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Abstract

Background: The impact of social determinants of health on children with polyarticular juvenile idiopathic arthritis
(pJIA) is poorly understood. Prompt initiation of treatment for pJIA is important to prevent disease morbidity;
however, a potential barrier to early treatment of pJIAs is delayed presentation to a pediatric rheumatologist. We
examined the impact of community poverty level, a key social determinant of health, on time from patient
reported symptom onset to first pediatric rheumatology visit among pJIA patients enrolled in the Childhood
Arthritis and Rheumatology Research Alliance (CARRA) Registry.

Methods: This is a cohort study of pJIA patients in the CARRA registry who lived in the United States from July
2015–February 2020. The primary exposure was community poverty level derived by geocoding patient addresses.
The primary outcome was time to first rheumatology appointment. Kaplan-Meier analysis was performed to analyze
time to first rheumatologist visit, stratified by community poverty and family income. Log-rank tests were used to
identify differences between groups. Adjusted cox proportional-hazards models were used to determine the
relationship between community poverty level and time from onset of disease symptoms to date first seen by
rheumatologist.

Results: A total of 1684 patients with pJIA meeting study inclusion and exclusion criteria were identified. Median
age of onset of pJIA was 7 years (IQR 3, 11), 79% were female, 17.6% identified as minority race and/or ethnicity,
and 19% were from communities with ≥20% community poverty level. Kaplan-Meier analysis by community
poverty level (< 20% vs ≥20%) yielded no significant differences with time to initial presentation to a pediatric
rheumatologist (p = 0.6). The Cox proportional hazards model showed that patients with ≥20% community poverty
level were 19% less likely (adjusted HR 0.81, 95% CI 0.67–0.99, p = 0.038) to be seen by a rheumatologist compared
to patients with < 20% community poverty level, at the same time point, after adjusting for sex, race/ethnicity,
insurance, education level, morning stiffness, RF status, and baseline CHAQ.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: nbalmur1@jhmi.edu
†Nayimisha Balmuri and William Daniel Soulsby contributed equally to this
work.
1Hospital for Special Surgery, New York, NY, USA
2Weill Cornell Medicine, New York, NY, USA
Full list of author information is available at the end of the article

Balmuri et al. Pediatric Rheumatology          (2021) 19:122 
https://doi.org/10.1186/s12969-021-00610-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s12969-021-00610-5&domain=pdf
http://orcid.org/0000-0001-6444-0919
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:nbalmur1@jhmi.edu


Conclusion: In this study of pJIA patients in the CARRA registry, increased community poverty level is associated
with longer time to presentation to a pediatric rheumatologist after symptom onset.

Background
Juvenile idiopathic arthritis (JIA) includes a heterogeneous
group of chronic childhood inflammatory arthritides that
can lead to significant morbidity through damaging joints
and impairing both physical function and growth.
Rheumatoid factor (RF) positive and RF negative polyarti-
cular JIA (pJIA) are two forms of arthritis that affect 5 or
more joints. Among subtypes of JIA, children with pJIA
are more likely to experience prolonged periods of active
disease [1] with an increased risk for a relapsing and re-
mitting course throughout the lifespan [2]. Irreparable
damage to the joints and surrounding tissue is known to
occur early in the course of disease in as many as 60% of
patients with pJIA [3, 4]. In order to prevent this damage,
it is imperative to bring disease under control as rapidly as
possible underscoring the importance for a child with
new-onset pJIA to present to a pediatric rheumatologist
early on in the disease course [5].
Social determinants of health (SDH) such as access

