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Abstract

Objective—Few studies based in well-defined North American populations have examined the
occurrence of juvenile idiopathic arthritis (JIA), and none has been based in an ethnically diverse
population. We used computerized healthcare information from the Kaiser Permanente Northern
California membership to validate JIA diagnoses and estimate the incidence and prevalence of the
disease in this well-characterized population.

Methods—We identified children aged < 15 years with = 1 relevant /nternational Classification
of Diseases, 9th edition, diagnosis code of 696.0, 714, or 720 in computerized clinical encounter
data during 1996-2009. In a random sample, we then reviewed the medical records to confirm the
diagnosis and diagnosis date and to identify the best-performing case-finding algorithms. Finally,
we used the case-finding algorithms to estimate the incidence rate and point prevalence of JIA.

Results—A diagnosis of JIA was confirmed in 69% of individuals with at least 1 relevant code.
Forty-five percent were newly diagnosed during the study period. The age- and sex-standardized
incidence rate of JIA per 100,000 person-years was 11.9 (95% CI 10.9-12.9). It was 16.4 (95% ClI
14.6-18.1) in girls and 7.7 (95% CI 6.5-8.9) in boys. The peak incidence rate occurred in children
aged 11-15 years. The prevalence of JIA per 100,000 persons was 44.7 (95% CI 39.1-50.2) on
December 31, 20009.
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Conclusion—The incidence rate of JIA observed in the Kaiser Permanente population, 1996—
2009, was similar to that reported in Rochester, Minnesota, USA, but 2 to 3 times higher than
Canadian estimates.

Key Indexing Terms

JUVENILE IDIOPATHIC ARTHRITIS; EPIDEMIOLOGY; INCIDENCE; PREVALENCE
HEALTH MAINTENANCE ORGANIZATIONS; COMPUTERIZED MEDICAL
INFORMATION

Juvenile idiopathic arthritis (JIA) is one of the more common chronic diseases in
childhood?. It is defined by the International League of Associations for Rheumatology
(ILAR) as arthritis that begins before the 16th birthday and persists for at least 6 weeks, with
other known conditions excluded?. In addition to arthritis, extraarticular manifestations such
as uveitis can occur3. JIA often persists into adulthood and the resulting inflammation and
joint damage can lead to substantial longterm morbidity and physical disability*®. The
ILAR classification includes 7 subtypes of JIA, which are defined on the basis of symptoms
and the number of involved joints. The 7 subtypes include systemic arthritis, oligoarthritis,
polyarthritis [rheumatoid factor (RF)-negative and RF-positive], psoriatic arthritis (PsA),
enthesitis-related arthritis, and undifferentiated arthritis. Prior to the introduction of the
ILAR classification, the most common term used in North America to describe chronic
arthritis in childhood was “juvenile rheumatoid arthritis” (JRA). However, this rubric
included only 4 of the subtypes defined by ILAR: systemic arthritis, oligoarthritis, and
polyarthritis (RF-negative and RF-positive).

Population-based registries are important for accurately identifying cases for epidemiologic
studies. These registries are used to set research priorities, investigate potentially causal
associations, describe prognosis, and identify patient subgroups who share etiologic or
clinical characteristics that influence treatment. Examining the frequency of JIA in diverse
populations of patients is important because chronic arthritis has been shown to vary
according to race and location® 78, In Europe, incidence rates per 100,000 range from 22.6
in Norway? to 3.5 in the former East Berlin area of Germany2C. Prevalence rates in Sweden
are 86 per 100,000 as compared to 31 per 100,000 in Costa Rica and 0.83 per 100,000 in
Japan’. Previous studies of JIA occurrence in the United States and Canada were conducted
in somewhat homogeneous populations; their results may not be generalizable to
contemporary cohorts’:1112.13.14 The Kaiser Permanente Northern California Autoimmune
Disease Registry, containing information for patients seen from 1996 through 2009, includes
patients with JIA using the ILAR definition and those diagnosed using older rubrics
(including JRA), as well as those with ankylosing spondylitis (AS), PsA, and inflammatory
bowel disease®. In this report, we describe case-finding for JIA and provide estimates of the
incidence, prevalence, and clinical characteristics of JIA in the Kaiser Permanente
membership.

