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Adverse Childhood Experiences Are Associated with Childhood-Onset
Arthritis in a National Sample of US Youth: An Analysis of the 2016 National

Survey of Children's Health
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Nicole M. Brown, MD, MPH, MHS9,10, Laurie J. Bauman, PhD11,12, and Ruth E. K. Stein, MD13,14

Objectives To determine whether there is an association between adverse childhood experiences (ACEs) and
childhood-onset arthritis, comparing youth with arthritis to both healthy youth and youth with other acquired chronic
physical diseases (OCPD); and to examine whether ACEs are associated with disease-related characteristics
among children with arthritis.
Study design In a cross-sectional analysis of data from the 2016 National Survey of Children’s Health we exam-
ined whether ACEs were associated with having arthritis vs either being healthy or having a nonrheumatologic
OCPD. ACE scores were categorized as 0, 1, 2-3, ³4 ACEs. Multinomial logistic regression models examined as-
sociations between ACEs and health status while adjusting for age, sex, race/ethnicity, and poverty status. Among
children with arthritis, associations between ACEs and disease-related characteristics were assessed by Pearson
c2 analyses.
Results Compared with children with no ACEs, children with 1, 2-3, and ³4 ACEs had an increased odds of having
arthritis vs being healthy (adjusted OR for ³4 ACEs, 9.4; 95% CI, 4.0-22.1) and vs OCPD (adjusted OR for ³4 ACEs,
3.7; 95% CI-1.7, 8.1). Among children with arthritis, ACEs were associated with worse physical impairment.
Conclusions Children with higher numbers of ACEs are more likely to have arthritis, when arthritis status is
compared either with being healthy or with having OCPD. Further studies are needed to determine the direction
of the association between ACEs and childhood arthritis, its impact on disease course, and potential intervention
targets that might mitigate these effects. (J Pediatr 2020;226:243-50).
T
hemost common chronic childhood-onset arthritis is juvenile idiopathic arthritis (JIA), affecting an estimated 300 000 chil-
dren in theUS.1 Although the etiology of JIA and other forms of childhood-onset arthritis is largely unknown, genomic and
epidemiologic studies indicate that it is likely multifactorial involving gene-environment interactions leading to immune

dysregulation.2-7 Chronic psychological stress has been hypothesized to play a role in triggering rheumatologic diseases, including
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JIA.8 Mounting evidence suggests that exposure to chronic stress, especially in the
formative years of childhood, predispose to worse general health and chronic dis-
ease.9,10 There are particular effects that stress has on the immune system, suggested
by associations in animal and human studies between precedent stress and the
development of proinflammatory states thatmay help to explain how chronic stress
could potentiate inflammatory and autoimmune disease.11-15

Patients with childhood-onset arthritis are more likely to report several forms
of precedent personal and family stressful events when compared with healthy
controls.16 Several studies indicate that psychological stress is elevated in families
affected by juvenile arthritis, and may be a reaction to the disease experience.17-19

Adverse childhood experiences (ACEs) are experiences that are associated with
chronic stress in childhood, such as neglect, violence, and household dysfunc-
tion. Although recent literature points to an association between childhood
trauma and arthritis in adults, the relationship between ACEs and childhood-
onset arthritis has not been investigated in a large representative community
sample.20-22 Furthermore, it is unknown how children with arthritis compare
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with children with other acquired chronic physical disease
(OCPD) regarding their exposure to ACEs.

