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Burden of rheumatoid arthritis among US Medicare
population: co-morbidities, health-care resource
utilization and costs
Chieh-I Chen1, Li Wang2, Wenhui Wei3,a, Huseyin Yuce4 and Kristine Phillips5,6
Abstract
Objectives. The study aimed to assess the burden of RA among the US Medicare population (aged
65 years) by comparing co-morbidities, health-care resource utilization (HCRU) and costs against
matched non-RA Medicare patients.

Results. The study population included 115 867 RA patients and 115 867 age-, sex-, race- and
region-matched non-RA controls. Mean age was 75.2 years; 79.4% were female. Co-morbidities were
greater in RA vs non-RA patients [Charlson Co-morbidity Index (excluding RA): 1.86 vs 1.00;
P < 0.0001]. All-cause annual HCRU was greater in RA vs non-RA patients. Total annual health-care
costs were 3-fold higher in RA vs non-RA patients ($20 919 vs $7197, respectively; P < 0.0001) with
the major driver of costs in the RA cohort being outpatient costs. Approximately half of the overall
costs in the RA cohort were RA related ($11 587). After controlling for differences in patient characteristics and co-morbidities between cohorts, the adjusted total mean annual costs for RA patients were
still more than twice those of non-RA patients ($16 374 vs $6712; P < 0.0001).
Conclusions. Among US Medicare patients, those with an RA diagnosis had a significantly greater
burden of co-morbidities, HCRU and costs compared with a matched cohort without RA.
Key words: rheumatoid arthritis, elderly, burden of disease, co-morbidities, health-care resource utilization

Key messages
.

US Medicare patients with RA had significantly greater co-morbidity burden, health-care resource utilization, and

.
.

costs.
Annual all-cause health-care costs were 3-fold higher among RA Medicare patients vs non-RA Medicare patients.
Outpatient visits were the main cost driver, accounting for nearly half of the total cost.
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Introduction
RA is estimated to affect 0.2–1% of the worldwide
population [1, 2]. Based on 1987 diagnostic criteria, in
the US, 0.6% of adults (18 years) and 2.0% of individuals 60 years of age are affected [3, 4], resulting in
2.9 million visits to physicians related to RA in the US
annually based on 2007 data [5]. However, the updated
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Methods. Data were obtained from the Medicare fee-for-service claims database from 2010 to 2013.
RA Medicare patients were identically matched with Medicare patients without RA (controls) based on
demographics. Bivariate analyses were conducted to examine differences between cohorts for comorbidities, HCRU and costs. A generalized linear model was used to test relationships between
patient-level characteristics, HCRU and costs.
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FIG. 1 Overview of study design

2010 criteria include in their diagnosis patients previously classified as having undifferentiated arthritis; as a
result, the number of patients with RA may be higher [6].
Although disease onset may occur at any age,
approximately one-third of all RA patients are >65 years
of age [7]. Given disease chronicity, low remission rates
(estimated to be between 8.6 and 19.6% based on varying definitions of remission [8]) and the increasing size of
the US elderly population [9], RA poses a significant
economic burden.
Pharmacological therapy is considered the mainstay of
treatment for RA [10, 11]; however, despite an abundance of treatment options, elderly patients with RA are
less likely to be prescribed DMARDs, including MTX,
AZA, LEF, SSZ, HCQ, gold and minocycline, than
younger patients [12, 13]. This may be explained by the
perception that DMARDs can have greater propensity for
adverse events in this patient population. Additionally,
elderly patients may fear trying new treatments [12].
Co-morbidities associated with RA [14] are likely to further impact clinical problems, associated health-care
resource utilization (HCRU), and direct and indirect costs
[15]. In the US, total annual health costs (including direct
and indirect costs) among the overall RA patient population have been estimated at up to $19.3 billion (in 2005
US dollars) [16]. However, additional data on the clinical
and economic impact of RA in the US are required, especially in the elderly population, to provide better information for health-care and health policy decision-making for
this growing patient group.
The aim of this retrospective cohort analysis was to
establish the burden of RA in the US Medicare population
(65 years old) by comparing co-morbidities, HCRU and
associated costs with a matched non-RA Medicare cohort.

