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ABSTRACT

Introduction: Juvenile idiopathic arthritis (JIA)
is a chronic rheumatic disease, whose multi-
faceted care path can lead to significant

expenditure for the healthcare system. We aim
to assess the real-world healthcare resource use
(HCRU) and associated cost for children with
JIA in a single center in Canada.
Methods: A single-center consecutive cohort of
newly diagnosed patients with JIA attending the
pediatric rheumatology clinic from 2011 to
2019 was identified using an administrative
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data algorithm and electronic medical charts.
HCRU was estimated from six administrative
health databases that included hospital admis-
sions, emergency, outpatient care, practitioners’
visits, medication, and laboratory and imaging
tests. Costs were assigned using appropriate
sources. We reported the yearly overall and JIA-
associated HCRU and costs 5 years prior to and
6 years after the first visit to the pediatric
rheumatologist. The Zhao and Tian estimator
was used to calculate cumulative mean costs
over a 6-year timeframe. Results were stratified
by disease subtype.
Results: A total of 389 patients were identified.
The yearly total overall mean costs per patient
ranged between $804 and $4460 during the
5 years prior to the first visit to the pediatric
rheumatologist and $8529 and $10,651 for the
6 years after. Medication cost, driven by use of
biologic therapies, and outpatient visits were
the greatest contributor to the total cost. The
overall cumulative mean cost for 6 years of care
was $48,649 per patient, while the JIA-associ-
ated cumulative mean cost was $26,820 per
patient. During the first year of rheumatology
care, systemic onset JIA had the highest cumu-
lative mean overall cost, while oligoarticular JIA
had the lowest cumulative mean cost.
Conclusion: The care pathway for children
with JIA can be expensive, and complex—and
varies by JIA subtype. Although the yearly total
mean cost per patient was constant, the distri-
bution of costs changes over time with the
introduction of biologic therapies later in the
care pathway. This study provides a better
understanding of the JIA costs profile and can
help inform future economic studies.

Keywords: Juvenile idiopathic arthritis; Costs;
Administrative health databases; Drugs

Key Summary Points

Juvenile idiopathic arthritis (JIA) is a
chronic inflammatory disease that affects
1 in every 1000 Canadian children
younger than 16 years of age. However,
there is a lack of estimates of real-world
healthcare resource utilization and recent
healthcare costs associated with the care
of children with JIA.

This study assessed the healthcare resource
utilization and respective healthcare costs
associated with the care of children with
JIA in a single center in Canada over
11 years in JIA care, including 5 years
before the first visit with the pediatric
rheumatologist.

This study showed an approximate 6.5-
fold increase in yearly overall costs prior
to rheumatology care in comparison with
the first year of rheumatology care for
overall costs. It was also observed that
yearly overall and JIA-associated mean
cost do not decrease over time in the
6-year framework assessed.

Biologic therapies and outpatient costs are
the main contributors for the yearly total
costs after the first visit to the pediatric
rheumatologist.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14725263.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic
inflammatory disease that affects 1 in every
1000 Canadian children younger than 16 years
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of age [1–3]. JIA is characterized by joint pain
and swelling, due to inflammation of the syn-
ovial lining of the affected joints [1, 2]. As a
chronic condition, long-term health issues may
result, such as irreversible joint damage (that
may require joint replacement), growth abnor-
malities, osteoporosis, pain, and psychological
distress [4, 5]. All these problems can negatively
affect the quality of life of children with JIA and
their families, prolong treatment during adult-
hood, and are associated with increased mor-
bidity and mortality [5–8].

The healthcare pathway for children with JIA
commonly involves several healthcare services
including regular specialists’ visits, emergency
visits, hospital admissions, and drug medical
treatment which can result in significant
healthcare system expenditures [9, 10]. JIA is
divided in seven different subtypes with differ-
ences regarding joint involvement, extra-artic-
ular manifestations, disease severity, and long-
term outcomes. The JIA subtypes can influence
the rate of use of healthcare services [11, 12].