Based on the strong relationship in the literature between
ACEs and acquired chronic physical disease, our primary aim
was to investigate whether there was an association between
ACEs and childhood arthritis compared with healthy chil-
dren and those with OCPD. We hypothesized that ACEs
would be associated with childhood arthritis compared
with healthy children and children with OCPD. Our second
aimwas to investigate the associations between the ACE score
and disease-related characteristics in children with arthritis
to explore whether ACEs may impact the severity of arthritis
as well as pain and physical impairment.
Methods

We used cross-sectional data from the 2016 National Survey
of Children’s Health (NSCH), a nationally representative
sample of youth with data on ACEs. This survey of sampled
households with children <18 years old is conducted by the
US Census Bureau and sponsored by the Maternal and Child
Health Bureau of the Health Resources and Services Admin-
istration and the National Center for Health Statistics at the
Centers for Disease Control and Prevention. For the 2016
NSCH, parent/guardian respondents were surveyed on
behalf of their children by mail or online questionnaires.
The survey includes questions on demographics and individ-
ual (child’s) and family measures of health and wellness. The
NSCH uses a complex weighted survey design to represent
the US population of uninstitutionalized children. The
2016 NSCH contains data on 50 212 children, representing
a population of 73 350 040 US children. This analysis of
the 2016 NSCH data was designated as exempt by the
Einstein-Montefiore Institutional Review Board.

Variable Definitions and Measurements
Arthritis, Disease, and Health Status. Three groups of chil-
dren from the NSCH were compared in our main analysis,
the arthritis group, and 2 comparison groups including the
healthy group and the OCPD group (Figure 1; available at
www.jpeds.com). Children were classified as having an
acquired chronic physical disease by positive responses to
the questions: “Has a doctor or other health care provider
EVER told you that this child has [condition]” and “Does
this child currently have the condition?” for the conditions
of arthritis, allergies, asthma, diabetes, and epilepsy.
Children with current arthritis, with and without the
presence of other acquired chronic diseases, were included
in the arthritis group. Children with resolved arthritis were
excluded from the analysis to focus on children who were
more likely to have chronic inflammatory arthritis as
opposed to infectious or postinfectious arthritis.

Healthy status was defined by a negative response to the
Children with Special Health Care Needs Screener and no
history of physical disease, that is, no report of any of the
physical conditions specifically queried in the NSCH which
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include the above acquired chronic diseases and 9 other
physical diseases and conditions (blood disorder, brain
injury, cerebral palsy, cystic fibrosis, Down syndrome, heart
conditions, headache, or other genetic or inherited condi-
tion).23

A second comparison group, the OCPD group, included
children without a history of arthritis but who had reported
one or more of the other 4 acquired chronic diseases:
allergies, asthma, diabetes, and epilepsy.

ACEs. ACE scores were calculated from responses from the
Adverse Family Experience questionnaire included in the
NSCH, which is a modified Adverse Childhood Experience
questionnaire. Nine different ACEs were queried: (1) finan-
cial hardship, (2) divorced/separated parents, (3) death of a
parent, (4) incarceration of a parent, (5) witnessing physical
abuse at home, (6) witnessing violence in the neighborhood,
(7) household member with mental illness, (8) alcohol/drug
abuse at home, and (9) racial/ethnic discrimination. All
except financial hardship were queried as yes/no questions,
with the option of deferment: “To the best of your knowl-
edge, has this child EVER experienced any of the following?”
For financial hardship, respondents were asked “SINCE
THIS CHILD WAS BORN, how often has it been very hard
to get by on your family’s income – hard to cover the basics
like food or housing?” with response options never, rarely,
somewhat often, and very often. Responses for this question
were dichotomized with somewhat often and very often
defined as positive, consistent with instructions for scoring
the scale.24 Based on the ACE literature, we categorized
ACE scores between 0 and ³4 ACEs.25-27 Owing to the overall
small number of children with arthritis, we collapsed scores
of 2 and 3 into 1 category, like other studies with smaller
sample sizes, to ensure sufficient power to assess the sample
of children with arthritis.28,29 This strategy resulted in 4
groups: 0, 1, 2-3, and ³4 ACEs.