Methods
Study design and sample population
Patient-level data for this observational, retrospective
cohort analysis were obtained from the anonymized
Medicare fee-for-service (FFS) claims database. Data
were collected between 1 January 2010 and 31
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December 2013 for two cohorts (aged 65 years) of
Medicare beneficiaries, comprising an RA cohort and a
matched cohort without RA. Patients were included in
the RA cohort if they had made at least two RA-related
medical claims [International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) code
714.xx] 7 days apart, and had continuous health plan
enrolment with FFS medical and pharmacy benefits for
the 12-month pre-index (baseline) period until the end of
the 12-month post-index (follow-up) period. The index
date was defined as the date of the patient’s first pharmacy claim for a DMARD. Each RA cohort patient was
matched (1:1) with a patient without RA [i.e. no diagnosis of RA (ICD-9-CM code 714.xx) during the study period] of identical age, sex and race, who was from the
same US region, and had continuous FFS health plan
enrolment with medical and pharmacy benefits for the
12-month baseline period and the 12-month follow-up
period (Fig. 1). These control patients were assigned the
same index date as the case patients with whom they
were matched.

Baseline data
Patient demographic characteristics were obtained at
the index date. Co-morbid conditions were assessed
throughout the 12 months pre-index date (baseline
period). Overall co-morbidity was measured using the
Charlson Co-morbidity Index (CCI) Score, which assigns
a weight ranging from one to six according to disease
severity for 19 conditions [17]. In addition, the Deyomodified CCI was used to allow ICD-9-CM diagnosis
codes to contribute to the score [18]. The Chronic
Disease Score was developed by Von Kroff and colleagues, and is an aggregate co-morbidity measure,
which is based on current medication use and serves as
an indicator of a patient’s morbidity and overall health.
The Chronic Disease Score ranges from 0 to 36, and
the higher the score, the more likely that the patient will
be hospitalized and/or die. In this study, pharmacy
claims were used to determine the Chronic Disease
Score [19]. Additionally, the severity index for RA
(SIFRAV) score, which ranges from 0 to 128.5 and was
R
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assessed by an expert Delphi panel of six boardcertified, clinically active rheumatologists, was used
exclusively to measure RA severity through medical
records [20–22]. Using associated scores from the
Delphi panel, a severity index for RA was created by
calculating the weighted sum, which was then verified
by its estimation power for health-care outcomes and
utilization [20]. Using claims data, 39 indicators, including laboratory, extra-articular manifestations, surgical
history and medication, are included. Co-morbidities in
the RA cohort (primary and secondary diagnosis) based
on the first three digits of ICD-9-CM diagnosis codes
were compared with the corresponding rates for the
non-RA cohort, and the top 10 non-bone- and jointrelated co-morbidities were reported.

Outcomes measures
During the 12-month follow-up period, all-cause (both
cohorts) and RA-related (RA cohort only) HCRU was
estimated for ambulatory (physician office and outpatient) visits, emergency department (ED) visits, inpatient
admissions, length of stay (LOS) and prescription fills;
these were considered RA-related if the claim had a primary or secondary diagnosis of RA or involved use of
any RA-related medication, including CSs, NSAIDs or
DMARDs. Similarly, all-cause (both cohorts) and RArelated (RA cohort only) health-care costs were estimated for ambulatory and ED visits, inpatient
admissions and pharmacy visits. In addition, total (medical plus pharmacy) costs as paid by health plans were
also estimated. All costs were adjusted for inflation to
2013 US dollars using the annual medical care component and drug cost component of the Consumer Price
Index.

Analysis
All patient variables, including age, sex, race, region and
baseline co-morbidity index scores, as well as all-cause
HCRU, and costs over the 12-month follow-up period,
were compared between the RA and non-RA cohorts.
The benefit of treatment on the risk of disease(s) of
interest, HCRU, and costs were also determined.
Bivariate comparisons were conducted to examine
the differences between the RA and non-RA cohorts in
co-morbidities, HCRU, and costs. For dichotomous and
polychotomous variables, P-values were calculated
using the v2 test, and for continuous variables P-values
were calculated using an unpaired t-test.
A generalized linear model (GLM) was used to test the
relationships between patient-level characteristics,
HCRU and costs. The dependent variables included
patients with total HCRUs, including inpatient, outpatient, ED, office, and pharmacy visits. Independent variables included all patient demographic characteristics
(age, sex, race and region), baseline co-morbidities
(CCI, individual co-morbidities), and the cohort variable
(RA or non-RA Medicare). In addition, negative binomial

www.rheumatology.oxfordjournals.org

Downloaded from https://academic.oup.com/rheumap/article-abstract/2/1/rky005/4898098
by guest
on 29 April 2018

and logistic regressions were used to model HCRU
measures.
To estimate total costs, log10-transformation and
GLMs were applied, depending on the distribution and
presence of heteroscedasticity. In these models, the
dependent variables included the costs of inpatient, outpatient, ED and office visits, and pharmacy use.

