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Abstract

Background: Children with Juvenile Idiopathic Arthritis (JIA) often have poor health-related quality of life (HRQOL)
despite advances in treatment. Patient-centered research may shed light on how patient experiences of treatment
and disease contribute to HRQOL, pinpointing directions for improving care and enhancing outcomes.

Methods: Parent proxies of youth enrolled in the Childhood Arthritis and Rheumatology Research Alliance (CARRA)
Registry shared patient-reported outcomes about their child’s HRQOL and experiences of disease and treatment
burden (pain interference, morning stiffness, history of medication side effects and methotrexate intolerance).
Contributions of these measures to HRQOL were estimated using generalized estimating equations accounting for
site and patient demographics.

Results: Patients (N = 180) were 81.1% white non-Hispanic and 76.7% female. Mean age was 11.8 (SD = 3.6) years,
mean disease duration was 7.7 years (SD = 3.5). Mean Total Pediatric Quality of Life was 76.7 (SD = 18.2). Mean pain
interference score was 50.1 (SD = 11.1). Nearly one-in-five (17.8%) youth experienced >15 min of morning stiffness
on a typical day, more than one quarter (26.7%) reported ≥1 serious medication side effect and among 90 methotrexate
users, 42.2% met criteria for methotrexate intolerance. Measures of disease and treatment burden were independently
negatively associated with HRQOL (all p-values <0.01). Negative associations among measures of treatment burden and
HRQOL were attenuated after controlling for disease burden and clinical characteristics but remained significant.

Conclusions: For youth with JIA, HRQOL is multidimensional, reflecting disease as well as treatment factors. Adverse
treatment experiences undermine HRQOL even after accounting for disease symptoms and disease activity and should
be assessed routinely to improve wellbeing.
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Background
Children with Juvenile Idiopathic Arthritis (JIA) face sig-
nificant hurdles regarding health-related quality of life
(HRQOL) related to the chronic relapsing nature of the
condition, unpredictable disease course and difficult
treatments [1–3]. Affected youth report poorer HRQOL
than their peers even in the setting of low disease activ-
ity and treatment with biologic disease modifying agents
[4–6]. Nearly half of children with JIA have recurrent or
ongoing disease activity on entry into adulthood, with ac-
tive arthritis, progressive joint damage, exposure to chronic
arthritis treatments and decreased HRQOL [5, 7–10].
For youth with JIA, experiences of disease symptoms

and disease activity negatively impact HRQOL [11].
There is also potential for medication side effects and
negative treatment experiences (e.g. repeated intravenous
infusion, frequent injections) to cause pain and stress,
undermining wellbeing. Although greatly improved treat-
ments are available for youth with JIA, many treated youth
continue to suffer from poor HRQOL. Efforts to advance
treatment acceptability, efficacy and HRQOL may hinge
on a more mature evidence base. Patient-centered out-
comes research (PCOR) provides a galvanizing framework
to advance the evidence base by investigating the broad
set of factors—disease and treatment-related—that con-
tribute to wellbeing, with emphasis on concerns priori-
tized by patients [11, 12]. PCOR may be especially
informative for fostering evidence to improve the care of
youth with JIA – their experiences of disease and treat-
ment may differ from the perceptions of others including
clinicians [13, 14]. For youth, elucidating the specific and
simultaneously estimated contributions to HRQOL of
patient-centered and -reported measures of disease symp-
toms, disease activity, and difficulties with treatment may
improve the acceptability and efficacy of care—identifying
potentially ameliorable threats to wellbeing across a multi-
factorial model.
Where underlying conditions are uncommon or rare,

as with JIA, disease registries may shed light on clinical
factors and disease features relevant to understanding a
condition and its course to support wellbeing [15, 16].
For The Learning Cohort (TLC) study, we extended the
registry model, leveraging the scalable informatics infra-
structure constructed for the Childhood Arthritis and
Rheumatology Research Alliance (CARRA) Registry
[17–19], so as to enable Registry members with a diagno-
sis of JIA and their parent proxies to contribute Patient
Reported Outcomes (PROs) for integration with Registry
data. Following the PCOR approach, we elicited parents’
leading concerns regarding treatment and hypothesized
that leading concerns would be issues of medication
safety/side effects. We further hypothesized that ex-
perience of treatment side effects and problems would
adversely affect HRQOL after adjusting for the effects

of disease symptoms and disease activity. Such findings, if
confirmed, could powerfully inform the design and imple-
mentation of future PCOR and direct comparative effect-
iveness research (CER) toward addressing treatment
concerns voiced by patients.

