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Economic Impact of Juvenile Idiopathic Arthritis

SASHA BERNATSKY,' CIARAN DUFFY,? PETER MALLESON,? DEBBIE EHRMANN FELDMAN,*
YVAN ST. PIERRE," anp ANN E. CLARKE"

Objective. Juvenile idiopathic arthritis (JIA) is a potentially devastating chronic pediatric disease. Although high costs
have been well described in adult arthritis, little is known about the economic impact of JIA. Our objective was to describe
direct medical costs for children with JIA compared with controls.

Methods. Consecutive clinic attendees (n = 155) with JIA were enrolled from 2 tertiary referral pediatric centers.
Outpatient clinic controls without JIA (n = 181) were recruited at the respective centers. Data on direct medical costs
were obtained at 3-month intervals. Average annualized direct medical costs were calculated, expressed in 2005
Canadian dollars.

Results. The total difference in annualized average direct medical costs for children with JIA versus controls was $1,686
(95% confidence interval $875, $2,500). JIA subjects had substantially higher costs concerning medication use, visits to
specialists and allied health care professionals, and diagnostic tests. Multiple linear regression models for the JIA sample
revealed that higher active joint count was independently associated with greater total direct medical costs. Also, JIA type
was a predictor of greater direct costs, with higher costs for patients with polyarthritis (rheumatoid factor positive or
negative) or systemic JIA.

Conclusion. The economic impact of JIA is substantial, and higher active joint count is independently associated with
greater costs. This may be of particular significance given the emergence of new, costly medications for use in JTA. Insights
into the relationship between disease activity and cost in JIA should assist policy makers regarding resource allocation
in the setting of competing demands. Ultimately, decisions regarding access to therapies should be considered in terms

of overall cost-benefit ratios.
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INTRODUCTION

Musculoskeletal disorders have a large impact at both the
individual and societal level. In adults, inflammatory ar-
thritis is known to have a massive economic impact (1-4).
Juvenile idiopathic arthritis (JIA) is the most common
rheumatic disease in childhood. Up to 18 children in
100,000 develop JIA each year; estimates of prevalence are
as high as 150 per 100,000 (5). In adult rheumatoid arthri-
tis (RA), disease activity is an established important deter-
minant of health care use (6). Although JIA is a relatively
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common chronic pediatric disease, little is known about
its economic impact. Knowledge about which factors most
influence cost in JIA is needed to help clinicians and
decision makers allocate scarce resources.

In analyses of direct costs in a disease such as JIA, all
resources used in the treatment of that illness are consid-
ered. A large portion of direct costs in inflammatory ar-
thritis is related to use of health services, including visits
to physicians (and allied health care professionals) (7). To
date, only 1 study has been published estimating the eco-
nomic cost for children with JIA; this study was performed
almost 2 decades ago (8), when therapeutic approaches
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were quite different. Moreover, to our knowledge, no one
has published data on the determinants of health costs in
children with JIA. Therefore, our objective was to describe
direct medical costs in a recent cohort of children with JIA
compared with controls, and to establish determinants of
total direct medical costs in the JIA sample.

MATERIALS AND METHODS

The study took place at 2 Canadian centers, one in Mon-
treal (Montreal Children’s Hospital) and one in Vancouver
(British Columbia Children’s Hospital). Research ethics
boards at both centers approved the study. Consecutive
clinic attendees with a diagnosis of JIA were invited to
participate, and consent and/or assent was obtained from
the child and parent (n = 155); similarly, controls without
JIA were obtained from outpatient clinics (n = 181) at the
2 centers. These clinic controls were primarily children
without chronic illnesses; some came from orthopedic
clinics, where they were being followed for a previous
fracture, and the remainder came from family medicine
clinics. The parents who consented provided information
on the relevant demographics and completed a standard-
ized questionnaire on medications and health service use
in the preceding 3 months. The questionnaire was admin-
istered at baseline and at 3-month visits after enrollment
up to the study end point at 2 years.

The questionnaire used to collect data on medical costs
was a modification of the economic portion of the Stanford
Health Assessment Questionnaire. Similar versions have
been used (9-12) for various rheumatic diseases in adults,
including RA. The questionnaire inquires about the use of
all medications and health services during the preceding 3
months without attributions to any one disease or condi-
tion. Parents were asked to report on medication use, the
frequency of child visits to health care professionals, the
use of laboratory tests and imaging, and other studies,
emergency room visits, outpatient surgery, inpatient stays,
and assistive devices (e.g., ambulation aids, splints, etc.).
We also recorded information on time loss from work for
parents, as well as days missed from school for our sub-
jects.