to public or private health insurance, guardian’s level
of education, family income, and poverty level have
all been associated with barriers to subspecialty follow
up in children with chronic diseases in the United
States [6, 7]. As SDH are not consistently reported in
registries, area-based socioeconomic measures can be
used as a proxy to provide insight into patients’ so-
cioeconomic status. Features of community
deprivation such as poverty are associated with sparse
community resources needed for good health [8] with
poor health outcomes consistently reported in com-
munities where ≥20% of the population lives below
the poverty level [9–11]. Delayed diagnosis and pres-
entation to a rheumatologist has been described in
adult rheumatoid arthritis [12–14] and reported in
international cohorts of patients with juvenile idio-
pathic arthritis [15–17]. However, the effect of com-
munity poverty, a key social determinant of health, on
time to presentation to a pediatric rheumatologist has
not been described.
Evaluating disparities in delays to care is an import-

ant initial step toward identifying ways to overcome
barriers to equitable care and to improve disease out-
comes. In this study, we aimed to examine the effect
of community poverty on time to first pediatric
rheumatology visit among pJIA patients enrolled in
the Childhood Arthritis and Rheumatology Research
Alliance (CARRA) Registry, a large cohort of pJIA pa-
tients from North America.

Methods
Study design
We analyzed baseline data collected from the pJIA co-
hort in the CARRA Registry. The CARRA Registry in-
cludes data from children with rheumatic diseases from
70 sites in North America with all but four of these cen-
ters located in the United States (US). Patients diagnosed
with pJIA prior to age 16 are enrolled into the Registry
by a pediatric rheumatologist before the age of 21. Re-
search personnel enter pertinent data from each CARRA
site at the time of initial and follow up patient visits.
Data utilized for this study were collected from April
2015 through February 2020.

Analytical sample
Inclusion criteria were US residency and pJIA diagnosis
with recorded ≥5 joints involved in first 6 months of dis-
ease. Exclusion criteria were invalid US zip code and
additional diagnosis of systemic inflammatory or auto-
immune disease. Approval for exemption was obtained
from the Hospital for Special Surgery and University of
California, San Francisco Institutional Review Board.

Primary exposure
The primary exposure was community poverty level.
Five-digit zip-codes of the addresses where patients were
located at symptom onset were queried. We geocoded
these individual zip-codes to link patients to specific
census tracts and census blocks. We obtained census
tract and block-level socioeconomic variables from the
2015–2019 American Community Survey (ACS) data
using the Geographic Information Systems. These geo-
graphic units are designed to be homogeneous with re-
spect to population characteristics, economic status, and
living conditions [18]. Community poverty level ascer-
tained by utilization of ACS information is based off of
percentage of peoples in a given census tract who live
below the federal poverty line based on income level.
The census-tract level is highly sensitive to gradients in
health [8, 19] with poor health outcomes consistently re-
ported in communities where ≥20% of the population
live below the poverty level [9–11]. Therefore, commu-
nity poverty level as a primary exposure was dichoto-
mized as a concentration less than 20% and greater than
or equal to 20%.

Primary outcome
The primary outcome is time from symptom onset to
presentation to the pediatric rheumatologist. Date of
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symptom onset, date of first presentation to a pediatric
rheumatologist, and subject’s medical history was ob-
tained from provider questionnaires completed using in-
formation from the family and verified by medical
records. From these data, the primary outcome of the
time from symptom onset to presentation to a pediatric
rheumatologist was calculated.

Study covariates
De-identified demographic information and clinical
characteristics from the baseline registry visit were ana-
lyzed. Demographic information included patient age,
reported race and ethnicity, reported household income,
insurance status, highest level of guardian education.
Clinical characteristics such as duration of patient-
reported morning stiffness, RF antibody status, and dis-
ease activity and disability at first pediatric rheumatology
visit were queried. Disease activity was calculated using
the Clinical Juvenile Arthritis Disease Activity Score
(cJADAS) [20]. Disability was assessed with the Child
Health Assessment Questionnaire (CHAQ) [21].
Race and ethnicity were self-reported and defined as

White, Asian, Black/African American/African or Afro-
Caribbean, Hispanic/Latino/Spanish origin, other, and
prefer not to answer. Self-reported household income
level was defined as <$25,000, $25,000-49,999, $50,000-
99,9999, and $100,000+. Parent/guardian education level
was defined as high school or less, college (including 1–
4-year college, junior college, or technical school), and
graduate school. Insurance status was categorized as
public insurance (including Medicaid, a state specific
children’s insurance plan, and military health care), pri-
vate insurance, or other (including no insurance, more
than one, non-US insurance, self-reported as other, or
missing).