Disease-Related Characteristics. Following positive re-
sponses to both whether children had ever been diagnosed
with a condition, and whether the condition was current,
parents/guardians were asked to grade whether the condition
was mild, moderate, or severe. We used these responses to
assess for the severity of arthritis and OCPD. To analyze
whether ACEs were associated with arthritis severity, we
dichotomized responses into mild vs moderate/severe to
ensure approximately even groups.
Chronic pain and physical impairment were queried inde-

pendently of answers to any specific conditions and were
asked of all respondents. The presence of chronic pain was
assessed by the question, “During the past 12 months, has
this child had frequent or chronic difficulty with repeated
or chronic physical pain, including headaches or other back
or body pain?” Responses were dichotomous (yes/no). Phys-
ical impairment was assessed with the question: “During the
past 12 months, how often has this child’s health conditions
or problems affected his or her ability to do things other chil-
dren his or her age do?” Responses were sometimes, usually,
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always, or never. These were dichotomized to analyze the
presence of physical impairment with never being negative
and all other responses considered positive.

The presence of comorbid depression or anxiety was
defined as having positive responses to both the questions:
“Has a doctor or other health care provider EVER told you
that this child has depression” and “Does this child currently
have the condition?” or similar paired questions for anxiety.

Covariates
We examined variables known to be associated with both
arthritis and ACEs to examine potential confounders to
include in adjusted models. These included sex, age, race/
ethnicity, and income. Prior literature has shown that chil-
dren who identified as Black/non-Hispanic or Hispanic
race/ethnicity have a higher prevalence of ACEs; thus, we
defined race/ethnicity as a combined variable (White/non-
Hispanic, Black/non-Hispanic, Hispanic, other/non-Hispan-
ic).30,31 Children from households with an income of <100%
of the federal poverty line are known to have higher preva-
lence of ACEs; we dichotomized income as below the poverty
line and not, using the Department of Health and Human
Services poverty guidelines.32

Statistical Analyses
Statistical analysis was performed using Stata 14 (StataCorp,
College Station, Texas) and weighted point estimates and
variances were calculated using Stata survey procedures to
account for the complex sample design. We examined
differences in sociodemographics between the groups using
bivariate analyses with Pearson c2 tests for categorical vari-
ables and adjusted Wald tests to compare estimated means
between groups. We investigated whether the ACE score
was associated with arthritis vs healthy and arthritis vs
OCPD using multinomial logistic regression. The models
were expressed first with the reference group as healthy and
then as OCPD to determine the increased odds of arthritis
vs these outcomes. Adjusted models included covariates for
age, sex, race/ethnicity, and low household income (dichoto-
mized as above or below the federal poverty line). Subse-
quently, we investigated whether the ACE score was
associated with disease-related characteristics in bivariate an-
alyses using Pearson c2 tests among children with arthritis.

Sensitivity Analysis for Missing ACE Data
Respondents were allowed to decline to answer any ACE
question. Missing ACE data were not missing at random. A
higher proportion of children with missing ACE data were
black, Hispanic, or other race/ethnicity and were more likely
to be from low-income households. More children with
arthritis were missing ACE data than healthy children (20%
vs 9%; P = .02) and children with OCPD (7%; P = .003).
The majority of children with missing ACE data were missing
data for one ACE question and each ACE question had a
similar number of missing responses (3%-4% missing).
There were no missing data in the NSCH dataset for the
sociodemographic variables because multiple imputation
Adverse Childhood Experiences Are Associated with Childhood-
Analysis of the 2016 National Survey of Children’s Health
was used in the design of the dataset. For all demographic
variables, <1% of respondents had imputed data, with the
exception of income, for which 17% of healthy and OCPD
classified children had imputed values and 20% of children
with arthritis. No significant differences in proportions of
imputed data were found across health status groups. Two
sensitivity analyses were performed (counting each
unanswered ACE question as no exposure and counting
each unanswered ACE question as a positive exposure) to
assess for any differences from the main results.