A recent scoping review identified 20 papers
measuring healthcare resource utilization
(HCRU) and costs in JIA [13]. Among the studies
that report HCRU or costs, only four were pub-
lished in the past 5 years [14–17]. Most of the
studies (17 out of 20) had a follow-up of 1 year
or less and none of these studies report results
for HCRU separately from costs [13]. There is
only one published study that reported health-
care system costs in JIA in Canada. However,
this study was published in 2007 and was lim-
ited to a 2-year time horizon [18].

The lack of estimates of real-world HCRU
and recent healthcare costs associated with the
care of children with JIA over time is an
important gap in the literature. The main
objective of this study was to assess the HCRU
and healthcare costs over time associated with
the care of children with JIA. We also aimed to
assess differences in healthcare costs consider-
ing all distinct JIA subtypes.

METHODS

We conducted a retrospective cohort study of
consecutive children diagnosed with JIA using

electronic medical charts and provincial health
administrative data from Calgary, Alberta,
Canada. Ethics approval for the following
research was granted by the Conjoint Health
Research Ethics Board at the University of Cal-
gary (REB 19-0471).

Setting and Participants

To identify a cohort of patients newly diag-
nosed with JIA, we used a two-step process: (1)
application of an administrative case ascertain-
ment validated in a Canadian province to
identify patients being assessed for JIA after
2011 at the pediatric rheumatology clinic at
Alberta Children’s Hospital, and (2) use of
electronic medical charts to confirm JIA diag-
nosis and to collect demographic information.
This study targeted patients that first visited a
pediatric rheumatologist after 2011, as that is
the year electronic clinical charts were consis-
tently implemented in Alberta. The Alberta
Children’s Hospital is a specialty academic
center in Calgary, which annually cares for
approximately 100,000 children from newborn
to age 17 from across Alberta (population of
4.3 million). The pediatric rheumatology clinic
located at Alberta Children’s Hospital is one of
the two pediatric rheumatology centers in the
province of Alberta.

As the first step to identify this cohort, we
used an administrative case ascertainment
algorithm reported by Shiff et al. [19]. Among
the algorithms evaluated in this paper, we chose
the one with the highest sensitivity. This
ascertainment algorithm used JIA-related inter-
national classification of disease (ICD) codes
(714 and 720 for ICD-9-CM, and M05, M06,
M08, and M45 for ICD-10-CA) applied to the
administrative databases’ hospital discharge
abstract and medical claims. The inclusion cri-
teria in this algorithm are defined as follows: (1)
patients with one or more of selected ICD codes
in hospital discharge abstract; or (2) patients
with two or more of selected ICD codes by any
provider ever, one or more days apart in medical
claims. After applying the administrative case
ascertainment algorithm, we used the National
Ambulatory Care Reporting System database,
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which includes outpatient visits, to select
patients that had at least one visit to the pedi-
atric rheumatology clinic at Alberta Children’s
Hospital. The linkage between electronic medi-
cal charts and health administrative data was
performed using patient Personal Health Num-
bers (PHNs), date of birth, and sex.

After yielding all eligible patients using the
ascertainment algorithm, two reviewers (LG,
CR) independently screened the list of patients
using electronic medical charts from the pedi-
atric rheumatology clinic to assess whether the
patients met the following inclusion criteria: (1)
patients with confirmed diagnosis of JIA, (2)
patients whose diagnosis of JIA was established
after 2011, and (3) patients that had at least two
full assessments at the pediatric rheumatology
clinic. A pediatric rheumatologist (MT) was
consulted to reach a decision in cases where the
JIA diagnosis was unclear. Patients were exclu-
ded if their arthritis was considered secondary
to another disease (e.g., Crohn’s disease), or
they were diagnosed out of Alberta.

