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Biologic Disease-modifying Drug Treatment Patterns
and Associated Costs for Patients with Rheumatoid
Arthritis
STEPHAN McBRIDE, KHALED SARSOUR, LEIGH ANN WHITE, DAVID R. NELSON, ANITA J. CHAWLA, 
and JOSEPH A. JOHNSTON

ABSTRACT. Objective. To assess the influence of biologic treatment patterns on healthcare costs for patients with

rheumatoid arthritis (RA) initiating tumor necrosis factor-α (TNF-α) antagonist therapy.

Methods. Patients with 2 RA diagnoses (International Classification of Diseases, 9th ed, 714.xx),

and without psoriasis or Crohn’s disease, were identified in a US employer-based insurance claims

database. A sample of 2545 was constructed based on an index event of initiating TNF-α antagonist

therapy and 30 months of continuous enrollment. Baseline characteristics were assessed in the

6-month pre-index period and treatment patterns were determined during the 12-month post-index

period. Medical service and prescription drug costs were analyzed for Months 13–24 using multi-

variate regression analysis to control for baseline characteristics and time-varying confounding asso-

ciated with treatment and disease severity.

Results. In the first year after TNF-α initiation, 89% used a single TNF-α antagonist; only 9% and

2% had switched TNF-α antagonists or received non-TNF biologic disease-modifying antirheumat-

ic drugs, respectively. Descriptive analyses revealed pairwise differences between groups (p < 0.05)

in baseline characteristics (comorbidities, RA-related procedure use, and prescription drug use).

Controlling for observed baseline characteristics, costs were greater for those treated with multiple

vs single TNF-α antagonists: annual RA-related prescription drug costs ($8,340 vs $7,058; p =

0.012), RA-related healthcare costs ($15,048 vs $13,312; p = 0.008), and total healthcare costs

($26,697 vs $21,381; p < 0.001).

Conclusion. In this sample, the majority of patients with RA were treated with a single TNF-α
antagonist over the first year on therapy. For those who switched therapy, Year 2 RA-related and

total direct healthcare costs were higher, adjusting for claims-based measures of RA disease  severity. 
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Rheumatoid arthritis (RA) is a chronic, progressive autoim-
mune disease that attacks the synovial membranes in hand,
wrist, and feet joints in a symmetrical pattern1. RA is an
incurable but treatable disease that affects about 1% of the
US population2. It is more common in women than men, and
prevalence increases with age. Several therapeutic options
for the treatment of RA are available, including nonbiologic
and biologic disease-modifying antirheumatic drugs
(DMARD). In 1998, the first 2 biologic DMARD, both

tumor necrosis factor-α (TNF-α) antagonists, were intro-
duced in the United States for treatment of RA.
Subsequently, 4 other biologic DMARD, including a third
TNF-α antagonist, were introduced between 2001 and 2006.

Treatment guidelines from the American College of

Rheumatology now present recommendations for biologic

DMARD in addition to nonbiologic DMARD according to

disease duration interval, features of poor prognosis, and

level of disease activity3. TNF-α antagonist therapies

(infliximab, etanercept, and adalimumab) are recommended

in early RA for those who have never received DMARD and

have high disease activity. In the case of intermediate-dura-

tion and longer-duration RA, TNF-α antagonists are recom-

mended for patients with moderate disease activity and poor

prognostic features after inadequate response to prior

methotrexate (MTX) monotherapy. They are also recom-

mended for patients on the basis of high disease activity

alone, irrespective of prognostic features. In addition, the

guidelines also recommend TNF-α antagonist therapy when

moderate residual disease activity is present in patients who
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have experienced an inadequate response to prior treatment

with MTX in combination with another nonbiologic

DMARD, or after sequential nonbiologic DMARD, also

irrespective of prognostic features. Abatacept and rituximab,

2 non-TNF biologic DMARD, are recommended after inad-

equate response for patients treated with MTX in combina-

tion with biologic DMARD or sequential administration of

other nonbiologic DMARD with at least moderate (abata-

cept) or high (rituximab) disease activity and indicators of a

poor prognosis3. The recently published European League

Against Rheumatism treatment guidelines recommend that

patients should receive another TNF-α inhibitor or non-TNF

biologic after inadequate response to an initial TNF-α
inhibitor4.

Three recent studies examined TNF-α antagonist use
among RA populations over time. The first study, a sample
of privately insured RA patients in an administrative claims
database initiating TNF-α antagonist therapy, found a rela-
tively high percentage of patients continuing on therapy
over time (2000-2005)5. That study also documented
decreased continuation on initial TNF-α antagonist use and
switching more quickly to a second TNF-α antagonist dur-
ing the 2003-2005 time frame. Using the same administra-
tive claims database, the second study found high mean con-
tinuation on TNF-α antagonist therapy over 12 months
among RA patients initiating TNF-α antagonist therapy in
combination with MTX6. High 1-year treatment persistence
for initial TNF-α antagonist and diminished annual persist-
ence for second and third TNF-α therapies have been
observed in a sample of patients enrolled in the Spanish
national registry of patients with different forms of chronic
arthritis initiating TNF-α antagonist therapy between 2000
and 2004, of whom 68% had RA7.