Results

This study included 37 283 children with complete ACE
questionnaires who were classified as having current arthritis
with or without OCPD (n = 123), healthy (n = 25 058), or
having OCPD (n = 12 102) (Figure 1). By percentage
estimates, among children with arthritis, the majority had
comorbid OCPD (70%), most commonly allergies (31%),
followed by asthma, with or without allergies (29%).

Demographic Characteristics
Age, sex, race/ethnicity, and household income differed
across the 3 groups. Pairwise comparisons showed that chil-
dren with arthritis were significantly older than healthy chil-
dren and children with OCPD (both P < .0001). Additional
pairwise comparisons between arthritis and the other groups
were not statistically significant (Table I).

Comparison of ACEs in Arthritis, Healthy, andOCPD
Groups
Among all US children represented by the NSCH, the calcu-
lated point estimate for children with any ACE was 46%; 39%
of healthy children, 55% of children with OCPD, and 74% of
children with arthritis had any ACE. Prevalence estimates for
high exposure to ACEs (³4 ACEs) were 4% among healthy
children, 9% among children with OCPD, and 26% among
children with arthritis (Figure 2; available www.jpeds.com).
An analysis of ACE type showed that for each specific type

of ACE there were significant differences among the 3 groups
of children. Children with arthritis had the highest preva-
lence for each of the 9 ACEs, except for financial hardship.
Pairwise comparisons showed significant differences in the
prevalence between the arthritis group and the other 2 groups
in every ACE type except for financial hardship and death of a
parent (Table II; available at www.jpeds.com).

Association between ACE Score and Arthritis
Categorical ACE scores at each level were significantly associ-
ated with having arthritis or having OCPD compared with
being healthy by multinomial logistic regression. In adjusted
models for age, sex, race/ethnicity, and low household in-
come, the association of an ACE score of 1 with arthritis
did not remain statistically significant. In both unadjusted
and adjusted models, we observed increasing odds with
each rising category of ACE score of arthritis vs healthy
(Table III) and arthritis vs OCPD (Table IV).
Onset Arthritis in a National Sample of US Youth: An 245
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Table I. Demographic characteristics for children in
the 2016 NSCH

Demographics
Healthy*

(n = 25 058)
OCPD†

(n = 12 102)
Arthritis
(n = 123)

Age, years 7.6 � 0.7 9.9 � 0.9 12.9 � 0.6‡

Female sex 51% (0.7) 46% (1.0) 55% (7.0)
Race
White, non-Hispanic 52% (0.7) 53% (1.0) 58% (7.2)
Black, non-Hispanic 11% (0.5) 15% (0.7) 15% (5.4)
Hispanic 26% (0.8) 21% (1.1) 13% (4.8)
Other 11% (0.4) 10% (0.6) 13% (5.9)

Low household income§ 19% (0.7) 22% (1.0) 29% (6.5)
Acquired chronic disease –
Arthritis, alone – 30% (5.7)

OCPD
Allergies, alone 62% (1.0) 31% (6.3)
Asthma (with or without allergies) 34% (1.0) 29% (7.1)
Epilepsy (with or without

allergies/asthma)
2.3% (0.3) 7.3% (3.6)

Diabetes (with or without
allergies/asthma)

1.6% (0.2) 3.0% (2.8)

Diabetes and epilepsy (with or
without allergies/asthma)

0.1% (0.1) 0

Moderate-severe disease{ – 42% (1.0) 57% (6.9)**
Physical impairment 3.2% (0.3) 30% (0.9) 71% (6.5)‡