Results
Clinical characteristics and demographics
In total, 3 156 628 Medicare beneficiaries were identified
in the study period (from 1 January 2011 to 31
December 2013). Of these, 2 924 894 were excluded
because they were aged <65 years, had no continuous
health enrolment plan or had no diagnosis of RA during
the study period, resulting in a total sample size of
231 734 patients (115 867 patients in the RA Medicare
cohort and 115 867 matched patients in the non-RA
Medicare cohort; Fig. 2). Mean (S.D.) patient age was
75.2 (6.36) years; 79.4% were women; 86.4% were
Caucasian; and 41.3% resided in the Southern region of
the US (Table 1).

Co-morbidity burden
Compared with the non-RA cohort, the RA cohort had
significantly greater overall co-morbidities [CCI score
(excluding RA) 1.86 vs 1.00; P < 0.0001; Table 1].
Likewise, the chronic disease score (8.50 vs 5.54;
P < 0.0001) and severity index for RA (19.43 vs 0.51;
P < 0.0001) were significantly higher in the RA cohort vs
the non-RA cohort (Table 1).
The most common non-bone- and joint-related diagnoses in both cohorts were cardiovascular system
related, with 76.4% of patients in the RA cohort and
44.8% in the non-RA cohort experiencing essential
hypertension (ICD-9-CM:401), 66.4 and 41.7%, experiencing disorders of lipid metabolism (ICD-9-CM:272),
27.5 and 14.5% experiencing ischemic heart disease
(ICD-9-CM:414.9), and 21.0 and 9.6% experiencing
peripheral vascular disease (ICD-9-CM:443.9), respectively. Other common co-morbidities included: general
symptoms (ICD-9-CM:780; code includes sleep disturbances and fatigue) in 50.3 and 24.3%; symptoms
involving the respiratory system and other chest symptoms (ICD-9-CM:786) in 48.1 and 22.1%; and other disorders of the soft tissues (ICD-9-CM:729) in 45.4 and
17.4%, respectively. Furthermore, across the 10 most
common co-morbidities in both groups, the relative risk
of the co-morbidity was significantly greater for the RA
cohort vs the non-RA cohort (P < 0.0001; Table 1).

Health-care resource utilization and costs
Compared with the non-RA cohort, mean annual allcause HCRU, including percentage of patients with
inpatient/ED visits, outpatient visits and pharmacy visits
(as well as the mean number of these visits in the 1-year
follow-up period), were all significantly greater
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FIG. 2 Patient attrition scheme

(P < 0.0001) for the RA cohort than the non-RA cohort
(Fig. 3). For example, in the RA cohort there were 0.96
inpatient/ED visits during the 1-year follow-up overall,
whereas in the non-RA cohort there were 0.40 visits
(P < 0.0001; Fig. 3). Moreover, RA-related HCRU was a
major driver of the overall HCRU in each case (Fig. 3).
The mean (S.D.) inpatient LOS per visit was also significantly greater in the RA cohort compared with the nonRA cohort [4.38 (16.2) vs 0.97 (4.92) days, respectively;
P < 0.0001], with the mean LOS specifically related to
RA in the RA cohort being 2.66 (10.77) days.
Mean annual total health-care costs were 3-fold
higher for the RA cohort compared with the non-RA
cohort ($20 919 vs $7197, respectively; P < 0.0001), and
more than half of the total costs were related to RA
($11 587; Fig. 4). Among the RA cohort, the main driver
for increased costs was outpatient costs, followed by
inpatient costs and then pharmacy costs. Mean annual
all-cause outpatient costs were $9022 in the RA cohort
vs $2607 in the non-RA cohort (P < 0.0001), and more
than half ($4719) of the outpatient costs in the RA cohort
were RA related (Fig. 4).
Overall pharmacy costs (calculated from Medicare
Part D) were significantly greater in the RA cohort
($5794) than the non-RA cohort ($2449; P < 0.001).
However, among the RA cohort, pharmacy costs
accounted for the smallest proportion of the total costs,
with an even smaller proportion ($2670 out of $5794)
related to RA (Fig. 4). The cost of biologics [calculated
from pharmacy (Medicare Part D) plus medical
(Medicare Part B) claims] accounted for the majority of
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drug-related costs [calculated from pharmacy (Medicare
Part D) plus medical (Medicare Part B) claims] observed
in all RA patients ($2836 out of $3331).
After controlling for differences in patient characteristics and co-morbidities, the adjusted mean annual total
costs for the RA cohort remained more than twice those
observed in the non-RA cohort ($16 374 vs $6712,
respectively; P < 0.0001; Table 2).