Our average annualized direct medical cost estimates
were calculated by multiplying health service utilization
levels by the appropriate unit prices, which were calcu-
lated as follows. For physician services and professional as
well as most technical components of laboratory tests and
imaging procedures, we estimated Canadian unit prices as
an average between reimbursements in Quebec and On-
tario according to government fee schedules, because these
2 provinces account for the largest part of health expendi-
tures in Canada. For nonphysician services, costs were
obtained from provincial professional associations. Some
technical components of diagnostic procedure costs were
obtained from private clinic outpatient laboratories. Cost-
ing of assistive devices was performed using prices sug-
gested by provincial insurance programs or information
from suppliers. Acute-care hospital costs were estimated
according to the Canadian Institute for Health Information
methodology, which assigns weights based on the case

mix group of the admission, and using data provided by
the Institute of Health Economics and Ontario Case-Cost-
ing project. Costs of emergency room visits and ambulance
use were calculated using data from Statistics Canada (13),
the Institute of Health Economics, and other sources. Es-
timates of prescription and nonprescription medication
costs were calculated as the product of the weighted aver-
age cost per milligram, total daily dose, and therapy dura-
tion, with cost data obtained from the Quebec public med-
ication insurance program, and adding a retail mark-up of
10%. Costs were expressed in 2005 Canadian dollars and
were compared for JIA subjects versus controls.

For the JIA sample, data on disease type at onset (ac-
cording to the Edmonton version of the International
League Against Rheumatism classification criteria [14])
and disease activity (active joint count [15]) were also
collected. Multiple linear regression analyses were per-
formed to establish whether clinical characteristics were
associated with total direct cost in the JIA sample. Covari-
ates included age, sex, race, JIA type, active joint count,
and disease duration at study entry. We also included a
variable to adjust for whether an individual was recruited
from Montreal or Vancouver. We used bootstrap methods
to calculate 95% confidence intervals (95% ClIs) for the
coefficients estimated from the model where the outcome
was total direct cost in dollars, because the distribution for
this outcome deviated from normality. We also repeated
the regression model transforming the outcome by taking
the logarithm of total direct cost, which has a more normal
distribution.

RESULTS

Regarding demographics, the average age at enrollment
was similar in the JIA sample (10.0 years; 95% CI 9.4, 10.7)
versus the controls (10.5 years; 95% CI 9.9, 11.1). As
expected, given that boys are less likely to develop JIA, the
JIA sample had a larger percentage of girls (69.7%; 95% CI
61.8, 76.8) than the controls (47.8%; 95% CI 40.3, 55.3).
None of the controls had juvenile arthritis (due to our
exclusion criteria); the chronic conditions most commonly
reported by the control group included asthma (n = 40),
other breathing disorder (n = 8), epilepsy (n = 7), and
diabetes (n = 1).

For the JIA sample, the mean disease duration at enroll-
ment was 4.3 years (95% CI 3.7, 4.8). Within the JIA group,
20.3% had polyarthritis; 8.9% had systemic JIA; and the
remainder had oligoarthritis (43.1%), enthesitis-related/
psoriatic arthritis (19.8%), or were unclassified (7.9%).
The mean active joint count at baseline was 3.0 (95% CI
1.5, 4.5) for those with polyarthritis and 1.3 (95% CI 0.8,
1.8) for the others. Of the JIA subjects with polyarthritis,
22.9% were rheumatoid factor positive. Considering all
patients at baseline, 32.3% were taking methotrexate,
4.3% were taking sulfasalazine, 2.6% were taking hy-
droxychloroquine, and 8.5% were taking prednisone.
Throughout the followup period, 6 subjects received etan-
ercept and 2 received infliximab (with no other biologic
agent exposures).

