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ABSTRACT

Objectives: To examine the association between treatment 
compliance with biologics approved for rheumatoid arthritis (RA) 
and 1-year total and RA-specific nonbiologic healthcare costs.

Study Design: Retrospective analysis of MarketScan Com-
mercial Database claims data from July 1, 2009, to December 
31, 2013.

Methods: Non-elderly adults (aged 18-63 years) with RA 
initiating treatment (index date) with a first-line biologic, with 
continuous plan enrollment for 6 months pre-index and 12 
months post index, were eligible. Outcomes included compli-
ance (using proportion of days covered [PDC]) and persistence. 
Associations between compliance and total and RA-specific 
nonbiologic costs were assessed.

Results: Data from 14,696 patients were analyzed. Mean PDC 
(SD) was 0.65 (0.31); 46.8% of patients were persistent on 
index biologic. Mean total healthcare costs were $44,387 for 
intravenous abatacept, $40,434 for subcutaneous abata-
cept, $33,422 for adalimumab, $36,599 for certolizumab 
pegol, $33,214 for etanercept, $34,381 for golimumab, and 
$40,188 for infliximab. Compared with poorly compliant pa-
tients (PDC <0.2), total nonbiologic incremental costs for more 
compliant patients with PDC 0.2 to <0.4, 0.4 to <0.6, 0.6 to 
<0.8, and ≥0.8, respectively, were lower at –$1678 (cost ratio 
[CR] = 0.91; 95% CI, 0.86-0.97; P = .0025), –$4158 (CR = 
0.78; 95% CI, 0.74-0.83; P <.0001), –$5127 (CR = 0.73; 
95% CI, 0.69-0.78; P <.0001), and –$7961 (CR = 0.58; 95% 
CI, 0.56-0.62; P <.0001). The respective RA-related incremen-
tal nonbiologic costs, compared with poorly compliant patients, 
were $186 (CR = 1.08; 95% CI, 1.02-1.15; P = .0067), –$168 
(CR = 0.92; 95% CI, 0.87-0.98; P = 0.0126), –$225 (CR = 
0.90; 95% CI, 0.85-0.95; P = .0002), and –$560 (CR = 0.75; 
95% CI, 0.71-0.79; P <.0001).

Conclusions: Better compliance was associated with lower 
overall and RA-related nonbiologic costs.
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R heumatoid arthritis (RA) is a systemic, inflammatory, 
autoimmune disease that primarily affects the linings 
(synovial membranes) of the joints. Approximately 1.3 

million adults in the United States are estimated to have RA.1 
A recent study of the total societal burden of RA estimates 
an annual healthcare cost of $8.4 billion and total societal 
cost of $19.3 billion per year.2 Left untreated, 20% to 30% 
of people diagnosed with RA become work-disabled within 
3 years.3 Patients with RA suffer significant impairments 
in health-related quality of life, which can be alleviated by 
effective treatment.4

The American College of Rheumatology (ACR) recommends 
treatment with nonbiologic disease-modifying antirheumatic 
drugs (DMARDs) for early RA patients with low disease 
activity and an absence of poor prognostic features, and for 
early RA patients with moderate disease activity with poor 
prognostic features.5 ACR recommendations also suggest a 
more aggressive approach to inhibit the progression of joint 
damage and other complications from RA that may develop 
soon after diagnosis. These recommendations include the 
use of a biologic tumor necrosis factor (TNF) blocker with 
or without methotrexate in patients who have high disease 
activity with poor prognostic features. For patients with 
established RA (disease duration ≥6 months), biologic DMARDs 
are recommended if they have had an inadequate response 
to combination therapy with nonbiologic DMARDs. Biologic 
DMARDs approved by the FDA for first-line treatment of 
RA include the TNF blockers adalimumab, certolizumab 
pegol, etanercept, golimumab, and infliximab, and a T-cell 
co-stimulation blocker, abatacept.

Medication compliance/adherence is an important aspect 
of any treatment. An analysis of pharmacy claims data across 
6 chronic conditions reported adherence rates ranging from 
28% to 66%.6 Noncompliance can lead to increased healthcare 
use, including hospitalizations, fractures, cardiovascular 
events, and emergency department visits.7-10 Notably, increased 
healthcare use due to medication noncompliance is associated 
with increased costs.11-13 In patients using antihypertensive 
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PRACTICAL IMPLICATIONS
Although it seems intuitive that medication compliance with expensive biologic therapies would 
lead to higher costs of treatment for rheumatoid arthritis, patients who are compliant with their 
biologic therapies have lower overall and disease-related nonbiologic healthcare costs. Clinical 
improvements with effective therapies for rheumatoid arthritis may slow or prevent progression of 
disease, thereby reducing the need for more aggressive treatment and preventing complications 
and associated costs.

medications, for instance, the cost of using more drugs 
by compliant patients was less than spending on acute 
cardiovascular events in noncompliant patients.13

The objective of the current study was to examine and 
quantify the association between treatment compliance 
with first-line RA biologics and total and RA-specific 
nonbiologic healthcare costs over 1 year. Medication 
cost is a dominant component of healthcare cost among 
RA patients. Although increasing compliance to RA 
therapies would increase RA medication costs, some 
other components of healthcare costs may be reduced, 
because patients’ improved outcomes may result in lower 
likelihood of future hospitalizations, physician visits, or 
disease-related complications.

PATIENTS AND METHODS
Data Source
Data for this analysis were obtained from the Truven 
Health Analytics MarketScan® Claims and Encounters 
Database (Commercial). The Commercial Database contains 
inpatient medical, outpatient medical, and outpatient 
prescription drug information of employees and their 
dependents covered under a variety of fee-for-service and 
managed care health plans, including exclusive provider 
organizations, preferred provider organizations, point-of-
service plans, indemnity plans, and health maintenance 
organizations. It provides detailed cost, use, and outcomes 
data for healthcare services performed in both inpatient 
and outpatient settings, including outpatient prescription 
drug claims and person-level enrollment data through the 
use of unique enrollee identifiers.

Study Design
The study used data from July 1, 2009, to December 31, 
2013, spanning the pre-index and postindex period for 
all eligible patients. The index date was the date of the 
first claim for abatacept, adalimumab, certolizumab pegol, 
etanercept, golimumab, or infliximab between January 1, 
2010, and January 1, 2013. The baseline period included 
the 6 months prior to the index date (pre-index period). 
The follow-up period encompassed the 12 months 

following and including the index 
date (postindex period).

