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Abstract

IMPORTANCE Traumatic brain injury (TBI) in children and adolescents is associated with mental and
physical health sequelae, including elevated risks of anxiety, depression, persistent headaches, and
chronic physical pain. However, factors that may be associated with the risk of these adverse
outcomes and with improved recovery remain underexplored.

OBJECTIVE To examine associations between medically diagnosed TBI and mental (anxiety and
depression) and physical (frequent headaches and chronic pain) health outcomes among US
children and adolescents aged 6 to 17 years and to evaluate whether these associations vary by

level of family resilience.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used data from the 2022 and
2023 National Survey of Children’s Health (NSCH), a nationally representative survey conducted by
the US Census Bureau and sponsored by the Health Resources and Services Administration Maternal
and Child Health Bureau. The NSCH collects caregiver-reported data on child and adolescent health,
family context, and social determinants across all 50 US states and the District of Columbia. This
study included children and adolescents aged 6 to 17 years whose parents reported medically
diagnosed TBI and a comparison group without medically diagnosed TBI. Children and adolescents
with comorbidities were excluded. Survey weights accounted for complex sampling to generate
nationally representative estimates. Data analysis was done from June 1to November 13, 2025.

EXPOSURES Medically diagnosed TBI.

MAIN OUTCOMES AND MEASURES Current status and severity of medically diagnosed anxiety,
depression, frequent or severe headaches (including migraine headaches), and chronic physical

pain. Moderators included adverse childhood experiences, child and adolescent flourishing, and
family resilience.

RESULTS Among 33 572 participants, 1195 individuals (3.5%; 47.0% [95% Cl, 41.2%-52.9%] female;
46.5% [95% Cl, 41.0%-52.0%] aged 15-17 years) had a history of medically diagnosed TBI and 32 377
individuals (96.4%; 54.0% [95% Cl, 52.9%-55.1%] female; 51.7% [95% Cl, 50.6%-52.8%] aged 6-11
years) had no TBI. Children and adolescents with TBI had a significantly higher prevalence of poor
health than those without TBI (eg, current anxiety: 12.9% [95% Cl, 9.3%-16.5%] vs 4.7% [95% ClI,
4.3%-5.0%]; adjusted prevalence ratio, 1.83 [95% Cl, 1.38-2.43]). They had increased odds of current
anxiety (adjusted odds ratio [aOR], 1.87 [95% Cl, 1.31-2.67]), depression (aOR, 1.98 [95% ClI,
1.13-3.47]), frequent headaches (aOR, 7.76 [95% Cl, 2.71-22.20]), and chronic pain (aOR, 3.99 [95%
Cl, 1.81-8.77]). Interaction analyses showed evidence of effect modification on the multiplicative (OR)
scale for depression, with higher odds observed at moderate (aOR, 5.64 [95% Cl, 1.13-28.20];
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Key Points

Question Is the association between
pediatric traumatic brain injury (TBI) and
adverse mental and physical health

outcomes modified by family resilience?

Findings In this cross-sectional study
of 33572 US children and adolescents
(aged 6-17 years), those with medically
diagnosed TBI had significantly
increased odds of anxiety, depression,
headaches, and chronic pain. Greater
family resilience and child flourishing
were associated with decreased odds of
these outcomes, particularly
depression, whereas adverse childhood
experiences were associated with

increased odds.

Meaning In this study, family resilience
was associated with decreased odds of
depression among children with TBI.
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Abstract (continued)

P =.04) and low (aOR, 6.41[95% Cl, 1.24-33.20]; P = .03) resilience levels compared with the
reference group (no TBI x high resilience).

CONCLUSIONS AND RELEVANCE In this study, family resilience was associated with variation in the
association between TBI and depression. These findings support further investigation of family-
focused rehabilitation approaches in prospective studies.

JAMA Network Open. 2026;9(4):€269222. doi:10.1001/jamanetworkopen.2026.9222

Introduction

Traumatic brain injury (TBI) in childhood and adolescence is increasingly recognized as a major
determinant of long-term mental and physical health, including anxiety, depression, persistent
headaches, and chronic pain."® Prior research suggests that higher rates of anxiety and depression
after pediatric TBI may result from disruption of frontal-subcortical and limbic circuits involved in
emotional regulation.® Additionally, executive dysfunction and impaired emotional processing after
TBI may be associated with further increased risk of persistent internalizing symptoms.? TBI can be
associated with sleep disturbances, motor coordination deficits, and sensory impairments that
affect daily functioning, academic achievement, and overall quality of life."” Despite these risks,
few large, population-based studies have comprehensively examined the co-occurrence of mental
and physical health sequelae of pediatric TBI or evaluated whether family factors are associated
with decreased odds of these adverse outcomes.®'° Most prior research has conceptualized

TBI primarily as a mechanistic risk factor associated with negative outcomes rather than
investigating modifiable psychosocial assets, such as family resilience, that may buffer or
exacerbate these associations.

Adverse childhood experiences (ACEs) are well-established risk factors associated with poor
mental and physical health across development."'? In contrast, child flourishing and family resilience
have emerged as key resources that enable adaptive coping, supportive relationships, and emotional
strength in the face of trauma or chronic adversity.™® Flourishing reflects child and adolescent
developmental competencies and adaptive functioning, whereas family resilience describes how
families respond to stress, communicate effectively, and mobilize collective strengths when facing
crisis or major family events.®"” These constructs offer a strengths-based perspective that contrasts
with traditional, deficit-focused risk models.8'* Prior research demonstrates that child and
adolescent flourishing is associated with greater emotional well-being, stronger school engagement,
and fewer behavioral health problems in children and adolescents. 8131819 ikewise, family resilience
has been shown to be associated with buffering of stressors and improved psychosocial adjustment
among children and adolescents with chronic iliness.2%2'

Guided by family resilience theory,'®?? we hypothesized that family resilience would modify the
association between pediatric TBI and adverse mental and physical health outcomes. Although prior
research has demonstrated that family environment and parenting style can moderate psychosocial
outcomes after pediatric TBI,'>?32* no study has quantitatively tested a validated family resilience
construct as a moderator of mental and physical sequelae in a national pediatric TBI population.
Using data from the 2022 to 2023 National Survey of Children’s Health (NSCH), we examined
associations between medically diagnosed TBI and 4 key outcomes (anxiety, depression, frequent
headaches, and chronic physical pain) and evaluated whether these associations varied by level of
family resilience after accounting for demographics and socioeconomic status, ACEs, and child and
adolescent flourishing index score. We hypothesized that higher family resilience would moderate
the association between TBI and adverse outcomes.

[5 JAMA Network Open. 2026;9(4):e269222. doi:10.1001/jamanetworkopen.2026.9222 April 13,2026 2/15

Downl oaded from j amanet wor k. com by guest on 04/ 13/ 2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.9222&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222

JAMA Network Open | Pediatrics Family Resilience and Mental and Physical Health Sequelae of Pediatric TBI in Youths

Methods

Study Design and Participants

This cross-sectional study used data from the 2022 and 2023 NSCH, a nationally representative,
cross-sectional survey conducted by the US Census Bureau and sponsored by the Health Resources
and Services Administration Maternal and Child Health Bureau. The NSCH collects caregiver-
reported data on health and well-being, health care access, family environments, and social
determinants of health for children and adolescents aged O to 17 years across all 50 US states and the
District of Columbia. This study used deidentified, publicly available data and was deemed exempt
from review and consent by the Nationwide Children's Hospital Institutional Review Board under 45
CFR §46.104(d)(4). All analyses followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline for cross-sectional studies.