Discussion
Given the high and growing prevalence of RA in the elderly population, it is important to establish its age- and
disease-specific clinical and economic burden to
successfully aid health-care decision-making and cost
containment in this vulnerable population.
The significantly higher incidence of co-morbidities
associated with RA has previously been reported among
adult RA patients [23–28]; however, to our knowledge
this is the first study to examine co-morbidities, HCRU
and costs specifically in the RA Medicare population in
a real-world setting. The results of this retrospective
cohort study indicated that RA Medicare patients have a
significantly higher prevalence of non-bone- and jointrelated co-morbidities, including a higher incidence of
cardiovascular co-morbidities, such as hypertension,
disorders of lipid metabolism, ischemic heart disease
and peripheral vascular disease, as well as symptoms
involving the respiratory system, in comparison with a
matched non-RA cohort.
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TABLE 1 Baseline demographic and clinical characteristics for patients with and without RA
Demographic/clinical
characteristics

Age, mean (S.D.), years
65–69 years, n (%)
70–74 years, n (%)
75–79 years, n (%)
80 years, n (%)
Sex, n (%)
Male
Female
Race, n (%)
White
Black
Asian
Hispanic
North American
Other
Geographical location, n (%)
Northeast
Midwest
South
West
Other
Baseline co-morbid conditions, mean (S.D.)
CCI (excluding RA)
Chronic disease score
Severity index for RA (SIFRA)
Common baseline non-bone- and joint-related
diagnoses, n (%)
Essential hypertension (ICD-9-CM: 401)
Disorders of lipid metabolism (ICD-9-CM:272)
General symptoms (ICD-9-CM:780)
Symptoms involving respiratory system
(ICD-9-CM:786)
Other disorders of soft tissues (ICD-9-CM:729)
Cataract (ICD-9-CM:366)
Other unspecified anemias (ICD-9-CM:285)
Diseases of esophagus (ICD-9-CM:530)
Acquired hypothyroidism (ICD-9-CM:244)
Diabetes mellitus (ICD-9-CM:250)
Baseline RA-related therapies, n (%)
NSAIDs
CSs
DMARDs (including biologics)

Control group
(non-RA)
(n 5 115 867)

Case group (RA)
(n 5 115 867)

75.2 (6.4)
25 653 (22.1)
34 891 (30.1)
26 083 (22.5)
29 240 (25.2)

P-value

RR (95% CI)

75.2 (6.4)
25 653 (22.1)
34 891 (30.1)
26 083 (22.5)
29 240 (25.2)

–
–
–
–
–

–
–
–
–
–

23 896 (20.6)
91 971 (79.4)

23 896 (20.6)
91 971 (79.4)

–
–

–
–

100 160 (86.4)
8709 (7.5)
1816 (1.6)
2970 (2.6)
604 (0.5)
1608 (1.4)

100 160 (86.4)
8709 (7.5)
1816 (1.6)
2970 (2.6)
604 (0.5)
1608 (1.4)

–
–
–
–
–
–

–
–
–
–
–
–

19 639 (16.9)
28 334 (24.5)
47 877 (41.3)
19 777 (17.1)
240 (0.2)

19 639 (16.9)
28 334 (24.5)
47 877 (41.3)
19 777 (17.1)
240 (0.2)

–
–
–
–
–

–
–
–
–
–

1.00 (1.77)
5.54 (3.68)
0.51 (1.94)

1.86 (2.02)
8.50 (3.66)
19.43 (15.60)

<0.0001
<0.0001
<0.0001

–
–
–

51 897 (44.79)
48 346 (41.73)
28 136 (24.28)
25 634 (22.12)

88 565 (76.44)
76 934 (66.40)
58 218 (50.25)
55 782 (48.14)