Patient Selection
To be eligible for inclusion in the 
analysis, patients had ≥1 claim for first-
line biologic therapy for RA between 
January 1, 2010, and January 1, 2013; 
were aged 18 to 63 years; had continu-

ous enrollment in the claims database with medical and 
pharmacy benefits during the pre-index and postindex 
periods; and had ≥1 nondiagnostic medical claim with a 
primary or secondary diagnosis of RA (International Clas-
sification of Diseases, Ninth Revision, Clinical Modification 
[ICD-9-CM] diagnosis code 714.0x) during the pre-index 
period or on the index date. Patients were excluded from 
the analysis if they had ≥1 nondiagnostic medical claim 
with a diagnosis for other biologic indications at any 
time during the pre-index period (including the index 
date), including plaque psoriasis (ICD-9-CM code 696.1x), 
psoriatic arthritis (696.0x), ankylosing spondylitis (720.0x), 
juvenile idiopathic arthritis (714.3x), Crohn’s disease (555.
xx), ulcerative colitis (556.xx), non-Hodgkin lymphoma 
(200.xx, 202.xx), or chronic lymphocytic leukemia 
(204.1x); ≥1 claim for any of the index drugs during the 
pre-index period (not including the index date); ≥1 claim 
for any biologic agent indicated for second-line treatment 
of RA (or not indicated for RA) or tofacitinib during the 
pre-index period (including the index date); ≥1 claim for 
ustekinumab during the study; claims for ≥2 different 
first-line RA biologics on the index date; any claim for 
tocilizumab prior to the FDA approval date (January 11, 
2010); any claim for a first-line RA treatment administered 
only through subcutaneous (SC) injection with a Healthcare 
Common Procedure Coding System (HCPCS) code of that 
treatment (non-standard administration) during the study; 
or any claim for a first-line RA treatment administered only 
through intravenous (IV) infusion with a National Drug 
Code (NDC) of that treatment (non-standard administration) 
during the study.

Study Outcomes
Outcomes included rates of compliance, rates of persistence, 
and the total nonbiologic healthcare and RA-related 
nonbiologic healthcare cost over 1 year.

Compliance was determined by the proportion of days 
covered (PDC) for the index biologic during the 12-month 
follow-up period. Low compliance of self-administered 
biologics (abatacept, adalimumab, certolizumab pegol, 
etanercept, golimumab) was defined as proportion of 
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days covered <80% during the post index period. Low 
compliance of infused biologics (abatacept, infliximab) 
was defined as insufficient infusions corresponding to 
the lower end of the permissible dosing schedules (14-18 
infusions per year for abatacept or 7-10 infusions per year 
for infliximab) over the postindex period. Persistence was 
measured based on days on index therapy. Patients were 
considered persistent on index therapy until a 45-day gap 
was observed in claims for the index biologic or a switch 
to another biologic.

Total net healthcare cost was defined as all-cause 
healthcare cost (including both medical and pharmacy 
cost), excluding RA-related biologic cost, over 12 months 
of follow-up. RA-related net healthcare cost was defined as 
RA-related healthcare cost (medical and pharmacy cost), 
excluding RA-related biologic cost. Inpatient medical 
claims with a primary diagnosis of RA (ICD-9-CM: 714.0x) 
and outpatient medical claims with a primary or secondary 
diagnosis of RA constituted RA-related medical cost. Medical 
costs included all services rendered during a hospital stay, 
emergency department visits, physician visits, laboratory 
tests, medical procedures, and radiological examina-
tions. RA-related pharmacy cost included both drug and 
administration costs using NDC or HCPCS codes that were 
indicative of oral- or joint-administered glucocorticoids, 
conventional DMARDs, biologic DMARDs, and tofacitinib. 
Total healthcare costs were the sum of patient and health 
plan costs.

Statistical Considerations
Descriptive analyses were conducted for categorical 
variables (number, percentage) and continuous variables 
(mean, SD, range, and 95% CIs). Treatment exposure (dose 
and number of administrations) was accounted for using a 
validated effectiveness algorithm14 that has been applied 
to this database in previous analyses.15 Generalized linear 
models with a gamma distribution and a log link were 
specified to assess the association between compliance and 
the various cost variables. Additionally, treatment-specific 
comparisons in cost were explored within these models. 
Models were adjusted for patient demographics (age, 
gender, health plan type, index year), baseline clinical 
characteristics and indices of health status (pre-index 
medications including antibiotics, oral corticosteroids and 
joint injections, selected comorbid conditions, number of 
ICD-9-CM codes, number of prescriptions, number of unique 
medications), baseline treatments (index biologic), and 
pre-index costs. Adjusted incremental costs for each level 
of compliance were estimated using recycled predictions.16 
The incremental analysis was conducted by comparing 

each subsequent PDC cohort with patients with PDC <0.2. 
Costs were adjusted to the most recent year of data available 
for the study (2013).

RESULTS
Patients
A total of 14,696 patients were eligible to be included in 
the study (EAPPENDIX TABLE 1; [eAppendices available at 
ajpb.com]). The mean age (SD) was 49.3 (10.0) years, most 
patients were female (78.3%), and most patients were in a 
managed care plan (87.1%) (TABLE 1). During the pre-index 
period, the mean number (SD) of unique ICD-9-CM codes 
was 10.0 (6.7), the mean number (SD) of prescription claims 
with a unique NDC code was 21.2 (15.9), and the mean 
number (SD) of unique drug claims was 8.4 (5.3).

Compliance and Persistence
Across all RA biologic treatments, the mean (SD) PDC was 
0.65 (0.31) for the index medication. Compliance based on 
PDC >0.8 was achieved by 44.4% of patients during the 
12-month postindex period (EAPPENDIX TABLE 2). Overall 
persistence on index medication during the 12-month post 
index period was 46.8%.

Costs
The mean net healthcare cost (SD) for all patients was 
$34,863 ($29,221), and mean RA-related healthcare cost 
(SD) was $22,665 ($11,571) during the postindex period 
(EAPPENDIX TABLE 3).

Association Between Compliance and Costs
Across all index medication cohorts, compliant patients 
had consistently lower total net healthcare costs compared 
with noncompliant patients (FIGURE). In general, increasing 
PDC led to lower all-cause and RA-related nonbiologic costs 
(TABLE 2). Decreases in incremental total net healthcare 
costs and RA-related nonbiologic costs were observed 
with increasing compliance (TABLE 3).