Target Study Population
To reduce confounding,>%> we excluded children and adolescents with comorbid chronic physical
and neurodevelopmental conditions, including allergies, asthma, attention-deficit disorder/
attention-deficit hyperactivity disorder, autism spectrum disorder, behavioral problems (eg, conduct
disorder and oppositional defiant disorder), blood disorders (eg, anemia and sickle cell disease),
cerebral palsy, deafness or hearing loss, developmental delay, diabetes (type 1or type 2), epilepsy or
seizure disorders, heart conditions, intellectual disability, learning disabilities, speech disorders, or
Tourette syndrome. A total of 45 443 children and adolescents, including 3006 individuals with TBI,
were excluded (Figure 1).

We then derived a binary TBI variable. Children and adolescents were classified as having
a medically diagnosed TBI if caregivers reported that the child or adolescent had a physician-
confirmed diagnosis of TBI. Children and adolescents were classified as not having TBI if
caregivers responded no to the concussion or brain injury question. We excluded 213 individuals
whose caregivers suspected a concussion or brain injury but did not seek medical care, 128
individuals whose caregivers sought care but did not receive a physician-confirmed diagnosis of
TBI, and 132 individuals with a missing brain injury answer. This more stringent classification
ensured that the TBI group reflected clinically recognized cases while maintaining a clearly
defined comparison group of peers without TBI."3 The final analytic sample comprised 1195 children
and adolescents with medically diagnosed TBI and 32 377 children and adolescents without TBI
(Figure 1).

Figure 1. Study Flowchart

127762 Children and adolescents in National Survey of Children’s Health
national data (2022-2023)

94190 Excluded
48274 Aged <6y
45443 With comorbidities (learning disability, ADHD, behavior
problem, autism, developmental delay, speech disorder,
Tourette syndrome, asthma, epilepsy, deafness, intellectual
> disability, cerebral palsy, heart condition, diabetes, blood
disorder, and allergy)
473 With suspected but not medically confirmed TBI or missing TBI
213 Suspected but not sought care
132 Missing TBI information
128 Suspected, sought care, but not confirmed

| l

1195 Medically diagnosed TBI ‘ 32377 Non-TBI group ADHD indicates attention-deficit/hyperactivity
group . . I
disorder; TBI, traumatic brain injury.
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Study Covariate and Outcome Measurements

Main Covariates

All demographic, insurance, education, and income variables were reported by a parent or adult
caregiver knowledgeable about the child or adolescent'’s health as part of the NSCH. Child and
adolescent age, sex, and race and ethnicity were identified by caregiver self-report in the household
screener. Hispanic ethnicity was assessed separately from race, and respondents could select 1or
more racial categories. Race categories in the survey were American Indian or Alaska Native, Asian,
Black, Native Hawaiian, and White; American Indian or Alaska Native, Asian, and Native Hawaiian
were combined as other for this study due to small sample sizes. Ethnicity categories in the survey
were Hispanic and non-Hispanic. Race and ethnicity were assessed because they are important social
and structural determinants of health associated with differences in resource access, health care use,
and health outcomes. Caregiver educational attainment was self-reported. Child and adolescent
health insurance type reflected parent-reported current coverage. Household income was reported
as total pretax family income in the prior calendar year. Federal poverty level status was derived from
reported income and household size using federal poverty thresholds.

Outcomes

Core mental and physical health outcomes were constructed using validated NSCH items. Specifically,
anxiety, depression, and frequent or severe headaches, including migraine headaches, were deter-
mined by a caregiver confirmative answer that a doctor or other clinician ever told the caregiver that the
child or adolescent had the condition. If the parent or caregiver answered yes, then the parent or care-
giver was asked to report whether the child or adolescent currently (when the survey was conducted)
had the condition and, if so, the level of severity (mild, moderate, and severe) of the condition. Chronic
physical pain was based on parent or caregiver reports of whether the child or adolescent had frequent
or chronic difficulty due to physical pain over the past 12 months. All not applicable values in the raw
data were treated as missing to ensure consistent handling across variables.

Child and Adolescent Flourishing and Family Resilience Index

Child and adolescent flourishing was measured using the Child Flourishing Index (CFl), a 3-item scale
evaluating key developmental competencies, including whether the child or adolescent shows
interest and curiosity in learning new things, works to finish tasks they start, and stays calm and in
control when faced with a challenge. Each item was measured on a 4-point Likert scale (always to
never). Consistent with prior NSCH studies,®171°
with higher scores reflecting greater flourishing. The 3 items were summed to create a composite CFl
ranging from O to 9.8'*'° We categorized CFl scores into low (range = 0-6), moderate (range = 7),
or high (range = 8-9) levels. Categories were defined based on the empirical distribution of summed

items were reverse coded and rescaled to O to 3,

scores to balance group sizes for analysis.

Family resilience was assessed using a modified 6-item version of the Family Resilience Index
(FRI) derived from the NSCH.™" The original FRI includes 4 caregiver-reported items designed to
capture resilience-promoting behaviors and dynamics within families: (1) how often the family talks
together about what to do, (2) works together to solve problems, (3) recognizes strengths to draw
on, and (4) stays hopeful even in difficult times. As done by Bethell et al,™®" to reflect broader
family functioning, we added 2 items assessing caregiver-child connection (“can share ideas or talk
about things that really matter with the child”) and parental coping ("handling the day-to-day
demands of raising children”). All 6 items were rated on a 4-point Likert scale ranging from none of
the time (O) to all of the time (3). Responses were summed to generate a composite score ranging
from 0 t018."

Child and adolescent flourishing and family resilience measurements were based on child
and adolescent development and family resilience theory and conceptual constructs.'®26-2
These measurements were validated and used by other investigators who used the NSCH 8131719
FRI scores were categorized into 3 levels of family resilience: low (0-14), moderate (15-17), and
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high (18).">7 Cut points were selected to yield approximately balanced group sizes while maintaining
adequate cell counts for analysis.

Statistical Analysis

Statistical analysis followed the principles and steps recommended by the NSCH?® and used by other
researchers.®™1° Full-year child and adolescent-level weights were adjusted for pooled data by
dividing by 2, consistent with NSCH guidelines for multiyear estimates.?® The survey design included
weights, stratification, and clustering variables.

First, descriptive analyses were performed to calculate weighted frequencies and proportions
of children and adolescents with and without medically diagnosed TBI across sociodemographic
variables (sex, age groups, race and ethnicity, family medical insurance type, highest education level
of parents or caregivers, and household income relative to the federally defined poverty threshold
[percentage FPL]). Then, weighted prevalence of medically diagnosed anxiety, depression,
headaches, and caregiver-reported chronic physical pain was calculated separately for the 2
comparison groups (TBI vs non-TBI groups). We report the weighted prevalence by doctor or health
professional-diagnosed condition, current status, and severity level of current anxiety, depression,
and headaches. Bar graphs display the weighted prevalence (percentage) of children and
adolescents aged 6 to 17 years with caregiver-reported current status of anxiety, depression,
headache, or chronic physical pain, stratified by FRI level for TBI and non-TBI groups.

Adjusted prevalence ratios (aPRs) and 95% Cls were estimated using survey-weighted Poisson
regression with Taylor series linearization to account for the NSCH's complex sampling design,*°
controlling for sex, age group, child or adolescent race or ethnicity, medical insurance type, highest
education level of parents or caregiver, and percentage FPL level.