Statistical analysis
Descriptive statistics were generated to describe the
study population using N (%) and median (IQR).
Kaplan-Meier curves were generated to visualize time
from symptom onset to first rheumatologist visit using
dichotomized community poverty as the primary expos-
ure. Log-rank tests were used to identify any differences
between groups. Cox proportional-hazards models
stratified by age at baseline were utilized to estimate
hazard ratios for the relationship between community
poverty, as a primary predictor, and time to presentation
to a pediatric rheumatologist as the defined event of
interest or hazard. Analyses were adjusted for demo-
graphic features, including sex and race/ethnicity; key
variables associated with SES, including insurance and
reported family education level; and variables associated
with disease characteristics like patient reported morn-
ing stiffness and baseline CHAQ to account for disease

severity and disability and IgM RF initial to account for
more aggressive disease due to seropositivity. Collinear-
ity between patient reported morning stiffness and base-
line cJADAS was assessed with a Wilcoxon rank sum
test, and morning stiffness was selected in the final
model due to missingness of cJADAS values. Statistical
significance was evaluated at the 0.05 alpha level, and 95
% confidence intervals were generated for all predictor
estimates. All analyses were performed in R Core Team
(Survival and Tidyverse, version 4.0.3, 2019, Vienna,
Austria).

Sensitivity analysis
While community poverty level was calculated based on
a subject’s zip code of residence at first rheumatologist
visit, household income level was self-reported in the
Registry. Reported income had a large number of miss-
ing data (26.7%). Therefore, we conducted a sensitivity
analysis using family reported income as the primary
predictor of time to first rheumatologist visit to assess
for validation between family-reported income and
investigator-calculated community poverty level. This
sensitivity analysis was performed for both the Kaplan-
Meier analysis and the Cox-proportional hazards model.

Results
Baseline characteristics
This study sample included 1684 participants who met
inclusion and exclusion criteria for our study, out of the
3637 pJIA participants in the CARRA Registry. The ma-
jority of those excluded did not meet the requirement of
5 or more active joints within the first 6 months of dis-
ease, therefore not meeting ILAR classification criteria
for polyarticular JIA or non-residency in the United
States. The baseline characteristics of the 1684 included
patients are summarized in Table 1. The median age of
onset of pJIA was 7 years (IQR 3, 11), 79% were female,
17.6% identified as minority race and/or ethnicity; 19%
were from communities with ≥20% community poverty
level, and 25.5% utilized public insurance. More than
half of the cohort reported a family income greater than
$50,000 per year (53.2%) while 27% of the total cohort
did not report family income. Guardian education was
college level or greater among 56.2% of participants
though there was significant missingness also for this
key demographic feature (28.4%). The geographical dis-
tribution of the study patients in the United States are
shown in Fig. 1.

Clinical outcomes
Median time from onset of symptoms to first pediatric
rheumatology visit was 3 months (IQR 1month, 6
months); 20% of the cohort did not have this informa-
tion available. Key clinical features obtained included
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self-reported morning stiffness, of which the majority of
the cohort reported none or less than 15 min (66.2%).
Median baseline cJADAS was 7.5, though we were un-
able to calculate for 38% of the cohort due to missing
joint counts. Of note, in this cohort, cJADAS and morn-
ing stiffness were found to be collinear and strongly as-
sociated in distribution with a Wilcoxon rank sum test
(p < 0.001). Baseline median CHAQ was 0.25.