Based on generalized linear models, compliance was 
a significant predictor of all-cause nonbiologic costs and 
RA-related nonbiologic costs (TABLE 4). Compared with 
patients with poor compliance (PDC <0.20), the all-cause 
nonbiologic cost ratio for compliant patients (PDC ≥0.80) 
was 0.58 (95% confidence limits [CL], 0.56, 0.62; P <.0001) 
and RA-related nonbiologic cost ratio for compliant 
patients was 0.75 (95% CL, 0.71, 0.79; P <.0001). Compared 
with etanercept, cost ratios were significantly higher for 
abatacept (IV or SC), certolizumab pegol, golimumab, and 
infliximab (Table 4). Regression models for total healthcare 
costs, nonbiologic costs, RA-related costs, RA-related 
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Table 1. Baseline Demographic and Clinical Characteristics 

All Patients
N = 14,696

ABA IV
N = 817

ABA SC
N = 158

ADA
N = 4788

CER
N = 507

ETN
N = 6272

GOL
N = 649

INF
N = 1505

Age, years: mean (SD) 49.3 (10.0) 51.0 (9.3) 50.3 (10.1) 48.9 (10.0) 49.8 (9.7) 49.0 (10.2) 49.7 (9.6) 50.9 (9.2)

Female (%) 11,507 (78.3) 679 (83.1) 139 (88.0) 3723 (77.8) 412 (81.3) 4883 (77.9) 503 (77.5) 1168 (77.6)

Insurance plan: n (%)

Fee-for-service 310 (2.1) 18 (2.2) 6 (3.8) 96 (2.0) 16 (3.2) 126 (2.0) 11 (1.7) 37 (2.5)

Managed care 12,805 (87.1) 713 (87.3) 144 (91.1) 4154 (86.8) 402 (79.3) 5499 (87.7) 561 (86.4) 1332 (88.5)

Other 702 (4.8) 35 (4.3) 5 (3.2) 243 (5.1) 23 (4.5) 310 (4.9) 36 (5.5) 50 (3.3)

Unknown 879 (6.0) 51 (6.2) 3 (1.9) 295 (6.2) 66 (13.0) 337 (5.4) 41 (6.3) 86 (5.7)

Index year: n (%)

2010 5678 (38.6) 382 (46.8) 0 1806 (37.7) 169 (33.3) 2373 (37.8) 316 (48.7) 632 (42.0)

2011 5089 (34.6) 269 (32.9) 24 (15.2) 1729 (36.1) 180 (35.5) 2180 (34.8) 191 (29.4) 516 (34.3)

2012 3929 (26.7) 166 (20.3) 134 (84.8) 1253 (26.2) 158 (31.2) 1719 (27.4) 142 (21.9) 357 (23.7)

Deyo Charlson comorbidity index: 
mean score (SD)a 

1.3 (0.7) 1.3 (0.9) 1.4 (0.8) 1.3 (0.7) 1.3 (0.7) 1.3 (0.7) 1.3 (0.8) 1.2 (0.8)

Select comorbidities: n (%)a

Diabetes 1277 (8.7) 88 (10.8) 17 (10.8) 402 (8.4) 41 (8.1) 530 (8.5) 59 (9.1) 140 (9.3)

Chronic pulmonary disease 1179 (8.0) 100 (12.2) 12 (7.6) 342 (7.1) 40 (7.9) 509 (8.1) 40 (6.2) 136 (9.0)

Cerebrovascular disease 191 (1.3) 13 (1.6) 3 (1.9) 59 (1.2) 7 (1.4) 83 (1.3) 3 (0.5) 23 (1.5)

Renal disease 150 (1.0) 11 (1.3) 4 (2.5) 39 (0.8) 12 (2.4) 64 (1.0) 5 (0.8) 15 (1.0)

Peripheral vascular disease 100 (0.7) 7 (0.9) 1 (0.6) 25 (0.5) 2 (0.4) 49 (0.8) 6 (0.9) 10 (0.7)

Congestive heart failure 80 (0.5) 12 (1.5) 1 (0.6) 25 (0.5) 5 (1.0) 25 (0.4) 6 (0.9) 6 (0.4)

Myocardial infarction 68 (0.5) 7 (0.9) 2 (1.3) 22 (0.5) 5 (1.0) 26 (0.4) 2 (0.3) 4 (0.3)

Total ICD-9-CM codes: mean (SD)a 10.0 (6.7) 11.3 (8.2) 10.7 (7.5) 9.8 (6.3) 10.5 (6.7) 10.1 (6.6) 9.6 (6.7) 9.7 (6.8)

Total prescriptions: mean (SD)a 21.2 (15.9) 23.5 (19.9) 23.5 (16.4) 21.0 (15.5) 22.7 (15.6) 20.9 (15.5) 21.8 (16.6) 20.5 (16.0)

Total unique medications: mean (SD)a 8.4 (5.3) 9.3 (6.2) 9.3 (5.0) 8.2 (5.1) 8.9 (5.2) 8.3 (5.2) 8.4 (5.4) 8.1 (5.5)

Concomitant oral glucocorticoids: 
n (%)b 5324 (36.2) 328 (40.1) 70 (44.3) 1737 (36.3) 207 (40.8) 2166 (34.5) 242 (37.3) 574 (38.1)

ABA indicates abatacept; ADA, adalimumab; CER, certolizumab pegol; ETN, etanercept; GOL, golimumab; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modifi-
cation; INF, infliximab; IV, intravenous; SC, subcutaneous. 
aMeasured during the pre-index period, not including the index date.
bMeasured starting on the index date through day 90.
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ABA indicates abatacept; ADA, adalimumab; CER, certolizumab pegol; ETN, etanercept; GOL, golimumab; INF, infliximab; IV, intravenous; PDC, proportion of days covered; SC, subcutaneous.
Mean all-cause nonbiologic costs (US $) are shown for compliant patients (dark green bars) and noncompliant patients (light green bars). 

Figure. Association Between Cost and Compliance
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nonbiologic costs, and biologic costs are provided in 
EAPPENDIX TABLES 4 TO 8.

DISCUSSION
The results of this study showed that across all index 
medication cohorts, compliant patients had consistently 
lower all-cause nonbiologic healthcare costs compared 

with those of noncompliant patients. Medication cost 
represents a large component of healthcare cost among 
RA patients. Intuitively, increasing compliance would 
increase RA medication costs, but understanding whether 
there may be a reduction in other healthcare costs due to 
improved outcomes is important in the overall care of 
the patient. Showing that increasing compliance with 
biologics for RA reduces other healthcare costs can help a 
health plan justify new programs to improve compliance 
and patient outcomes.

Studies have shown that nonadherence to medication can 
lead to accelerated progression of some diseases, increasing 
the need for more aggressive treatment and associated 
complications, and therefore increasing healthcare utilization 
and cost.17,18 Compliance with nonbiologic and biologic 
DMARDs for the treatment of RA is notoriously suboptimal.19 
A prior study comparing medication adherence and cost of 
adalimumab and etanercept using a claims database showed 
that greater adherence to medication led to significantly fewer 
inpatient visits for etanercept (P = .0005) and a trend toward 
fewer inpatient visits for adalimumab (P = .0536).20 Similar 
to the results of our study, adherence to both medications 
led to significantly lower total costs (P ≤.0001). Compliance 
with RA medications over many years has the potential 
to lead to substantial savings in long-term nonbiologic 
costs for RA by further reducing disease progression and 
disability. Comparisons of compliance with oral DMARDs 
(eg, tofacitinib) versus compliance with injectable DMARDS 
(eg, biologics) are warranted.