Methods
Overview
For the TLC study, children/adolescents with JIA en-
rolled in the CARRA Registry and their parents were
engaged in completing structured PROs during routine
care visits for the child. The overarching aim was to
test a model of augmenting clinical registry data with
PROs to improve understanding of the contributions to
wellbeing of measures of disease and treatment burden.
Participants were recruited using a convenience sampling
strategy in which CARRA enrollees were approached for
entry into a related cohort investigation that involved
collection of PROs to complement Registry data; TLC
recruiting occurred during routine clinic visits, from
March 2014 to February 2016. Parents of patient partici-
pants completed all PRO measures about their child/
adolescent using parent proxy versions of PRO mea-
sures. Measures were programmed in the Research
Electronic Data Capture (REDCap) system [20], from
whence they could flow into the Registry using a modu-
lar, ontology-based, federated informatics infrastructure
constructed from open source software; this infrastruc-
ture provides research investigators full ownership and
access to their contributed data while supporting per-
missioned and robust data sharing across federated
sites [17]. Upon enrolling in TLC, parents completed an
electronic survey about their information needs and
treatment concerns, their confidence and satisfaction
with their child’s care, their child’s current use of medi-
cations, and their child’s experiences of problems/side
effects. Written informed consent/assent was obtained
from all parent/child participants included in the study.
No compensation was provided.

Sites
Four CARRA Registry clinical sites took part in this
study: Boston Children’s Hospital, Seattle Children’s
Hospital, Joseph M. Sanzari Children’s Hospital at
Hackensack University Medical Center, and University
of Utah/Primary Children’s Hospital. The research team
at Boston Children’s Hospital served as the coordinating
site. The Institutional Review Boards of each participating
institution approved the study.

Participant eligibility
Screening for eligibility was undertaken by an experienced
clinical research coordinator (CRC) at each site who
reviewed medical record and Registry data prior to
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approaching patients. Patients and their parents were eli-
gible if patients were enrolled in CARRA, younger than
18 years of age, had been diagnosed with JIA by a rheuma-
tologist, and were taking prescription medication for their
condition. Potential participants were ineligible if they
were unable to speak and read English or use a tablet
computer.

Participation
In all, 300 parent-patient dyads were approached for this
study, of which 203 consented (67.7% consent rate) and
191 contributed some form of data; of these, 11 were
missing all PROs and were dropped from analyses,
leaving a final analytic sample of 180 dyads.

Measures
Study domains were selected or developed with the in-
put of experienced pediatric rheumatologists. Sources of
data include: the CARRA Registry, the baseline parent
survey, parent proxy reports of child: HRQOL and mea-
sures of disease and treatment burden. Additional file 1:
Table S1 includes a summary of primary measures used.

Demographic and clinical characteristics of patients
Parents reported their child’s age, sex, and race/ethnicity,
as well as the highest education attained by a parent of
the child as a proxy for socioeconomic status. For four
subjects missing reports about parents’ education, the
sample mode was used. Age at onset of disease symp-
toms was obtained from the CARRA Registry, which
was utilized to calculate disease duration by subtracting
age of disease onset from age at survey administration.
For three subjects missing data on disease duration, an
age-based mean was used. Level of disease activity was
also obtained from the Registry per the Physician Global
Assessment (PGA) [21]. PGA is assessed on a 0–10
scale, with 0 representing “not active” disease, 10 reflecting
“very active” disease. The child’s overall health status was
reported by parents in response to the question: “When
you consider all the ways your child’s condition affects
his/her life, how do you think your child is doing overall?”
Parents selected a value between 1 and 10, with 1 being
very poorly, 10 being very well.

Medications
Parents reported the child’s current use of specific
disease modifying anti-rheumatic drug (DMARD), bio-
logic, and nonsteroidal anti-inflammatory drug (NSAID)
medications taken for their JIA, selecting from medica-
tion lists grouped by category; they could also report “I
don’t know” or “Not on any of the above medications.”
Parents were also asked about their child’s use of gluco-
corticoids (oral, intravenous, or local treatment including
joint injections and eye drops) and herbal/non-vitamin

supplements, for which response options were “yes”, “no”,
and “I don’t know.” Parents could also enter any other
medications their child takes for JIA in an open field.

Parent reports about child’s JIA treatment
Parents reported the frequency of their child’s rheuma-
tology care visits, and their satisfaction with this care.
Satisfaction was reported on a 4-point Likert scale
ranging from “very satisfied” to “very dissatisfied.”