To evaluate associations between medically diagnosed TBI and parent or caregiver-reported
current status of anxiety, depression, and headaches among children and adolescents, as well as
associations between TBI and chronic physical pain, we fitted survey-weighted multivariable logistic
regression models. Variables of main interest in our study were status of medically diagnosed TBI,
number of ACEs, FRI level, and CFl level, while sex, age group, child or adolescent race and ethnicity,
medical insurance type, highest education level of parents or caregiver, and household percentage
FPL were considered as confounding factors. Results from multivariable logistic regression models
provided evidence regarding whether there were associations between variables of interest
(medically diagnosed TBI, ACEs, family resilience, and child or adolescent flourishing) and current
status of anxiety, depression, headache, and chronic physical pain when other potential
demographics, insurance type, parent or caregiver education, and household percentage FPL
were controlled.

To test our study main hypothesis, we used survey-weighted multivariable logistic regression
models with interaction terms to evaluate modification on the multiplicative (odds ratio [OR]) scale
of FRI level on the association between medically diagnosed TBI and the previously listed 4 mental
and physical outcomes (anxiety, depression, headache, and chronic physical pain).2'> Logistic
regression models included TBI status (yes and no) and FRI level (high, moderate, and low) as
main effects. A TBI x FRI interaction term assessed effect modification on the multiplicative (OR)
scale, testing whether associations between medically diagnosed TBI and caregiver-reported
anxiety, depression, frequent headaches, and chronic physical pain varied by family resilience
level. Controlled covariates included sex, age, race and ethnicity, medical insurance type,
highest level of education among reported adults, household percentage FPL, ACEs, and
CFl level.

Data were analyzed using R statistical software version 4.3.2 (R Project for Statistical
Computing), with the survey package to account for the complex sampling design of the NSCH.
Two-sided statistical significance was set at P < .05. Data analysis was done from June 1to
November 13, 2025.

& JAMA Network Open. 2026;9(4):e269222. doi:10.1001/jamanetworkopen.2026.9222 April 13,2026 5/15

Downl oaded from j amanet wor k. com by guest on 04/ 13/ 2026



JAMA Network Open | Pediatrics

Family Resilience and Mental and Physical Health Sequelae of Pediatric TBI in Youths

Results

Sociodemographic Characteristics

Atotal of 33 572 participants, including 1195 individuals with medically diagnosed TBI (3.5%; 47.0%
[95% Cl, 41.2%-52.9%] female; 46.5% [95% Cl, 41.0%-52.0%] aged 15-17 years; 3.4% [95% Cl, 1.3%-
5.5%] Black non-Hispanic, 21.4% [95% Cl, 14.2%-28.6%] Hispanic, and 64.6% [95% Cl, 58.0%-71.2%]
White non-Hispanic) and 32 377 peers without TBI (96.4%; 54.0% [95% Cl, 52.9%-55.1%] female;
51.7%[95% Cl, 50.6%-52.8%] aged 6-11 years; 12.7% [95% Cl, 11.8%-13.6%] Black non-Hispanic, 29.5%
[95% Cl, 28.4%-30.7%] Hispanic, and 44.7% [95% Cl< 43.7%-45.8%] White non-Hispanic) were in-
cluded in our study. Table 1compares sociodemographic characteristics of groups with and without
medically diagnosed TBI. For all demographic and family characteristics, children and adolescents with
a history of a medically diagnosed TBI were significantly different from those without TBI. Given these
imbalances, all multivariable models controlled for demographic and socioeconomic covariates, ACEs,
flourishing, and family resilience, and findings were interpreted as associations.

Table 1. Sociodemographic Characteristics of Study Sample

Children and adolescents (No. = 33572)

Medically diagnosed TBI No TBI
Sample No. Weighted No. Weighted % Sample No. Weighted No. Weighted %
Characteristic (n=1195) (n =657290) (95% Cl) (n=32377) (n=25946007) (95% Cl) P value®
Sex
Male 656 348036 53.0 (47.1-58.8) 14813 11942329 46.0 (44.9-47.1)
Female 539 309254 47.0 (41.2-52.9) 17 564 14003678 54.0(52.9-55.1) 02
Age group, y
6-11 253 183539 27.9 (21.3-34.5) 15694 13409135 51.7 (50.6-52.8)
12-14 278 168254 25.6(21.1-30.1) 7719 6658933 25.7 (24.7-26.6) <.001
15-17 664 305498 46.5 (41.0-52.0) 8964 5877940 22.7 (21.8-23.5)
Race and ethnicity
Black non-Hispanic 17 22366 3.4 (1.3-5.5) 1990 3290460 12.7 (11.8-13.6)
Hispanic 120 140841 21.4(14.2-28.6) 5210 7660018 29.5(28.4-30.7)
White non-Hispanic 953 424564 64.6 (58.0-71.2) 20167 11608386 44.7 (43.7-45.8) <001
Other non-Hispanic® 105 69519 10.6 (7.9-13.3) 5010 3387143 13.1(12.4-13.7)
Medical insurance
Public insurance only 133 108699 16.5(9.7-23.3) 6390 7081480 27.3(26.3-28.3)
Private insurance only 972 490832 74.7 (68.1-81.3) 22453 14977 052 57.7 (56.6-58.8)
Other (private and public) 28 14024 2.1(1.0-3.2) 1085 1064198 4.1(3.6-4.6) <.001
Uninsured 36 20641 3.1(1.6-4.7) 1712 2075725 8.0(7.2-8.8)
Missing value 26 23093 3.5(1.6-5.4) 737 747553 2.9(2.5-3.2)
Highest level of education
among reported adults
<High school 17 40972 6.2 (-0.9-13.3) 1148 2868986 11.1(10.1-12.0)
High school diploma 100 68148 10.4(7.5-13.2) 4441 4998772 19.3(18.4-20.1) .05
>High school 1078 548170 83.4(76.5-90.3) 26788 18078249 69.7 (68.6-70.8)
Family poverty ratio, % FPL®
<100 61 65323 9.9 (2.9-17.0) 3274 4052186 15.6 (14.7-16.5)
100-199 129 85047 12.9(9.6-16.3) 5411 5510271 21.2(20.3-22.2)
200-399 404 190525 29.0(24.8-33.2) 11908 9135089 35.2(34.2-36.2) <001
2400 601 316396 48.1(42.5-53.8) 11784 7248461 27.9(27.1-28.8)

Abbreviations: FPL, federal poverty level; TBI, traumatic brain injury.

2 Pvalues are derived from Rao-Scott adjusted x? tests, which test the independence
between TBI status and each sociodemographic characteristic while properly
accounting for survey design and weighting. Missing value amounts were not

included in the calculation of P values.

of FPL).
b Other non-Hispanic race includes American Indian or Alaska Native, Asian, and )

Native Hawaiian.

€ FPL was based on household size and total pretax family income reported for the prior
calendar year. Family poverty ratio was calculated as the ratio of household income to
the US Census Bureau federal poverty threshold for a family of the same size and
composition in the survey year and categorized according to standard National Survey
of Children’s Health groupings (eg, <100%, 100%-199%, 200%-399%, and =400%
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Mental and Physical Health Sequelae
Children and adolescents with a history of medically diagnosed TBI had substantially higher rates of
mental and physical health problems than their peers without TBI (Table 2). The weighted
prevalence of current anxiety was 12.9% (95% Cl, 9.3%-16.5%) among children and adolescents with
TBI vs 4.7% (95% Cl, 4.3%-5.0%) among those without TBI (aPR, 1.83 [95% Cl, 1.38-2.43]). Current
depression was also more common in the TBI group (6.7% [95% Cl, 3.8%-9.6%]) than the non-TBI
group (1.9% [95% Cl, 1.6%-2.2%]; aPR, 2.13 [95% Cl, 1.33-3.401]). A higher proportion of children and
adolescents with TBI vs those without TBI had current frequent or severe headaches (10.8%, 95%
Cl, 3.5%-18.1% vs 1.2%, 95% Cl, 1.0%-1.4%; aPR, 6.88 [95% Cl, 2.73-17.34]) and chronic physical pain
in the past 12 months (13.9%, 95% Cl, 6.8%-20.9% vs 3.9% [95% Cl, 3.4%-4.3%]; aPR, 3.38 [95%

Cl1,1.91-5.99]).