Limitations
This analysis was limited in that it evaluated only the 
impact of treatment compliance on direct medical costs; 
future research should include productivity costs, as these 
may also be impacted by biologic treatment compliance. 
Limitations that are commonly identified with the use 
of administrative claims databases for clinical research 
also apply. The database used in this study consists of 
adjudicated claims that are used to facilitate payment; 
while it is likely that coding errors are rare, claims that 
facilitate payment are more likely to be present and 
complete in the data. Patients were required to meet 
pre-index enrollment criteria; results from this study may 
not be generalizable to patients with shorter or intermittent 
insurance coverage. Some bias arising from dropping 
patients without complete data may have occurred. Reasons 
for discontinuing or changing therapy are not available in 
the databases. Clinical information about disease severity 
is not available in claims databases. Furthermore, other 
unmeasured confounders (demographic and clinical 

Table 2. Unadjusted Overall Healthcare Costs by Level of Compliance

Index 
biologic PDC n

Mean all-cause
nonbiologic cost 

(US $)

Mean RA-related 
nonbiologic cost 

(US $)

ABA IV

0.0 to <0.2 91 48,143 4281

0.2 to <0.4 133 27,464 4426

0.4 to <0.6 84 23,093 5,437

0.6 to <0.8 146 20,592 4421

≥0.8 363 17,354 4740

ABA SC

0.0 to <0.2 15 19,611 1260

0.2 to <0.4 25 25,119 1969

0.4 to <0.6 14 17,213 790

0.6 to <0.8 25 13,655 3011

≥0.8 79 17,971 2692

ADA

0.0 to <0.2 479 18,449 1790

0.2 to <0.4 816 15,571 1731

0.4 to <0.6 585 13,199 1434

0.6 to <0.8 803 12,159 1,339

≥0.8 2105 9642 1126

CER

0.0 to <0.2 89 26,419 2445

0.2 to <0.4 88 19,399 2933

0.4 to <0.6 51 24,305 1579

0.6 to <0.8 114 12,955 1574

≥0.8 165 10,894 1096

ETN

0.0 to <0.2 702 16,790 1449

0.2 to <0.4 994 17,016 1787

0.4 to <0.6 785 14,372 1379

0.6 to <0.8 1101 13,504 1444

≥0.8 2690 9927 1,175

GOL

0.0 to <0.2 70 32,328 1965

0.2 to <0.4 114 18,736 2039

0.4 to <0.6 95 13,049 1433

0.6 to <0.8 118 11,935 1670

≥0.8 252 9446 1222

INF

0.0 to <0.2 92 16,774 6217

0.2 to <0.4 99 26,209 5169

0.4 to <0.6 112 19,486 3513

0.6 to <0.8 202 23,407 5466

≥0.8 1000 15,144 4154

ABA indicates abatacept; ADA, adalimumab; CER, certolizumab pegol; ETN, etanercept; 
GOL, golimumab; INF, infliximab; IV, intravenous; PDC, proportion of days covered; RA, 
rheumatoid arthritis; SC, subcutaneous.
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characteristics, physician preferences/education, etc) 
could have affected the association between compliance 
and total cost. These findings may not be generalizable 
to uninsured individuals, non-US patients, and pediatric 
patients with RA. 

CONCLUSIONS
Patient compliance was associated 
with lower overall and RA-related 
nonbiologic costs. In addition to the 
clinical benefits of biologic therapies 
for RA (including improvement in 
symptoms to achieve low disease 
activity or remission and associated 
improvements in quality of life4), payers 
and patients who are highly compliant 
with their biologic therapies can realize 
economic benefits compared with 
patients who are poorly compliant. 
Efforts to encourage medication compli-
ance in this patient population should 
always be included in a treatment plan. 
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cost (US $)
Adjusted 
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0.6 to <0.8 2509 14,186 14,031 –5127 <.0001

≥0.8 6654 11,128 11,196 –7961 <.0001

RA-related nonbiologic costs

0.0 to <0.2 1538 2087 2213

0.2 to <0.4 2269 2128 2399 186 .0067

0.4 to <0.6 1726 1738 2045 –168 .0126

0.6 to <0.8 2509 1940 1987 –225 .0002

≥0.8 6654 1819 1653 –560 <.0001

ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical Modification; PDC, proportion of days 
covered; RA, rheumatoid arthritis.
aThe analysis was adjusted for demographics (age, gender, health plan type, index year), baseline clinical characteristics 
(selected comorbid conditions), indices of general health status (counts of unique ICD-9-CM codes, prescriptions and 
unique medications), baseline treatments (pre-index medications), and cost covariates (pre-index total and RA-related 
costs).

Table 4. Adjusted Associations Among Healthcare Costs, Patient Compliance, and Index Biologicsa

All-cause nonbiologic costs RA-related nonbiologic costs

Cost ratio (95% CL) P Cost ratio (95% CL) P

PDC

0.0 to <0.20 1.00 1.00

0.20 to <0.40 0.91 (0.86, 0.97) .0067 1.08 (1.02, 1.15) .0067

0.40 to <0.60 0.78 (0.74, 0.83) .0126 0.92 (0.87, 0.98) .0126

0.60 to <0.80 0.73 (0.69, 0.78) .0002 0.90 (0.85, 0.95) .0002

≥0.8 0.58 (0.56, 0.62) <.0001 0.75 (0.71, 0.79) <.0001

Index biologic

ETN 1.00 1.00

ABA IV 1.48 (1.38, 1.58) <.0001 3.23 (3.02, 3.45) <.0001

ABA SC 1.16 (1.00, 1.35) .0448 1.23 (1.06, 1.43) .0067

ADA 0.98 (0.95, 1.01) .2424 1.01 (0.97, 1.04) .7346

CER 1.17 (1.07, 1.27) .0003 1.21 (1.11, 1.32) <.0001

GOL 1.05 (0.97, 1.13) .2403 1.09 (1.01, 1.17) .0242

INF 1.42 (1.35, 1.50) <.0001 3.36 (3.19, 3.53) <.0001

aThe analysis was adjusted for demographics (age, gender, health plan type, index year), baseline clinical characteristics 
(selected comorbid conditions), indices of general health status (counts of unique ICD-9-CM codes, prescriptions and unique 
medications), baseline treatments (pre-index medications), and cost covariates (pre-index total and RA-related costs).
ABA indicates abatacept; ADA, adalimumab; CER, certolizumab pegol; CL, confidence limits; ETN, etanercept; GOL, 
golimumab; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; INF, infliximab; IV, 
intravenous; PDC, proportion of days covered; RA, rheumatoid arthritis; SC, subcutaneous.
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eAppendix Table 1. Patient attrition 

Reason for attrition 

Remaining Patients 

n (%) 

Patients with claim for RA biologic during the selection window of January 1, 2010 – 
January 1, 2013 

(To capture claims only within the predefined study period.) 205,120 (100) 