MATERIALS AND METHODS

We conducted our study with the approval of the Kaiser Foundation Research Institute
Institutional Review Board.
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Study population

Kaiser Permanente is a prepaid, comprehensive, integrated care organization that maintains
computerized clinical data of all visits, procedures, pharmacy dispensings, and other medical
goods and services provided to its 8.5 million members across the United States, including
the 3.2 million members in Northern California. Health plan enrollees are 41.9% white,
13.5% Asian, 6.5% black, and 16.7% multiracial or other race. Hispanic ethnicity was
reported by 16.1%. These databases, comprising a variety of computerized information
systems as well as an electronic medical record, provide the opportunity to build disease
registries for efficient study of chronic diseases that otherwise cannot be easily identified in
a stable and well-characterized population. Kaiser Permanente did not have a pediatric
rheumatologist on staff during much of the study period, but pediatricians and adult
rheumatologists were free to refer patients to outside pediatric rheumatologists when
needed. When outside referrals were made, they typically were to nearby academic centers
and children’s hospitals, with claims captured by a Kaiser Permanente information system.
Usually referrals were made at the time of diagnosis and during periods of disease
exacerbations that were difficult for non-sub-specialists to manage.

The present study included persons with > 12 months of enrollment in Kaiser Permanente
Northern California between 1996 and 2009. Cases of preliminary JIA in patients age < 15
years were identified using age on the date of the first diagnosis recorded during the period
of observation. The upper age limit of 15 years was selected on the basis of the diagnostic
criteria used by ILAR2. As indicated in Figure 1, we identified children age < 15 years with
at least 1 /nternational Classification of Diseases, 9th edition (ICD-9) code of interest.
Because there was no single code for JIA in the computerized outpatient or inpatient
database, we used codes for chronic arthritis including 696.0 (PsA), 714 (which includes RA
and JRA), and 720 (AS) to identify preliminary cases. We did not use codes for
inflammatory bowel disease because few of those patients would be confirmed with JIA. A
random sample of about 10% of all preliminary cases was selected, by assigning random
numbers from 0 to 1.00 and selecting cases with numbers from 0 to 0.10 for validation,
using detailed review of the medical record; the actual random sample was 8.4% of the total
population.

Data collection

Data collection was accomplished during 2010. The period of observation began on the later
of the patient’s first enrollment or January 1, 1996, and ended on the earlier of their
disenrollment or December 31, 2009. Relevant computerized medical information was
obtained for all preliminary cases and included clinical and membership data recorded
during 1996-2009. These computerized data were recorded to provide clinical care and not
to administer insurance claims. For care received between 2004 and 2006, electronic
medical record information was available. Before the electronic medical record was
established, the health plan maintained several computerized information systems that were
accessed for our study. These information systems included outpatient encounters, hospital
diagnoses, laboratory results, pharmacy information, and imaging examinations, among
others. We also accessed outside claims that were generated when patients were referred out
of the plan, for example, to children’s hospitals and academic medical centers.
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Manual chart review was performed on the random sample of preliminary cases. The
primary purpose of the chart review was to confirm the diagnosis recorded in the
computerized data and to establish the initial diagnosis date. The initial diagnosis date was
the date the patient was first diagnosed with JIA, whether or not the diagnosis was made
within Kaiser Permanente or within the study period. A secondary purpose of the chart
review was to obtain information on clinical characteristics of the disease. A single trained
medical record abstractor reviewed each medical record after extensive training supervised
by a rheumatologist. Every chart was discussed with the rheumatologist until the
rheumatologist was satisfied with the quality of the medical record abstractor’s work. The
abstractor accessed information from the electronic medical record, computerized
information systems, and paper-based medical records. She reviewed outpatient clinic notes,
hospital discharge summaries, laboratory results, radiology reports, and any other
information in the medical record that was pertinent to the study. A board-certified
rheumatologist was consulted when the abstractor was unsure how to interpret the medical
record.