Leading concerns regarding child’s treatment
Parents were shown the following question: “When
making decisions about your child’s health, how con-
cerned are you about the following issues related to pre-
scription medications your child is taking?” and asked to
select their top two concerns from a list of issues that
spanned concerns with drug formulation, the potential
for related psychosocial distress, immediacy/latency of
harm. The list of items, which was informed by input
from experienced pediatric rheumatologists’ who drew
on their clinical experiences of the most commonly voiced
family concerns, included: correct dose and schedule of
medication, safety of medication, serious short-term side
effects (happen within a few days or weeks), most likely
short-term side effects (happen within a few days or
weeks), serious long-term side effects (happen within
months or years), most likely long-term side effects
(happen within months or years), number of medica-
tions the child is taking, possible interactions among
medications, the child’s discomfort or anxiety about
taking a medication, and the partner’s discomfort or
anxiety about giving the child medication.

Parent proxy reports of PROs concerning child’s HRQOL,
disease and treatment burden
HRQOL was measured using parent proxy reports of
the Pediatric Quality of Life (PedsQL)™ 4.0 Generic Core
Scales [22]. The PedsQL, including by parent proxy re-
port, has been found to be a valid and reliable tool in
pediatric rheumatology [23]. This 23-item (21 for tod-
dlers) measure asks questions to parent proxies about
their child’s physical, emotional, social, and school func-
tioning in the past month. Psychosocial and physical
HRQOL summary scores and a total scale score were
computed using standardized scoring [24]. Each score
ranged from 0 to 100, with higher scores indicating bet-
ter HRQOL, and a score of <78.6 indicating suboptimal
HRQOL [5].
Pain interference with aspects of daily life was mea-

sured using the 8-item PROMIS® Parent Proxy Pain
Interference Short Form, version 1.0. Parent proxies
were asked about the frequency with which pain affected
their child’s cognitive, emotional, physical, and recre-
ational aspects of daily life in the past week. Response
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options were: never, almost never, sometimes, often, al-
most always. A raw score total was computed and con-
verted to a standardized T-score using a look-up table,
with allowable values ranging from 38.0–78.0 [25].
Morning stiffness, a component of disease burden, was

assessed with the question: “On a typical day over the
past two weeks, how many minutes of morning stiffness
did your child experience?” Response options were: none,
15 min or less, more than 15 min. Duration of morning
stiffness was operationalized as a dichotomous variable
where ≤15 min was considered a criterion of clinically in-
active disease as proposed by Wallace et al. [26].
To assess lifetime experience of a serious problem or

side effect from treatment, parents were asked: “Has
your child ever experienced a serious problem or side ef-
fect from a prescription medication?” Response options
were yes/no.
To evaluate methotrexate intolerance, the 12-item

Methotrexate Intolerance Severity Score (MISS) ques-
tionnaire [27] was administered to parent proxies of
methotrexate users. The questionnaire asked about past
month: abdominal pain, nausea, and vomiting that oc-
curred before or after their child’s methotrexate intake,
abdominal pain and nausea that occurred at the thought
of taking methotrexate, and behavioral complaints (rest-
lessness, crying, irritability, refusal of methotrexate) asso-
ciated with intake. Response options were: no complaints
(0), mild complaints (1), moderate complaints (2), severe
complaints (3). Sum scores ranged from 0 to 36, and
methotrexate intolerance was defined as a sum score of
≥6 with at least one point on questions assessing anticipa-
tory, associative, and/or behavioral symptoms [27]. Four
subjects taking methotrexate were missing data on metho-
trexate intolerance and had values set conservatively to 0
(i.e., not methotrexate intolerant) following a sensitivity
analysis in which all analyses were found to be unchanged
when intolerance was set to 1 (intolerant) and 0 (not in-
tolerant) (results not shown).