Timeframes

The patient’s first visit to the pediatric
rheumatologist was defined as the index date in
this study. The date of the end of the study
observation period was March 20, 2020. The
timeframe for this study was defined as 5 years
prior to first visit to the pediatric rheumatolo-
gist to a maximum of 6 years after the pediatric
rheumatologist visit. The timeframe of 6 years
was chosen with the aim of having at least 20%
of sample when performing the analysis. For the
subgroup analysis, the timeframe was reduced
to 4 years because of the decrease of sample size
in each subgroup after stratification by JIA
subtype. For each JIA subtype, we reported
results up to the year in which at least five
patients were present. Since this data analysis
intended to assess HCRU and costs of JIA during
childhood, all variables were limited to the day
the patient turned 18 years old.

Data Sources

Clinical Variables
We used the electronic medical charts to extract
the following variables: JIA subtype, date of first
visit to the pediatric rheumatologist, censored
status at end of the study (i.e., patient still
attending the pediatric rheumatology clinic,
transitioned to adult care, moved out of the
province/country, discharged owing to
improvement, or stopped attending clinic
because of unknown reasons), and date of
symptoms onset. The data collection form was
piloted using a sample of 50 patients by two
reviewers (LG and CR) who refined the form
and checked for consistency of abstraction and
reporting. Data extraction of clinical variables
was manually performed by one investigator
(LG). Study data were collected and managed
using REDCap electronic data capture tools
hosted at University of Calgary [20, 21].

Healthcare Resource Utilization
All legal residents of the province of Alberta are
eligible for Alberta Health Care Insurance Plan
coverage for medically necessary physician ser-
vices, hospital visits and stays, and emergency
visits. A number of linkable provincial admin-
istrative datasets are available and contain
healthcare encounters that can be assessed for
research on health service utilization, including
practitioner visits (i.e., general physicians, spe-
cialists, and non-medical practitioners such as
optometrists, podiatrists, podiatric surgeons,
and dentists), inpatient hospitalizations, emer-
gency visits, outpatient visits, information on
dispensed medication in outpatient and com-
munity pharmacies, and laboratory and diag-
nostic imaging tests [22]. More information on
the datasets is available in Table S1 in the elec-
tronic supplementary material.

Cost
The valuation of HCRU in monetary units used
multiple cost sources. We used the most upda-
ted costs available for each source, reported in
Canadian dollars. Subsequently, all costs were
adjusted to 2019 for consistency using con-
sumer price index for healthcare in Alberta [23].
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For hospital admissions, we multiplied the
cost of a standard hospital stay in Alberta
(2018–2019) by the resource intensity weight
values available for each hospital admission.
The resource intensity weight provides a mea-
sure of the relative resource consumption for a
hospital visit compared to an average typical
inpatient visit. For outpatient and emergency
visits, we used the Comprehensive Ambulatory
Care Classification System (CACS) grouper for
fiscal year 2017/2018 provided by Alberta
Health. The CACS grouper-assigned costs
include functional center direct costs (e.g.,
nursing salary, salaries for patient care man-
agers, medical staff administration, diagnostic
imaging, laboratory tests) and functional center
indirect costs (e.g., general administrative and
support services, such as finance, material
management, facilities management) [24]. For
outpatient and emergency visits occurring prior
to 2009, we used average overall CACS for
emergency and non-emergency visits, since
CACS grouper costs were not available prior to
that time. Individual physician billing costs for
visits were available from Alberta Schedule of
Medical Benefits and were defined as the
assessment amount for the service [25].

The unit costs for dispensed medications
were obtained from 2020 provincial drug price
lists. The costs of outpatient intravenous medi-
cation administration, including nursing and
administrative costs, are accounted for in the
outpatient costs. The Drug Identification Num-
ber (DIN) was used to match the dispensed
medication with the unit cost. If DINs were
unavailable in the drug price lists, the unit cost
from other provincial drug price lists were used
as a proxy estimate. Dispensed compounds that
were not assigned a DIN or for which a unit cost
could not be identified were excluded from the
cost analysis.

Frequencies of laboratory and diagnostic
imaging tests are described in the HCRU analy-
sis. However, unit costs were not assigned
because laboratory and diagnostic imaging tests
are already accounted for in the inpatient
grouper’s costs (cost of a standard hospital stay)
and outpatient and emergency grouper’s costs
(CACS grouper), which would otherwise lead to
potential double-counting of costs.