Case definition

ILAR defines JIA as being present when disease symptoms persist for > 6 weeks?. Disease
is classified as follows: (1) systemic onset; (2) oligoarticular (“persistent” if < 4 joints over
the course of disease and “extended” if > 4 joints after 6 months); (3) polyarticular (> 4
joints) and RF-negative; (4) polyarticular (> 4 joints) and RF-positive; (5) PsA; (6)
enthesitis-related arthritis; and (7) undifferentiated (not meeting the criteria of any of the
other subgroups, or of multiple subgroups).

For the purpose of our study, we defined a preliminary case of JIA as one for whom a
diagnosis of JIA was recorded by an adult or pediatric rheumatologist. A diagnosis recorded
by a primary care provider required supporting information, such as documentation of a
telephone conversation between the primary care provider and a rheumatologist. Clinic notes
by a primary care provider indicating joint inflammation (including synovitis or dactylitis on
physical examination and lasting at least 6 weeks) in children aged < 15 years were
considered to be confirmed as JIA. Terms such as RA and PsA were included as cases of
JIA. In addition, notes such as “history of JIA,” “JIA in remission,” or “RA diagnosed at age
15” were accepted as confirmation of JIA for all providers.

Disease manifestations

Disease manifestations ascertained from chart review included JIA subtype; joint
involvement (hand/wrist, shoulder, hip, knee, feet/ankle, sacroileum, cervical spine/neck,
thoracic spine, lumbar spine, spine not otherwise specified, and jaw); systemic symptoms
(fever, hepatosplenomegaly, lymphadenopathy, rash, and arthritis); associated autoimmune
diseases (inflammatory bowel disease, other); radiographic evidence of sacroiliitis,
spondylitis, or juxtaarticular new bone formation; and presence of uveitis/iritis. We also
obtained laboratory findings recorded in the computerized laboratory data.
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Validity of computerized data for identifying incident and prevalent JIA

A case-finding algorithm was developed based on clinical experience and input from
researchers with expertise using administrative data for this purpose. In addition, we
developed a second algorithm to identify confirmed cases that were newly diagnosed, or
incident. The variables examined for inclusion in the case-finding and incidence algorithms
included (1) inpatient and outpatient visits with relevant codes; (2) visits specifically to a
rheumatologist (adult or pediatric); (3) use of relevant drugs; (4) use of relevant radiology
services; and (5) use of relevant laboratory services. We evaluated multiple possible case-
finding algorithms, with “1 or more relevant codes recorded in the inpatient or outpatient
setting by a primary care physician, pediatrician, or rheumatologist (adult or pediatric)” as
the basis for comparison with all other algorithms.

The sensitivity and positive predictive value (PPV) were determined for each of the
algorithms under consideration®. The sensitivity of the case-finding algorithms was defined
as the number of confirmed cases captured by the algorithm divided by the number of
confirmed cases with 1 or more relevant diagnosis codes, as described. The PPV was defined
as the proportion of cases identified by the algorithm that were confirmed with JIA during
the chart review. We did not compute the specificity and negative predicted value of the
diagnostic codes because the focus of the study was on evaluating case-finding algorithms,
and given the rarity of JIA, pursuing identification of patients without a diagnosis would
have had an exceedingly low yield. The 95% CI for the rate was computed assuming a
Poisson distributionl. All analyses were conducted using SAS version 9.13 (SAS Institute
Inc.).

Estimation of the standardized incidence rate and point prevalence

We applied the best case-finding algorithm to all children aged < 15 years in the Kaiser
Permanente membership. The best algorithm was defined as the one that provided the fewest
falsely classified cases, including both false-positive and false-negative cases. The false-
negative cases were those not captured by the algorithm. For example, an algorithm
requiring 2 or more rheumatologist diagnoses would not capture patients with only a single
rheumatologist diagnosis, even if the diagnosis were correct. This would represent a false-
negative case when assessing the algorithm “> 2 rheumatologist diagnoses.”

The incidence and point prevalence estimates were corrected by first multiplying by the PPV
and then dividing by the sensitivity. For example, an uncorrected incidence rate of 13.9 per
100,000 person-years times PPV of 0.80 divided by a sensitivity of 0.95 yields a corrected
incidence rate of 11.7 per 100,000 person-years.