Table 2. Prevalence and aPR of Adverse Health Outcomes

Children and adolescents (No. = 33 572)

Medically diagnosed TBI No TBI
Weighted % Weighted %
Outcome Sample No. Weighted No.  (95% Cl) Sample No. Weighted No.  (95% Cl) aPR (95% CI)?
Anxiety
Doctor or health professional ever told
Yes 186 92725 14.6 (10.9-18.3) 2459 1412712 5.6 (5.2-6.0) 1.75(1.36-2.25)
No 982 541314 85.4(81.7-89.1) 29075 23675641 94.4 (94.0-94.7) 1 [Reference]
Current anxiety
Yes 157 81430 12.9(9.3-16.5) 2101 1174119 4.7 (4.3-5.0) 1.83(1.38-2.43)
No 1006 549368 87.1(83.5-90.7) 29397 23884444 95.3(95.0-95.7) 1 [Reference]
Current anxiety severity level
Mild 82 48616 59.7 (46.2-73.2) 1199 712944 60.8 (57.3-64.3) 1 [Reference]
Moderate 65 26354 32.4(20.0-44.7) 809 418406 35.7 (32.3-39.1) 0.95 (0.66-1.38)
Severe 10 6460 7.9(1.8-14.0) 88 41083 3.5(2.3-4.7) 2.65(1.27-5.54)
Depression
Doctor or health professional ever told
Yes 109 53922 8.5(5.5-11.5) 1068 645965 2.6 (2.2-2.9) 2.13(1.45-3.11)
No 1059 579 045 91.5(88.5-94.5) 30472 24488233 97.4(97.1-97.8) 1 [Reference]
Current depression
Yes 75 42293 6.7 (3.8-9.6) 815 479 866 1.9(1.6-2.2) 2.13(1.33-3.40)
No 1092 590619 93.3(90.4-96.2) 30713 24645927 98.1(97.8-98.4) 1 [Reference]
Current depression severity level
Mild 39 24234 57.3(36.6-77.9) 449 249093 52.0(43.7-60.2) 1 [Reference]
Moderate 29 12430 29.4(11.8-47.0) 303 198387 41.3(32.5-50.1) 0.89 (0.57-1.40)
Severe 7 5629 13.3(2.0-24.7) 62 32370 6.7 (4.0-9.5) 3.03(1.34-6.83)
Frequent or severe headaches
Doctor or health professional ever told
Yes 103 90032 14.2 (6.9-21.6) 701 460344 1.8(1.5-2.1) 6.14 (2.99-12.63)
No 1061 542136 85.8(78.4-93.1) 30872 24664563 98.2 (97.9-98.5) 1 [Reference]
Current headaches
Yes 75 68260 10.8(3.5-18.1) 491 297 352 1.2(1.0-1.4) 6.88 (2.73-17.34)
No 1087 563554 89.2 (81.9-96.5) 31066 24820786 98.9 (98.6-99.0) 1 [Reference]
Current headache severity level
Mild 32 21213 31.1(6.2-56.0) 273 170024 57.7 (50.0-65.4) 1 [Reference]
Moderate 35 44288 64.9 (37.4-92.5) 194 114555 38.9(31.3-46.5) 1.25(0.86-1.80)
Severe 7 2689 3.9(0.6-8.5) 19 9886 3.4(0.1-6.6) 1.24(0.30-5.13)
Chronic physical pain in past 12 mo
Yes 135 87716 13.9(6.8-20.9) 1237 971620 3.9(3.4-4.3) 3.38(1.91-5.99)
No 1031 544796 86.1(79.0-93.2) 30293 24115987 96.1 (95.6-96.6) 1 [Reference]

Abbreviations: aPR, adjusted prevalence ratio; TBI, traumatic brain injury.

@ aPRand 95% Cl were calculated using survey-weighted Poisson regression with

medical insurance type, highest education level of parents or caregivers, and

standard errors, controlling for sex, age group, child or adolescent race and ethnicity,

household income level (percentage federal poverty level).
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Children and adolescents with TBI were more likely to report moderate to severe symptoms of
anxiety and depression than those without TBI. For example, the prevalence of severe anxiety among
children and adolescents with TBI (7.9% [95% Cl, 1.8%-14.0%]) was approximately double that of
their peers without TBI (3.5% [95% Cl, 2.3%-4.7%]; aPR, 2.65 [95% Cl, 1.27-5.54); this was also true
for severe depression (13.3% [95% Cl, 2.0%-24.7%] vs 6.7% [95% Cl, 4.0%-9.5%]; aPR, 3.03 [95%
Cl,1.34-6.83]).

As illustrated in Figure 2, mental and physical health problems decreased progressively with
increasing levels of family resilience. Among children and adolescents with TBI, the prevalence of
anxiety, depression, headache, and chronic pain was highest in the low-FRI group and lowest in the
high-FRI group, demonstrating a graded pattern of association. This gradient was evident for mental
and physical outcomes, whereas children and adolescents without TBI showed smaller differences
across FRI levels.

ACEs, Child Flourishing, and Family Resilience

In multivariable logistic regression models (Table 3), children and adolescents with medically
diagnosed TBI had significantly higher adjusted odds of anxiety (adjusted OR [aOR], 1.87 [95% ClI,
1.31-2.67]), depression (aOR, 1.98 [95% Cl, 1.13-3.47]), frequent headaches (aOR, 7.76 [95% Cl,
2.71-22.201]), and chronic physical pain (aOR, 3.99 [95% Cl, 1.81-8.77]) compared with children and
adolescents without TBI. Greater exposure to ACEs was associated with all outcomes, with
particularly high point estimates for depression (aOR for =3 vs O ACES, 7.89 [95% Cl, 5.18-12.02])
and anxiety (aOR for =3 vs O ACES, 3.76 [95% Cl, 2.88-4.91]).

Figure 2. Bar Graphs of Weighted Prevalence of Mental and Physical Health Conditions
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Table 3. Multivariable Logistic Regression Analysis of Association of Exposures With Current Status