Chronic pain 2% (0.2) 12.6% (0.7) 64% (7.0)‡

Depression/anxiety 1.4% (0.2) 13.5% (0.7) 36% (0.7)‡

Values are weighted proportions with SE given or mean� SD. Adjusted Wald analyses used to
compare weighted mean estimates of age and Pearson c2 analyses used to compare weighted
percentages of other variables.
*Healthy children defined as those with a negative screen for special health care needs and
with no reported chronic diseases.
†OCPDs include physician-diagnosed allergies.
‡P < .0001 for pairwise comparisons between arthritis vs OCPD, arthritis vs healthy asthma,
diabetes, and epilepsy.
§From households with annual income of <100% the federal poverty line.
{Presence of moderate to severe disease activity for any disease.
**P < .05 for pairwise comparisons between arthritis vs OCPD.
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In the adjusted multinomial model, children with ³4 ACEs
were 9.4 times as likely to have arthritis as healthy children
(95% CI, 4.0-22.1; P < .001) and 3.7 times as likely to have
arthritis than OCPD (95% CI, 1.7-8.1; P = .001).

Sensitivity analyses for missing data yielded similar results.
Because of the large percentage of children with arthritis hav-
ing comorbid OCPD, we conducted an additional analysis to
look at the association between arthritis and categorical ACE
scores while adjusting for OCPD. The results show that
current arthritis was associated with categorical ACE scores
(OR, 3.4; 95% CI, 1.9, 6.1; P < .001) while adjusting for the
presence or absence of OCPD. In addition, to address the
Table III. Odds of arthritis vs healthy* in 2016 NSCH by A

ACEs

Unadjusted model

OR (95% CI) P value

0 1 –
1 vs 0 2.3 (1.1-4.8) .03
2-3 vs 0 5.1 (2.4-10.5) <.001
³4 vs 0 16.2 (7.3-35.9) <.001

ORs, 95% CIs, and P values are results from the multinomial logistic regression models comparing c
children.
*Healthy children defined as those with a negative screen for special health care needs and with n
†Adjusted for age, sex, race/ethnicity, poverty.
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difference in age between the analysis groups, we analyzed
the subsample of children whose age was ³11 years old where
the median age was similar between the 3 groups (14-15 years
of age) and the main conclusions were still valid. We tested
for interactions between covariates and categorical ACE
scores in adjusted multinomial models, and no significant
interactions were found.

Association between ACEs and Disease-Related
Characteristics among Children with Arthritis
We compared disease-related characteristics of arthritis to
children with OCPD. Data show that, compared with chil-
dren with OCPD, children with arthritis had higher esti-
mated prevalence of moderate to severe disease (65% vs
45%; P = .005), impaired physical functioning (71% vs
30%; P < .0001), chronic pain (64% vs 13%; P < .0001),
and comorbid depression or anxiety (36% vs 14%;
P < .0001). Among children with arthritis, we investigated
whether the categorical ACE score was associated with
disease-related characteristics (Table V). Although there
were no significant associations between ACE scores and
the disease severity or chronic pain, the prevalence of
physical impairment was associated with the ACE score
(P = .01). The estimated prevalence of physical impairment
among children with arthritis who were unexposed to
ACEs was 44%, however that for children with arthritis
with ³4 ACEs it was 97%. The association between
comorbid depression/anxiety did not attain statistical
significance (P = .08).
In alternate analyses where we included children with

resolved arthritis (excluded from the main analyses), a
slightly lower total point prevalence estimates were observed
in physical impairment (63% vs 71%), pain (59% vs 64%),
and comorbid depression/anxiety (30% vs 36%). However,
the associations between disease-related features with ACE
scores remained similar.

Discussion

In this large, nationally representative survey of US children,
we found that ACEs were strongly associated with arthritis.
Children with ³4 ACEs were >9 times as likely to have
arthritis compared with healthy children and nearly 4 times
as likely to have arthritis compared with children with other
CE score

Adjusted model†

OR (95% CI) P value

1 –
1.9 (0.9-4.0) .09
3.2 (1.5-6.6) .002
9.4 (4.0-22.1) <.001

hildren with arthritis and children with other chronic diseases to the reference group of healthy

o reported medical conditions.
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Table IV. Odds of arthritis vs OCPD* in 2016 NSCH by ACE score