Statistical analyses
Analyses are of parent proxy reported PROs only and
were conducted using SAS® 9.4 software (SAS Institute,
Inc., Cary, North Carolina). Descriptive statistics were
computed to characterize the study sample overall and
by exposure to methotrexate. Differences in demo-
graphic and health characteristics by methotrexate ex-
posure were compared using Wilcoxon rank-sum or Chi
Square (χ2) tests, as appropriate. Bivariate associations
among demographic charateristics and HRQOL and
measures of disease and treatment burden were com-
pared using Wilcoxon rank-sum test and Chi Square
(χ2) test, as appropriate. Generalized estimating equa-
tions were used to estimate the contribution of disease
and treatment burden variables on HRQOL, while

adjusting for the multi-center sampling frame and pa-
tient demographics, including: age in years (measured
continuously), sex, race/ethnicity, parent education, and
disease duration in years (measured continously). Initial
models tested associations among individual PROs and
HRQOL, adjusting for demographic and clinical charac-
teristics (i.e., disease duration). Subsequent models
tested covariate-adjusted multivariate associations
among measures of disease burden (both pain interfer-
ence and morning stiffness) and HRQOL, and among
measures of treatment burden (both serious medication
side effect and methotrexate intolerance) and HRQOL;
the final model simultaneously estimated the effects of
all four PROs on HRQOL. Twenty-seven subjects were
missing a PGA score (abtsracted from CARRA Registry)
on the visit date; participants who were missing a PGA
score did not differ from participants who had a PGA
score on disease or treatment burden or by demo-
graphics with the exception of age (patients who had
a PGA score were older on average than those miss-
ing a score). A sensitivity analysis was undertaken to
ascertain whether values for associations among PROs
and HRQOL changed when PGA score was included
in multivariate regression models as an additional
measure of disease activity.

Results
Sample characteristics
In the total sample, patients were predominantly white
non-Hispanic (81.1%), female (76.7%), and on average
11.8 years of age (range 2–17, SD = 3.6). The mean
duration of disease was 7.7 years (SD = 3.5 years). Par-
ents rated their child’s overall health favorably (mean
8.2, SD = 2.0). More than half (64.4%) of patients were
taking a non-biologic DMARD, with 50.0% of the co-
hort taking methotrexate (Table 1). For more than half
of patients (64.4%), routine visits to the rheumatolo-
gist occurred every 3 months. Nearly all parents
(97.2%) were “very” or “somewhat satisfied” with their
child’s care.

Top concerns of parents around their child’s treatment
Nearly two-thirds (63.3%) of parents indicated that
serious long-term side effects of medications com-
prised their primary or secondary concern regarding
their child’s treatment (Fig. 1), while nearly half
(46.1%) of parents indicated that safety of medication
was their primary or secondary concern regarding
their child’s treatment. Other issues, including the cor-
rect dose and scheduling of medication and serious
short-term side effects of medications comprised top
concern for smaller percentages of parents.
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Disease symptoms and disease activity, treatment
burden, and their associations with demographic and
disease characteristics
The average PedsQL total score was 76.7 (SD = 18.2),
average PedsQL psychosocial score was 76.9 (SD =
17.9), and average PedsQL physical score was 76.2

(SD = 22.0) (Table 2). The average pain interference
score was 50.1, and nearly one in five (17.8%) re-
spondents reported experiencing >15 min of morning
stiffness on a typical day in the past 2 weeks
(Table 3). In regards to medication related problems,
more than one quarter (26.7%) of participants

Table 1 Demographic and health characteristics of the sample, in aggregate and by exposure to methotrexate

Total MTX users Non-MTX users P value

N (%) N (%) N (%)

Total N 180 90 (50.0) 90 (50.0)

Demographics

Age in years (range 2–17), mean (SD) 11.8 (3.6) 11.3 (3.7) 12.3 (3.5) 0.0572

Sex 0.7245

Female 138 (76.7) 68 (75.6) 70 (77.8)

Male 42 (23.3) 22 (24.4) 20 (22.2)

Race/Ethnicity 0.1277

White and non-Hispanic 146 (81.1) 69 (76.7) 77 (85.6)

Other 34 (18.9) 21 (23.3) 13 (14.4)

Parent education level 0.3119

≤ High school graduate 48 (26.7) 21 (23.3) 27 (30.0)

Any college 132 (73.3) 69 (76.7) 63 (70.0)

Clinical characteristics

Disease durationa in years, mean (SD) 7.7 (3.5) 7.4 (3.4) 8.0 (3.6) 0.1853

Physician Global Assessmentb, mean (SD) 0.9 (1.3) 0.9 (1.3) 1.0 (1.4) 0.7725

Overall health rating (range 1–10), mean (SD) 8.2 (2.0) 8.2 (2.1) 8.2 (2.0) 0.9036

Current medications reported usingc:

Non-Biologic DMARD 116 (64.4) 89 (98.9)d 27 (30.0) < 0.0001

Biologic DMARD 105 (58.3) 52 (57.8) 53 (58.9) 0.8798

NSAID 93 (51.7) 44 (48.9) 49 (54.4) 0.4558

Steroid 29 (16.1) 15 (16.7) 14 (15.6) 0.8393

Herbals or non-vitamin supplement 13 (7.2) 4 (4.4) 9 (10.0) 0.1499

Frequency of routine visits to rheumatologist 0.0787

Monthly 10 (5.6) 6 (6.7) 4 (4.4)