Overall and JIA-Associated HCRU and Costs
In this study, we assessed the overall HCRU and
costs, which include all resources used during
the observational period evaluated in this study.
We also evaluated JIA-associated HCRU and
costs, where JIA was the main reason for the use
of a determined resource. JIA-associated HCRU
was defined as an inpatient hospitalization,
outpatient visit, and practitioners’ visit con-
taining a JIA-related code (ICD-9-CM: 714 and
720, and ICD-10-CA: M05, M06, M08, and M45)
as the main reason for the visit or admission.
Dispensed medication associated with JIA
treatment included non-steroidal anti-inflam-
matory drugs (NSAIDs), corticosteroids, syn-
thetic disease-modifying anti-rheumatic drugs
(sDMARDs), and biologic disease-modifying
anti-rheumatic drugs (bDMARDs). These medi-
cations were identified in consultation with two
pediatric rheumatologists (SB and MT). Labora-
tory and diagnostic imaging tests do not have
an ICD code associated with their reporting;
therefore, these were described only in the
overall HCRU analysis. All joint injections per-
formed were considered part of JIA-associated
care.

Statistical Analyses

To investigate HCRU and costs, a descriptive
analysis was conducted. Baseline characteristics
of the participants were reported using
descriptive summary measures, such as propor-
tion, mean, standard deviation, median, mini-
mum, and maximum. The reporting of HCRU
was displayed in eight categories: hospital
admissions, emergency visits, outpatient visits,
total practitioners’ visits (subdivided into gen-
eral practitioner (GP) visits, specialist visits, and
non-medical visits), medications dispensed
(subdivided into bDMARDs, sDMARDs, and
other medication), laboratory tests, diagnostic
imaging tests, and joint injections. The report-
ing of costs was displayed in five categories:
hospital admissions, emergency, outpatient
care, total practitioners (subdivided into GP
costs, specialist costs, and non-medical costs)
and medications costs (subdivided into
bDMARDs, sDMARDs, and other medication).
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Laboratory and diagnostic imaging tests (in-
cluding joint injections) were not reported in a
separate cost category because they are already
accounted for in the inpatient, outpatient, and
emergency costs (as mentioned previously).

To account for varying observation times
among patients in the cohort and to analyze
changes over time, HCRU and costs were sum-
marized in two distinct ways. First, the mean
HCRU and respective costs for each of the cat-
egories were calculated for specific time points:
yearly for each of the 5 years prior to the first

visit in the pediatric rheumatology clinic (index
date) and yearly after that, up to 6 years after
the first visit. The mean cost for each year
included only patients with complete observa-
tion for the year of interest. We reported as
mean, standard deviation, and range. For the
assessment of sample size in the analysis prior
to the first visit at the pediatric rheumatology
clinic, we checked the date of birth and
provincial residency registration to ensure
patients were only included in the calculation
of mean costs after they were born and if they

Table 1 Patient characteristics

Variables n %

Sex (n = 389)

Female 232 59.6

Disease subtype (n = 389)

Oligoarticular JIA 142 36.5

Polyarticular JIA 139 35.7

ERA 69 17.7

Undifferentiated JIA 16 4.1

Psoriatic JIA 13 3.3

Systemic JIA 10 2.6

Patient status by end of study (n = 389)

Still attending PR clinic 214 55.0

Transitioned to adult care 114 29.3

Stopped attending PR clinic (unknown reason) 37 9.5

Moved to another province or country 13 3.3

Discharged owing to JIA improvement 11 2.8

Mean (SD) Median (range)

Age (years) at first visit with PR (n = 389) 10.1 (4.6) 11 (1–17)

Time (years) from symptom onset to first visit (n = 383)a 0.96 (1.2) 0.45 (0–11.4)

Years of observation (n = 389) 4.0 (2.2) 3.6 (0.1–9.6)

JIA juvenile idiopathic arthritis, ERA enthesis-related arthritis, PR pediatric rheumatology, SD standard deviation
a Six patients did not have information on time from symptom onset reported
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were residents of Alberta at the time. The sam-
ple size available for calculating mean number
of laboratory and imaging tests (including joint
injections) differs from the other datasets
because these two databases were only imple-
mented in April 2012 and January 2011,
respectively. Therefore, the number of patients
with complete years of observations was
reduced for the yearly mean HCRU analysis.

