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Abstract There is a paucity of published populationbased estimates of the prevalence of chronic inflammatory
arthritis in the pediatric population. We used administrative
health data to estimate the prevalence of chronic inflammatory arthritis in individuals ≤18 years in three Canadian
provinces: Quebec, Manitoba, and Saskatchewan. Cases
aged ≤18 years were identified by meeting any one of the
following criteria: (a) ≥1 hospital discharge abstract with
an ICD-9 code of 714 or ICD-10-CA codes of M05, M06
or M08, or (b) ≥2 ICD-9 714 billing codes ≥8 weeks apart,
but within 2 years, or (c) ≥1 ICD-9 714 billing code by

a rheumatologist. Crude prevalence estimates per 10,000
population were estimated with 95 % confidence intervals
(CIs). Prevalence estimates were 11.7 per 10,000 individuals ≤18 years of age in Manitoba, 9.8 per 10,000 in
Saskatchewan, and 8.0 per 10,000 in Quebec. In pairwise
comparisons of rate differences, Manitoba and Saskatchewan had higher estimates than Quebec. Prevalence estimates were higher for females than males, with a difference
of 5.9 cases per 10,000 residents (95 % CI 5.1, 6.7). Saskatchewan was the only province with a higher estimate in
urban compared to rural residents (5.2, 95 % CI 2.5, 8.0).
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Variations in provincial estimates may be due to differences in underlying population characteristics. Although
these estimates have face validity and are in keeping with
the range of previously published pediatric prevalence estimates, studies to establish the empiric validity of case-finding algorithms are needed to advance research in pediatric
chronic disease epidemiology.
Keywords Prevalence · Epidemiology · Juvenile
rheumatoid arthritis · Arthritis · Pediatrics · Administrative
databases

Introduction
Administrative health data are widely used for chronic
disease research and surveillance in Canada and internationally. Though not originally intended for these purposes, administrative health data provide a large and easily accessible amount of population-based information for
disease surveillance to inform healthcare decision-making
[1]. Chronic disease surveillance is important to estimate
burden of disease for resource planning and evaluation of
management strategies [2]. Although administrative health
data are being used for chronic disease research and surveillance in adult populations, their use in pediatric populations has lagged in the medical literature.
Administrative health data have been used to study adult
rheumatoid arthritis in multiple settings [3–6], but similar
pediatric studies are limited [7–9]. Chronic inflammatory
childhood arthritis is the most common pediatric rheumatic
disease [10]. Manners et al. [11] reviewed all epidemiological studies of incidence and prevalence of chronic childhood inflammatory arthritis from 1966 to 1998, and in the
34 studies identified internationally, prevalence estimates
ranged from 0.7 to 40.1 per 10,000 children. This range can
be partially explained by differences in geography, study
design, and study populations [10, 11]. However, these
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Table 1  ICD codes included in the case-finding algorithms
ICD version Code Diagnosis
ICD 9

714

ICD 10 CA
ICD 10 CA

M05
M06

Rheumatoid arthritis and other inflammatory
polyarthropathies
Seropositive rheumatoid arthritis
Other rheumatoid arthritis

ICD 10 CA

M08

Juvenile arthritis

estimates were based on community or clinic samples, and
therefore may have limited generalizability.
Our study uses population-based administrative health
data to estimate the prevalence of chronic inflammatory
arthritis in individuals <19 years of age for the Canadian
provinces of Quebec, Manitoba, and Saskatchewan using
a consistent methodology and study design. Manitoba and
Saskatchewan are central Canadian Prairie provinces with a
high proportion of First Nations and large rural populations,
while Quebec is a more eastern province with a smaller proportion of First Nations and a larger urban population.