Costs associated with RA, both direct and indirect, have
been documented in an array of studies and with varying
methodological approaches8. Among the most recent stud-
ies, an international survey estimated that annual burden of
illness to society associated with RA exceeds $58 billion
(2006 US dollars, current exchange rate) in the United
States and  45.3 billion (2006 Euros) in Europe9. Two of the
most recent studies of privately insured RA patients receiv-
ing TNF-α antagonist therapy documented total direct
healthcare costs ranging from $23,941 to $28,351 (2005 US
dollars)10 and mean total direct healthcare costs of $18,269
(2005 US dollars)6. Another recent study, using 3-year
longi tudinal medical service and prescription drug use data
of RA patients in the National Databank for Rheumatic
Diseases (N = 7527), estimated mean total direct healthcare
costs of RA patients at $9,519 (2001 US dollars) when cost-
ing services at Medicare reimbursement rates and drugs at
median wholesale price11. Direct and indirect costs of RA to
an employer have been estimated by comparing costs of RA
patients to matched controls, with 1997 annual total costs
associated with medical, pharmaceutical, and work loss

expenditures for RA patients estimated to be about twice
those for matched controls12. Estimates of indirect costs
(primarily wage losses) are double or triple direct healthcare
costs associated with RA12,13. Across all studies published
since 2000, the share of total costs associated with prescrip-
tion drug costs varies substantially: 53.9% (1987, 1994,
1995-96)8; 66.4% (1999-2001)11; 58.8% (2000-2004)10;
and 80.8% (2000-2004)6.

Despite extensive research on direct and indirect costs
associated with RA, little is known about the relationship
between treatment patterns in actual clinical practice and
total healthcare costs. The purpose of this investigation was
to analyze the implications of biologic treatment patterns on
direct healthcare costs in a sample of patients initiating
TNF-α antagonist therapy. Specifically, using administra-
tive claims data, we stratify diagnosed and treated patients
by 12-month treatment pattern after initiating TNF-α anta -
gonist therapy and analyze observed direct healthcare costs
in a subsequent 12-month period, controlling for clinical and
demographic patient characteristics that may be identified in
these data.

MATERIALS AND METHODS

Data. The data used for this study are from a de-identified employer-based

health insurance database of administrative claims for medical services and

prescription drugs provided between 1999 and 2007. The database con-

tained claims for over 8.9 million individuals who are either employees or

covered dependents at 40 large companies with operations throughout the

United States. These individuals are generally representative of the popula-

tion with employer-provided health insurance. Medical and pharmacy

claims submitted for insurance reimbursement are included in the database,

and eligibility records include information on age, sex, and periods of cov-

erage eligibility. Each medical service claim includes information on type

of service, procedure code, date of service, resulting diagnoses, and reim-

bursed amount. Pharmacy claims include information on drug prescribed,

National Drug Code (NDC), days of supply, and reimbursed amount.

The study sample was based on 2 key inclusion criteria: (1) at least 2

diagnoses (primary or secondary) for RA (ICD9 code 714.xx) recorded in

medical service claims; and (2) at least 1 claim for a TNF-α antagonist ther-

apy identified using J-codes on medical claims (provider-administered

drugs) and NDC codes on pharmacy claims (self-administered drugs). The

sample was refined with criteria for continuous insurance plan eligibility,

including 6 months of eligibility prior to initiation of TNF-α antagonist and

24 months of continuous eligibility after initiation of TNF-α antagonist. To

ensure that the study focused on typical RA treatment patterns and out-

comes, we excluded all patients with a medical claim including a diagnosis

(primary or secondary) for comorbid psoriasis (ICD9 code 696.xx) or

Crohn’s disease (ICD9 555.xx). We also excluded patients aged below 18

or above 65 years during the continuous eligibility period and patients with-

out complete prescription drug records. Figure 1 shows the sample selec-

tion  algorithm.

Baseline, treatment pattern definition, and cost analysis periods. Initiation

of TNF-α antagonist was defined as the index event for the analyses of

treatment patterns and subsequent direct healthcare costs (Figure 2). We

defined the 6-month period prior to the index event as the baseline period,

and the 24-month period following initiation of TNF-α antagonist as the

study period. The study period was divided into two 12-month segments:

the treatment pattern definition period (Months 1–12) and the cost analysis

period (Months 13–24). Patients are classified to a treatment pattern

according to observed treatments in Months 1–12, and their costs are ana-
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lyzed for observed costs during Months 13–24. Accordingly, all analyzed

costs are subsequent to definition of treatment pattern and classification of

claimants.