Claims for ≥2 different RA biologics on index date 

(Patients were assigned to only 1 biologic treatment cohort; receipt of 2 or more 

biologics would suggest multiple exposures.) 204,457 (99.7) 

Age <18 years on index date 

(To ensure that only adults are included in the analysis.) 197,220 (96.1) 

Age > 64 years on index date 

(Patients on Medicare were not included in the analysis.) 193,010 (94.1) 

No continuous enrollment with pharmacy data available during pre-index period 

(Gaps in enrollment would represent missing data; patients could have received a 

biologic therapy from a different healthcare plan and would therefore not be biologic-
naïve.) 115,407 (56.3) 

Claim for RA biologic during pre-index period 

(The target patient population was biologic-naïve patients with RA, and any claim for 

a biologic during the pre-index period would indicate prior use of biologics.) 61,841 (30.1) 

Claim for second-line RA biologic during pre-index period 

(This analysis included only first-line biologics, consistent with a biologic-naïve 

patient population.) 61,571 (30.0) 

Claim for ustekinumab during the pre-index and post-index periods 

(Ustekinumab was not approved for RA during the entire study period) 60,781 (29.6) 

No continuous enrollment with pharmacy data available during the post-index period 

(Continuous enrollment during the post-index period was required to avoid missing 

data during the observation period.) 44,390 (21.6) 



 

 

No diagnosis of RA during the pre-index period 

(This analysis only included newly diagnosed patients.) 16,843 (8.2) 

Diagnosis of excluded condition during the pre-index period 

(Excluded conditions were other indications for biologics of interest. This analysis 

only included patients with RA.) 15,332 (7.5) 

Claim for any RA biologic prior to FDA approval date during the study 

(Only FDA-approved biologics were included in the analysis.) 15,332 (7.5) 

Claim for biologic administered SC with an HCPCS code during the study 

(HCPCS codes represent procedure codes, which are not required for drugs that are 
self-administered; such a claim would likely represent a coding error.) 14,930 (7.3) 

Claim for biologic administered IV with an NDC code during the study 

(NDC codes represent self-administered drugs, whereas a drug that is infused in a 

clinic would require an HCPCS procedure code; an NDC code for a drug 

administered IV would likely represent a coding error.) 14,696 (7.2) 

Total eligible patients 14,696 

FDA, Food & Drug Administration; HCPC, Healthcare Common Procedure Coding System; IV, 
intravenously; NDC, National Drug Code; RA, rheumatoid arthritis; SC, subcutaneously. 



 

 

eAppendix Table 2. Compliance and persistence 

 

All Patients 

N = 14,696 

ABA IV 

N = 817 

ABA SC 

N = 158 

ADA 

N = 4788 

CER 

N = 507 

ETN 

N = 6272 

GOL 

N = 649 

INF 

N = 1505 

Compliance         

PDC during the post-index 

period, mean (SD) 0.65 (0.31) 0.62 (0.30) 0.68 (0.31) 0.65 (0.31) 0.58 (0.31) 0.65 (0.31) 0.63 (0.30) 0.75 (0.29) 

Patients with PDC ≥0.8, n 

(%) 6521 (44.4) 320 (39.2) 79 (50.0) 2114 (44.2) 166 (32.7) 2701 (43.1) 253 (39.0) 888 (59.0) 

Persistence         

Patients persistent on 

index biologic during the 

post-index period without 

a 45-day gap, n (%) 6872 (46.8) 338 (41.4) 80 (50.6) 2233 (46.6) 201 (39.6) 2920 (46.6) 266 (41.0) 834 (55.4) 

ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; ETN, etanercept; GOL, golimumab; INF, infliximab; IV, intravenous; PDC, 
proportion of days covered; SC, subcutaneous; SD, standard deviation. 
  



 

 

eAppendix Table 3. One-year healthcare and biologic costs 

Costs, mean US$ (SD) 

All Patients 

N = 14,696 

ABA IV 

N = 817 

ABA SC 

N = 158 

ADA 

N = 4788 

CER 

N = 507 

ETN 

N = 6272 

GOL 

N = 649 

INF 

N = 1505 

Total healthcare costs 34,863 (29,221) 44,387 (49,949) 40,434 (27,660) 33,422 (25,479) 36,599 (34,281) 33,214 (24,186) 34,381 (39,803) 40,188 (35, 016) 

Medical 

Pharmacy 

15,126 (28,550) 

19,737 (12,757) 

39,977 (48,068) 

4411 (9303) 

14,625 (25,214) 

25,809 (12,446) 

10,418 (23,196) 

23,004 (10,699) 

14,410 (33,028) 

22,189 (10,670) 

10,790 (22,063) 

22,424 (10,890) 

11,757 (39,173) 

22,624 (11,154) 

36,427 (30,051) 

3761 (10,941) 

Total nonbiologic costs 

Medical 

Pharmacy 

1414 (28,042) 

11,202 (26,006) 

2903 (6502) 

23,598 (49,219) 

19,679 (47,224) 

3919 (8,844) 

18,507 (26,555) 

14,376 (25,041) 

4132 (6600) 

12,390 (24,253) 

9726 (22,698) 

2664 (4138) 

16,908 (34,646) 

13,531 (32,830) 

3377 (5877) 

13,003 (23,417) 

10,209 (21,580) 

2794 (6449) 

14,256 (40,312) 

11,159 (39,015) 

3367 (7186) 

17,404 (30,884) 

14,331 (25,875) 

3073 (10,154) 

RA-related healthcare 22,665 (11,571) 25,442 (14,416) 24,250 (12,728) 22,401 (10,300) 21,498 (9824) 21,586 (9770) 21,413 (8886) 27,259 (18,562) 

Total nonbiologic costs 

Medical 

Pharmacy 

1906 (4708) 

1675 (4652) 

231 (652) 

4653 (5422) 

4426 (5390) 

227 (419) 

2324 (7645) 

212 (7645) 

221 (263) 

1369 (2894) 

1,130 (2861) 

239 (392) 

1808 (516) 

1460 (4225) 

348 (2909) 

1375 (3838) 

1,157 (3813) 

219 (320) 

1558 (2995) 

1330 (2949) 

228 (379) 

4475 (8996) 

4254 (8956) 

221 (468) 

Total biologic costs 

Medical 

Pharmacy 

20,759 (10,414) 

3924 (10,223) 

16,835 (1118) 

20,790 (12,845) 

20,298 (12,980) 

492 (2358) 

21,926 (9657) 

249 (2307) 

21,677 (9736) 

21,032 (9903) 

692 (3703) 

20,340 (9920) 

19,691 (8878) 

879 (3884) 

18,812 (9003) 

20,211 (8921) 

581 (3536) 

19,630 (8854) 

19,855 (8513) 

598 (3014) 

19,257 (8269) 

22,784 (15,882) 

22,097 (16,099) 

687 (3032) 

ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; ETN, etanercept; GOL, golimumab; INF, infliximab; IV, intravenous; RA, rheumatoid arthritis; SC, 
subcutaneous; SD, standard deviation. 