Methods
Administrative health data, including hospital discharge
abstracts and physician billing claims, that capture diagnostic information on all residents with provincial healthcare coverage, were accessed for the Canadian provinces
of Quebec (1996–2005), Manitoba (1995–2004), and Saskatchewan (1998–2007). All Canadian provinces have
universal healthcare programs. However, administrative
health data in Canada are collected and maintained at a provincial level, thus these dates represent the data available
from each province at the time of this study. Diagnoses
in administrative data are recorded using the International
Classification of Diseases (ICD). Hospitalization data in
these provinces contain ICD-9 or ICD-10-CA codes, while
physician billings contain ICD-9 or ICD-9-CM codes.
Case definitions were based on case ascertainment algorithms previously validated or used in studies of adult rheumatoid arthritis. Cases in this pediatric study were defined
by: (a) one or more hospitalizations with any discharge diagnosis of ICD-9 code 714 or ICD-10-CA code M05, M06 or
M08 [5, 9] (Table 1) or (b) two or more billing claims with
a diagnosis of ICD-9 code 714 at least 8 weeks apart, but
within a 2-year period [11–13] or (c) one or more billing
claims with a diagnosis of ICD-9 code 714 by a rheumatologist [13, 14]. An individual was defined as a case if he/
she satisfied at least one of these definitions, had provincial
health coverage as of the final year of ascertainment, and
was <19 years of age at the end of the study period. Cases
satisfying more than one definition were only counted once.

7.6 (6.3, 9.1)

6.0 (4.7, 7.5)

Manitoba

Saskatchewan

*

CI = confidence interval

(A) Overall, (B) Females, (C) Males

5.4 (4.9, 5.9)

(C)
Quebec
5.0 (4.2, 5.9)
4.0 (2.7, 5.6)

8.9 (6.8, 11.4)
10.1 (7.4, 13.4)

6.6 (4.9, 8.5)

5.7 (5.0, 6.3)

Urban

456
78

115

124,988

151,097

841,934

Total population

Total cases

Rural

Total

807,372
144,000
118,889

Male cases and population counts

860
230
160

Prevalence in males (95 % CI*)

10.9 (10.0, 11.8)
17.6 (14.8, 20.8)
16.2 (12.6, 20.3)

Province

10.3 (9.1, 11.5)
14.0 (11.3, 17.2)
11.9 (9.5, 14.6)

10.7 (10.0, 11.4)
16.0 (14.0,18.2)
13.0 (11.1, 15.3)

301
91
88

Rural cases

31

61

154

Rural cases

Total population

(B)
Quebec
Manitoba
Saskatchewan

Urban

Total cases

Rural

455
152
119

Total

1,649,306
295,097
243,877

Female cases and population counts

1,316
345
238

Prevalence in females (95 % CI*)

8.2 (7.7, 8.8)
12.0 (10.3, 13.8)
13.0 (10.8, 15.6)

Province

7.6 (6.9, 8.3)
11.4 (9.6, 13.3)
7.8 (6.5, 9.3)

Rural cases

8.0 (7.6, 8.4)
11.7 (10.5, 13.0)
9.8 (8.6, 11.1)

Total population

Total cases

Urban

Total

Rural

Overall cases and population counts

Overall prevalence (95 % CI*)

(A)
Quebec
Manitoba
Saskatchewan

Province

Table 2  Crude prevalence per 10,000 population and counts of cases of chronic inflammatory arthritis in individuals ≤18 years