Treatment patterns. We defined 3 treatment patterns based on biologic ther-

apy for the treatment of RA during the first 12 months after initiation of

TNF-α antagonist. The 3 treatment patterns were constructed using claims

for prescribed outpatient and provider-administered prescription drugs,

including 6 biologic DMARD for RA — the 3 TNF-α antagonists (adali-

mumab, etanercept, infliximab) and 3 non-TNF biologic DMARD (abata-

cept, anakinra, and rituximab). Biologic therapies were identified using

medical procedure codes (Healthcare Common Procedure Coding System,

J-codes) and prescription drug codes (NDC).

The first treatment pattern was characterized by use of a single TNF-α
antagonist, the initial TNF-α antagonist claim identified as the index event.

The second treatment pattern was characterized by use of at least one other

TNF-α antagonist without use of a non-TNF biologic DMARD within 12

months of initiating TNF-α antagonist therapy. The third treatment pattern

was characterized by use of a non-TNF biologic DMARD within 12

months of initiation of a TNF-α antagonist. By construction, these treat-

ment patterns are mutually exclusive.

Covariates. To control for observed factors that potentially confound

healthcare costs, we constructed a number of variables reflecting demo-

graphic characteristics, health status, and RA disease severity to serve as

covariates in our analysis of healthcare costs. Demographic characteristics

included age at the index event date and sex. Health status variables includ-

ed indicators for baseline conditions (cancers, gastrointestinal diseases,

upper respiratory and intestinal infections, diabetes, fatigue, fibromyalgia,

genitourinary disease, depression, osteoporosis, and systemic lupus erythe-

matosus) and a modified Charlson Comorbidity Index (excluding RA and

systemic lupus erythematosus)14 to ensure that any observed cost differ-

ences are associated with RA. We constructed RA disease severity proxies

based on medical care use (hospital inpatient, rheumatologist office visits,

bone and joint procedures, joint imaging procedures, use of occupational

therapy and physical therapy, total baseline RA-related inpatient and out-

patient healthcare cost) and RA-related prescription drug use [nonsteroidal

antiinflammatory drugs (NSAID), opioids, non-opioid analgesics, conven-
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Figure 1. Sample selection and patient counts. RA: rheumatic arthritis; DMARD: disease-modifying antirheumatic drugs; TNF-α:

tumor necrosis factor-α.  

Figure 2. Initiation of TNF-α antagonist was defined as the index event for analyses of treatment patterns and direct healthcare costs. TNF-α:

tumor necrosis factor-α.  
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tional DMARD] during the baseline period, and separately for Months

1–12.

Healthcare costs. Annual direct healthcare cost measures were constructed

by aggregating payments for individual claims by patients for medical serv-

ice and prescription drug use during Months 13–24 after initiation of

TNF-α antagonist (the cost analysis period; Figure 2). Costs for Months

1–12 are not considered in this study. Total direct cost measures were also

constructed for medical services, prescription drugs, and all healthcare

services. All costs were inflated to 2007 US dollars.

To assess RA-related costs, we defined certain medical services as

RA-related based on either a primary or secondary diagnosis of RA (ICD9

714.xx) on the claim for the service. We defined any prescription drug

claim as RA-related if the prescribed drug was a DMARD indicated for the

treatment of RA between 1999 and 2007, or an NSAID or analgesic fre-

quently used in the abatement of joint pain. The DMARD included TNF-α
antagonists (adalimumab, etanercept, infliximab), non-TNF biologic agents

(abatacept, anakinra, rituximab), and nonbiologic agents (auranofin,

aurothioglucose, azathioprine, chlorambucil, chloroquine, cyclophospha -

mide, cyclosporine, gold sodium thiomalate, hydroxychloroquine, lefluno-

mide, methotrexate, minocycline, pencillamine, sulfasalazine).

Statistical methods. We estimated regression models to assess the influence

of biologic DMARD treatment patterns defined in Year 1 on direct health-

care costs in Year 2, controlling for observable covariates. The dependent

variables in these models were total healthcare costs, medical service costs,

and prescription drug costs for RA-related, non-RA-related, and all 

healthcare.

Our model specification was a log-linear relationship between the con-

ditional mean of treatment costs and several explanatory variables. Patients

treated with either multiple TNF-α antagonists or a non-TNF biologic

DMARD were identified by indicator variables; the single TNF-α antago-

nist treatment pattern was the reference group. Each model specification

also included explanatory variables accounting for patient characteristics,

comorbidities, and proxies for RA disease severity, and number of months

of biologic DMARD use in Months 1–12.

We evaluated the relationship between biologic treatment patterns and

subsequent costs using 2 estimation strategies. A generalized linear model

(GLM) with log-link function and gamma distributed error was the first

estimation strategy. This estimation strategy is (statistically) consistent

assuming no time-varying confounding in treatment, and has been recom-

mended for highly skewed cost data15. To account for patients with zero

costs, we estimated 2-part cost models using a logit specification for the

probability of positive costs and the GLM model for expected healthcare

costs conditional on positive costs16,17,18.