of Mental and Physical Health

Health Outcome OR (95% Cl) P value aOR (95% CI)? P value
Anxiety
TBI status
No TBI 1 [Reference] NA 1 [Reference] NA
Medically diagnosed TBI 3.11(2.21-4.39) <.001 1.87 (1.31-2.67) <.001
Reported ACEs, No.”
0 1 [Reference] NA 1 [Reference] NA
Low (1) 1.53 (1.26-1.86) <.001 1.51(1.23-1.86) <.001
Moderate (2) 2.26(1.75-2.92) <.001 2.11(1.61-2.76) <.001
High (23) 3.76 (2.97-4.76) <.001 3.76 (2.88-4.91) <.001
Family Resilience Index score®
High (18) 1 [Reference] NA 1 [Reference] NA
Moderate (15-17) 2.00(1.60-2.49) <.001 1.35(1.07-1.69) .01
Low (0-14) 2.97 (2.41-3.65) <.001 1.49(1.19-1.88) <.001
Child Flourishing Index score®
High (8-9) 1 [Reference] NA 1 [Reference] NA
Moderate (7) 1.99 (1.54-2.55) <.001 1.73(1.33-2.24) <.001
Low (0-6) 3.92(3.17-4.83) <.001 2.99(2.37-3.77) <.001
Depression
TBI status
No TBI 1 [Reference] NA 1 [Reference] NA
Medically diagnosed TBI 3.77 (2.26-6.27) <.001 1.98 (1.13-3.47) .02
Reported ACEs, No.”
0 1 [Reference] NA 1 [Reference] NA
Low (1) 2.86 (1.74-4.69) <.001 2.24(1.51-3.33) <.001
Moderate (2) 4.94 (3.42-7.13) <.001 3.42(2.33-5.01) <.001
High (23) 10.75 (7.42-15.56) <.001 7.89(5.18-12.02) <.001
Family Resilience Index score®
High (18) 1 [Reference] NA 1 [Reference] NA
Moderate (15-17) 1.76 (1.12-2.79) .02 1.14 (0.75-1.71) .54
Low (0-14) 3.70(2.31-5.93) <.001 1.51(0.99-2.29) .05
Child Flourishing Index score®
High (8-9) 1 [Reference] NA 1 [Reference] NA
Moderate (7) 1.34 (0.80-2.25) .27 1.30(0.79-2.14) .30
Low (0-6) 4.27 (2.64-6.93) <.001 3.17 (2.00-5.04) <.001
Headaches
TBI status
No TBI 1 [Reference] NA 1 [Reference] NA
Medically diagnosed TBI 10.23 (4.63-22.60) <.001 7.76 (2.71-22.20) <.001
Reported ACEs, No.”
0 1 [Reference] NA 1 [Reference] NA
Low (1) 1.60(1.03-2.49) .04 1.37(0.87-2.18) .18
Moderate (2) 1.18(0.72-1.95) 51 0.91 (0.52-1.60) .75
High (23) 2.14 (1.19-3.88) .01 1.46 (0.80-2.66) 21
Family Resilience Index score®
High (18) 1 [Reference] NA 1 [Reference] NA
Moderate (15-17) 1.71 (0.98-2.98) .06 1.54 (0.83-2.85) 17
Low (0-14) 1.95 (1.33-2.85) <.001 1.64 (1.01-2.67) .047
Child Flourishing Index score®
High (8-9) 1 [Reference] NA 1 [Reference] NA
Moderate (7) 1.34(0.75-2.38) .33 1.28(0.74-2.22) .38
Low (0-6) 1.24(0.72-2.14) 44 1.00 (0.59-1.68) 1.00
(continued)
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Table 3. Multivariable Logistic Regression Analysis of Association of Exposures With Current Status

of Mental and Physical Health (continued)

Health Outcome OR (95% Cl) Pvalue aOR (95% CI)? Pvalue
Chronic physical pain
TBI status
No TBI 1 [Reference] NA 1 [Reference] NA
Medically diagnosed TBI 4.32(2.31-8.09) <.001 3.99(1.81-8.77) <.001
Reported ACEs, No.”
0 1 [Reference] NA 1 [Reference] NA
Low (1) 1.60 (1.15-2.23) .01 1.19(0.87-1.62) .29
Moderate (2) 1.99 (1.37-2.90) <.001 1.25(0.85-1.84) .25
High (23) 3.72(2.66-5.21) <.001 2.30(1.60-3.31) <.001
Family Resilience Index score®
High (18) 1 [Reference] NA 1 [Reference] NA
Moderate (15-17) 2.18(1.57-3.04) <.001 1.83(1.25-2.68) .002
Low (0-14) 3.16 (2.37-4.22) <.001 2.08(1.48-2.92) <.001
Child Flourishing Index score®
High (8-9) 1 [Reference] NA 1 [Reference] NA
Moderate (7) 1.86 (1.26-2.75) .002 1.75(1.17-2.61) .01
Low (0-6) 2.63(1.82-3.81) <.001 1.95 (1.36-2.81) <.001

Abbreviations: ACE, adverse childhood experience; aOR, adjusted odds ratio; NA, not applicable; OR, odds ratio; TBI,
traumatic brain injury.

@ Multivariable models adjusted for sex, age, race and ethnicity, medical insurance type, highest level of education among
reported adults, and family poverty ratio level.

b ACEs were self-reported by the caregiver in the National Survey of Children’s Health: difficulty covering basic needs,
such as food or housing (ACE1; 1 = never to 4 = very often); parental divorce or separation (ACE3); parental death (ACE4);
parental time in jail or prison (ACE5); witnessing domestic violence in the home (ACE6); experiencing or witnessing
neighborhood violence (ACE7); living with someone who was mentally ill, suicidal, or severely depressed (ACE8); living
with someone who had problems with alcohol or drugs (ACE9); being treated or judged unfairly because of race or
ethnicity (ACE10); and being treated or judged unfairly because of a health condition or disability (ACE11). ACE3 through
ACET1 were coded as 1= yesand 2 = no.

€ Family Resilience Index score was calculated using the National Survey of Children’s Health items, including how often fami-
lies stay hopeful facing problems, talk together about what to do, work together to solve problems, and draw on strengths,
each coded 1 = all of the time, 2 = most of the time, 3 = some of the time, and 4 = none of the time, and how well the care-
giver and child can share ideas or talk about things that really matter (1 = very well to 4 = not well at all) and how well the
caregiver thinks they are handling the day-to-day demands of raising children (1 = very well to 4 = not well at all).

d Child Flourishing Index score was calculated using the National Survey of Children’s Health items, including caregiver-
reported answers concerning whether the child shows interest and curiosity in learning new things, works to finish tasks
they start, and stays calm and in control when faced with a challenge (each reverse coded as O = never, 1 = sometimes,
2 = usually, and 3 = always).

Low levels of child and adolescent flourishing were also associated with increased odds of
anxiety (aOR, 2.99 [95% Cl, 2.37-3.77]), depression (aOR, 3.17 [95% Cl, 2.00-5.04]), and chronic pain
(aOR, 1.95 [95% Cl, 1.36-2.81]) compared with high flourishing. Similarly, children and adolescents
from families with low resilience had increased odds of anxiety (aOR, 1.49 [95% Cl, 1.19-1.88]),
headaches (aOR, 1.64 [95% Cl, 1.01-2.67]), and physical pain (aOR, 2.08 [95% Cl, 1.48-2.92]) than
those from families with high resilience.

Interaction Between TBI and Family Resilience

As shown in the eTable in Supplement 1, family resilience modified the association between TBI and
several health outcomes. Among children and adolescents without TBI, lower family resilience was
associated with increased odds of anxiety (aOR, 1.36 [95% Cl, 1.07-1.72]; P = .01), headaches (aOR,
1.79 [95% Cl, 1.07-2.99]; P = .03), and chronic pain (aOR, 2.08 [95% Cl, 1.47-2.94]; P < .001). In
contrast, the association between TBI and depression varied by level of family resilience, with
markedly higher odds at moderate (aOR, 5.64 [95% Cl, 1.13-28.20]; P = .04) and low (aOR, 6.41
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[95% Cl, 1.24-33.20]; P = .03) resilience levels compared with the reference group (no TBI x high
resilience). There were no interactions between TBI and family resilience for anxiety, headaches, or
chronic physical pain, suggesting that family resilience primarily moderated the association between
TBI and depressive outcomes.