78,228

68,602

308,233

Rural population

293,388
64,952
74,317

Rural population

601,621
133,554
152,545

Rural population

47

54

302

Urban cases

559
139
72

Urban cases

861
193
119

Urban cases

46,760

82,495

533,701

Urban population

513,984
79,048
44,572

Urban population

1,047,685
161,543
91,332

Urban population
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These case definitions were intended to estimate the
cumulative prevalence of chronic inflammatory arthritis
in the pediatric population at the end of the study period
in each province. Individuals with chronic inflammatory
arthritis diagnosed in the pediatric age range but who were
older than 19 years at the end of the study period were
excluded from this study. We chose a cutoff of 19 years in
order to produce estimates of the burden of chronic inflammatory arthritis in the pediatric population at the end of the
study period, as individuals up to 18 years are normally
treated by pediatric specialties in the Canadian healthcare
system. These estimates include children <16 years with
juvenile rheumatoid arthritis and juvenile idiopathic arthritis [15], as well as adolescents 16 to 18 years of age with
juvenile rheumatoid arthritis, juvenile idiopathic arthritis,
and early onset rheumatoid arthritis.
Statistics Canada Census data from the last year of the
study period were used to estimate prevalence per 10,000
residents aged <19 years. Prevalence estimates were stratified by sex, as well as urban and rural residence location.
Urban residence, which included census metropolitan (population greater than 100,000) or census agglomeration (population greater 10,000 but <100,000) areas, was determined
by postal code in Quebec and Manitoba and by residence
code in Saskatchewan. All other areas were considered rural.
Crude prevalence estimates were calculated, with 95 %
confidence intervals (CIs) calculated using an exact binomial approach. Differences between binomial proportions were calculated using a normal approximation to the
exact binomial differences. This research was approved by
data access and institutional ethics review boards in each
province.

Results
The provincial prevalence estimates (Table 2) reveal that
the highest estimate was in Manitoba (11.7 cases per
10,000 residents <19 years of age) and the lowest was in
Quebec (8.0 cases per 10,000 residents). Pairwise comparisons confirmed that Manitoba had higher estimates that
either Saskatchewan (rate difference 1.9, 95 % CI 0.2, 3.7)
or Quebec (rate difference 3.7, 95 % CI 2.4, 5.0), while the
estimate in Saskatchewan was also higher than that in Quebec (rate difference 1.8, 95 % CI 0.5, 3.1).
As expected, overall prevalence estimates were higher
for females than males, with a rate difference of 5.9 cases
per 10,000 residents (95 % CI 5.1, 6.7). Overall estimates
were also marginally higher in urban than rural areas,
with a rate difference of 0.8 (95 % CI 0.05 16.3) cases per
10,000 residents. When further analyzed by province, Saskatchewan was the only province with a higher estimate in
urban than rural residents (5.2, 95 % CI 2.5, 8.0). The rate
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differences for the estimates from Manitoba (0.6, 95 % CI
−1.9, 3.0) and Quebec (0.7, −0.02, 1.5) had confidence
intervals too wide for definitive conclusions. Overall and
females estimates were higher in urban than rural areas,
though in Manitoba males, the estimates suggested the
reverse trend.