The second estimation strategy was a marginal structural model

(MSM). Unlike GLM estimation, MSM estimation is consistent in the pres-

ence of time-varying confounding, such as the effects of differences in RA

disease severity during Months 1–12 on biologic treatment19,20,21. In addi-

tion to the controls included in the GLM estimation, the MSM estimation

adjusted for differential biologic treatment due to RA disease severity in

Months 1–12 through the use of inverse probability of treatment weights

(IPTW)19,22 calculated by logistic regression. The non-TNF biologic

DMARD group was excluded to satisfy consistency assumptions for this

estimator.

Hypothesis testing was performed using the empirical bootstrap proce-

dure on estimation results23. Empirical p values and confidence intervals

are presented for pairwise comparisons of discrete and continuous variables

from 10,000 nonparametric replications. Regression coefficient estimates

were exponentiated to produce an estimate of percentage changes in health-

care costs given a unit change in each explanatory variable, which enabled

us to assess the contribution of individual variables to variation in costs,

conditional on positive costs. Analytic file construction was performed

using SAS version 9.2 (SAS Institute, Cary, NC, USA); statistical analysis

was performed in Stata version 10.1 (StataCorp LP, College Station, TX,

USA).

RESULTS

Applying the study inclusion and exclusion criteria resulted
in a sample of 2545 patients. In the 12-month post-index
treatment pattern definition period, 2277 patients (89.5%)
had claims for only the initial TNF-α antagonist, 231
patients (9.1%) had claims for multiple TNF-α antagonists
without a non-TNF biologic DMARD, and 37 patients
(1.4%) had claims for a non-TNF biologic DMARD. Over
the 24-month post-index period, treatment patterns were
not dramatically different, with 2079 patients (81.7%) hav-
ing claims for only the initial TNF-α antagonist, 399
(15.7%) with claims for multiple TNF-α antagonists, and
67 (2.6%) with claims for a non-TNF biologic DMARD
(Table 1). Treatment patterns differed between 12 and 24
months for 206 patients (176 single TNF-α patients initiat-
ed another TNF-α, 22 single TNF-α patients initiated a
non-TNF biologic, and 8 multiple TNF-α patients initiated
a non-TNF biologic in Months 13–24). Because the
non-TNF biologic treatment pattern group was relatively
small, we present results for this group in the accompany-
ing tables but do not draw inferences about healthcare costs
from these findings.

Of those patients treated with either multiple TNF-α
antagonists or a non-TNF biologic DMARD, a greater per-
centage were female (80% and 81%, respectively) than
among those that had used only a single TNF-α antagonist
(74%). We did not find differences in age at initiation of bio-
logic DMARD treatment across treatment pattern groups;
the average age at initiation matched that identified in a
recent evaluation of use of TNF-α antagonists, 50.2 years6.

Comorbidity status and disease severity. We observed some
differences at baseline in the comorbidity profile and char-
acteristics associated with RA disease severity between the
single TNF-α antagonist group and the other 2 treatment
pattern groups (Table 2). The modified Charlson
Comorbidity Index was the same for the single and multiple
TNF-α antagonist groups (0.4), but higher for the non-TNF
biologic DMARD group (0.8). Patients with use of multiple
TNF-α antagonists had more complex comorbidity profiles
(diseases of the digestive system, upper respiratory infec-
tions, intestinal infections, and fibromyalgia) at baseline
than those with single TNF-α antagonist use.

In addition, we found some significant differences
between the single and multiple TNF-α antagonist groups in
medical procedure and prescription drug use at baseline.
Patients treated with multiple TNF-α antagonists were more
likely to have had a hospital admission, bone/joint imaging,
a hand and wrist radiograph, a chest radiograph, a prescrip-
tion opioid analgesic, and a prescription for leflunomide
(Table 2). These findings are consistent with greater RA dis-
ease severity prior to initiation of biologic DMARD among
the multiple TNF-α antagonist group.

Medical service and prescription drug costs. GLM regres-
sion-adjusted direct healthcare costs (RA-related,
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non-RA-related, and all) for Months 13–24 after initiation of
TNF-α antagonist are presented in Table 3.

RA-related direct healthcare costs. RA-related medical
service costs were not significantly different for the multiple
TNF-α antagonist group in comparison to the single TNF-α
antagonist group ($6,495 vs $6,280, respectively; p =
0.469). RA-related prescription drug costs were, however,
significantly different for the multiple TNF-α antagonist
treatment pattern group ($8,340 vs $7,058; p = 0.012). Total
RA-related healthcare costs were also greater for the multi-
ple TNF-α antagonist treatment pattern group ($15,048 vs
$13,312; p = 0.008).

Non-RA-related direct healthcare costs. GLM regres -
sion-adjusted annual non-RA-related costs for Months
13–24 differed significantly between the multiple TNF-α
antagonist group and the single TNF-α antagonist group for
medical services ($9,653 vs $5,666; p < 0.001) and for pre-
scription drugs ($3,043 vs $2,175; p < 0.001). Total
non-RA-related healthcare costs necessarily were also
greater for the multiple TNF-α antagonist treatment pattern.