Patients who were still attending the pedi-
atric rheumatology clinic by the end of the
study observation period, moved to another
province, or were lost to follow-up were con-
sidered right censored in the analysis. To
account for censoring in the healthcare cost
estimates, we used the Zhao and Tian estimator
(or weighted available sample estimator) for
censored data with cost history [26]. The total
cumulative mean cost including 95% confi-
dence intervals was calculated for overall and
JIA-associated costs for a period of 6 years. The
cumulative mean costs using the Zhao and Tian
estimator are calculated by weighting the costs
of the whole available sample, including cen-
sored cases, and partitioning the time over the
observation period. The Zhao and Tian estima-
tor has been shown to be more accurate than
other estimators when cost history is available
[26, 27].

We also stratified the total cumulative mean
costs by six distinct JIA subtypes (i.e., oligoar-
ticular JIA, polyarticular JIA, enthesitis-related
arthritis (ERA), undifferentiated JIA, psoriatic
JIA, and systemic JIA) and reported these results
for a period of 4 years because of the decrease of
sample size in each subgroup. In this subanal-
ysis, as a result of the smaller sample size, we
used bootstrap analysis (2000 iterations) to cal-
culate 95% confidence interval.

All data analyses were performed using R
(tidyverse and ccostr packages).

RESULTS

A total of 389 children with JIA met the inclu-
sion criteria and were included in this analysis.
Fewer than 0.8% of entries of dispensed medi-
cations could not be costed because of lack of
DIN code or available unit cost.

Clinical and Demographic Characteristics
of the Cohort

Most children in the cohort diagnosed with JIA
were female (60%) (Table 1). Oligoarticular and
polyarticular JIA (including rheumatoid factor
positive and negative) were the most common
subtypes, each accounting for 36% of the
cohort. The least common subtype was systemic
JIA (n = 10, 2.6%). The mean age of first visit to
the pediatric rheumatology clinic was 10.1 years
(standard deviation 4.6). Most patients (55%)
were still attending the pediatric rheumatology
clinic at the study end point, and the mean time
recorded in the cohort was 4.0 years, ranging
from 1.5 months to 9.6 years.

Yearly Mean Overall and JIA-Associated
HCRU and Costs

The mean number of both overall and JIA-as-
sociated healthcare resources increased in the
year prior to the pediatric rheumatologist visit,
peaking in the first year of care in the rheuma-
tology clinic, except for the emergency depart-
ment and visits to the GP (Table 2). The mean
number of emergency visits and that of GP visits
are highest in the year prior to the visit to the
pediatric rheumatologist.

The most frequent laboratory tests per-
formed in the first year of care were complete
blood count, C-reactive protein, and creatinine
(see Table S2 in the electronic supplementary
material for details). Anti-nuclear antibody
(ANA) and rheumatoid factor (RF) testing was
performed in 56% and 36% of patients, respec-
tively, during the first year of care. This pro-
portion increases to 79% (n = 306/389) for ANA
and 77% (n = 298/389) for RF when the com-
plete study timeframe is considered. Regarding
imaging tests, 55% and 46% of patients had at
least one general radiography and magnetic
resonance imaging performed in the first year of
care, respectively (see Table S3 in the electronic
supplementary material for details).

