementioned, we found
that average daily dose of oral steroids decreased
in the post-initiation period, and number of
steroid injections decreased. Additionally,
patients were less likely to use low-dose oral
steroids (\5 mg/day) and less likely to use high-
dose oral steroids (C 5 mg/day) in the post-ADA
initiation period. Sandhu et al. and Nilsson
et al. also found a reduction in number of ster-
oid injections in their RA sample following the
initiation of TNF inhibitor therapy [9, 10].
Similarly, Armstrong et al. and Nilsson et al.
found significant reductions in oral steroid dose
when comparing before and after initiation of
TNF inhibitors; however, Sandhu et al. did not
[9, 10, 31]. We speculate these contrastingT
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Table 4 Effects of adalimumab initiation on steroid dosage categories among patients with rheumatoid arthritis based on
multinomial logistic regression

Parameter Without daily dose With daily dose

< 5 mg/day vs. no steroid use ‡ 5 mg/day vs. no steroid use

Relative risk
ratio

95% confidence
interval

Relative risk
ratio

95% confidence
interval

Pre-index period 1.00 – 1.00 –

Post-index period 0.57 0.52–0.63 0.47 0.42–0.52

Age 0.99 0.99–1.00 0.99 0.99–1.00

Female 1.00 – 1.00 –

Male 1.07 0.90–1.27 1.73 1.45–2.06

Insurance type: comprehensive 1.00 – 1.00 –

Insurance type: PPO 0.95 0.73–1.24 0.98 0.74–1.30

Insurance type: HMO 0.73 0.52–1.02 0.74 0.51–1.06

Insurance type: other 0.97 0.72–1.30 1.01 0.74–1.38

Year 2013 1.00 – 1.00 –

Year 2014 0.90 0.76–1.07 0.81 0.68–0.97

Year 2015 0.93 0.78–1.10 0.90 0.75–1.08

Year 2016 1.01 0.59–1.74 0.73 0.41–1.30

Metropolitan statistical area: no 1.00 – 1.00 –

Metropolitan statistical area: yes 0.90 0.75–1.09 0.84 0.69–1.03

Geographic region: Northeast 1.00 – 1.00 –

Geographic region: Midwest 0.98 0.77–1.25 0.89 0.69–1.14

Geographic region: South 0.97 0.79–1.20 0.71 0.57–0.89

Geographic region: West 0.61 0.48–0.79 0.48 0.37–0.63

Geographic region: Unknown 0.38 0.22–0.68 0.29 0.15–0.53

Rheumatologist visit: no 1.00 – 1.00 –

Rheumatologist visit: yes 1.20 1.03–1.40 1.08 0.92–1.28

Deyo-adapted Charlson Comorbidity

Index

0.98 0.91–1.05 1.00 0.92–1.08

Risk Adjustment Summary Score 1.51 1.29–1.77 1.81 1.54–2.13

Methotrexate use: no 1.00 – 1.00 –

Methotrexate use: yes 1.77 1.51–2.07 1.83 1.54–2.17

HMO health maintenance organization, PPO preferred provider organization
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findings regarding oral steroid dosage may be
due to variation in clinical/treatment rationale.
Future studies should further examine factors
influencing clinical decision-making regarding

steroid dosage following implementation of
biologic DMARD therapy in RA patients.

Use of steroids as a co-therapy is a concern in
RA treatment because they are associated with

Table 5 Factors associated with oral steroid dosage reduction after ADA initiation among patients with rheumatoid
arthritis based on logistic regression