Every 6 to 8 weeks 12 (6.7) 9 (10.0) 3 (3.3)

Every 3 months 116 (64.4) 61 (67.8) 55 (61.1)

Every 6 months 33 (18.3) 11 (12.2) 22 (24.4)

Every 9–12 months 9 (5.0) 3 (3.3) 6 (6.7)

Satisfaction of child’s medical care 0.1972

Very satisfied 161 (89.4) 84 (93.3) 77 (85.6)

Somewhat satisfied 14 (7.8) 5 (5.6) 9 (10.0)

Somewhat or very dissatisfied 5 (2.8) 1 (1.1) 4 (4.4)

Column percentages are displayed
P-values derived from the chi-squared (χ2) or Wilcoxon tests
MTX methotrexate, DMARDs disease-modifying antirheumatic drugs, NSAIDs nonsteroidal anti-inflammatory drugs, Steroids included joint injections, oral steroids,
intravenous steroids, or steroid eye drops
aDisease duration was calculated by subtracting age of disease onset from age at survey administration date
bPhysician Global Assessment results are reported based on sub-sample of N = 153 participants who had non-missing values for this measure (N = 78 in the MTX
users sub-sample). Physician global assessment has an allowable range of 0–10; the range in the study sample presented in Table 1 was 0–6
cMedication ategories are not mutually exclusive, therefore, medications do not sum to 100%
dValue does not equal 100% due to a participant’s discrepancy in self-reporting
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Fig. 1 Parents’ top concerns regarding their child’s treatment. Parents (N=180) were asked to rank the primary and secondary issues that concerned
them most about their child’s treatment. The percentages of parents who endorsed each concern as the primary or secondary concern are presented

Table 2 Average score and demographic correlates of pediatric quality of life (PedsQL)

PedsQL total score PedsQL psychosocial score PedsQL physical score

Median Mean SD Median Mean SD Median Mean SD

Total (N = 180) 81.0 76.7 18.2 78.3 76.9 17.9 81.3 76.2 22.0

Disease duration

> 8 years 80.4 76.0 19.4 80.0 76.8 18.8 78.1 74.7 23.5

≤ 8 years 81.5 77.1 17.3 78.3 77.0 17.4 81.3 77.2 21.0

p-value 0.8949 0.9514 0.5774

Age group

≥ 13 years 79.4 75.4 18.0 78.3 76.6 17.0 75.0 73.1 22.9

< 13 years 82.6 77.7 18.4 78.3 77.2 18.7 84.4 78.6 21.1

p-value 0.3019 0.5747 0.0878

Sex

Female 79.9 76.2 18.4 78.3 76.7 18.1 76.6 75.3 22.1

Male 83.2 78.3 17.5 80.0 77.8 17.6 86.6 79.1 21.7

p-value 0.5836 0.7350 0.3559

Race/Ethnicity

White non-Hispanic 82.6 78.0 17.8 80.0 77.8 17.7 84.4 78.2 21.3

Other 71.2 71.0 18.9 75.8 73.1 18.9 62.5 67.3 23.1

p-value 0.0441 0.1624 0.0110

Highest parental education

≤ High school graduate 82.1 78.6 17.1 84.2 80.8 16.1 78.1 74.5 22.5

Any college 79.9 76.0 18.6 77.6 75.5 18.4 81.3 76.8 21.9

p-value 0.4393 0.0911 0.5409

Data are presented as median, mean and standard deviation (SD) of PedsQL scores
P-values derived from the chi-squared (χ2) or Wilcoxon tests
PedsQL Pediatric Quality of Life Inventory 4.0. Higher score means better quality of life. Possible range of PedsQL scores is from 0 to 100
Disease duration was dichotomized using the sample mean rounded to the nearest integer as the cut point
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reported that they had ever experienced at least one
serious medication side effect.
Patient demographic characteristics were not associated

with PedsQL scores, with the exception of race/ethnicity:
on average, white non-Hispanics had higher PedsQL
total scores (Mean = 78.0) and PedsQL physical scores
(Mean = 78.2) compared to minorities (Mean = 71.0,
67.3, respectively) (p = 0.036) (Table 2).
Differences in pain interference score were seen be-