All direct healthcare costs. GLM regression-adjusted cost
estimates for all direct healthcare costs were also signifi-
cantly greater for the multiple TNF-α antagonist treatment
pattern. Controlling for observed characteristics, disease
severity, and comorbid conditions at baseline, all annual
healthcare costs were over $5,000 greater for the multiple
TNF-α antagonist treatment pattern ($26,697 vs $21,381; 
p < 0.001).

Predictors of RA-related healthcare costs. Table 4 presents
exponentiated GLM regression coefficient estimates and
statistical test p values. Exponential-transformed regression
coefficient estimates are interpreted as the percentage
change in total annual direct healthcare costs associated
with a 1-unit change in the variable. Variables with statisti-
cally significant coefficients are deemed cost predictors.
Among the variables, disease severity measures were strong
predictors of RA-related treatment costs. Specifically, use of
bone or joint procedures and greater outpatient services
costs at baseline were associated with higher total healthcare

costs during the cost analysis period, whereas opioid anal-
gesic and occupational therapy — treatment interventions
mitigating the effects of RA symptoms — were associated
with lower costs during the cost analysis period. Not sur-
prisingly, variables measuring intensity of RA treatment
with DMARD during Months 1–12 were also strong predic-
tors of greater RA-related costs during Months 13–24.
Among the demographic and clinical characteristics related
to comorbidity profile, age was a strong predictor for
RA-related total and prescription drug costs but not medical
service costs. Claims evidence of fibromyalgia, osteoporo-
sis, or lupus at baseline had no influence on RA-related
costs during the cost analysis period.

DISCUSSION

This retrospective study used a large administrative claims
database to analyze the healthcare costs of RA patients ini-
tiating TNF-α antagonist therapy according to biologic
DMARD treatment patterns. Classification of patients
according to treatment observable in the claims database
was used to identify a particular subset of subjects with dif-
ferential baseline disease experience, hospitalization, proce-
dure use, and future healthcare and prescription drug costs
in the absence of clinical and demographic information.
Biologic DMARD treatment patterns were defined over
Months 1–12, and direct costs were examined for Months
13–24. Key findings in our study of the relationship between
biologic DMARD treatment patterns and future healthcare
costs include the frequency of distinct biologic 12-month
treatment patterns, comorbidity and disease severity pro-
files, and estimates of Year 2 direct healthcare costs, both
RA-related and non-RA-related.

We observed low rates of treatment switching within 2
years of TNF-α initiation as the single TNF-α treatment pat-
tern was the most common treatment pattern (89% at 1 year
after initiation of TNF-α antagonist; 81% at 2 years). Low
observed use of multiple biologic DMARD is consistent
with initial TNF-α antagonist persistence at 1.5 years (88%,
implied weighted average) in a recent study5. We conclude
that treatment-switching among biologic DMARD in a real-
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Table 1. Biologic disease-modifying antirheumatic drug (DMARD) treatment patterns for 12 and 24 months after index initiation of TNF-α antagonist. Data

are number (%) of patients with RA. TNF-α antagonists are adalimumab, etanercept, and infliximab. Non-TNF biologic DMARD are abatacept, anakinra,

and rituximab.

Treatment Pattern

24 Months

Single TNF-α Multiple TNF-α Non-TNF Row Total/

12 Months Antagonist Only Antagonists Only Biologic DMARD Share, 12 months (%)

Single TNF-α antagonist only 2079 176 22 2277 (89.5)

Multiple TNF-α antagonists only 223 8 231 (9.1)

Non-TNF biologic DMARD 37 37 (1.5)

Column total/share, 24 months (%) 2079 (81.7) 399 (15.7) 67 (2.6) 2545 (100)

RA: rheumatoid arthritis; TNF-α: tumor necrosis factor-α.
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Table 2. Demographic and clinical characteristics by biologic treatment pattern. The baseline period is the 6-month continuous timespan preceding the index

event of initiation of TNF-α antagonist. TNF-α antagonists are adalimumab, etanercept, and infliximab.