Time to first pediatric rheumatologist visit
In unadjusted analysis, there was no statistically signifi-
cant difference (p = 0.6) between time to first pediatric
visit for newly diagnosed pJIA patients when analyzing
by the primary exposure- community poverty level of <
20% versus ≥20%. The median time to presentation to
care for both these groups was 3months (95% CI 2–3
months). Figure 2 demonstrates this Kaplan-Meier time-
to-event analysis.
Cox proportional hazards regression yielded an un-

adjusted hazard ratio of 0.96 (95% CI: 0.84–1.11) when
comparing time to first rheumatology visit among pa-
tients with ≥20% community poverty level to patients
with < 20% community poverty level. Adjusting for sex,
race/ethnicity, insurance, reported family education
level, patient reported morning stiffness, RF status, and
baseline CHAQ score, yielded a hazard ratio of 0.81
(95% CI: 0.67–0.99, p = 0.038) when comparing time to
first rheumatology visit among patients with ≥20% com-
munity poverty level to patients with < 20% community
poverty level. This suggests that patients living in areas
with a ≥ 20% community poverty level were 19% less
likely to be seen by a rheumatologist compared to those
living in < 20% community poverty level at the same
time point. Therefore, those individuals living in higher
poverty areas experienced delays in first presentation to
a pediatric rheumatologist.
In the multivariate Cox analysis (Table 2), public in-

surance was not a significant predictor of delay in seeing
a rheumatologist (HR 1.01, 95% CI 0.84–1.21, p-value >
0.9). Additionally, guardian education level was not
found to be a significant predictor (high school or less:
HR 0.96, 95% CI 0.75–1.23, p-value = 0.7; college or jun-
ior school: HR 0.97, 95% CI 0.81–1.17, p-value = 0.8;
graduate school as referent).
Unadjusted sensitivity analysis using family reported

income level as the primary predictor demonstrated no
statistically significant differences between income
groups with time to first rheumatology visit (p = 0.13)
using Kaplan- Meier analysis. Adjusted sensitivity ana-
lyses did not demonstrate a statistically significant differ-
ence in time from symptom onset to first visit across all
family reported income levels (($50–99,999: aHR 0.97,
0.79–1.18, p-value 0.7; $25–49,999: aHR 0.91, 0.66–1.26,

Table 1 Demographic and clinical characteristics of pJIA
patients enrolled in this CARRA Registry cohort
Characteristic Total N = 1684

Sex

Female 1322 (79%)

Male 362 (21%)

Age at diagnosis – Median (IQR) 7.0 (3.0, 11.0)

Race/Ethnicity

White 1246 (74%)

Asian 53 (3.1%)

Black, African American, African, or
Afro-Caribbean

63 (3.7%)

Hispanic, Latino, or Spanish origin 167 (9.9%)

Other 130 (7.8%)

Prefer not to answer 25 (1.5%)

Household Income

< $25,000 150 (8.9%)

$25,000-49,999 188 (11.2%)

$50,000-99,999 414 (24.5%)

$100,000+ 483 (28.7%)

Prefer not to answer or missing 449 (26.7%)

Community Poverty Level

Less than 20% 1368 (81%)

Greater than or equal to 20% 316 (19%)

Parent/Guardian Education Level

High school or less 260 (15.4%)

College (1–4 year college, junior
college, or technical school)

656 (39%)

Graduate school 289 (17.2%)

Prefer not to answer or missing 479 (28.4%)

Insurance

Public 430 (25.5%)

Private 1123 (66.7%)

None/Other/Non-US/More than one 131 (7.8%)

Patient Reported Morning Stiffness

< =15 min 1114 (66.2%)

> 15 min 438 (26%)

Missing 132 (7.8%)

Baseline cJADAS 7.5 (3.0, 12.0) [2]

Unknown 641

Baseline CHAQ 0.25 (0.00, 0.87) [2]

Unknown 130

IgM RF

Positive 309 (18%)

Negative 1204 (71%)

Not performed 171 (11%)

Anti-CCP

Positive 252 (15%)

Negative 786 (47%)

Not performed 646 (38%)
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p-value 0.6; <$25,000: aHR 0.99, 0.69–1.43, p-value > 0.9;
reported income of ≥$100,000 as referent).