Discussion

This cross-sectional study used adult caregiver-reported data for 33 572 children and adolescents
aged 6 to 17 years in the 2022 to 2023 NSCH to investigate the association between medically
diagnosed TBI and mental and physical health outcomes. Our findings revealed that children and
adolescents with TBI experienced significantly elevated rates of anxiety and depression and were
markedly more likely than their peers without TBI to report severe current symptoms of these
conditions. These findings, in line with prior studies,>233°
TBI with substantial increases in risks of adverse mental health indicators. Because we restricted TBI
classification to caregiver-reported, physician-confirmed diagnoses and excluded suspected or
unconfirmed cases, our findings likely reflected clinically recognized pediatric TBI and may represent
conservative estimates relative to the broader spectrum of mild or unconfirmed TBI.

Additionally, our results showed that children and adolescents with TBI had increased odds of
frequent headache and persistent chronic physical pain. These findings are consistent with previous

underscore the observed association of

research suggesting that chronic pain after TBI is multifactorial and involves neuroinflammatory
processes, excitotoxicity, and altered pain-modulation pathways.3"3> These mechanisms may
contribute not only to chronic headaches but also to chronic physical pain.>® Given the high
prevalence and complexity of chronic headache and physical pain after TBI, early identification and
multidisciplinary treatment approaches are essential to mitigate long-term disability and improve
quality of life 343637

Our interaction analysis of TBI x FRI level from survey-weighted multivariable logistic
regression models found that children and adolescents with TBI who had low and moderate family
resilience had a significantly increased risk of depression compared with the no TBI x high resilience
group. Our findings contribute to a growing body of literature emphasizing the importance of family
interventions, specifically family resilience, in mitigating adverse outcomes associated with TBI.?238
Prior research showed that children and adolescents exposed to adversity, including TBI, had
increased odds of emotional and behavioral challenges?*>°; however, those embedded in a resilient
family environment and who demonstrated flourishing traits, such as emotional regulation, curiosity,
and persistence, tended to experience more favorable outcomes."™ Our results, in line with family
resilience theory,'®2% suggest that family resilience was associated with decreased odds of adverse
mental and physical outcomes, offering a critical pathway for early intervention and family support
during recovery and rehabilitation after pediatric TBI.2*384° Unlike nonmodifiable factors, such as
age, sex, intellectual abilities and education, and preinjury psychiatric history, family resilience is
considered a key modifiable factor, alongside socioeconomic status, nutrition, and exercise, that may
be associated with improved outcomes in multiple domains of functioning (eg. cognition, emotion
regulation, health and wellness, and behavior) after a TBI.38 Studies have shown a small to medium
positive effectiveness of family-oriented interventions after TBI for child and parental
outcomes.?*#1-44 Qur findings of multiplicative-scale association modification provided new
evidence for tailoring prevention efforts to subgroups most at risk, specifically, children and

adolescents with a history of TBI who also report low levels of flourishing or family resilience. #2438

Limitations

This study has limitations. First, the timing of the reported TBlI relative to the interview and outcome
ascertainment was unknown; therefore, temporal ordering could not be established in the study and
reverse causation may be plausible. Second, its cross-sectional design precludes conclusions about
temporal or causal relationships between TBI and subsequent mental and physical health outcomes.
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In addition, interaction analyses were conducted on the multiplicative (OR) scale and reflect
associational effect modification rather than additive interaction or causal synergism. Longitudinal
studies are needed to clarify the directionality of these associations. Third, all measures, including TBI
history, mental and physical health outcomes, and family resilience and flourishing, were based on
caregiver report, which may introduce recall and social desirability bias. Fourth, although analyses
adjusted for a range of demographic and socioeconomic covariates, residual confounding from
unmeasured variables, such as parental mental health, family coping style, or access to rehabilitation
services, cannot be excluded. Fifth, findings are generalizable only to the US household-based
population of children and adolescents aged 6 to 17 years and may not extend to younger children or
institutionalized youths.

Conclusions

This cross-sectional study found that family resilience was associated with decreased odds of
depression after pediatric TBI. Clinically, these results underscore the value of integrating strength-
based, family resilience-enhancing approaches into pediatric TBI care to promote holistic recovery
and well-being. Future research should focus on developing and rigorously testing such
interventions, alongside dissemination and implementation studies to identify and overcome
barriers to their adoption, adaptation, and long-term sustainability.

ARTICLE INFORMATION
Accepted for Publication: February 24, 2026.

Published: April 13, 2026. doi:10.1001/jamanetworkopen.2026.9222

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2026 Zhou Z
et al. JAMA Network Open.

Corresponding Author: Henry Xiang, MD, MPH, PhD, MBA, Center for Injury Research and Policy, Abigail Wexner
Research Institute, Nationwide Children’s Hospital, 700 Children’s Drive, Columbus, OH 43205, USA (Xiang.
30@osu.edu).

Author Affiliations: Center for Injury Research and Policy, Abigail Wexner Research Institute, Nationwide
Children's Hospital, Columbus, Ohio (Zhou, Smith, Xiang); School of Health and Rehabilitation Sciences, The Ohio
State University, Columbus (Sullivan); Division of Biostatistics, College of Public Health, The Ohio State University,
Columbus (Qian, Lu); University of Washington, Seattle (Rivara); College of Medicine, The Ohio State University,
Columbus (Sullivan, Sribnick, Smith, Phan, Langenecker, Xiang).

Author Contributions: Dr Xiang and Mr Zhou had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Zhou, Lu, Langenecker, Rivara, Xiang.
Acquisition, analysis, or interpretation of data: Zhou, Sullivan, Qian, Lu, Sribnick, Smith, Phan, Xiang.
Drafting of the manuscript: Zhou, Sullivan, Rivara, Xiang.

Critical review of the manuscript for important intellectual content: Zhou, Sullivan, Qian, Lu, Sribnick, Smith, Phan,
Langenecker, Xiang.

Statistical analysis: Zhou, Qian, Lu, Xiang.

Obtained funding: Xiang.

Administrative, technical, or material support: Sullivan, Langenecker, Xiang.
Supervision: Zhou, Sribnick, Xiang.

Conflict of Interest Disclosures: Dr Lu reported receiving personal fees from Regenxbio Inc and Biogen MA Inc
outside the submitted work. Dr Sribnick reported receiving grants from the National Institutes of Health (NIH)
outside the submitted work. Dr Rivara reported receiving grants from the NIH during the conduct of the study. Dr
Xiang reported receiving grants from the NIH during the conduct of the study. No other disclosures were reported.

Funding/Support: This research was supported by research grant ROIHD107280-01 from the NIH Eunice
Kennedy Shriver National Institute of Child Health and Human Development to Drs Xiang and Lu.

[5 JAMA Network Open. 2026;9(4):e269222. doi:10.1001/jamanetworkopen.2026.9222 April 13,2026 12/15

Downl oaded from j amanet wor k. com by guest on 04/ 13/ 2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.9222&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222
mailto:Xiang.30@osu.edu
mailto:Xiang.30@osu.edu

JAMA Network Open | Pediatrics Family Resilience and Mental and Physical Health Sequelae of Pediatric TBI in Youths

Role of Funder/Sponsor: The Eunice Kennedy Shriver National Institute of Child Health and Human Development
had norole in the design and conduct of the study; collection, management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; and the decision to submit the manuscript for publication.

Disclaimer: The contents do not represent the views of the Eunice Kennedy Shriver National Institute of Child
Health and Human Development.

Meeting Presentation: This study was presented at the Society for Advancement of Violence and Injury Research
(SAVIR) 2026 Annual Conference; April 13, 2026; Providence, Rhode Island.