Baseline Characteristics Single TNF-α Multiple TNF-α Non-TNF

Antagonist, Antagonists, Biologic DMARD,

N = 2277 N = 231 N = 37

Demographics

Age, yrs, mean (SD) 50.2 (9.1) 50.1 (9.3) 46.9 (11.3)

Female, % 74.1 80.1** 81.1

Comorbidities

Charlson Comorbidity Index, mean (SD)† 0.4 (0.8) 0.4 (0.8) 0.8 (1.2)**

Cancer, %

Lung cancer 0.1 0.0 0.0

Hodgkin’s or non-Hodgkin’s lymphoma 0.2 0.0 2.7*

Leukemia 0.0 0.0 0.0

Gastrointestinal disease, %

Ulcer 0.6 0.4 2.7

Digestive system disease excluding ulcers and Crohn’s disease 9.7 13.9** 16.2

Infections, %

Upper respiratory infections 15.2 21.6*** 21.6

Bacterial intestinal infections, bacterial 0.1 1.3** 2.7*

Other bacterial infections 1.1 1.7 2.7

Other diseases, %

Diabetes 6.4 6.9 5.4

Fatigue 7.3 10.4* 13.5

Fibromyalgia 5.7 9.1** 10.8

Genitourinary disease 22.0 26.8* 27.0

Major depression 2.6 2.6 5.4

Osteoporosis 11.6 12.6 18.9

Systemic lupus erythematosus 2.8 2.6 13.5***

Medical services and procedures

Medical services, %

hospital inpatient 7.8 13.0*** 13.5

Rheumatologist office visits 52.3 58.0* 67.6*

Bone and joint procedures, %

Arthrocentesis 18.3 22.9* 16.2

Arthrodesis ever 13.0 16.5 13.5

Arthroplasty 0.8 1.3 2.7

Arthroscopy 1.2 1.3 0.0

Joint aspiration or injection procedures 18.3 22.9* 16.2

Synovectomy 0.4 0.9 0.0

Joint imaging procedures, %

Bone/joint imaging 1.4 3.9** 2.7

Hand and wrist radiograph 21.9 28.1** 29.7

Hip radiograph 3.6 6.1* 5.4

Other procedures, %

Chest radiograph 25.4 36.4*** 29.7

Prescription drug use, %

≥ 1 outpatient prescription fills for NSAID†† 34.4 38.5 45.9

≥ 1 outpatient prescription fills for opioid analgesic 40.6 51.1*** 62.2***

Conventional DMARD use, %

≥ 1 prescription fills/administrations of methotrexate 57.8 63.2 56.8

≥ 1 prescription fills/administrations of leflunomide 15.7 22.9*** 27.0*

Medical service costs in 6-month baseline period, $ mean (SD)

Inpatient 645 (4,596) 1,366 (6,721)* 3,315 (13,589)

Outpatient, facility 1,169 (3,097) 1,337 (2,666) 1,168 (2,419)

Outpatient, office 1,189 (2,633) 1,366 (2,124) 1,320 (1,668)

Emergency 40 (326) 26 (212) 120 (529)

Other 337 (1,725) 245 (1,133) 912 (4,309)

Total medical service costs 3,380 (7,146) 4,339 (8,417)** 6,836 (17,188)

Prescription drug costs in 6-month baseline period, $ mean (SD) 1,196 (1,703) 1,392 (1,507)** 1,519 (1,611)*

† Romano method14, excluding diagnoses of rheumatoid arthritis. †† Excluding cyclooxygenase-2 inhibitors. Statistical significance at classical thresholds: 

* 10%; ** 5%; *** 1%. TNF-α: tumor necrosis factor-α; DMARD: disease-modifying antirheumatic drug.
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world setting was uncommon for RA patients within 2 years
of initiating TNF-α antagonist therapy before 2008. Recent
evidence suggests that treatment-switching may be increas-
ing, in part due to greater access to biologic DMARD24.

We observed significantly greater direct healthcare costs
during Months 13–24 for patients in the multiple TNF-α
antagonist treatment pattern compared to the single TNF-α
antagonist treatment pattern. Total direct healthcare costs
differed because of both greater RA-related and greater
non-RA-related costs. RA-related costs differed because of
prescription drug costs; we observed no difference in
RA-related medical services costs. Multivariate analyses,
controlling for observed RA disease severity proxies at
baseline (GLM) or through Year 1 (MSM), confirmed these
descriptive differences in cost. We conclude that differences
in observable RA disease severity, at baseline or in Months
1–12, do not explain RA-related direct cost differences
between the multiple and single TNF-α treatment patterns.

We found that the multiple TNF-α antagonist treatment
pattern was associated with increased non-RA-related med-
ical services and prescription drug costs. Non-RA-related
direct healthcare costs were more than $4,000 greater for the
multiple compared with single TNF-α antagonist treatment
pattern ($12,281 vs $8,030, respectively; p < 0.001).
Differences in non-RA-related costs across these RA treat-
ment patterns suggest that complex comorbidities influence
the treatment of RA, including earlier switching of biologic
DMARD. These data further suggest that, on average, RA
patients in the multiple TNF-α treatment pattern are inher-
ently sicker and more costly to treat. This interpretation is
consistent with the finding of significantly greater hospital-
ization rates at baseline for the multiple TNF-α antagonist

treatment pattern (13.0% vs 7.8%). Additional study is need-
ed to characterize specific differences in comorbidity pro-
files of RA patients receiving biologic DMARD, and to fully
understand differences in medical resource and prescription
drug use.