ACEs

Unadjusted model Adjusted model†

OR (95% CI) P value OR (95% CI) P value

0 1 – 1 –
1 vs 0 1.6 (0.8-3.3) .23 1.4 (0.7-3.0) .35
2-3 vs 0 2.1 (1.6-4.4) .048 1.7 (0.8-3.6) .14
³4 vs 0 5.0 (2.3-11.0) <.0001 3.7 (1.7-8.1) .001

ORs, 95% CIs, and P values are results from the multinomial logistic regression models comparing children with arthritis and children with other chronic diseases to the reference group of healthy
children.
*OCPDs include physician-diagnosed allergies, asthma, diabetes, and epilepsy.
†Adjusted for age, sex, race/ethnicity, poverty.
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OCPD in models adjusting for sociodemographic con-
founders. We observed increasing ORs with each successive
categorical ACE score. This finding is consistent with a prior
study that demonstrated a dose-response between the ACE
scores and risk of disease.9

Studying the relationship between ACEs and disease in
children requires noting that ACEs are still accumulating in
childhood. In contrast with studies of exposure to ACEs in
adults, the temporal relationship between ACEs and disease
in this study is unclear. An earlier study of children with ju-
venile arthritis showed that some stressful life experiences are
more likely to occur among newly diagnosed patients
compared with healthy controls.16 In our study, ACEs may
have preceded or followed disease diagnoses. The adversity
may come before or after the illness and the relationship
may be bidirectional.

The mechanisms by which ACEs are associated with health
outcomes in adulthood may differ from those in childhood.
ACEs may predispose to disease, but childhood diseases may
also be a risk factor for future exposure to ACEs. Although
emerging evidence links precedent psychosocial stress and
psychological distress to the development of rheumatologic
disease, stress on a family from taking care of a child with
chronic illness can lead to financial difficulties, marital prob-
lems, and household dysfunction. Several previous studies
have indicated that parents of children with chronic arthritis
experience high levels of emotional distress.33-36 This finding
may be a result of the disease rather than a trigger.

We observed a diminished effect size in the association be-
tween ACEs and arthritis when compared with OCPD
(including other inflammatory diseases, such as asthma) vs
when compared with healthy children. Furthermore, it is
worth emphasizing that the majority (70%) of children
with arthritis in this study had comorbid OCPD. However,
Table V. ACEs and disease-related features among children

Disease-related feature Total (n = 123) 0 ACEs (n = 45) 1 AC

Moderate/severe disease 43% (6.8) 34% (11.4) 63
Physical impairment 71% (6.5) 44% (12.0) 78
Chronic pain 64% (7.0) 56.4% (12.5) 69
Depression/anxiety 36% (6.7) 10% (5.3) 46

Weighted proportions with SE given.
*P value given for Pearson c2 analysis.

Adverse Childhood Experiences Are Associated with Childhood-
Analysis of the 2016 National Survey of Children’s Health
³4 ACEs were highly associated with arthritis compared
with OCPD and categorical ACE scores were associated
with arthritis, independent of the presence of OCPD. This
finding raises the question of whether the relationship
between ACEs and arthritis may also arise from mechanisms
that are independent of those connecting ACEs and general
chronic disease, or whether similar mechanisms may be
involved, but have an even stronger effect of linking ACEs
to arthritis compared with other diseases.
The population of children with arthritis described in this

study has significant physical and mental comorbidities.
Associations between allergies, asthma, and inflammatory
arthritis in children and adults have been described.37,38 Rela-
tively high prevalence of depression and anxiety among
youth with arthritis and other rheumatologic diseases is
also described.39

The process by which stress is hypothesized to induce last-
ing biologic changes, termed biological embedding, provides
an explanation for the potential role that stress may play in
altering the proclivity for rheumatologic disease.40 Changes
in responsiveness of the hypothalamic-pituitary-adrenal
axis occur as a result of stress, particularly chronic stress.41