 

 

eAppendix Table 4. Multivariate analysis of total healthcare costs 

Explanatory factor Cost Ratioa (95% CL) P-value 

PDC Category 

0.0 to <0.2 

0.2 to <0.4 

0.4 to <0.6 

0.6 to <0.8 

≥0.8 

1.00 

1.14 (1.10, 1.18) 

1.22 (1.18, 1.26) 

1.33 (1.29, 1.37) 

1.46 (1.42, 1.50) 

<.0001 

<.0001 

<.0001 

<.0001 

Index biologic 

ETN 

ABA IV 

ABA SC 

ADA 

CER 

GOL 

INF 

1.00 

1.24 (1.19, 1.29) 

1.04 (0.96, 1.13) 

1.01 (0.99, 1.03) 

1.11 (1.06, 1.16) 

1.04 (1.00, 1.08) 

1.15 (1.12, 1.18) 

<.0001 

0.3543 

0.2197 

<.0001 

0.0626 

<.0001 

Demographic characteristics 

Age (additional 10 years) 

Gender (female) 

1.04 (1.03, 1.05) 

0.95 (0.93, 0.97) 

<.0001 

<.0001 

Health plan type 

FFS 

Managed care 

Other 

Unknown 

1.00 

1.00 (0.94, 1.06) 

0.97 (0.90, 1.04) 

1.02 (0.95, 1.09) 

 

0.9810 

0.3491 

0.6107 

Index year 

2012 

2011 

2010 

1.00 

0.95 (0.93, 0.97) 

0.92 (0.90, 0.94) 

<.0001 

<.0001 

Health claims (1 additional) 

ICD-9-CM code 

Prescription 

1.007 (1.005, 1.009) 

1.003 (1.002, 1.004) 

1.013 (1.010, 1.017) 

<.0001 

<.0001 

<.0001 



 

 

Explanatory factor Cost Ratioa (95% CL) P-value 

Unique medication 

Pre-index comorbid conditions 

Serious infection 

Joint replacement 

Anxiety 

Depression 

Psychosis 

Diabetes 

Renal disease 

Mild liver disease 

Myocardial infarction 

Cerebrovascular disease 

Chronic pulmonary heart disease 

Congestive heart failure 

Any malignancy 

Nonserious infection 

1.01 (0.94, 1.08) 

0.82 (0.75, 0.90) 

1.02 (0.97, 1.06) 

1.00 (0.97, 1.03) 

1.08 (1.00, 1.16) 

1.06 (1.03, 1.09) 

1.13 (1.04, 1.22) 

1.07 (0.93, 1.23) 

0.94 (0.83, 1.06) 

0.95 (0.88, 1.02) 

1.01 (0.98, 1.05) 

1.27 (1.14, 1.43) 

1.02 (0.96, 1.09) 

1.02 (0.99, 1.04) 

0.8437 

<.0001 

0.4761 

0.9230 

0.0557 

.0003 

.0047 

0.3530 

0.3382 

0.1599 

0.3919 

<.0001 

0.4806 

0.1404 

Pre-index medications and tests 

Antibiotics 

Any corticosteroid use 

Joint injection 

RF test 

0.97 (0.96, 0.99) 

1.01 (0.99, 1.03) 

1.02 (1.00, 1.04) 

1.00 (0.98, 1.02) 

.0073 

0.3859 

0.0695 

0.7009 

Pre-index costsb (10% increase) 

Total cost 

RA-related cost 

1.011 (1.010, 1.012) 

1.001 (1.000, 1.002) 

<.0001 

0.041 
aCost ratio is a cost multiplier relative to the reference item or for the presence/absence of an explanatory 
item. 
bCollinearity was observed between the pre-index cost covariates (total cost and RA-related cost). 
ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; CL, confidence limits; ETN, etanercept; 
FFS, fee for service; GOL, golimumab; ICD-9-CM, International Classification of Diseases, Ninth 
Revision, Clinical Modification; INF, infliximab; IV, intravenous; PDC, proportion of days covered; RA, 
rheumatoid arthritis; RF, rheumatoid factor; SC, subcutaneous. 
  



 

 

eAppendix Table 5. Multivariate analysis of nonbiologic costs 

Explanatory factor Cost Ratioa (95% CL) P-value 

PDC Category 

0.0 to <0.2 

0.2 to <0.4 

0.4 to <0.6 

0.6 to <0.8 

≥0.8 

1.00 

0.91 (0.86, 0.97) 

0.78 (0.74, 0.83) 

0.73 (0.69, 0.78) 

0.58 (0.56, 0.62) 

 

.0025 

<.0001 

<.0001 

<.0001 

Index biologic 

ETN 

ABA IV 

ABA SC 

ADA 

CER 

GOL 

INF 

1.00 

1.48 (1.38, 1.58) 

1.16 (1.00, 1.35) 

0.98 (0.95, 1.01) 

1.17 (1.07, 1.27) 

1.05 (0.97, 1.13) 

1.42 (1.35, 1.50) 

<.0001 

0.0448 

0.2424 

.0003 

0.2403 

<.0001 

Demographic characteristics 

Age (additional 10 years) 

Gender (female) 

1.15 (1.14, 1.17) 

0.98 (0.95, 1.02) 

<.0001 

0.4212 

Health plan type 

FFS 

Managed care 

Other 

Unknown 

1.00 

1.05 (0.94, 1.17) 

1.00 (0.88, 1.13) 

1.11 (0.99, 1.26) 

0.3744 

0.9660 

0.0816 

Index year 

2012 

2011 

2010 

1.00 

1.01 (0.98, 1.05) 

1.02 (0.98, 1.06) 

0.4679 

0.2545 

Health claims (1 additional) 

ICD-9-CM code 

Prescription 

1.009 (1.005, 1.012) 

1.003 (1.001, 1.005) 

1.034 (1.028, 1.041) 

<.0001 

.0005 

<.0001 



 

 

Explanatory factor Cost Ratioa (95% CL) P-value 

Unique medication 

Pre-index comorbid conditions 

Serious infection 

Joint replacement 

Anxiety 

Depression 

Psychosis 

Diabetes 

Renal disease 

Mild liver disease 

Myocardial infarction 

Cerebrovascular disease 

Chronic pulmonary heart disease 

Congestive heart failure 

Any malignancy 

Nonserious infection 

0.97 (0.85, 1.10) 

0.70 (0.59, 0.83) 

1.07 (0.98, 1.16) 

1.12 (1.06, 1.19) 

1.21 (1.05, 1.39) 

1.10 (1.04, 1.16) 

1.15 (0.99, 1.34) 

1.20 (0.93, 1.55) 

0.94 (0.76, 1.18) 

0.95 (0.83, 1.09) 