Discussion
In adjusted analysis for this study, children with new-
onset polyarticular JIA residing in neighborhoods with
≥20% community poverty experienced delays in presen-
tation to a pediatric rheumatologist as compared to chil-
dren with pJIA residing in neighborhoods with lower
levels of community poverty. Importantly, the impact of

community poverty on delay to rheumatology care was
seen even while adjusting for other known social deter-
minants of health, including insurance status and guard-
ian education level (used as a surrogate for health
literacy). Such covariates may have acted as negative
confounders in the unadjusted model, accounting for
the absence of association that was subsequently identi-
fied upon adjustment in the multivariate Cox regression
analysis. The presence of delays despite adjustment for
other social determinants suggests the direct effect of
community poverty on delays to care not mediated
through other SDoH.
Several intermediate events must occur during the

time from symptom onset to diagnosis, and ultimately
treatment [14–16]. These events include the recognition
of symptoms, visit to a primary care provider, time to re-
ferral to a specialist, and time between referral and at-
tending a specialist appointment. While the data used in
this study could not truly reflect the steps in this process
to help decipher where there was greatest delay, they
suggest that community poverty may lead to delays in
the overall process of presenting to subspecialty care.
Potential factors contributing to delays could include
absence of a regular medical home/primary care, lack
of transportation, inability to afford costly co-pays as-
sociated with subspecialty care, and inability for fam-
ilies to miss work for scheduled appointments. Steps
in this process amenable to intervention are critical
to identify.

Fig. 1 Geographic distribution of the CARRA pJIA patients included in this study

Fig. 2 Time from symptom onset to date first presentation to
pediatric rheumatologist using community poverty level as the
primary predictor
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It is worth noting that the pJIA CARRA Registry co-
hort is unlikely to reflect the full diversity of the popula-
tion of children with pJIA in the US. Our pJIA cohort
was comprised of 74% White children (compared to 81%
in 2017 and 93% in 2013) [22, 23] with 20% reporting an
income level < $50,000/year (compared to 8.9% in 2013)
[22]. A recent publication from the Children’s Hospital
of Philadelphia has shown more racial diversity in their

pJIA cohort, including a higher proportion (13%) [24] of
Black patients (compared to 3.7% in our cohort). Over-
all, the demographic characteristics of our cohort of the
CARRA Registry patients are predominantly White, af-
fluent, educated, and privately insured. Our participants’
families were more educated than average (56.2% with
college degree or higher versus 32% in the average US
population [25]), had higher wealth (53.2% of the cohort

Table 2 Cox proportional hazard estimate of effect of community poverty level, demographics, and disease characteristics on time
to first rheumatologist visit