The incidence rate of JIA among health plan members < 15 years of age was computed as
the number of newly diagnosed cases divided by the number of person-years of membership
within Kaiser Permanente Northern California in each year. The age- and sex-specific
incidence rates were calculated using as the denominator the number of boys and girls in
each 5-year age group. The age- and sex-standardized incidence rates were estimated using
the direct method of standardization, with the 2000 US Census population providing
weights1’:18. The age- and sex-standardized point prevalence rates were estimated on

J Rheumatol. Author manuscript; available in PMC 2017 October 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harrold et al. Page 6

December 31, 2009; for this calculation, only persons who were health plan members and <
15 years of age on that day were included. The 95% CI were computed assuming a Poisson
distribution16.

RESULTS

Validation of the case-finding algorithm

The number of children with = 1 ICD-9 diagnosis code of 696.0, 714, or 720 in the
computerized data was 1153. They were enrolled in the study for an average of 8 years
following their first relevant diagnosis code. Among these, 97 children were randomly
sampled for chart review, of which 67 (69% with Cl 59%-78%) were determined to have
JIA documented in the medical record (Figure 1 and Table 1). Requiring a relevant
computerized diagnosis by a rheumatologist reduced the sensitivity of case-finding from 67
true cases to 54 true cases (change in sensitivity from 100% to 81% with Cl 69%-89%), but
it also reduced the selection of false-positive cases from 30 to 6 (change in PPV, from 69%
to 90% with Cl 79%-96%). Of the 13 patients identified in the computerized data as having
a primary care diagnosis, 7 had seen a pediatric rheumatologist at an academic center or
children’s hospital, 4 had documentation of a diagnosis by a pediatric or adult
rheumatologist that was not accurately captured in the computerized data, and 2 had
longstanding disease diagnosed before their enrollment, with multiple mentions by their
pediatricians and ophthalmologic evaluations for iritis. The best-performing case-finding
algorithm to confirm a diagnosis of JIA required = 2 diagnoses of diagnosis codes 696.0,
714, or 720 by any provider type (e.g., primary care or pediatric or adult rheumatology). Of
the 1153 children, 772 had = 2 diagnoses. This algorithm, which identified both incident and
prevalent cases of JIA, had a sensitivity of 87% with Cl 76%-93%, capturing 58 of 67 true
cases (9 false-negatives); it had a PPV of 91% with CI 80%—-96%, with 58 of the 64 cases in
the sample captured being true cases (6 false-positive).

Validation of incident JIA

Of the 67 children confirmed with JIA, 44 (66% with Cl 53%—-77%) had incident disease
diagnosed while they were a Kaiser Permanente member and during the study period, while
23 (34% with Cl 23%-47%) were diagnosed before the patient enrolled in Kaiser
Permanente or before the study period. The best algorithm required 12 months of enrollment
before the first diagnosis, a diagnosis by a rheumatologist, and 2 or more diagnostic
laboratory tests. This algorithm, which identified incident JIA only, had a sensitivity of 95%
with CI 81%-99%, capturing 37 of 44 true cases (9 false-negatives); it had a PPV of 82%
with CI 67%-91%, with 37 of the 45 cases in the sample captured being true cases (8 false-
positive).

Incidence and prevalence of JIA

We calculated the age- and sex-standardized incidence rate of JIA among children < 15
years of age by applying the optimal incidence algorithm (determined through chart review
of 97 children and requiring 12 months of enroliment before the first diagnosis, a diagnosis
by a rheumatologist, and 2 or more diagnostic laboratory tests) to the computerized database
that included 1153 persons with a relevant diagnosis code. We then corrected the number of
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estimated cases obtained using this algorithm by accounting for the sensitivity (95%) and
PPV (82%). The corrected incidence rate per 100,000 person-years was 11.9 (Cl 10.9-12.9).
It was 16.4 (CI 14.6-18.1) in girls and 7.7 (Cl 6.5-8.9) in boys (Table 2). Using the optimal
case-finding algorithm to identify all cases (which included those with at least 1 diagnosis
from any provider), the corrected prevalence of JIA among those aged < 15 years among
Kaiser Permanente Northern California enrollees, standardized to the 2000 U.S. Census, was
44.7 (Cl 39.1-50.2) per 100,000 persons on December 31, 2009 (Table 2).