In general, our findings were consistent with those in
recently published studies of RA direct healthcare costs that
use administrative claims data. Our estimated RA-related
healthcare costs measured over Months 13–24 for the single
and multiple TNF-α antagonist treatment patterns ($13,312
and $15,048, respectively) closely match the implied
weighted average total RA-related costs for Months 1–12
from a recent study with a similar patient population
($16,957)10. That study found significant differences in
RA-related costs across TNF-α antagonists ($15,098 to
$21,260), a consideration not investigated in our study.
Although differences in shares of TNF-α antagonists may
affect comparability of the results, our lower estimated
RA-related costs for the second year of use suggest that total
RA-related healthcare costs decrease slightly by year since
initiation of TNF-α. Additional research is needed to fully
characterize cost dynamics.

Our finding of lower annual direct healthcare costs for
the single TNF-α antagonist treatment pattern contrasts with
a finding of greater annual direct healthcare costs for RA
patients with relatively high persistence (≥ 80%) to initial
TNF-α antagonist ($19,271 vs $15,598, measured over
Months 1–12; p < 0.001)6, where persistence was defined as
the share of the year with a recently filled TNF-α prescrip-
tion or administration. Differences in sample selection and
study design may explain this apparent divergence. Our
study includes patients with multiple biologic DMARD and
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Table 3. Generalized linear model (GLM) regression-adjusted healthcare costs during Months 13-24 for subjects classified by treatment pattern during

Months 1–12, estimated as 2 part model for probability of positive costs and GLM for positive costs. Costs are based on payments from health plans to

providers over the period January 1, 1999, through December 31, 2007. All costs expressed in 2007 US$.

Healthcare Costs Single TNF-α Antagonist*, Multiple TNF-α Antagonists, Non-TNF Biologic DMARD,

Over Months 13–24 N = 2277 N = 231 n = 37

Mean $ (95% CI**) Mean $ (95% CI**) p† Mean $ (95% CI**) p†

RA-related costs

Medical service costs 6,280 (5,548–9,045) 6,495 (5,090–8,464) 0.469 7,686 (3,614–14,098) 0.307

Prescription drug costs†† 7,058 (6,777–7,383) 8,340 (7,317–9,564) 0.012 6,947 (5,089–9,270) 0.501

Subtotal 13,312 (12,888–13,787) 15,048 (13,717–16,516) 0.008 14,130 (10,165–18,632) 0.350

Non-RA-related costs

Medical service costs 5,666 (4,962–6,841) 9,653 (7,048–15,261) < 0.001 56,020 (14,752–311,141) < 0.001

Prescription drug costs 2,175 (2,051–2,330) 3,043 (2,595–3,611) < 0.001 6,976 (2,168–16,540) 0.027

Subtotal 8,030 (7,305–8,968) 12,281 (9,886–15,900) < 0.001 45,596 (18,978–140,033) < 0.001

All costs

Medical service costs 11,499 (10, 637–12,943) 15,137 (12,610–18,063) 0.006 25,397 (13,385–47,169) 0.009

Prescription drug costs 9,844 (9,518–10,177) 11,599 (10,467–12,851) 0.002 11,510 (8,030–16,282) 0.210

Total 21,381 (20,562–22,274) 26,697 (24,015–29,670) < 0.001 35,994 (24,195–51,267) 0.005

* TNF-α antagonists are adalimumab, etanercept, and infliximab. Single TNF-α antagonist treatment pattern includes 198 patients who changed treatment

pattern during Months 13–24. ** CI (95th percentile) are 2-tailed from 10,000 nonparametric bootstrap replications. † P values are from 1-tailed pairwise sig-

nificance tests of no difference in mean costs, using 10,000 replications. †† RA-related prescription drugs include nonbiologic DMARD in addition to bio-

logics. TNF-α: tumor necrosis factor-α; DMARD: disease-modifying antirheumatic drugs; RA: rheumatoid arthritis.
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stratifies according to single versus multiple TNF-α antago-
nists, rather than excluding patients with multiple biologic
DMARD and stratifying according to persistence. Although
persistence was not used to stratify the sample in this study,
the highly significant duration of DMARD therapy variables
in the multivariate analyses (Table 4) is consistent with
greater costs for patients with high persistence.

We estimated regression-adjusted total annual direct
healthcare costs per patient of $21,381 and $26,697 one year
after initiation of TNF-α for the single and multiple TNF-α
antagonist treatment patterns, respectively. These estimates
closely match recently reported estimates for similar patient
populations: $18,2696 and $25,296 (implied weighted
 average)10.

Data and methodological limitations temper the general
applicability of our findings. First, our study was affected by
the limitations of administrative claims data. These data do
not include clinical measures of RA disease severity or
measures of initial treatment response or subsequent loss of

treatment effect. We attempted to address these data limita-
tions using proxy measures for RA disease severity at base-
line and Months 1–12. The cost data in administrative
claims are also limited because prescription records do not
include a diagnosis code, and because all costs, both pre-
scription and medical resource costs, are identifiable only
for claims submitted to the principal insurer; costs for other
prescriptions or medical resource use are not recorded. The
cost data are therefore incomplete direct-cost measures.
Methodological limitations include those associated with
RA disease severity controls and time-varying confounding.
Inferences from the multivariate analyses are limited if
observable proxy measures of disease severity do not close-
ly reflect the unobservable RA disease severity, or if IPTW
reweighting in the MSM estimation did not accurately
reflect time-varying confounding, possibly due to unobserv-
able changes in severity.