Adjusted1

Characteristic HR2 95% CI3 p-value

Community Poverty Level

< 20% – – –

≥ 20% 0.81 0.67–0.99 0.038

Sex

Male – – –

Female 1.06 0.88–1.27 0.600

Race/Ethnicity

White – – –

Asian 1.14 0.73–1.77 0.600

Black, African American, African or Afro-Caribbean 1.41 0.91–2.16 0.120

Hispanic, Latino, or Spanish origin 1.33 1.01–1.76 0.043

Other 1.21 1.21–4.10 0.200

Prefer not to answer 2.23 1.21–4.10 0.010

Insurance

Private – – –

Public 1.01 0.84–1.21 > 0.90

Reported Family Education Level

Graduate School – – –

College, Junior College, or Technical School 0.97 0.81–1.17 0.800

High School or Less 0.96 0.75–1.23 0.700

Patient Reported Morning Stiffness

≤ 15min – – –

> 15min 1.12 0.93–1.36 0.200

Anti-CCP

Negative – – –

Positive 0.99 0.73–1.35 > 0.90

Not Done 1.04 0.88–1.24 0.600

IgM RF

Negative – – –

Positive 0.94 0.70–1.25 0.700

Not Done 1.14 0.79–1.65 0.500

Baseline CHAQ 0.91 0.80–1.03 0.140

1: Cox-proportional hazard model stratified by age at baseline (> 9 and < =9) adjusting for sex, race/ethnicity, insurance, reported family education level, patient
reported morning stiffness, anti-CCP, RF IgM, and baseline CHAQ
2: Hazard ratio
3: Confidence interval
4: Child Health Assessment Questionnaire
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reporting at least $50,000/year income compared to the
US median income of $62,843 [25]), and had lower rates
of public insurance (25.5% versus 35% among all US
children [26]). A publication from Cincinnati Children’s
showed that Medicaid insurance was utilized most often
by non-White children with JIA (p = 0.04) [27]. The pau-
city of minority recruits in the CARRA pJIA cohort
might explain discrepancies in the percentage of chil-
dren with public insurance in our study. In the 2015–
2019 ACS 5-year estimates, 21.1% of the population
lived in census tracts with poverty rates of 20% or higher
with a sizable portion of these communities in the Mid-
west and the South [28]. In our cohort, 19% of patients
lived in communities with ≥20% community poverty and
as seen in Fig. 1, most patients resided on the East and
West coasts of the US.
The absence of diversity in our cohort highlights the

need to prioritize and improve diverse patient enroll-
ment in pediatric registries to improve generalizability of
research results and to be able to more accurately
understand the relationship between social determinants
of health, including socioeconomic status and racial dis-
parities, and disease outcomes. From a public health per-
spective, it is imperative to ensure early referral and
intervention for children across different socioeconomic
statuses to promote equal and timely access to quality
health care.

Strengths
The strength of this study is the large sample of patients
from the CARRA Registry. An additional advantage was
our retrospective cohort study design which allowed for
time-to-event analyses and calculation of hazard ratios
as many prior studies of socioeconomic status in JIA
have been cross-sectional in nature with interpretation
limited to association.

Limitations
While this CARRA cohort may not be demographically
representative of the overall pJIA population as de-
scribed previously, the large sample size has given us the
opportunity to study the effect of community poverty as
a potentially modifiable key step in the long-term care of
these patients. Furthermore, we expect that the lack of
diversity would bias our study towards the null, and
therefore does not threaten the validity of our findings.
We encountered significant missingness in our dataset

for key variables such as household education level
(28.4%) and predictors such as reported income level
(26.7%). Our sensitivity analysis using reported income
demonstrated no major differences in time to first
pediatric rheumatologist visit on Kaplan-Meier analysis
and the Cox model. Importantly, due to the reluctance
of lower income earners to report financial details, this

was likely a nonrandom nonresponse [29]. Therefore,
this may not reflect the true underlying relationship be-
tween income level and time to first rheumatology visit.
To control for baseline disease activity, morning stiffness
of less than or equal to 15 min was used due to inability
to calculate the cJADAS for a significant portion of our
cohort. Morning stiffness of less than or equal to 15 min
may not reliably discern mild, moderate, or severe dis-
ease activity at disease onset; therefore, there is the pos-
sibility of residual confounding in our model such that
cautious interpretation is suggested.
Finally, this analysis does not address the role that

SDoH may play in longitudinal disease activity or disease
damage which will be the subject of future work.

Conclusion
Our study found evidence of community poverty as a
predictor of delayed time to rheumatology care in newly
diagnosed pJIA patients. Further studies should focus on
the intersection of economic deprivation and racial dis-
parities, which have been previously suggested in studies
from an earlier iteration of the CARRA Registry [22, 23].
Further identification of specific barriers that delay pres-
entation to a pediatric rheumatologist may inform crit-
ical public health policy change to minimize delays to
care and thus improve pJIA disease outcomes.
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