The total difference in annualized average direct medi-
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Table 1. Direct cost components and total direct medical cost (2005 Canadian dollars) for the JIA sample and controls*
JIA sample Controls Difference
(n = 155) (n = 181) (JTA - controls)

Direct cost components Point estimate 95% CI Point estimate 95% CI Point estimate 95% CI
Medications $1,306 $844, $1,769 $87 —$15, $190 $1,219 $749, $1,689
Specialists (physicians) $349 $319, $378 $112 $95, $130 $236 $203, $270
General practitioners $33 $23, $42 $26 $18, $33 $7 —$5, $19
Nonphysicianst $374 $299, $448 $169 $59, $278 $205 $74, $336
Testst $316 $253, $379 $146 $106, $185 $170 $97, $244
Devices§ $48 $23, $72 $101 $46, $155 —$53 —$112, $7
Emergency room visits $80 $58, $103 $99 $60, $137 —-$19 —$63, $25
Outpatient surgery $116 $37, $194 $176 $68, $283 —$60 —-$192, $72
Acute-care hospitalization $290 $34, $547 $399 $26, $772 —$109 —$558, $341
Inpatient rehabilitation $90 —$143, $323 $0 $0, $0 $90 —$142, $321
Total direct cost $3,002 $2,330, $3,672 $1,315 $845, $1,782 $1,686 $875, $2,500

* JIA = juvenile idiopathic arthritis; 95% CI = 95% confidence interval.

§ Includes ambulatory aids, splints, etc.

T Includes outpatient visits to physiotherapy, occupational therapy, social workers, nurses, etc.
¥ Includes laboratory tests, imaging, and other investigations (e.g., pulmonary function testing, etc.).

cal costs for the JIA group versus controls was $1,686 (95%
CI $875, $2,500) (Table 1), the great majority of this differ-
ence in costs being due to medication costs. The difference
in average annual costs for medications in the JIA group
versus controls was $1,219 (95% CI $749, $1,689). The JIA
subjects also had higher costs related to visits to special-
ists, allied health care professionals, and diagnostic tests
(including imaging, laboratory, pulmonary function test-
ing, etc.).

Multiple linear regression models for the JIA sample
revealed that higher active joint count was independently
associated with greater total direct medical costs (Table 2).
In addition, JIA type at onset was a predictor of greater
direct medical costs, with higher costs for patients with
polyarthritis or systemic JIA. The regression models did
not clearly identify the other covariates (age, sex, race,
disease duration) as determinants of cost.

DISCUSSION

To date, the impact of JIA on health care cost has not been
well described. Our work demonstrates that patients with
JIA have high costs, particularly costs related to medica-
tions, visits to health care professionals, and diagnostic
tests. These costs were higher for JIA subjects even com-
pared with those of clinic controls, who almost certainly
had greater health resource use than the generally healthy
pediatric population. In fact, our clinic controls had rela-
tively high rates of emergency room visits, assistive de-
vices, surgeries, and inpatient stays, likely related to the
fact that some were recruited from orthopedic outpatient
clinics. When comparing the total direct medical costs in
JIA with recent estimates for asthma (16), a common
chronic pediatric disease, JIA would appear to be more
costly, with most of the cost difference being due to higher
medication costs in the JIA population (Table 3).

The cost of JIA extends into adulthood, as Minden et al
(17) demonstrated in their assessment, which determined
that the average direct annual cost for adults with JIA was

1,925 euros per year ($3,136 in 2005 Canadian dollars).
This amount is similar to the annualized estimate of direct
health costs in our pediatric sample. The only other study
of the economic burden of JIA in a pediatric sample was

Table 2. Regression models predicting direct cost in the
JIA sample*

Coefficient 95%CIt
Outcome as total cost
(2005 Canadian dollars)
Demographics
Age, years —23 —156, 107
Male sex 347 —1,094, 1,526
White race 969 —987, 2,882
JIA type at disease onset¥
Polyarthritis 2,489 1,145, 4,254
Systemic JIA 4,583 349, 8,206
Clinical factors
Active joint count 714 167, 1,278
JIA duration, years 6 —140, 166
Outcome as log of total costs
Demographics
Age, years —0.002  —0.041, 0.037
Male sex 0.106 —0.236, 0.449
White race 0.375 —0.196, 0.946
JIA type at disease onset
Polyarthritis 0.641 0.288, 0.995
Systemic JIA 1.301 0.71, 1.893
Clinical factors
Active joint count 0.127 0.065, 0.19
JIA duration, years —0.019 —0.068, 0.029

* All estimates are adjusted for the other variables listed in the
Table. JIA = juvenile idiopathic arthritis; 95% CI = 95% confidence
interval.

T For the regression model where total cost (Canadian 2005 dollars)
is the outcome, 95% CI was generated using bootstrapping methods,
because the cost in dollars is not normally distributed.