Discussion
Our study uses administrative health data to provide prevalence estimates of chronic inflammatory arthritis in children and adolescents for three provinces within Canada.
Estimates ranged from 8.0 to 11.7 per 10,000 residents
<19 years of age. We calculated these estimates up to age
19 years to describe the burden of disease treated in the
pediatric setting.
Rheumatic diseases are between 5 and 7 times more
common in adult Native Americans than in Caucasians
[16], and the small number of studies examining these
conditions in Native American children and youth suggest
a similar pattern [16, 17]. In Canada, the term Aboriginal
refers to descendants of the original inhabitants of North
America and includes First Nations (formerly referred to as
Indians, which would most closely correspond to the term
Native Americans used the USA), Métis (mixed European
and First Nations), and Inuit (Aboriginal people in Northern Canada) [18]. The highest estimates in our study were
in Manitoba, which had the highest Aboriginal population
of the three provinces studied (15.5 %), and the lowest
was in Quebec, which has the smallest Aboriginal population (1.5 %). Saskatchewan, with an Aboriginal population
between those of Manitoba and Quebec (14.9 %), also had
an overall prevalence estimate that was lower than that in
Manitoba, but higher than that in Quebec. In Manitoba,
57.4 % of the Aboriginal population were First Nations and
40.9 % were Métis, whereas in Saskatchewan 33.9 % were
First Nations and 64.4 % were Métis [19]. It is not clear
if the Métis population has a higher risk of pediatric onset
chronic inflammatory arthritis. There were very few Inuit in
any of the provinces studied. Although our results suggest
a potential influence of Aboriginal ethnicity on prevalence
rates, we were not able to estimate the influence of ethnicity because this information was not available in the data.
As expected, prevalence estimates were higher for
females than males, as a number of autoimmune diseases,
including juvenile idiopathic arthritis, are more common in
females [20]. In Saskatchewan, there was a higher prevalence in urban than rural areas, but this was not evident in
either Manitoba or Quebec. Theoretically, this could reflect
a difference in the distribution of First Nations and/or
Métis populations in Saskatchewan compared to Manitoba
and Quebec.
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Differences in prevalence estimates for rural and urban
areas may either result from underlying differences in
population characteristics or systematic differences in the
available data. In the USA, administrative data from large,
urban centers are more likely to contain coding errors [21],
while rural areas in Alberta, Canada tend to use less specific ICD codes [22]. Our study results may be similarly
influenced. Geographic barriers to care are known to exist
in Canada, despite its system of universal healthcare. Differences in accessibility could also influence prevalence
estimates based on administrative health data.
Strengths and limitations
The strengths of this study include that it is population based
and allows for comparisons among provinces and between
rural and urban environments. However, although validation
studies of case ascertainment algorithms have been conducted for adult rheumatoid arthritis [3–6, 11, 12, 14, 23],
and the specific algorithms in our study were refined from
this work, our case definitions were not independently validated. Algorithm performance may differ in pediatric and
adult populations [24]. One study has since validated case
finding algorithms for pediatric chronic inflammatory arthritis in a US managed care setting. It found that the best case
ascertainment algorithm for prevalent cases required at least
two diagnostic codes by any provider, with a case finding
algorithm sensitivity of 87 % (95 % CI 76–93 %) and PPV
of 91 % (95 % CI 80–96 %). Our study did not use the same
diagnostic codes as this validation work. Additionally, the
validity of case finding algorithms varies according to setting [24], and therefore may differ between the Canadian
universal healthcare system and the managed care system
in the United States. To date, there are no published validated algorithms for ascertaining cases of pediatric chronic
inflammatory arthritis in Canadian administrative health
data. We elected to include single diagnoses in the study
algorithms to optimize sensitivity, recognizing that this may
result in an over-estimate of prevalence due to a higher false
positive rate than a more stringent definition.
ICD-9 codes do not reflect current terminology describing chronic pediatric inflammatory arthritis, juvenile idiopathic arthritis. ICD-9 codes use older terminology for
pediatric chronic inflammatory arthritis (juvenile rheumatoid arthritis). Unlike juvenile rheumatoid arthritis, juvenile idiopathic arthritis encompasses seven different types
of arthritis [15], some of which have distinct ICD-9 codes
and would not be captured by the 714 codes. For example,
prior to the development of the juvenile idiopathic arthritis classification system, juvenile psoriatic arthritis and
juvenile ankylosing spondylitis would have been coded
as ICD-9 696.0 (psoriatic arthropathy) and 720.0 (ankylosing spondylitis), respectively. Psoriatic arthritis and