Data Sharing Statement: See Supplement 2.

Additional Information: Mr Zhou was a master’s of science student in biostatistics and bioinformatics at the
University of California, San Diego, when he conducted this research through the Student Summer Research
Program under the supervision of Dr Xiang at the Center for Injury Research and Policy, Abigail Wexner Research
Institute, Nationwide Children’s Hospital.

REFERENCES

1. Haarbauer-Krupa J, Wray AP, Lebrun-Harris LA, Cree RA, Womack LS. Prevalence and correlates of suspected
and diagnosed traumatic brain injuries among US school-aged children. J Pediatr Clin Pract. 2024;14:200117. doi:
10.1016/j.jpedcp.2024.200117

2. LiL, Liu J. The effect of pediatric traumatic brain injury on behavioral outcomes: a systematic review. Dev Med
Child Neurol. 2013;55(1):37-45. doi:10.1111/j.1469-8749.2012.04414.x

3. Keenan HT, Clark AE, Holubkov R, Cox CS, Ewing-Cobbs L. Psychosocial and executive function recovery
trajectories one year after pediatric traumatic brain injury: the influence of age and injury severity. J Neurotrauma.
2018;35(2):286-296. doi:10.1089/neu.2017.5265

4. Keenan HT, Clark AE, Holubkov R, Cox CS Jr, Ewing-Cobbs L. Trajectories of children’s executive function after
traumatic brain injury. JAMA Netw Open. 2021;4(3):€212624. doi:10.1001/jamanetworkopen.2021.2624

5. Lebrun-Harris LA, Parasuraman SR, Desrocher R. Prevalence of brain injuries among children with special
healthcare needs. J Pediatr. 2018;200:125-131. doi:10.1016/j.jpeds.2018.05.013

6. Bhalerao SU, Geurtjens C, Thomas GR, Kitamura CR, Zhou C, Marlborough M. Understanding the
neuropsychiatric consequences associated with significant traumatic brain injury. Brain Inj. 2013;27(7-8):767-774.
doi:10.3109/02699052.2013.793396

7. Haarbauer-Krupa J, Lebrun-Harris LA, Black LI, et al. Comparing prevalence estimates of concussion/head injury
in U.S. children and adolescents in national surveys. Ann Epidemiol. 2021;54:11-20. doi:10.1016/j.annepidem.
2020.11.006

8. Barnhart S, Bode M, Gearhart MC, Maguire-Jack K. Supportive neighborhoods, family resilience and flourishing
in childhood and adolescence. Children (Basel). 2022;9(4):495. doi:10.3390/children9040495

9. Fuller AE, Duh-Leong C, Brown NM, Garg A, Oyeku SO, Gross RS. Material hardship, protective factors,
children's special health care needs, and the health of mothers and fathers. Acad Pediatr. 2024;24(2):267-276.
doi:10.1016/j.acap.2023.11.015

10. McGowan EC, Oyeku SO, Lim SW. Family, neighborhood and parent resilience are inversely associated with
reported depression in adolescents exposed to ACEs. Acad Pediatr. 2023;23(4):773-781. doi:10.1016/j.acap.2022.
10.009

11. Bethell CD, Solloway MR, Guinosso S, et al. Prioritizing possibilities for child and family health: an agenda to
address adverse childhood experiences and foster the social and emotional roots of well-being in pediatrics. Acad
Pediatr. 2017;17(75):536-S50. doi:10.1016/j.acap.2017.06.002

12. Thompson EM, Corcoran F, Hodges HR. Adverse childhood experiences and resilience: family resilience as a
promotive factor in young children’s flourishing. SAGE Open. 2024;14(4). doi:10.1177/21582440241302899

13. Bethell CD, Gombojav N, Whitaker RC. Family resilience and connection promote flourishing among US
children, even amid adversity. Health Aff (Millwood). 2019;38(5):729-737. doi:10.1377/hlthaff.2018.05425

14. Guo S, O'Connor M, Mensah F, et al. Measuring positive childhood experiences: testing the structural and
predictive validity of the health outcomes from positive experiences (HOPE) framework. Acad Pediatr. 2022;22
(6):942-951. doi:10.1016/j.acap.2021.11.003

15. Semanision K, Williams R, Moran E, Rabinowitz A. Psychosocial determinants conferring resilience after TBI:
current understanding. Curr Phys Med Rehabil Rep. 2024;12:359-367. doi:10.1007/s40141-024-00461-7

16. Henry CS, Harrist AW. Family resilience theory. In: Adamsons K, Few-Demo AL, Proulx C, Roy K, eds.
Sourcebook of Family Theories and Methodologies. Springer, Cham; 2022:65-91. doi:10.1007/978-3-030-
92002-9 4

[5 JAMA Network Open. 2026;9(4):e269222. doi:10.1001/jamanetworkopen.2026.9222 April 13,2026 13/15

Downl oaded from j amanet wor k. com by guest on 04/ 13/ 2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.9222&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222
https://dx.doi.org/10.1016/j.jpedcp.2024.200117
https://dx.doi.org/10.1111/j.1469-8749.2012.04414.x
https://dx.doi.org/10.1089/neu.2017.5265
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2624&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222
https://dx.doi.org/10.1016/j.jpeds.2018.05.013
https://dx.doi.org/10.3109/02699052.2013.793396
https://dx.doi.org/10.1016/j.annepidem.2020.11.006
https://dx.doi.org/10.1016/j.annepidem.2020.11.006
https://dx.doi.org/10.3390/children9040495
https://dx.doi.org/10.1016/j.acap.2023.11.015
https://dx.doi.org/10.1016/j.acap.2022.10.009
https://dx.doi.org/10.1016/j.acap.2022.10.009
https://dx.doi.org/10.1016/j.acap.2017.06.002
https://dx.doi.org/10.1177/21582440241302899
https://dx.doi.org/10.1377/hlthaff.2018.05425
https://dx.doi.org/10.1016/j.acap.2021.11.003
https://dx.doi.org/10.1007/s40141-024-00461-7
https://dx.doi.org/10.1007/978-3-030-92002-9_4
https://dx.doi.org/10.1007/978-3-030-92002-9_4

JAMA Network Open | Pediatrics Family Resilience and Mental and Physical Health Sequelae of Pediatric TBI in Youths

17. Bethell C, Blackwell CK, Gombojav N, Davis MB, Bruner C, Garner AS. Toward measurement for a whole child
health policy: validity and national and state prevalence of the integrated child risk index. Acad Pediatr. 2022;22
(6):952-964. doi:10.1016/j.acap.2021.12.001

18. Kwong TY, Hayes DK. Adverse family experiences and flourishing amongst children ages 6-17 years: 2011/12
National Survey of Children’s Health. Child Abuse Negl. 2017;70:240-246. doi:10.1016/j.chiabu.2017.06.016

19. Lyu W, Wehby GL. Child flourishing, school engagement, physical activity, and screen time during the
coronavirus disease 2019 pandemic in 2020. Acad Pediatr. 2023;23(3):659-666. doi:10.1016/j.acap.2022.12.016

20. DongC, WuQ, PanY, Yan Q, Xu R, Zhang R. Family resilience and its association with psychosocial adjustment
of children with chronic illness: a latent profile analysis. J Pediatr Nurs. 2021;60:e6-e12. doi:10.1016/j.pedn.2021.
02.010

21. QiuY, XuL, PanY, et al. Family resilience, parenting styles and psychosocial adjustment of children with chronic
iliness: a cross-sectional study. Front Psychiatry. 2021;12. doi:10.3389/fpsyt.2021.646421