tween racial/ethnic group, with white non-Hispanics
averaging a lower pain interference score (Mean = 49.2)
than their minority counterparts (Mean = 53.8) (p =
0.0266). Differences in morning stiffness were seen by
age, with the percentage of children experiencing
>15 min of morning stiffness on a typical day in the
past 2 weeks higher in children who were ≥13 years (25.3%)
compared to younger than 13 years (11.9%, p = 0.0193).
Similarly, 39.2% of children ≥13 years of age reported at
least one serious medication side effect compared to 16.8%
of those younger than 13 years (p = 0.0007). Proportionately

more females than males met criteria for methotrexate
intolerance (48.5% and 22.7%, respectively) (p = 0.0332).
For the 153 participants with a PGA score, the highest
score reported was 6 out of a possible 10, with more
than half (52.9%) having a PGA score of 0. PGA score
was not associated with demographic characteristics
(Additional file 1: Table S2).

Associations between disease symptoms and disease
activity, treatment burden, and pediatric quality of life
In bivariate models (Table 4, Models 1a-1d), greater pain
interference, >15 min of morning stiffness, and having
serious medication side effects were independently asso-
ciated with lower total, psychosocial, and physical
PedsQL scores (all p-values <0.01); methotrexate intoler-
ance was associated with lower total and psychosocial
PedsQL scores (all p-values ≤0.01). Being on methotrex-
ate without experiencing intolerance was associated with
higher total, psychosocial, and physical PedsQL scores
(all p-values <0.05).

Table 3 Prevalence and demographic correlates of disease burden and treatment burden

Disease burden Treatment burden

Pain interference T-scorea Morning stiffness Serious medication side effect Intolerance to methotrexateb

Mean (SD) % >15 mins % Yes % Intolerant

Total (N = 180) 50.1 (11.1) 17.8% 26.7% 42.2%

Disease duration

> 8 years 50.3 (11.8) 24.0% 32.0% 41.9%

≤ 8 years 49.9 (10.6) 13.3% 22.9% 42.4%

p-value 0.8676 0.0650 0.1715 0.9682

Age group

≥ 13 years 51.3 (11.7) 25.3% 39.2% 40.0%

< 13 years 49.1 (10.5) 11.9% 16.8% 43.6%

p-value 0.1481 0.0193 0.0007 0.7335

Sex

Female 50.3 (11.1) 18.1% 26.1% 48.5%

Male 49.3 (11.1) 16.7% 28.6% 22.7%

p-value 0.5835 0.8297 0.7499 0.0332

Race/Ethnicity

White non-Hispanic 49.2 (10.7) 19.2% 26.7% 40.6%

Other 53.8 (12.0) 11.8% 26.5% 47.6%

p-value 0.0266 0.3086 0.9771 0.5674

Highest parental education

≤ High school graduate 50.2 (10.6) 22.9% 27.1% 42.9%

Any college 50.0 (11.3) 15.9% 26.5% 42.0%

p-value 0.7779 0.2768 0.9392 0.9464

Data are presented as mean and standard deviation (SD) for pain interference and as row percentages for other outcomes
P-values derived from the chi-squared (χ2) or Wilcoxon tests
Disease duration was dichotomized using the sample mean rounded to the nearest integer as the cut point
aRaw pain interference scores were transformed into a ‘T-score’ for each participant. The T-score rescales the raw score into a standardized score with a mean of
50, standard deviation of 10, and possible range of 38–78
bIntolerance to methotrexate was assessed only among those who were on methotrexate (N = 90)
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Table 4 Multivariate regression analyses measuring associations among pediatric quality of life (PedsQL) and disease activity/
symptoms and treatment burden (N = 180)

PedsQL total score PedsQL psychosocial score PedsQL physical score

β (S.E.) p-value β (S.E.) p-value β (S.E.) p-value

Model 1a-1d Individual PROs

1a) Pain interferencea −1.30 (0.05) < 0.0001 −1.17 (0.04) < 0.0001 −1.53 (0.10) < 0.0001

1b) Morning stiffness

>15 min −19.92 (0.91) < 0.0001 −16.77 (1.23) < 0.0001 −25.65 (2.05) < 0.0001

≤ 15 min reference reference reference

1c) Serious medication side effect

Any −12.54 (3.77) 0.0009 −10.82 (3.54) 0.0023 −15.68 (4.75) 0.0010

None reference reference reference

1d) Methotrexate status

With methotrexate intolerance −3.66 (1.42) 0.0100 −3.96 (0.77) < 0.0001 −3.15 (3.20) 0.3239