<0.0001
<0.0001
<0.0001
<0.0001

1.71 (1.69, 1.72)
1.59 (1.58, 1.60)
2.07 (2.05, 2.09)
2.18 (2.15, 2.20)

20 101 (17.35)
22 212 (19.17)
13 121 (11.32)
15 212 (13.13)
16 859 (14.55)
22 162 (19.13)

52 550 (45.35)
43 122 (37.22)
36 882 (31.83)
35 859 (30.95)
33 528 (28.94)
32 748 (28.26)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

2.61 (2.58, 2.65)
1.94 (1.91, 1.97)
2.81 (2.76, 2.86)
2.36 (2.32, 2.40)
1.99 (1.96, 2.02)
1.48 (1.46, 1.50)

<0.0001
<0.0001
<0.0001

–
–
–

25 746 (22.2)
147 (0.1)
3131 (2.7)

45 958 (39.7)
31 246 (27.0)
101 876 (87.9)

CCI: Charlson co-morbidity index; ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification;
RR: relative risk.

As expected based on the higher incidence of comorbidities, HCRU was significantly higher in the RA
Medicare cohort than in the non-RA Medicare cohort,
resulting in nearly 3-fold higher annual health-care costs,
with RA-related costs accounting for slightly more than
half of the total costs in the RA cohort. Significant differences between the RA Medicare cohort and the non-RA
Medicare cohort were observed across medical (outpatient and inpatient/ED) and pharmacy costs. Increased
pharmacy costs in the RA cohort might be expected
given the recent greater understanding of RA disease
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pathogenesis and corresponding development of targeted biologic and non-biologic synthetic DMARD treatments [29]. For example, a 2008 analysis of prescribing
patterns identified an increase in biologic use in the US
from 3% of RA patients in 1999 to 26% of RA
patients in 2006 [30]. Importantly, this increased use of
biologics appears to have translated into an increase in
the proportion of patients achieving disease remission
[8, 31].
Although the increase in remission rates is encouraging, it is possible that the cost of biologics would be a
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FIG. 3 Percentage of all-cause and RA-related visits during the 1-year follow-up (A) and mean (S.D.) number of allcause and RA-related visits during the 1-year follow-up (B)

*All P-values between all-cause non-RA Medicare patients and all-cause RA Medicare patients were <0.0001. ED:
emergency department.
significant concern for health-care budget-holders, and
their use may be discouraged without adequate information on disease burden and treatment patterns in the
real-world setting. In the present study, pharmacy costs
accounted for only 23% ($2670) of the overall RArelated costs, with the major driver of costs being medical costs (outpatient costs represented 41% and inpatient/ED costs represented 36% of overall RA-related
costs). In addition, in this real-world study, the cost of
biologics across the overall RA cohort (e.g. infliximab,
etanercept, adalimumab, golimumab, certolizumab, abatacept, anakinra, rituximab and tocilizumab) accounted
for less than a quarter of the overall difference in
costs between the RA and non-RA cohort. Moreover,
pharmacy costs represented a smaller proportion of the
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total RA-related costs than they did in the total overall
cost in the RA cohort (23 vs 27%). Instead, the largest
component of increased overall costs within the RA
Medicare cohort was outpatient costs.
Similar to the present study, a study conducted by
Wolfe et al. [32] in 1986 found medical costs to be the
biggest driver of costs among patients with severe RA,
although in their study, conducted before the availability
of biologics, a majority (66%) of direct medical costs were
found to be attributable to inpatient hospitalization costs.
The reason for this outcome is likely to stem from surgical
treatment to relieve severe pain and improve the function
of severely deformed joints, management of medication
side-effects, and the management of severe co-morbidities such as cardiovascular events [33]. As shown in the
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FIG. 4 Mean annual all-cause and RA-related health-care costs in the Medicare population

*All P-values between all-cause non-RA Medicare patients and all-cause RA Medicare patients were <0.0001. †ED
visits accounted for all-cause $107 and RA-related $37 in the RA Medicare cohort and $51 in the non-RA Medicare
cohort. ED: emergency department.

TABLE 2 Generalized linear model-adjusted follow-up all-cause health-care utilization and costs
All-cause follow-up health-care costs, $

Control group (non-RA)

S.E.

Case group (RA)

S.E.