juvenile ankylosing spondylitis are now considered subtypes of juvenile idiopathic arthritis and are now therefore
likely to be coded as 714 instead of 696.0 and 720.0. Thus,
prevalence estimates using ICD 714 may not have captured
patients with these types of pediatric chronic inflammatory arthritides if they were assigned diagnostic codes other
than ICD-9 714. This could lead to underestimates of disease prevalence. These additional diagnostic codes were
not available to the authors.
In some provinces, such as Quebec, pediatric rheumatologists may be identified as general pediatricians or internists
and not as rheumatologists, and therefore would not have
been captured in our case ascertainment algorithm. Pediatric
rheumatologists would not submit billing claims if they are
reimbursed through alternate funding plans (salaried positions); billing data would only capture their patients if they
submit parallel (i.e., “shadow”) billings. The quality and
completeness of the shadow billing may vary, which could
influence administrative data-based prevalence estimates. In
Quebec, additional fees are paid for patients with a diagnosis of a chronic disease such as juvenile idiopathic arthritis or juvenile rheumatoid arthritis, and the impact of this
form of reimbursement on administrative data-based prevalence estimates is unclear. Additionally, when a diagnosis is
not yet clear, physicians will often state in their notes that
the diagnosis is “possible” or that they must “rule out” this
diagnosis. In such cases, the diagnosis may be incorrectly
coded as the condition that was being considered or ruled
out. It is not possible to distinguish “rule out” diagnoses
from true diagnoses in administrative health data. While our
confidence intervals account for random error in the data,
uncertainty in point estimates may also arise because of systematic errors and gaps in the databases. Finally, residence
was captured during the index year and may not reflect
province of residence at the end of the study period.

Conclusion
In summary, we estimated the prevalence of chronic
inflammatory arthritis using administrative data from three
Canadian provinces and found estimates of 11.7 per 10,000
individuals <19 years of age in Manitoba, 9.8 per 10,000
in Saskatchewan, and 8.0 per 10,000 in Quebec. These
estimates have face validity, as they are within the range
of published estimates [11], though published estimates
were not from population-based data. Both Manitoba and
Saskatchewan had significantly higher prevalence estimates
than Quebec. Although overall urban areas had a slightly
higher prevalence rates than rural areas, Saskatchewan
was the only province in which this held true when provinces were examined separately. Further comparisons with
data from additional provinces are necessary to determine
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patterns of differences in prevalence rates between urban
and rural areas in other Canadian jurisdictions. Studies to
establish the empirical validity of case-finding algorithms
are also needed to advance epidemiological research in
pediatric rheumatic diseases such as juvenile idiopathic
arthritis.
Acknowledgments This study is based in part on de-identified data
provided by the Saskatchewan Ministry of Health. The interpretation
and conclusions contained herein do not necessarily represent those
of the Government of Saskatchewan or the Ministry of Health. The
authors are also indebted to Manitoba Health for the provision of data.
The results and conclusions are those of the authors, and no official
endorsement by Manitoba Health is intended or should be inferred.
Conflict of interest None of the authors have competing interests.

References
1. Virnig BA, McBean M (2001) Administrative data for public health surveillance and planning. Annu Rev Public Health
22:213–230
2.	Thacker SB, Stroup DF, Rothenberg RB (1995) Public health surveillance for chronic conditions: a scientific basis for decisions.
Stat Med 14(5–7):629–641
3.	Ng B, Aslam F, Petersen NJ, Yu HJ, Suarez-Almazor ME (2012)
Identification of rheumatoid arthritis patients using an administrative database: a Veterans affairs study. Arthritis Care Res
64(10):1490–1496
4. Kim SY, Servi A, Polinski JM, Mogun H, Weinblatt ME, Katz
JN, Solomon DH (2011) Validation of rheumatoid arthritis diagnoses in health care utilization data. Arthritis Res Ther 13(1):R32
5.	Tennis P, Bombardier C, Malcolm E, Downey W (1993) Validity
of rheumatoid arthritis diagnoses listed in the Saskatchewan hospital separations database. J Clin Epidemiol 46(7):675–683
6. Singh JA, Holmgren AR, Noorbaloochi S (2004) Accuracy of
Veterans administration databases for a diagnosis of rheumatoid
arthritis. Arthritis Rheum 51(6):952–957
7.	Ehrmann Feldman D, Bernatsky S, Houde M (2009) The incidence of juvenile rheumatoid arthritis in Quebec: A population
data-based study. Pediatric Rheumatology 7
8.	Ehrmann Feldman D, Bernatsky S, Abrahamowicz M, Roy Y,
Xiao Y, Haggerty J, Leffondre K, Tousignant P, Duffy CM (2008)
Consultation with an arthritis specialist for children with suspected juvenile rheumatoid arthritis: a population-based study.
Arch Pediatr Adolesc Med 162(6):538–543
9. Harrold LR, Salman C, Shoor S, Curtis JR, Asgari MM, Gelfand JM, Wu JJ, Herrinton LJ (2013) Incidence and prevalence
of juvenile idiopathic arthritis among children in a managed care
population, 1996–2009. J Rheumatol 40(7):1218–1225