On methotrexate without intolerance 4.89 (1.24) < 0.0001 4.84 (1.43) 0.0007 4.91 (2.49) 0.0487

Not on methotrexate reference reference reference

Model 2 Disease Burden PROs

Pain interferencea −1.27 (0.05) < 0.0001 −1.17 (0.05) < 0.0001 −1.45 (0.09) < 0.0001

Morning stiffness

>15 min −1.99 (0.50) < 0.0001 −0.28 (0.92) 0.7611 −5.13 (1.81) 0.0046

≤ 15 min reference reference reference

Model 3 Treatment Burden PROs

Serious medication side effect

Any −11.68 (3.77) 0.0020 −9.87 (3.70) 0.0076 −15.10 (4.56) 0.0009

None reference reference reference

Methotrexate status

With methotrexate intolerance −2.13 (1.34) 0.1121 −2.66 (0.30) < 0.0001 −1.15 (3.46) 0.7406

On methotrexate without intolerance 3.89 (1.64) 0.0175 4.01 (2.14) 0.0607 3.73 (1.67) 0.0257

Not on methotrexate reference reference reference

Model 4 All PROs

Pain interferencea −1.21 (0.07) < 0.0001 −1.12 (0.07) < 0.0001 −1.38 (0.08) < 0.0001

Morning stiffness

>15 min −2.39 (0.17) < 0.0001 −0.73 (0.80) 0.3628 −5.48 (1.88) 0.0035

≤ 15 min reference reference reference

Serious medication side effect

Any −3.64 (1.89) 0.0548 −2.67 (2.18) 0.2201 −5.47 (2.28) 0.0163

None reference reference reference

Methotrexate status

With methotrexate intolerance −3.24 (0.92) 0.0004 −3.57 (1.06) 0.0008 −2.55 (2.48) 0.3031

On methotrexate without intolerance 1.47 (0.39) 0.0001 1.83 (0.73) 0.0119 0.94 (2.11) 0.6540

Not on methotrexate reference reference reference

All estimates were obtained using generalized estimating equations (GEE) to account for clustering within clinics and were adjusted for demographics including
age (continuous), sex, race/ethnicity, parent education, and disease duration (continuous); regression coefficients (β) and their standard errors (SE) are presented
Model 1a-1d assessed association between PedsQL score and each individual PRO
Model 2 assessed association between PedsQL score and both of the disease burden PROs
Model 3 assessed association between PedsQL score and both of the treatment burden PROs
Model 4 included all PROs simultaneously
aCoefficients represent the change in PedsQL score for a one unit change in the transformed pain interference score (T-score)
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Controlling for both disease burden PROs simultan-
eously (Table 4, Model 2), partly attenuated the relation-
sip between these PROs and PedsQL scores; the effect of
morning stiffness on the PedsQL psychosocial score was
no longer significant after adjustment for pain interfer-
ence. Controlling for both treatment burden PROs sim-
ultaneously (Table 4, Model 3) partly attenuated the
relationships between these PROs and PedsQL scores;
the effect of methotrexate intolerance on the PedsQL
total and physical scores was no longer significant after
adjustment for having any serious medication side ef-
fects. Simultaneous adjustment for all PROs (Table 4,
Model 4) revealed further attenuation yet significant ef-
fects on PedsQL total score. Notably, only pain interfer-
ence and methotrexate status remained significantly
associated with PedsQL psychosocial score (all p-values
<0.05), while pain interference, morning stiffness and ser-
ious medication side effects were significantly associated
with PedsQL physical score (all p-values <0.05). Analysis
restricted to participants with a value for PGA did not
change our findings when PGA was added into models 2
and 4 as a covariate (Additional file 1: Table S3).

Discussion
We engaged parents of children/adolescents with JIA in
providing structured PROs to describe their child’s expe-
riences of their condition and its treatment, to augment
clinical data collected in a Registry and inform under-
standing of HRQOL. We leveraged a scalable disease
Registry constructed from a novel informatics architec-
ture to accomplish this goal, creating a channel for
representation in the Registry of the “patient voice.” Par-
ents were highly willing to engage; nearly 70% of those
approached consented to provide reports about their
concerns, and their child’s disease and treatment
experiences.
Parents’ top concerns centered on medication safety