P-value

1602
2091
2523
6712
104
15

5
6
8
21
0
0

3973
7109
4928
16 374
3080
3103

12
22
16
51
10
11

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Inpatient/ED cost
Outpatient cost
Pharmacy cost
Total cost (inpatient, outpatient, pharmacy)
RA-related drug cost (based on Jcode and NDC)
Biologics-related drug costs (based on Jcode and NDC)

ED: emergency department; Jcode: Healthcare Common Procedure Coding System Level II codes mainly used for infusions, injections, that is, drugs that are not given orally; NDC: National Drug Code.

present study, patients with RA have a higher rate of comorbidities, including a higher incidence of cardiovascular
events, than patients without RA.
Overall, the present study shows that HCRU is significantly greater among RA patients compared with nonRA patients. In addition, there is a relatively high total
cost for care, including the cost of biologics. These
results highlight the importance of RA from a societal
perspective, and we hope that they will be useful for
future research, including cost-effectiveness analyses.
A strength of this study is that it reflects real-world
management patterns in a large cohort of RA Medicare
patients, but studies based on claims data may have
some limitations. Firstly, the population included in this
analysis was limited only to FFS enrollees, meaning that
the cohort may not be representative of the full
Medicare population. Secondly, the costs for medical
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services reimbursed by insurers other than Medicare
paid solely by beneficiaries out of pocket may not be
captured, thereby potentially underestimating the cost
burden. In the study, outpatient costs rather than pharmacy costs were considered the main driver for the economic burden of RA; however, the reason for the
outpatient visit is not known, and it cannot be discounted that some of the outpatient costs might be
attributed to attendance for the administration of injectable biologics. Furthermore, it is also possible that i.v.
RA biologics could be covered under medical benefits
instead of pharmacy benefits, meaning that the cost of
prescription fills could have been underestimated.
Finally, there is a potential for inaccuracies in assigning
RA and capturing co-morbidities, as the presence of an
ICD-9-CM diagnosis code on a medical claim may not
automatically indicate the presence of disease.
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Conclusion
Among US Medicare patients, RA diagnosis is associated
with a significantly greater burden of co-morbidities,
HCRU and costs when compared with a matched cohort
of non-RA Medicare patients. The annual all-cause
health-care costs in Medicare RA patients were 3-fold
higher than those of the cohort without RA; this difference was mainly attributed to increased outpatient costs,
which accounted for nearly half of the total cost. When
considering RA-related costs alone, outpatient visits
remained a major driver of costs, with pharmacy costs
representing only 23% of the total RA-related costs.
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8 Sokka T, Hetland ML, Mäkinen H et al. Remission and
rheumatoid arthritis: data on patients receiving usual care
in twenty-four countries. Arthritis Rheum 2008;58:2642–51.
9 Population Reference Bureau. Population Bulletin. 2015.
http://www.prb.org/pdf16/aging-us-population-bulletin.
pdf (20 January 2017, date last accessed).
10 Smolen JS, Landewe R, Breedveld FC et al. EULAR recommendations for the management of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2013 update. Ann Rheum Dis 2014;
73:492–509.

Medical writing support was provided by Abby Armitt,
MSc, Prime, Knutsford, Cheshire, UK, funded by Sanofi
US and Regeneron Pharmaceuticals, Inc. The authors
are responsible for all content and editorial decisions
and received no honoraria related to the development of
this publication.

11 Singh JA, Saag KG, Bridges SL Jr. et al. 2015 American
College of Rheumatology Guideline for the treatment of
rheumatoid arthritis. Arthritis Care Res 2016;68:1–25.

Funding: Research sponsored by Sanofi US and
Regeneron Pharmaceuticals, Inc.

13 Ng B, Chu A, Khan MM. A retrospective cohort study:
10-year trend of disease-modifying antirheumatic drugs
and biological agents use in patients with rheumatoid
arthritis at Veteran Affairs Medical Centers. BMJ Open
2013;3:e002468.

Disclosure statement: C-I.C. is an employee of
Regeneron Pharmaceuticals Inc., and owns stock/or
stock options in the company. L.W. is an employee of
STATinMED Research, under contract with Sanofi US.
At the time of the study, W.W. was an employee of
Sanofi US and owns stock and/or stock options in the
company, W.W. is a current employee of Regeneron
Pharmaceuticals, Inc. H.Y. has no conflicts of interest to
disclose. At the time of the study, K.P. was an employee
of the University of Michigan, and has served as a consultant for Sanofi US.