The yearly total overall mean costs ranged
between $804 and $1520 per patient during the
2–5 years prior to the first visit to the pediatric
rheumatologist (Table 3). We observed an
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approximately threefold increase in yearly costs
from the second (Year-2, yearly mean cost of
$1520) to first year prior to the first visit to the
pediatric rheumatologist (Year-1, yearly mean
cost of $4460). In addition, a 6.5-fold increase
in yearly costs from the second year prior to the
pediatric rheumatologist visit (Year-2, yearly
mean cost $1520) to the first year of care (year 1,
yearly mean cost $9937) was noticed. The total
overall mean costs per patient per year after the
first visit to the pediatric rheumatologist
remains in the range between $8529 and
$10,651. The same pattern is observed for JIA-
associated costs, showing an increase in costs in
the year prior to the first visit to the pediatric

rheumatologist and a range between $4839 and
$7236 per patient per year during the first
6 years of care. Both overall and JIA-associated
total mean costs remain fairly constant over the
6-year period after the first visit to the pediatric
rheumatologist, with practitioners and outpa-
tient care visits as the main cost drivers early on
and then shifting with an increase in medica-
tion costs as a proportion of the total over time.
Additionally, we evaluated the yearly mean
costs of sDMARDs and bDMARDs stratified by
JIA subtype for 4 years after the first visit to the
pediatric rheumatologist. The yearly mean cost
of sDMARDs ranged between $25 and $393. We
observed that children with oligoarticular JIA

Fig. 1 Cumulative mean overall and JIA-associated costs per patient for a period of 6 years
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had the lowest yearly mean costs during the first
year, while systemic JIA had the highest cost.
When assessing costs specifically associated
with use of bDMARDs, we observed that chil-
dren with systemic JIA have the highest yearly
mean costs for the first and second year after the
first visit to the pediatric rheumatologist (third
and fourth year were not assessed because of
small sample size). Conversely, oligoarticular
JIA is observed to have the lowest yearly mean

cost across all 4 years (see the supplementary
material Table S4).

Cumulative Mean Overall and JIA-
Associated Costs Over Period of 6 years

The overall cumulative mean cost per patient
for the 6 years of care was $48,649 (95% CI
$43,833–53,465) per patient, while the JIA-

Fig. 2 Cumulative mean overall cost per patient for a period of 4 years stratified by subtype. ERA enthesis-related arthritis, *
Not reportable, n\ 6
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associated cumulative mean cost was $26,820
(95% CI $23,513–30,127) per patient (Fig. 1).
The overall and JIA-associated cumulative costs
by cost categories show the cumulative costs
outpatient and practitioners visits decreasing
over time after the first visit to the pediatric
rheumatologist, while medication costs show a
consistent increase over time (see Fig. S1 in the
electronic supplementary material for details).

Cumulative Mean Cost Stratified by JIA
Subtype Over Period of 4 years

Regarding the assessment of overall cumulative
mean costs stratified by JIA subtype, systemic
JIA has a higher mean cost per patient ($31,034,
CI 95% $19,947–42,139) among all the subtypes
during the first year of rheumatology care
(Fig. 2). However, as a result of the small sample
size (n = 10), the confidence interval is wide.
The distribution of cumulative mean costs after
bootstrapping is available in Fig. S2 in the elec-
tronic supplementary material. Oligoarticular
JIA had the lowest cost per patient over time.
The cumulative overall mean costs for each cost
category show that medication and outpatient
costs were the main contributors to total overall
cost in all subtypes (see Fig. S3 in the electronic
supplementary material for details). A compar-
ison between the JIA subtypes with larger sam-
ple sizes (polyarticular JIA, oligoarticular JIA,
and ERA) showed that oligoarticular JIA has
lower outpatient and medication costs after the
second year of care when compared to pol-
yarticular JIA and ERA. The three subtypes have
similar costs regarding emergency, hospital
admissions, and practitioner costs (see Fig. S4 in
the electronic supplementary material for
details).

DISCUSSION

The care pathway for children diagnosed with
JIA can be expensive, long, and complex. Our
study assessed the HCRU and respective
healthcare costs over time associated with the
care of children with JIA in a single center in
Canada. This study is the first to assess a time
window of 11 years in JIA care, including 5 years

before the first visit with the pediatric rheuma-
tologist, and report on recent frequency and
costs of HCRU.