1.05 (1.00, 1.12) 

1.24 (1.01, 1.52) 

1.09 (0.98, 1.22) 

1.04 (1.00, 1.09) 

0.6296 

<.0001 

0.1124 

.0001 

.0070 

.0015 

0.0642 

0.1707 

0.6192 

0.4587 

0.0698 

0.0427 

0.1150 

0.0748 

Pre-index medications and tests 

Antibiotics 

Any corticosteroid use 

Joint injection 

RF test 

0.97 (0.94, 1.01) 

0.96 (0.93, 1.00) 

1.12 (1.08, 1.16) 

0.98 (0.94, 1.01) 

0.1004 

0.0515 

<.0001 

0.1786 

Pre-index costsb (10% increase) 

Total cost 

RA-related cost 

1.026 (1.024, 1.027) 

0.997 (0.996, 0.998) 

<.0001 

<.0001 
aCost ratio is a cost multiplier relative to the reference item or for the presence/absence of an explanatory 
item. 
bCollinearity was observed between the pre-index cost covariates (total cost and RA-related cost). 
ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; CL, confidence limits; ETN, etanercept; 
FFS, fee for service; GOL, golimumab; ICD-9-CM, International Classification of Diseases, Ninth 
Revision, Clinical Modification; INF, infliximab; IV, intravenous; PDC, proportion of days covered; RA, 
rheumatoid arthritis; RF, rheumatoid factor; SC, subcutaneous. 
  



 

 

eAppendix Table 6. Multivariate analysis of RA-related costs 

Explanatory factor Cost Ratioa (95% CL) P-value 

PDC Category 

0.0 to <0.2 

0.2 to <0.4 

0.4 to <0.6 

0.6 to <0.8 

≥0.8 

1.00 

1.52 (1.47, 1.56) 

1.83 (1.78, 1.89) 

2.20 (2.14, 2.26) 

2.69 (2.62, 2.76) 

<.0001 

<.0001 

<.0001 

<.0001 

Index biologic 

ETN 

ABA IV 

ABA SC 

ADA 

CER 

GOL 

INF 

1.00 

1.20 (1.16, 1.24) 

0.95 (0.88, 1.02) 

1.02 (1.00, 1.04) 

1.06 (1.02, 1.11) 

1.02 (0.98, 1.06) 

1.18 (1.15, 1.21) 

<.0001 

0.1833 

0.0130 

.0039 

0.2971 

<.0001 

Demographic characteristics 

Age (additional 10 years) 

Gender (female) 

1.00 (0.99, 1.01) 

0.99 (0.97, 1.01) 

0.4940 

0.1770 

Health plan type 

FFS 

Managed care 

Other 

Unknown 

1.00 

1.01 (0.96, 1.06) 

0.99 (0.93, 1.06) 

1.02 (0.97, 1.09) 

0.7158 

0.8321 

0.4281 

Index year 

2012 

2011 

2010 

1.00 

0.93 (0.91, 0.95) 

0.87 (0.85, 0.88) 

<.0001 

<.0001 

Health claims (1 additional) 

ICD-9-CM code 

Prescription 

0.999 (0.997, 1.001) 

1.000 (1.000, 1.001) 

1.001 (0.998, 1.004) 

0.3068 

0.3904 

0.4040 



 

 

Explanatory factor Cost Ratioa (95% CL) P-value 

Unique medication 

Pre-index comorbid conditions 

Serious infection 

Joint replacement 

Anxiety 

Depression 

Psychosis 

Diabetes 

Renal disease 

Mild liver disease 

Myocardial infarction 

Cerebrovascular disease 

Chronic pulmonary heart disease 

Congestive heart failure 

Any malignancy 

Nonserious infection 

0.95 (0.89, 1.01) 

0.92 (0.85, 1.00) 

0.98 (0.94, 1.02) 

0.95 (0.92, 0.98) 

0.95 (0.89, 1.02) 

0.97 (0.94, 1.00) 

0.99 (0.92, 1.07) 

1.01 (0.89, 1.14) 

0.90 (0.80, 1.00) 

0.94 (0.88, 1.00) 

0.99 (0.96, 1.02) 

0.91 (0.82, 1.01) 

0.98 (0.93, 1.04) 

0.98 (0.96, 1.00) 

0.1146 

0.0455 

0.2625 

.0005 

0.1691 

0.0372 

0.8840 

0.9334 

0.0514 

0.0589 

0.4168 

0.0829 

0.5867 

0.0509 

Pre-index medications and tests 

Antibiotics 

Any corticosteroid use 

Joint injection 

RF test 

0.99 (0.97, 1.00) 

1.04 (1.03, 1.06) 

0.99 (0.97, 1.01) 

1.04 (1.02, 1.05) 

0.1550 

<.0001 

0.5524 

<.0001 

Pre-index costsb (10% increase) 

Total cost 

RA-related cost 

1.004 (1.003, 1.005) 

1.004 (1.004, 1.005) 

<.0001 

<.0001 
aCost ratio is a cost multiplier relative to the reference item or for the presence/absence of an explanatory 
item. 
bCollinearity was observed between the pre-index cost covariates (total cost and RA-related cost). 
ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; CL, confidence limits; ETN, etanercept; 
FFS, fee for service; GOL, golimumab; ICD-9-CM, International Classification of Diseases, Ninth 
Revision, Clinical Modification; INF, infliximab; IV, intravenous; PDC, proportion of days covered; RA, 
rheumatoid arthritis; RF, rheumatoid factor; SC, subcutaneous. 
  



 

 

eAppendix Table 7. Multivariate analysis of nonbiologic RA-related costs 

Explanatory factor Cost Ratioa (95% CL) P-value 

PDC Category 

0.0 to <0.2 

0.2 to <0.4 

0.4 to <0.6 

0.6 to <0.8 

≥0.8 

1.00 

1.08 (1.02, 1.15) 

0.92 (0.87, 0.98) 

0.90 (0.85, 0.95) 

0.75 (0.71, 0.79) 

.0067 

0.0126 

.0002 

<.0001 

Index biologic 

ETN 

ABA IV 

ABA SC 

ADA 

CER 

GOL 

INF 

1.00 

3.23 (3.02, 3.45) 

1.23 (1.06, 1.43) 

1.01 (0.97, 1.04) 

1.21 (1.11, 1.32) 

1.09 (1.01, 1.17) 

3.36 (3.19, 3.53) 

<.0001 

.0067 

0.7346 

<.0001 

0.0242 

<.0001 

Demographic characteristics 

Age (additional 10 years) 

Gender (female) 

1.04 (1.02, 1.05) 

1.08 (1.04, 1.12) 

<.0001 

<.0001 

Health plan type 

FFS 

Managed care 

Other 

Unknown 

1.00 

0.97 (0.87, 1.07) 

1.05 (0.93, 1.19) 