References
1 Cross M, Smith E, Hoy D et al. The global burden of
rheumatoid arthritis: estimates from the global burden of
disease 2010 study. Ann Rheum Dis 2014;73:1316–22.
2 World Health Organization. Chronic Diseases and Health
Promotion: Chronic Rheumatic Conditions. 2016. http://
www.who.int/chp/topics/rheumatic/en/ (26 October
2016, date last accessed).
3 Myasoedova E, Crowson CS, Kremers HM, Therneau
TM, Gabriel SE. Is the incidence of rheumatoid
arthritis rising?: results from Olmsted County, Minnesota,
1955–2007. Arthritis Rheum 2010;62:1576–82.
4 Rasch EK, Hirsch R, Paulose-Ram R, Hochberg MC.
Prevalence of rheumatoid arthritis in persons 60 years of
age and older in the United States: effect of different methods of case classification. Arthritis Rheum 2003;48:917–26.
5 Schappert SM, Rechtsteiner EA. Ambulatory medical
care utilization estimates for 2007. Vital Health Stat 2011;
13:1–38.
6 Bykerk VP, Massarotti EM. The new ACR/EULAR classification criteria for RA: how are the new criteria performing in the clinic? Rheumatology 2012;51 (Suppl 6):vi10–5.

i8
Downloaded from https://academic.oup.com/rheumap/article-abstract/2/1/rky005/4898098
by guest
on 29 April 2018

12 Tutuncu Z, Reed G, Kremer J, Kavanaugh A. Do patients
with older-onset rheumatoid arthritis receive less aggressive treatment? Ann Rheum Dis 2006;65:1226–9.

14 Michaud K, Wolfe F. Comorbidities in rheumatoid arthritis. Best Pract Res Clin Rheumatol 2007;21:885–906.
15 Birnbaum HG, Barton M, Greenberg PE et al. Direct and
indirect costs of rheumatoid arthritis to an employer.
J Occup Environ Med 2000;42:588–96.
16 Birnbaum H, Pike C, Kaufman R et al. Societal cost of
rheumatoid arthritis patients in the US. Curr Med Res
Opin 2010;26:77–90.
17 Charlson M, Szatrowski TP, Peterson J, Gold J.
Validation of a combined comorbidity index. J Clin
Epidemiol 1994;47:1245–51.
18 Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical
comorbidity index for use with ICD-9-CM administrative
databases. J Clin Epidemiol 1992;45:613–9.
19 Von Korff M, Wagner EH, Saunders K. A chronic disease
score from automated pharmacy data. J Clin Epidemiol
1992;45:197–203.
20 Baser O, Du J, Xie L et al. Derivation of severity index
for rheumatoid arthritis and its association with healthcare outcomes. J Med Econ 2012;15:918–24.
21 Baser O, Baser E, Altinbas A, Burkan A. Severity index
for rheumatoid arthritis and its association with health
care costs and biologic therapy use in Turkey. Health
Economics Review 2013;3:5.
22 Cabral D, Katz JN, Weinblatt ME et al. Development and
assessment of indicators of rheumatoid arthritis severity:
results of a Delphi panel. Arthritis Rheum 2005;53:61–6.
23 Gabriel SE, Crowson CS, O’Fallon WM. Comorbidity in
arthritis. J Rheumatol 1999;26:2475–9.
24 Kapetanovic MC, Lindqvist E, Simonsson M et al.
Prevalence and predictive factors of comorbidity in rheumatoid arthritis patients monitored prospectively from

https://academic.oup.com/rheumap

Burden of RA in US elderly

disease onset up to 20 years: lack of association
between inflammation and cardiovascular disease.
Scand J Rheumatol 2010;39:353–9.
25 Al-Bishri J, Attar S, Bassuni N et al. Comorbidity profile
among patients with rheumatoid arthritis and the impact
on prescriptions trend. Clin Med Insights Arthritis
Musculoskelet Disord 2013;6:11–8.
26 Dougados M, Soubrier M, Antunez A et al. Prevalence of
comorbidities in rheumatoid arthritis and evaluation of
their monitoring: results of an international, cross-sectional
study (COMORA). Ann Rheum Dis 2014;73:62–8.
27 Gron KL, Ornbjerg LM, Hetland ML et al. The association of fatigue, comorbidity burden, disease activity,
disability and gross domestic product in patients with
rheumatoid arthritis. Results from 34 countries participating in the Quest-RA program. Clin Exp Rheumatol
2014;32:869–77.
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