Our study extends the larger body of work investigating
biologic treatment patterns, particularly those associated
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Table 4. Predictors of RA-related treatment costs, estimated as an unweighted generalized linear model (GLM) regression with logarithmic-link function and

gamma distribution as the second step of a 2-part model. Columns are organized by dependent variable; rows are by treatment, patient characteristic, and

baseline disease severity variables.

Variable RA Medical Services RA Prescription Drug Total RA Healthcare

Cost Model Cost Model Cost Model

Unit† %∆†† p %∆†† p %∆†† p

Treatment variables

Multiple TNF-α antagonist use Months 1–12 Binary 10.96 0.483 10.96 0.109 10.63* 0.0674

Use of non-TNF biologic Months 1–12 Binary 51.44 0.250 2.99 0.849 17.23 0.231

Use of conventional DMARD Months 1–12 Binary 88.70*** < 0.001 8.03 0.106 28.92*** < 0.001

Duration of baseline conventional DMARD use Month –5.48** 0.0111 3.13*** < 0.001 0.26 0.742

Duration of biologic DMARD use Month 19.96*** < 0.001 6.47*** < 0.001 10.13*** < 0.001

Demographic and clinical characteristics

Age Year –0.36 0.463 0.736*** < 0.001 0.38** 0.0344

Female indicator Binary –8.20 0.390 –0.354 0.935 –3.08 0.396

Charlson Comorbidity Index Unit 0.642 0.925 –0.073 0.980 0.00 1.000

Chronic pulmonary disease at baseline Binary –21.57 0.208 –4.77 0.550 –8.06 0.228

Upper respiratory infections at baseline Binary 22.26* 0.0996 –2.99 0.557 6.80 0.137

Diabetes at baseline Binary 35.12* 0.0993 –7.35 0.327 7.35 0.284

Fibromyalgia at baseline Binary 14.45 0.469 –2.37 0.762 6.13 0.377

Genitourinary at baseline Binary –4.33 0.669 2.16 0.637 –0.89 0.816

Osteoporosis at baseline Binary 19.72 0.184 –4.83 0.397 4.83 0.341

Systemic lupus erythematosus at baseline Binary –4.96 0.846 –11.40 0.281 –9.33 0.304

Disease severity—baseline

Bone or joint procedures at baseline Binary 14.22 0.222 2.05 0.665 8.04* 0.0540

Radiographs (chest, hand, wrist) at baseline Binary 0.332 0.970 –0.45 0.908 –1.38 0.672

Opioid analgesic at baseline Binary 7.09 0.457 –12.72*** < 0.001 –6.97** 0.0299

Baseline count of physical therapy claims Number –0.220 0.683 0.58** 0.0160 0.26 0.201

Baseline count of occupational therapy claims Number –46.47** 0.0295 –29.81** 0.0294 –38.49*** 0.001

Baseline cost for RA-related inpatient claims $000 –1.80 0.935 –1.14 0.214 –6.74 0.399

Baseline cost for RA-related outpatient claims $000 9.17** < 0.001 –2.38*** < 0.001 3.57*** < 0.001

Chi-square statistic# 156.40 < 0.001 163.84 < 0.001 368.40 < 0.001

† Unit of the explanatory variables. Binary variables are defined to equal 1 when applicable, and zero otherwise. †† Percentage change (%∆) estimates are

exponentiated coefficient estimates from the GLM: %∆: = 100% × (exp (ßi)–1); estimates are interpreted as percentage change in annual costs from a 1-unit

change in the explanatory variable for variables measured in months, years, number, or dollars. For binary variables, percentage change is the estimated

increase in annual costs when the condition or factor is present. # Measures the explanatory power of all variables. The null hypothesis is that all coefficients

are zero. Statistical significance at classical thresholds: * 10%; ** 5%; *** 1%. TNF-α: tumor necrosis factor-α; DMARD: disease-modifying antirheumat-

ic drugs; RA: rheumatoid arthritis.
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with use of TNF-α antagonists, and their influence on sub-
sequent healthcare costs. The findings given here represent
a formal analysis of treatment patterns and subsequent costs,
where the definitions of treatment pattern are temporally
distinct from, rather than contemporaneous with, the aggre-
gation of costs. Future treatment pattern and cost analyses
should take advantage of larger samples of RA patients
where recent data reflect greater availability of biologic
treatment options to physicians, more switching among
TNF-α antagonists, and greater use of non-TNF biologics
after TNF-α antagonists.
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