Characteristics of JIA cases

Demographic characteristics of the 67 children confirmed with JIA on chart review are
shown in Table 3. Forty percent were white, 26% Hispanic, 6% Asian, and 3% African
American, with 25% being of other races, multiracial, or of unknown race. Forty-eight
percent had oligoarticular disease, 31% had polyarticular disease, 9% systemic, 3% AS, and
8% psoriatic. The proportion receiving an antinuclear antibody test was 97%, with 70%
having a positive result; for RF, 82% were tested with 9% positive; and for HLA-B27, 24%
were tested with 2% positive. Among the 5 patients who were RF-positive, 4 were among
the 22 patients (18%) with polyarticular disease, while 1 was among the 45 patients (0.4%)
without polyarticular disease. The knee was involved in 72% of cases, the hand in 43%, and
the feet in 37%. No associated autoimmune disease was recorded for 82% of children. Of
note, 3% had uveitis/iritis recorded during the course of their disease.

DISCUSSION

We estimated the incidence of JIA among pediatric enrollees of Kaiser Permanente Northern
California during the period 1996-2009 at 11.9 cases (Cl 10.9-12.9) per 100,000 person-
years. This rate is consistent with population-based studies that have been conducted during
the past 20 years (Table 4). Most were performed in Europe and North America, with the
number of cases identified ranging from 4 to 488 (the present study).

In Europe, studies have reported annual incidence rates per 100,000 in Scandinavia of 14 to
22.6919.20.21 ‘similar to the rate in Estonia (21.7 per 100,000)22, but higher than the rate in

Germany (3.5 to 7.5 per 100,000)10:23, The rates in Costa Rica and Spain approached 7 per
100,000024.25,

In North America, the incidence rate reported for Canada was 4.1 to 5.3 per 100,00013.14,
lower than the incidence rate estimated in our study using our case-finding algorithm, which
was nearly identical to the rate of 11.7 (Cl 8.7-14.8) per 100,000 person-years reported for
Rochester, Minnesota, USA, 1978-199311, These rates were higher than the annual
incidence rate of 4.0 per 100,000 reported by pediatric rheumatology centers in the
Northeast (United States), although ascertainment at the pediatric rheumatology centers may
have been incomplete!2.

Differences in incidence rates reported across studies may be the result of many factors
including small numbers of cases2%, differences in methods of ascertainment, true population
differences based on exposure to precipitating factors, or genetic predisposition. In addition,
changes over time in the classification of pediatric rheumatic diseases (the adoption of the
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ILAR classification of JIA), greater awareness of the condition by providers in certain
regions, and varying access to pediatric rheumatologists to diagnose the condition may
partly explain these results.

Despite the consistency of our study with other reports, our study has limitations.
Computerized information has well-known limitations relating to accuracy and
completeness; it was for this reason that we validated our data and corrected our estimates
for the sensitivity and PPV of case-finding?’. It is possible that we underascertained mild
disease, particularly among those who were enrolled in the health plan for a short time.
However, the study was restricted to those Kaiser Permanente Northern California members
with at least 12 months of enrollment (both to be identified as a case and to be included in
the denominators of the incidence and prevalence calculations). In addition, it is possible
that some patients with JIA never received a diagnosis by their providers and thus were not
ascertained for this study. Because the computerized data did not contain information on
symptoms recorded in a standardized manner, we cannot confirm the presence of synovitis,
enthesitis, or associated autoimmune conditions.