Through these hormonal changes and other mechanisms,
chronic stress may affect both the development and the func-
tion of the immune system.13,42 Changes that have been
observed may reflect an individual’s susceptibility to proin-
flammatory states and immune-mediated disease, for
instance elevated IL-6 responses to acute stress.11,43 In addi-
tion, epigenetic changes have been hypothesized to occur in
response to stress based on animal models of stress and early
human studies of epigenetic differences associated with stress
exposure.44,45

Although chronic psychological stress has long been
hypothesized to play a role in the pathophysiology of
with arthritis

E (n = 24) 2-3 ACEs (n = 34) ‡4 ACEs (n = 20) P value*

% (12.9) 41% (13.0) 36% (13.6) .4
% (13.1) 65% (13.6) 97% (3.3) .01
% (13.4) 57% (13.7) 72% (16.3) .8
% (14.3) 36% (16.7) 56% (16.7) .08

Onset Arthritis in a National Sample of US Youth: An 247



THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 226
rheumatologic disease, only recently have large epidemio-
logic studies been leveraged to investigate this hypothesis.15

Trauma and post-traumatic stress disorder have been associ-
ated with systemic lupus erythematosus, rheumatoid
arthritis, and other autoimmune diseases in studies of mili-
tary personnel.22 Studies from a prospective cohort of >50
000 women from the Nurses’ Health Study, found that
trauma exposure was associated with incident systemic lupus
erythematosus and rheumatoid arthritis.20,21 Regarding
ACEs specifically, a large retrospective study found that
ACEs were associated with odds of hospitalization for auto-
immune disease in adults and a Canadian cohort study
showed that childhood exposure to abuse was associated
with arthritis in adults.46,47

We did not find an association between disease severity
and ACEs. This finding is consistent with a smaller study
from 30 years ago that found that neither the presence of
chronic family stress nor stressful life events was associated
with disease severity or type of disease in children with juve-
nile rheumatoid arthritis.48 Likewise, no association was seen
between pain and ACEs in children with arthritis in our
study. An association between ACEs and chronic pain in
adults has been previously described, and findings of a rela-
tionship between ACEs and pain in children have been
inconsistent.49-53

Although acute daily stress has previously been associated
with worse physical functioning in children with arthritis,
our findings that ACEs were associated with physical impair-
ment implies that chronic stress may also be linked to
impaired physical functioning.54 This difference may reflect
irreversible disease damage, access to physical therapy, or dif-
ferences in treatment. This finding may also reflect differ-
ences in coping abilities, differences in emotional reserves
to handle chronic disease, or differences in social resources
that may hinder achieving optimal functional outcomes.

Chronic stress and ACEs in particular, are highly associ-
ated with mental health conditions such as depression and
anxiety, which are known to influence social, emotional,
but also physical functioning in children with chronic dis-
ease.10,55-57 Our investigations of an association between
ACEs, physical functioning, depression, and anxiety among
children with arthritis were exploratory and limited by the
relatively small sample size of children with arthritis included
in the NSCH. In addition, in this study, pain and physical
impairment were queried independently of arthritis status
and may be related to other comorbid conditions and not
arthritis.

The relationships between disease severity, pain, physical
impairment, comorbid psychiatric symptoms, and ACEs
should be examined in larger studies of children with
arthritis. Adding ACE questionnaires to registry studies,
such as that currently piloted by the Childhood Arthritis
and Rheumatology Research Alliance in children with JIA,
may provide important information about the relationship
between ACEs and specific rheumatologic diseases.
248
A strength of this study is the use of a large nationally
representative sample, making these findings widely general-
izable within the US. Although the sample of children with
arthritis was small, it is as large as expected based on the prev-
alence of inflammatory arthritis.1 Limitations of the study
include the lack of characterization of type of arthritis and
the inability to confirm parent-reported diagnosis with med-
ical records. Most juvenile arthritis is inflammatory and not
osteoarthritis, but arthritis in childhood includes a heteroge-
neous group of diseases, including autoimmune and autoin-
flammatory arthritis, like JIA and juvenile forms of systemic
lupus erythematosus, scleroderma, inflammatory myositis,
and sarcoidosis. Arthritis as classified in this study may also
include infectious arthritis and postinfectious arthritis.
Parents may have reported a diagnosis of arthritis with joint
problems or joint pain that is not consistent with physician-
diagnosed inflammatory arthritis. Hence, the examination of
ACE data in formal rheumatologic disease registries will
enhance our understanding of the relationship between
ACEs, childhood arthritis, and disease-related outcomes.
The NSCH ACE questions are not all inclusive and there