13

10. Sawhney S, Magalhaes CS (2006) Paediatric rheumatology—A
global perspective. Best Pract Res Clin Rheumatol 20:201–221
11. Manners PJ, Bower C (2002) Worldwide prevalence of juvenile
arthritis why does it vary so much? J Rheumatol 29(7):1520–1530
12.	Lacaille D, Anis AH, Guh DP, Esdaile JM (2005) Gaps in care
for rheumatoid arthritis: a population study. Arthritis Rheum
53(2):241–248
13. MacLean CH, Louie R, Leake B, McCaffrey DF, Paulus HE,
Brook RH, Shekelle PG (2000) Quality of care for patients with
rheumatoid arthritis. JAMA 284(8):984–992
14. Katz JN, Barrett J, Liang MH, Bacon AM, Kaplan H, Kieval
RI, Lindsey SM, Roberts WN, Sheff DM, Spencer RT, Weaver
AL, Baron JA (1997) Sensitivity and positive predictive value of
medicare part B physician claims for rheumatologic diagnoses
and procedures. Arthritis Rheum 40(9):1594–1600
15. Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, He X, Maldonado-Cocco J, Orozco-Alcala J, Prieur
A-, Suarez-Almazor ME, Woo P (2004) International league
of associations for rheumatology classification of juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol
31(2):390–392
16. Jarvis JN, Cleland SY (2003) Rheumatic disease in native American children: opportunities and challenge. Curr Rheumatol Rep
5(6):471–476
17. Mauldin J, Cameron HD, Jeanotte D, Solomon G, Jarvis JN
(2004) Chronic arthritis in children and adolescents in two Indian
health service user populations. BMC Musculoskelet Disord 5:30
18.	Government of Canada. Aboriginal Affairs and Northern Development Canada. Common Terminology. http://www.aadnc-aandc.
gc.ca/eng/1358879361384/1358879407462. Accessed 14 June 2014
19.	Government of Canada. Statistics Canada. Aboriginal Statistics at a
Glance. Population Counts. Census Highlight Tables http://www12.
statcan.ca/census-recensement/2006/dp-pd/hlt/97-558/pages/page.
cfm?Lang=E&Geo=PR&Code=01&Table=1&Data=Count&Se
x=1&Age=1&StartRec=1&Sort=2&Display=Page. Accessed 24
June 2014
20.	Cassidy JT (2011) Textbook of pediatric rheumatology, 6th edn.
Saunders, Philadelphia
21.	Lorence D, Chen L (2008) Disparities in health information quality across the rural-urban continuum: where is coded data more
reliable? J Med Syst 32(1):1–8
22. Yiannakoulias N, Hill MD, Svenson LW (2009) Geographic hierarchies of diagnostic practice style in cerebrovascular disease.
Soc Sci Med 68(11):1985–1992
23. Widdifield J, Labrecque J, Lix L, Paterson JM, Bernatsky S, Tu
K, Ivers N, Bombardier C (2013) Systematic review and critical
appraisal of validation studies to identify rheumatic diseases in
health administrative databases. Arthritis Care Res (Hoboken)
65(9):1490–1503
24. Benchimol EI, Manuel DG, To T, Griffiths AM, Rabeneck L,
Guttmann A (2011) Development and use of reporting guidelines
for assessing the quality of validation studies of health administrative data. J Clin Epidemiol 64(8):821–829