and treatment side effects – especially notable in rela-
tion to potential for long-term harm stemming from
treatment. While data from the Registry and The Learn-
ing Cohort cannot yet prospectively characterize long-
term safety issues arising from rheumatic disease treat-
ment, lifetime experiences of problems or side effects
from medications and intolerance to methotrexate were
measured. More than one-quarter of the cohort reported
experiencing a serious problem or side effect from a pre-
scription medication and nearly half of the cohort on
methotrexate reported intolerance. Adverse treatment
experiences negatively impacted HRQOL for children/
adolescents with JIA, consistent with other reports [28].
In our study cohort, HRQOL, disease experience, and

treatment burden varied by patient demographic char-
acteristics, although no systematic pattern emerged.
Relative to established thresholds [5] average HRQOL

among the cohort was suboptimal. Non-white-and/or
Hispanic youth had lower levels of physical HRQOL
than did white non-Hispanic youth. Higher prevalence
of experiencing >15 min of morning stiffness was seen
among older youth who also reported a higher preva-
lence of experiencing a serious side effect or problem
from their medication. Among those taking methotrex-
ate, a greater proportion of females compared to males
reported symptoms of intolerance.
Measures of disease and treatment burden were nega-

tively associated with HRQOL as expected. Importantly,
as hypothesized, measures of treatment burden were
negatively associated with HRQOL even after controlling
for demographic characteristics, clinical measures of
disease duration and disease activity, and patient-
reported measures of disease burden. While treatment
has improved for JIA [29], further work is needed.
Treatment side effects and problems have potential to
undermine adherence [28, 30], which may negatively
impact disease management and outcomes [31]; treat-
ment may be stressful, further reducing HRQOL. The
strong negative association between methotrexate in-
tolerance and PedsQL psychosocial score point to the
emotionally burdensome aspect of treatment problems,
consistent with reports about the negative effects on
HRQOL of perceived treatment burden [6]. Evaluation
of therapies in the context of their acceptability and a
broad calculus of health and wellbeing is warranted
with attention paid to modifying treatment regimens
and improving therapeutics. Strategies for better edu-
cating patients about these issures merit attention, and
research to identify effective approaches to educate pa-
tients and their parents to the potential that treatment
side effects may arise which may undermine wellbeing
so that early ameliorative action can be taken to
optimize benefits and minimize harms.
This report supports a growing literature on the ex-

perience of HRQOL for youth with JIA that considers
the combined effects of disease and treatment burden. It
also provides a proof of concept for prospective collec-
tion of PROs to augment clinical registry data collection
to foster a virtuous cycle of cohort engagement and “pa-
tient voice,” a model that could drive CER using a PCOR
orientation. Understanding threats to HRQOL – includ-
ing those related to treatment – is vital to improving
care of youth with JIA. Further research is needed to
more clearly specify and ameliorate the negative effects
of treatment on wellbeing, considering the potential for
problems to reflect burdens related to sensorial (e.g.,
pain), psychosocial (e.g., fear), and physiologic (e.g., rash)
aspects of treatment – which may require different
responses.
Strengths of this report include use of validated struc-

tured PROs among a registry enrolled cohort with
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confirmed diagnosis. Nevertheless several limitations
merit discussion. Data were collected from several geo-
graphically diverse clinics, however findings are not
generalizable to all youth with JIA. This report reflects
parent proxy data only. Parent proxy reports may differ
from child report [32–35]. The measure of serious side
effects reflects lifetime experience and does not afford a
view into the effects on HRQOL of temporally proximal
versus distal harms; nevertheless, for those on metho-
trexate, intolerance is measured for a time period that
directly relates to study outcomes. Finally, all self-
reported and retrospectively reported data are subject to
reporting bias.

Conclusions
Engaging patients and their parent proxies as partners in
research agenda setting and reporting about disease and
treatment experiences yields a rich, informative view
into HRQOL for children/adolescents with JIA. This
view highlights the importance of evaluating both treat-
ment experiences and disease burden when measuring
outcomes. This model may help build an evidence base
toward improved treatment of JIA and provides a proof
of concept for integrating PROs into clinical registries –
a model with high translation potential to other pediatric
onset chronic diseases. A nuanced picture of benefit and
harm may enable development of better therapies and
supportive interventions, consistent with forward looking
models for PCOR and CER and driving goals for helping
patients with chronic illness “live well” [36].
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Association between demographic characteristics and Physician Global
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value for PGA score (N=153). Table S3. Multivariate regression analyses
measuring associations among pediatric quality of life (PedsQL) and
disease activity/symptoms and treatment burden among a sample
restricted to participants with a value for Physician Global Assessment
(PGA) (N=153). (DOCX 60 kb)
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