The advantage of assessing the HCRU and
costs for the cohort prior to rheumatology care
is that it established a baseline comparison for
HCRU and costs post visit to the pediatric
rheumatologist. The yearly mean overall cost
per patient observed in the years prior to the
first visit to the pediatric rheumatologist (rang-
ing between $803 and $1520 per patient per
year) were similar to the mean cost for children
from the general population ($1181, n = 1164)
reported in another recent Canadian study
using comparable methodologies [28].

One of our main findings is that we observed
an approximate 6.5-fold increase in yearly
overall costs prior to rheumatology care in
comparison with the first year of rheumatology
care for overall costs. In the context of other
pediatric chronic diseases, the total overall
mean cost for children with JIA during the first
year of rheumatology care exceeds that
observed in children with asthma and diabetes,
despite being lower than the costs associated
with children with rare diseases [28].

Another important finding was that overall
and JIA-associated total mean costs do not
decrease over time after the first visit to the
pediatric rheumatology clinic in the 6-year
framework assessed. However, the distribution
of costs changes, which is explained by the
introduction of bDMARDs later in the care
pathway. The costs of medication, particularly
bDMARDs, together with outpatient and spe-
cialist costs, are the main factors driving the
overall and JIA-associated total mean costs per
year.

In addition to these findings, we identified
that mean number of GP visits increases in the
year prior to the first visit to the pediatric
rheumatologist, which is consistent with the
fact that patients are expected to be assessed by
their GPs as JIA onset occurs (on average
6 months prior to the first visit to the pediatric
rheumatologist). This same pattern is observed
for the mean number of emergency visits,
which is consistent with the higher likelihood
of seeking emergency care before establishing
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ongoing care with the pediatric rheumatologist
and with a defined treatment regimen for JIA.

In this study, in addition to reporting the
yearly mean cost for patients with a full year of
observation, we also reported the cumulative
mean cost per patient over 6 years. This first
analysis represents a snapshot of yearly mean
costs for multiple years, while the cumulative
mean cost shows the sum of these costs over
time, to provide a broad understanding of the
expenditure impact of JIA. Calculating the
cumulative mean cost using the Zhao and Tian
estimator has the advantage of using all data
available, while accounting for censored cases
and skewed cost data over time.

Our analysis showed that overall cumulative
mean costs differ among JIA subtypes. These
differences were more easily observed when
comparing JIA subtypes with larger sample
sizes, particularly that oligoarticular JIA has
lower outpatient and medication costs com-
pared to polyarticular JIA and ERA. These find-
ings are consistent with disease severity, as
patients with oligoarticular JIA are less likely to
be treated with bDMARDs and have often a
mild presentation of the disease [29]. We also
observed that children with systemic JIA have a
large yearly mean cost associated with use of
bDMARDs, which is consistent with another
study in the literature [9]. These findings are
explained by the high proportion of patients
with systemic JIA receiving bDMARDs (78%)
and the use of expensive treatment such as
anakinra and tocilizumab.

Only one study describing healthcare costs
in a cohort of patients with JIA in Canada was
identified in the literature. This paper, pub-
lished in 2007 by Bernatsky and colleagues,
included 155 patients with JIA from two referral
pediatric centers in Canada [18]. The paper
collected cost data from surveys and reports
costs standardized to annual mean per patient
of $3002 (95% CI $2330–3672) 2005 Canadian
dollars (equivalent to $3656 in 2019 Canadian
dollars [23]). Our findings show a higher yearly
total overall cost. One of the drivers of these
differences could be that our study used elec-
tronic medical chart and health administrative
databases to estimate HCRU. The use of medical
records and health administrative datasets is

considered a reliable source of evidence, par-
ticularly when evaluating long time horizons,
since they can avoid recall bias [30]. Bernatsky
et al.’s results could also reflect a routine clinical
practice and costs from more than 15 years ago,
which are different than current clinical prac-
tice. However, it was not possible to confirm
that hypothesis as HCRU frequency was not
reported in the study.