Parameter Without daily dose With daily dose

Odds
ratio

95% confidence
interval

Odds
ratio

95% confidence
interval

Average daily dose in pre-period – – 1.40 1.38–1.43

Age 0.99 0.99–0.99 0.99 0.99–1.00

Female 1.00 – 1.00 –

Male 1.15 1.03–1.29 0.85 0.74–0.98

Insurance type: comprehensive 1.00 – 1.00 –

Insurance type: PPO 0.87 0.73–1.04 0.84 0.68–1.03

Insurance type: HMO 0.81 0.64–1.01 0.78 0.60–1.01

Insurance type: other 0.86 0.71–1.05 0.80 0.64–1.01

Year 2013 1.00 – 1.00 –

Year 2014 1.00 0.88–1.13 1.09 0.95–1.26

Year 2015 1.04 0.91–1.17 1.10 0.95–1.27

Year 2016 1.18 0.98–1.43 1.17 0.94–1.46

Metropolitan statistical area: no 1.00 – 1.00 –

Metropolitan statistical area: yes 0.91 0.80–1.03 0.97 0.83–1.12

Geographic region: Northeast 1.00 – 1.00 –

Geographic region: Midwest 0.97 0.83–1.14 1.03 0.85–1.24

Geographic region: South 0.93 0.81–1.07 1.11 0.94–1.31

Geographic region: West 0.75 0.63–0.89 0.94 0.77–1.14

Geographic region: Unknown 0.50 0.33–0.77 0.72 0.44–1.17

Rheumatologist visit: no 1.00 – 1.00 –

Rheumatologist visit: yes 1.00 0.90–1.11 0.99 0.88–1.12

Deyo-adapted Charlson Comorbidity

Index

0.99 0.94–1.04 1.00 0.94–1.06

Risk Adjustment Summary Score 1.05 0.94–1.17 0.84 0.74–0.96

Methotrexate use: no 1.00 – 1.00 –

Methotrexate use: yes 1.30 1.17–1.45 1.14 1.01–1.29

HMO health maintenance organization, PPO preferred provider organization
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serious side effects that may negatively impact
patient outcomes. Spivey et al. found that
among RA patients, those who used steroids
before the initiation of biologic DMARDs were
more likely to experience adverse effects than
non-users [16]. Steroid users had higher inci-
dence rates of various adverse effects including
but not limited to cardiovascular events, infec-
tions, and gastrointestinal problems. Further,
these investigators found that steroid users
versus non-users experienced significantly
greater healthcare utilization and costs. Given
the ongoing burden of adverse effects and costs
associated with steroid use, the reduction or
elimination of steroid utilization achieved fol-
lowing ADA initiation, as demonstrated in the
current analysis, is particularly noteworthy.

This study’s finding that non-drug medical
costs decreased post-ADA initiation compared
to pre-initiation is consistent with previous
research that demonstrated an association
between use of biologic DMARDs and reduc-
tions in healthcare utilization. Armstrong et al.
noted a significant reduction in hospitalizations
following initiation of TNF inhibitors [31]. The
findings of Accortt et al. were similar, as were
the findings of Lathia et al. who noted that RA
patients who were adherent to biologic
DMARDs had lower healthcare utilization
compared to nonadherent patients [12, 28].
Although these studies did not directly examine
healthcare costs, one may presume that signifi-
cant reductions in healthcare utilization are
likely to result in significant reductions in
healthcare costs. We speculate that reductions
in healthcare utilization and non-drug medical
costs following initiation of a biologic DMARD
such as ADA may be attributed to improved
health, decreased steroid use, and in turn,
decreased steroid-related adverse events. Future
studies should further evaluate the interplay
between use of biologic DMARDs and steroids,
and the resultant effects on healthcare utiliza-
tion and costs.

In addition to the relationships between
ADA initiation, steroid utilization, and non-
drug medical costs, this study’s findings also
point to differences in use of both oral and
injectable steroids as well as oral steroid dosage
and non-drug medical costs based on patient

demographics (i.e., gender, region of residence,
living in a metropolitan statistical area), risk
adjustment score, rheumatologist visit, and
methotrexate use. Future studies should address
the clinical relevance, if any, of these
differences.

This study has limitations. As this was a ret-
rospective observational study, it was impossi-
ble to explore the clinical rationale, disease
activity and duration, and/or patient back-
ground factors that may guide the observed
treatment patterns. The study results do not
fully reflect the impact of ADA on ability to
reduce steroids as no intervention was provided.
Additional studies are warranted to determine
the causal relationship and full impact of ADA
and/or all biologics on ability to withdraw ster-
oids. Additionally, because patients may take
medications at doses lower or higher than those
prescribed in the database, the method of cal-
culating steroid use may underestimate or
overestimate daily dosage or duration of ther-
apy. Another limitation is that this study is
based on administrative databases that do not
include clinical parameters related to study
outcomes such as body mass index, smoking
status, and/or lab tests. Finally, a causal rela-
tionship between study variables cannot be
established based on observational analysis.
Therefore, prospective studies are needed to
establish causality between ADA initiation and
reduction in steroid utilization and non-drug
medical costs. Despite these limitations, the
methods proposed in this study represent the
state of the art for this type of research, and this
study produced important findings related to
the effects of ADA initiation on steroid utiliza-
tion among RA patients.

CONCLUSIONS

In summary, ADA initiation among RA patients
was associated with a subsequent reduction in
use of oral and injectable steroids, steroid
dosage and number of steroid injections, and
non-drug medical costs. This study thus pro-
vides evidence of the beneficial effect of initi-
ating biologic DMARDs such as ADA on
utilization of steroids as an RA co-therapy.
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Clinical and policy decision-makers should
consider these findings when determining the
appropriate use of biologic DMARDs and ster-
oids as co-therapy. Future studies should con-
tinue to evaluate the optimal use of biologic
DMARDs such as ADA and steroids in RA
treatment.
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