The Kaiser Permanente Northern California population is quite representative of the general
population of the state of California. The health plan’s data have been linked to the
California Health Interview Survey of California residents age 20-79 years living in those
postal codes served by Kaiser Permanente. When compared with persons who have medical
insurance through other providers, the Kaiser Permanente membership has greater racial
diversity (nonwhite, 43% vs 34%). When compared with persons who were not Kaiser
Permanente members, including those who were uninsured or insured by others, Kaiser
Permanente members have similar racial diversity (nonwhite, 43% vs 45%), although with
fewer Latinos (16% vs 23%)28,

The point prevalence observed in the Kaiser Permanente Northern California population
(44.7 per 100,000) estimates the disease burden among children < 15 years of age only and
does not include the burden among adults, although the disease is chronic in most. With
respect to disease manifestations, we observed 48% of children with oligoarticular disease,
31% with polyarticular, and 9% systemic. The Rochester, Minnesota, cohort differed, with
72% of patients having oligoarticular, 17% polyarticular, and 11% systemic disease at onset,
with progression of oligoarticular to polyarticular disease in 11% of the cases!!. The
prospective design they used could account for the difference, with the present study
including prevalent cases, for whom disease manifestation may have been recorded
following the diagnosis. Our report of uveitis/iritis in 3% of children is a bit lower than the
Scandinavian study that observed uveitis/iritis in 8.6% of children, which may be due to
differences in race and ethnicityl®. Medical record review revealed a diagnosis of AS in only
3% of our study population. While this may reflect the true prevalence of the disease, it may
also have been influenced by changes in the diagnosis and/or coding of the condition. More
recently, physicians are considering spondyloarthropathies as a group rather than individual
conditions and may include it as part of the JIA classification. Thus, physicians may report a
diagnosis of JIA rather than AS in these patients2°.
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The methods used for case-finding in any particular study will depend on the nature of the
research question, the research setting, and the relative costs of overascertainment and
underascertainment with respect to study validity and precision. A case-finding strategy that
has poor sensitivity but a high PPV, such as through recruitment of pediatric rheumatology
clinics, likely will yield more severe cases. Milder cases, and those of children whose
families cannot afford the time or expense to travel to specialty clinics, are more likely to be
managed by adult rheumatologists or primary care providers including pediatricians and
family practitioners.

The incidence rate of JIA estimated for children aged < 15 years in the Kaiser Permanente
population, 1996-2009, was similar to that reported in Rochester, Minnesota, but 2 to 3
times greater than Canadian estimates. Key strengths of our study include the size of the
population, the diversity of the population, and the use of chart review to validate the
diagnosis of JIA. Identification of an algorithm for use with computerized data enabled
efficient identification of JIA cases. As a result, our study provides a foundation for further
investigation including elucidation of the environmental and genetic influences on incident
JIA, current treatment patterns, healthcare use, and longterm outcomes, as well as the safety
of current treatments for JIA.
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Children aged < 15
yrs, 1996-2002,
1+ dx JIA (n = 1153)
|
[ I
PCP dx only Rheumatologist

(n = 457) dx (n = 696)
Sampled for chart Sampled for chart
review (n = 37) review (n = 60)
JIA confirmed JIA JIA confirmed JIA
(n=13) not confirmed (n =54) not confirmed
(n=24) (n=6)

Figurel.
The process of selection of patients identified for the study. JIA: juvenile idiopathic arthritis;

PCP: primary care physician.
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Table 3

Demographic and disease manifestations of confirmed cases of JIA, Kaiser Permanente, Northern California,
1996-2009.

Characteristics Proportion of Confirmed JIA Cases, n =67 %
Age, yrs”™

0-5 33

6-10 21

11-15 46
Sex

Female 64

Race/ethnicity

White 40
African American 3
Asian 6
Hispanic 26
Other/multiracial/unknown 25
Type
Oligoarticular 48
Polyarticular 31
Systemic 9
Psoriatic arthritis 8
Ankylosing spondylitis 3
Unknown 1

Laboratory findings (no. who received test)

Antinuclear antibody (n = 65) 70% positive
Rheumatoid factor (n = 55) 9% positive
HLA-B27 (n = 16) 2% positive
Joint involvement
Knee 72
Hand 43
Feet 37
Hip 9
Shoulder 7
Cervical spine/neck 3
Spine 3
Other 7
Not recorded 7

Associated autoimmune disease

Negtive/not mentioned 82

Other ™ 13

Presence during course of the disease
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*
Age at the time of identification of an incident or prevalent case, thus does not correspond to the age of diagnosis for the entire population.

Ak
These conditions include type 1 diabetes, asthma, autoimmune hepatitis, and ulcerative colitis. JIA: juvenile idiopathic arthritis.
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