Studies from other countries assessing JIA
HCRU and costs were identified in a systematic
review published in 2019. Since none of the
studies reported HCRU separately, it is chal-
lenging to attribute the differences in costs to
higher frequency of HCRU or higher unit cost.
Since that systematic review, another cost
analysis study conducted in a cohort of Dutch
patients with JIA was recently published [31].
We observed similar patterns between the
Dutch cohort and our findings regarding con-
stant cost over time, medication as the main
driver of costs, and systemic JIA having the
higher cost and oligoarticular JIA the lowest
among all subtypes [31].

We expect that the findings regarding fre-
quency of HCRU may be generalizable to other
countries with accessibility of care similar to the
Canadian healthcare system. In Canada, access
to treatment with bDMARDs for patients with
non-systemic JIA is generally granted for
patients that failed sDMARDs as first-line ther-
apy. Therefore, the timing and rate of medica-
tion cost increase will depend on country-
specific guidelines regarding types of therapies
available and time to start those treatments. In
Canada, many different types of bDMARDs
(anti-tumor necrosis factor and interleukin-1
and -6 therapies) are approved by Heath
Canada. However, access is different and
dependent on many factors including province,
patient insurance, and indication.

Limitations

Our study has limitations. First, we used an
administrative case ascertainment algorithm to
identify cases of JIA, which could lead to an
incomplete capture of the population of
patients diagnosed with JIA attending the
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pediatric rheumatology clinic in Calgary at that
period. If that is the case, Shiff et al. indicated
that the sensitivity of the algorithms decreases
as the age of patients increases [19]. Therefore,
patients not captured by the algorithm are more
likely to be older than 11 years of age. However,
we mitigate this issue by using the algorithm
with the highest sensitivity (91.7%) and by
screening electronic medical charts. In addition,
since JIA diagnosis was confirmed using elec-
tronic medical charts, the chances of including
patients without JIA in this study are very low.

Another limitation of this study is related to
the definition of JIA-associated HCRU and costs
(defined as inpatient, outpatient, and practi-
tioners’ visits having a JIA code as the main
reason for the encounter). This definition
assumes that the codes can capture accurately
the reasons for the visit. Many other non-
specific musculoskeletal codes can be used as
the main reasons for these visits. We chose not
to classify these non-specific codes as JIA-asso-
ciated HCRU because it would generate greater
uncertainty in our estimates. Therefore, our
estimates of the JIA-associated HCRU and
respective costs may be underestimated.

It is important to highlight that children
with JIA may have variable HCRU and associ-
ated costs patterns, depending on disease
severity and duration, risk factors, other clinical
and genetic characteristics, and treatment type
and onset. This study was not designed to
directly compare alternative interventions, but
rather to describe the HCRU and associated
costs observed in routine clinical practice.
Studies with larger sample sizes that would
allow robust analysis are needed to evaluate the
impact of these variables in the JIA care path.

Finally, we acknowledge that oligoarticular
JIA can be categorized as extended or persistent,
where oligoarticular-extended JIA might
resemble polyarticular JIA RF negative in terms
of medical pathway. However, most patients
with oligoarticular JIA (84%) were not differ-
entiated between extended and persistent sub-
types on the electronic medical charts. This
issue could lead to biased estimation of
oligoarticular JIA’s HCRU and costs.

CONCLUSION

This study provides a unique perspective to
understand the JIA trajectory by reporting the
current JIA real-world HCRU and respective
costs in routine clinical practice in Canada for
the period before and after the first visit to the
pediatric rheumatologist. We concluded that
yearly overall and JIA-associated mean cost do
not decrease over time in the 6-year framework
assessed. The bDMARDs and outpatient costs
are the main contributors for the yearly total
costs after the first visit to the pediatric
rheumatologist. This study reports current pat-
terns of HCRU and costs in a large single-center
cohort of patients with JIA over a longer time
horizon than currently published in the litera-
ture, thereby capturing the economic implica-
tions of JIA over time, which can help inform
future economic studies.
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