are areas of chronic adversity that may be associated with
arthritis and other diseases not explored in this study. For
instance, deportation of a parent or family member is not
included in the questionnaire. Expanded ACE screeners
that include this and other examples of serious childhood
adversity have been proposed to better reflect family experi-
ences of specific populations, such as immigrant and urban
populations.58,59 Finally, the NSCH data were not granular
enough to determine the duration, timing, or severity of
the reported ACEs.
The association between ACEs and arthritis and between

ACEs and impairment in children with arthritis suggests
that ACE screening may be important and informative in
pediatric rheumatology clinics. Currently, psychoeducation
and social and family support are being studied to determine
whether early interventions can buffer against the develop-
ment of new ACEs and engender resilience to their delete-
rious impact.60 Further studies are needed to illuminate the
pathways by which ACEs associate with childhood-onset
rheumatologic disease and to determine whether supportive
interventions around psychosocial health for children
exposed to ACEs have a role in improving disease-related
outcomes in childhood arthritis. n
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Figure 1. Includedsubpopulations of the2016NSCHare shown in light gray; the subgroups thatwere excludedare shown indark
gray. Chronic mental disorders were not excluded from any of the subgroups, including ‘healthy’ children. *Children with other
chronic physical conditions, not arthritis, include children with physician-diagnosed allergies, asthma, diabetes, and epilepsy.
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Figure 2. Weighted proportions of children with each categorical ACE score shown among the general population of all children
from the NSCH and among NSCH subgroup populations. *Healthy children were defined as those with a negative screen for
special health care needs and with no reported medical diseases. †OCPD include physician-diagnosed allergies, asthma, dia-
betes, and epilepsy.

Table II. ACEs in healthy children, children with
OCPDs, and children with arthritis from the 2016
NSCH

ACEs

Healthy*
(n = 25
058)

OCPD†

(n = 12
102)

Arthritis
(n = 123)

Any ACEs 39% (0.7) 55% (1.0)‡ 74% (5.8)§

Specific ACEs
Financial hardship 21% (0.6) 32% (1.0) 31% (5.7)
Divorced/separated parents 20% (0.6) 31% (0.9){ 47% (7.0)§

Death of a parent 2% (0.2) 4% (0.4) 7% (3.6)
Incarceration of a parent 6% (0.4) 11% (0.8){ 19% (5.2)§

Witnessed physical abuse at
home

4% (0.3) 7% (0.5)** 22% (6.3)§

Witnessed violence in
neighborhood

2% (0.2) 5% (0.4)†† 21% (6.6)§

Mental illness in home 5% (0.3) 12% (0.7)†† 36% (7.3)§

Alcohol/drug abuse in home 7% (0.4) 11% (.6)‡ 24% (6.5)§

Racial/ethnic discrimination 3% (0.2) 5% (0.5){ 14% (6.0)§

Weighted proportions with SE given. P values from Pearson c2 tests.
Pairwise comparisons of arthritis vs other chronic diseases: {P < .05, ‡P < .01, **P < .001,
††P < .0001.
Pairwise comparisons of arthritis vs healthy: §P < .0001.
*Healthy children defined as those with a negative screen for special health care needs and
with no reported chronic diseases.
†OCPDs include physician-diagnosed allergies, asthma, diabetes, and epilepsy.
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