1.01 (0.90, 1.14) 

0.5309 

0.4302 

0.8544 

Index year 

2012 

2011 

2010 

1.00 

1.01 (0.97, 1.04) 

1.09 (1.05, 1.14) 

0.7650 

<.0001 

Health claims (1 additional) 

ICD-9-CM code 

Prescription 

0.998 (0.995, 1.001) 

1.000 (0.999, 1.002) 

1.008 (1.001, 1.014) 

0.2293 

0.8190 

0.0175 



 

 

Explanatory factor Cost Ratioa (95% CL) P-value 

Unique medication 

Pre-index comorbid conditions 

Serious infection 

Joint replacement 

Anxiety 

Depression 

Psychosis 

Diabetes 

Renal disease 

Mild liver disease 

Myocardial infarction 

Cerebrovascular disease 

Chronic pulmonary heart disease 

Congestive heart failure 

Any malignancy 

Nonserious infection 

0.81 (0.71, 0.92) 

0.82 (0.70, 0.96) 

0.92 (0.85, 1.00) 

0.98 (0.93, 1.04) 

0.90 (0.79, 1.03) 

0.96 (0.91, 1.02) 

0.78 (0.67, 0.91) 

1.04 (0.80, 1.36) 

1.43 (1.14, 1.80) 

0.81 (0.71, 0.92) 

0.95 (0.90, 1.01) 

0.87 (0.71, 1.07) 

1.00 (0.89, 1.11) 

1.01 (0.97, 1.06) 

.0009 

0.0155 

0.0467 

0.6021 

0.1237 

0.1724 

.0011 

0.7570 

.0018 

.0015 

0.0917 

0.1892 

0.9300 

0.6071 

Pre-index medications and tests 

Antibiotics 

Any corticosteroid use 

Joint injection 

RF test 

1.01 (0.98, 1.05) 

1.06 (1.02, 1.10) 

1.10 (1.06, 1.15) 

1.05 (1.02, 1.09) 

0.4346 

.0012 

<.0001 

.0033 

Pre-index costsb (10% increase) 

Total cost 

RA-related cost 

1.008 (1.007, 1.010) 

1.017 (1.016, 1.018) 

<.0001 

<.0001 
aCost ratio is a cost multiplier relative to the reference item or for the presence/absence of an explanatory 
item. 
bCollinearity was observed between the pre-index cost covariates (total cost and RA-related cost). 
ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; CL, confidence limits; ETN, etanercept; 
FFS, fee for service; GOL, golimumab; ICD-9-CM, International Classification of Diseases, Ninth 
Revision, Clinical Modification; INF, infliximab; IV, intravenous; PDC, proportion of days covered; RA, 
rheumatoid arthritis; RF, rheumatoid factor; SC, subcutaneous. 

  



 

 

eAppendix Table 8. Multivariate analysis of biologic costs 

Explanatory factor Cost Ratioa (95% CL) P-value 

PDC Category 

0.0 to <0.2 

0.2 to <0.4 

0.4 to <0.6 

0.6 to <0.8 

≥0.8 

1.00 

1.63 (1.58, 1.68) 

2.05 (1.98, 2.11) 

2.50 (2.42, 2.57) 

3.15 (3.07, 3.24) 

<.0001 

<.0001 

<.0001 

<.0001 

Index biologic 

ETN 

ABA IV 

ABA SC 

ADA 

CER 

GOL 

INF 

1.00 

1.05 (1.02, 1.09) 

0.92 (0.85, 0.99) 

1.02 (1.00, 1.04) 

1.04 (1.00, 1.09) 

1.01 (0.97, 1.05) 

1.04 (1.01, 1.07) 

.0045 

0.0232 

0.0502 

0.0514 

0.6021 

.0043 

Demographic characteristics 

Age (additional 10 years) 

Gender (female) 

1.00 (0.99, 1.00) 

0.98 (0.96, 1.00) 

0.2916 

0.0385 

Health plan type 

FFS 

Managed care 

Other 

Unknown 

1.00 

1.00 (0.95, 1.05) 

0.98 (0.91, 1.04) 

1.01 (0.95, 1.08) 

0.9294 

0.4471 

0.6536 

Index year 

2012 

2011 

2010 

1.00 

0.92 (0.90, 0.94) 

0.84 (0.83, 0.86) 

<.0001 

<.0001 

Health claims (1 additional) 

ICD-9-CM code 

Prescription 

1.000 (0.998, 1.001) 

1.000 (1.000, 1.001) 

1.001 (0.998, 1.005) 

0.5553 

0.4054 

0.4396 



 

 

Explanatory factor Cost Ratioa (95% CL) P-value 

Unique medication 

Pre-index comorbid conditions 

Serious infection 

Joint replacement 

Anxiety 

Depression 

Psychosis 

Diabetes 

Renal disease 

Mild liver disease 

Myocardial infarction 

Cerebrovascular disease 

Chronic pulmonary heart disease 

Congestive heart failure 

Any malignancy 

Nonserious infection 

0.97 (0.91, 1.03) 

0.95 (0.87, 1.04) 

0.98 (0.94, 1.02) 

0.95 (0.92, 0.97) 

0.96 (0.89, 1.03) 

0.96 (0.94, 0.99) 

1.03 (0.96, 1.12) 

1.02 (0.89, 1.16) 

0.81 (0.72, 0.91) 

0.93 (0.87, 1.00) 

0.99 (0.96, 1.02) 

0.93 (0.83, 1.03) 

0.99 (0.94, 1.05) 

0.97 (0.95, 0.99) 

0.3503 

0.2521 

0.3853 

.0002 

0.2165 

0.0128 

0.3886 

0.8085 

.0004 

0.0393 

0.6003 

0.1795 

0.8544 

.0099 

Pre-index medications and tests 

Antibiotics 

Any corticosteroid use 

Joint injection 

RF test 

0.99 (0.97, 1.01) 

1.04 (1.02, 1.06) 

0.99 (0.97, 1.01) 

1.04 (1.03, 1.06) 

0.1587 

<.0001 

0.4354 

<.0001 

Pre-index costsb (10% increase) 

Total cost 

RA-related cost 

1.003 (1.002, 1.004) 

1.002 (1.001, 1.003) 

<.0001 

<.0001 
aCost ratio is a cost multiplier relative to the reference item or for the presence/absence of an explanatory 
item. 
bCollinearity was observed between the pre-index cost covariates (total cost and RA-related cost). 
ABA, abatacept; ADA, adalimumab; CER, certolizumab pegol; CL, confidence limits; ETN, etanercept; 
FFS, fee for service; GOL, golimumab; ICD-9-CM, International Classification of Diseases, Ninth 
Revision, Clinical Modification; INF, infliximab; IV, intravenous; PDC, proportion of days covered; RA, 
rheumatoid arthritis; RF, rheumatoid factor; SC, subcutaneous. 

	