F This analysis compares each of these 2 JIA types at disease onset
(polyarthritis, systemic JIA) with a comparator group consisting of
all other types that were not polyarthritis or systemic JIA (i.e.,
oligoarthritis, unclassified, etc.).
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Table 3. Comparison of average direct costs of pediatric
asthma versus juvenile idiopathic arthritis (JIA)
in Canada*

Pediatric
asthma JIA
Family physician $91 $33
Specialist physician $66 $349
Emergency room visits $15 $80
Hospital admissions $633 $290
Medications $327 $1,306
Devices $19 $48
Othert $158 $895
Total direct $1,309 $3,001

* We present Canadian 2005 dollars for both asthma and JIA.
Asthma figures adapted from Ungar and Coyte (15) using the con-
sumer price index.

t Includes tests, nonphysician visits (occupational therapy, phys-
iotherapy, etc.), outpatient surgery, and rehabilitation.

performed almost 2 decades ago by Allaire et al (8), and
estimated a much higher mean annualized direct health
care cost amounting to $5,700 in 1989 US dollars ($10,801
in 2005 Canadian dollars). This finding was in part driven
by much higher inpatient care costs in their sample from
this earlier era (mean annualized inpatient costs were one-
third of the direct medical costs). Inpatient care in the
present study contributed to <13% of total direct medical
costs. In general, a characteristic of current care patterns,
in contrast with earlier eras, is that much fewer children
with JIA are admitted to the hospital. Also, in the Allaire et
al sample (8), there was a higher percentage of subjects
with polyarthritis (33.3%) and systemic JIA (18.8%),
which may partly explain the higher inpatient costs. Con-
versely, in the study by Allaire et al (8), medications con-
tributed <10% of the total direct medical costs, but ac-
counted for 44% of the total direct medical costs in our
study.

From a societal perspective, indirect costs (that is, the
burden sustained by the patient and/or caregivers) are
obviously also very important. In the study by Allaire et al
(8), families sustained considerable financial burden (fam-
ily cost of $1,524 in 1989 US dollars, or $2,888 in 2005
Canadian dollars). Half of this was related to out-of-pocket
expenses for medical services and tests; in the Canadian
system, such expenses typically do not occur. Annual
parental salary losses averaged $1,241 in our JIA sample
(95% CI $693, $1,788) versus $404 in the control group
(95% CI $192, $615). We did not find significant losses in
unpaid labor for caregivers.

The burden of JIA entails more than direct costs and
financial losses; our study does not quantify the long-term
costs, both medical and social, of having inadequately
controlled arthritis in childhood. Ongoing active inflam-
mation and the consequent joint damage have a significant
impact on the ability of an individual to be a productive
member of society (17). We noted that our JIA sample did
tend, on average, to have more days of missed school per
year compared with controls (7.15 days versus 5.03 days),
although the confidence intervals for these estimates over-
lapped. Also, 56.7% of children with JIA missed at least 1

school day per year, compared with 29.6% of controls
(difference of 27.1%; 95% CI 16.2%, 37.3%).

Insight into factors that influence health care costs can
help clinicians and decision makers in resource allocation,
which is increasingly important in this time of economic
constraints on health care systems. One example might be
the consideration of therapy such as an anti—-tumor necro-
sis factor agent in a patient with active arthritis who has
not responded to traditional disease-modifying agents.
Given the current data regarding response to etanercept or
infliximab in JIA, one would expect a mean decrease of 10
in active joint count over 1 year (18), which on average
might result in a decrease of $7,000 (Canadian) in health
care costs over the next year. A recent abstract presenta-
tion by Brunner et al (19) also provided evidence of the
manner in which JIA disease activity increases costs; this
work suggested that in JIA, etanercept (compared with
methotrexate alone and methotrexate plus etanercept) was
cost effective in achieving remission in patients with poly-
arthritis. From the perspective of the health care system,
one must also consider the potential for increased costs
related to complications of the newer agents, which were
reported to be high in one JIA sample (20).

To conclude, we believe our work is the first to quantify
an association between JIA disease activity and health care
costs. These data are important in helping to quantify the
extent of the association and in providing some informa-
tion relevant to the magnitude of the health care cost
savings that might result as a consequence of better disease
control. This is of particular significance given the appear-
ance of new, costly medications for use in JIA (such as
novel biologic agents [21,22]). Insight into the relationship
between disease activity and health care costs should as-
sist policy makers regarding resource allocation in the
setting of competing demands. Ultimately, decisions re-
garding access to therapies should be considered in terms
of overall cost-benefit ratios. More effective interventions,
even if associated with higher initial health care costs, may
well have significant long-term cost savings to society.
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