22, Ewing-Cobbs L, Montroy JJ, Clark AE, Holubkov R, Cox CS Jr, Keenan HT. As time goes by: understanding child
and family factors shaping behavioral outcomes after traumatic brain injury. Front Neurol. 2021;12:687740. doi:
10.3389/fneur.2021.687740

23. Fay TB, Yeates KO, Taylor HG, et al. Cognitive reserve as a moderator of postconcussive symptoms in children
with complicated and uncomplicated mild traumatic brain injury. J Int Neuropsychol Soc. 2010;16(1):94-105. doi:
10.1017/S1355617709991007

24. Yeates KO, Taylor HG, Walz NC, Stancin T, Wade SL. The family environment as a moderator of psychosocial
outcomes following traumatic brain injury in young children. Neuropsychology. 2010;24(3):345-356. doi:10.1037/
a0018387

25. Brown NM, Brown SN, Briggs RD, German M, Belamarich PF, Oyeku SO. Associations between adverse
childhood experiences and ADHD diagnosis and severity. Acad Pediatr. 2017;17(4):349-355. doi:10.1016/j.acap.
2016.08.013

26. Walsh F. The concept of family resilience: crisis and challenge. Fam Process. 1996;35(3):261-281. doi:10.1111/j.
1545-5300.1996.00261.x

27. Walsh F. Strengthening Family Resilience. 3rd ed. Guilford Press; 2016.

28. US Census Bureau. National survey of children’s health: guide to multi-year estimates. Published April 10,
2024. Accessed February 19, 2026. https://www?2.census.gov/programs-surveys/nsch/technical-documentation/
methodology/NSCH-Guide-to-Multi-Year-Estimates.pdf

29. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical comparison
of models that directly estimate the prevalence ratio. BVIC Med Res Methodol. 2003;3:21. doi:10.1186/1471-
2288-3-21

30. Dharsee S, Laliberté Durish C, Tang K, et al; Pediatric Emergency Research Canada (PERC) A-CAP Study Team.
Association of psychological resilience, cognitive reserve, and brain reserve with post-concussive symptoms in
children with mild traumatic brain injury and orthopedic injury: an A-CAP study. J Neurotrauma. 2025;42(7-8):
731-744. doi:10.1089/neu.2024.0076

31. Aisenberg E, Herrenkohl T. Community violence in context: risk and resilience in children and families.
JInterpers Violence. 2008;23(3):296-315. doi:10.1177/0886260507312287

32. Irvine KA, Clark JD. Chronic pain after traumatic brain injury: pathophysiology and pain mechanisms. Pain
Med. 2018;19(7):1315-1333. doi:10.1093/pm/pnx153

33. Serpa RO, Ferguson L, Larson C, et al. Pathophysiology of pediatric traumatic brain injury. Front Neurol. 2021;
12:696510. doi:10.3389/fneur.2021.696510

34. KwanV, VoM, Noel M, Yeates K. A scoping review of pain in children after traumatic brain injury: is there more
than headache? J Neurotrauma. 2018;35(7):877-888. doi:10.1085/neu.2017.5281

35. Chen Q, Bharadwaj V, Irvine KA, Clark JD. Mechanisms and treatments of chronic pain after traumatic brain
injury. Neurochem Int. 2023;171:105630. doi:10.1016/j.neuint.2023.105630

36. Hoffman JM, Curran M, Barber J, Lucas S, Fann JR, Zumsteg JM. Collaborative care for chronic pain after
traumatic brain injury: a randomized clinical trial. JAMA Netw Open. 2024;7(6):€2413459. doi:10.1001/
jamanetworkopen.2024.13459

37. Patterson Gentile C, Rosenthal S, Blume H, et al. American Headache Society white paper on treatment of
post-traumatic headache from concussion in youth. Headache. 2024;64(9):1148-1162. doi:10.1111/head.14795
38. Holland JN, Schmidt AT. Static and dynamic factors promoting resilience following traumatic brain injury:
a brief review. Neural Plast. 2015;2015:902802. doi:10.1155/2015/902802

[5 JAMA Network Open. 2026;9(4):e269222. doi:10.1001/jamanetworkopen.2026.9222 April 13,2026 14/15

Downl oaded from j amanet wor k. com by guest on 04/ 13/ 2026


https://dx.doi.org/10.1016/j.acap.2021.12.001
https://dx.doi.org/10.1016/j.chiabu.2017.06.016
https://dx.doi.org/10.1016/j.acap.2022.12.016
https://dx.doi.org/10.1016/j.pedn.2021.02.010
https://dx.doi.org/10.1016/j.pedn.2021.02.010
https://dx.doi.org/10.3389/fpsyt.2021.646421
https://dx.doi.org/10.3389/fneur.2021.687740
https://dx.doi.org/10.1017/S1355617709991007
https://dx.doi.org/10.1037/a0018387
https://dx.doi.org/10.1037/a0018387
https://dx.doi.org/10.1016/j.acap.2016.08.013
https://dx.doi.org/10.1016/j.acap.2016.08.013
https://dx.doi.org/10.1111/j.1545-5300.1996.00261.x
https://dx.doi.org/10.1111/j.1545-5300.1996.00261.x
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/NSCH-Guide-to-Multi-Year-Estimates.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/NSCH-Guide-to-Multi-Year-Estimates.pdf
https://dx.doi.org/10.1186/1471-2288-3-21
https://dx.doi.org/10.1186/1471-2288-3-21
https://dx.doi.org/10.1089/neu.2024.0076
https://dx.doi.org/10.1177/0886260507312287
https://dx.doi.org/10.1093/pm/pnx153
https://dx.doi.org/10.3389/fneur.2021.696510
https://dx.doi.org/10.1089/neu.2017.5281
https://dx.doi.org/10.1016/j.neuint.2023.105630
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.13459&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.13459&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.9222
https://dx.doi.org/10.1111/head.14795
https://dx.doi.org/10.1155/2015/902802

JAMA Network Open | Pediatrics Family Resilience and Mental and Physical Health Sequelae of Pediatric TBI in Youths

39. Anderson VA, Catroppa C, Haritou F, Morse S, Rosenfeld JV. Identifying factors contributing to child and family
outcome 30 months after traumatic brain injury in children. J Neurol Neurosurg Psychiatry. 2005;76(3):401-408.
doi:10.1136/jnnp.2003.019174

40. Soendergaard PL, Arango-Lasprilla JC, Wolffbrandt MM, Dornonville de la Cour FL, Biering-Sgrensen F, Norup
A. Investigating the effectiveness of a family intervention after acquired brain or spinal cord injury: a randomized
controlled trial. J Clin Med. 2023;12(9). doi:10.3390/jcm12093214

41. Kinsella G, Ong B, Murtagh D, Prior M, Sawyer M. The role of the family for behavioral outcome in children and
adolescents following traumatic brain injury. J Consult Clin Psychol. 1999;67(1):116-123. doi:10.1037/0022-006XX.
671116

42. Shen J, Zhao S, Horn T, et al. Family matters: a systematic review and meta-analysis on the efficacy of family-
oriented interventions for children with acquired brain injuries. Clin Psychol Rev. 2023;99:102218. doi:10.1016/j.
cpr.2022.102218

43. Vangel SJ Jr, Rapport LJ, Hanks RA. Effects of family and caregiver psychosocial functioning on outcomes in
persons with traumatic brain injury. J Head Trauma Rehabil. 2011;26(1):20-29. doi:10.1097/HTR.
0b013e318204a70d

44. McKee GB, Olabarrieta-Landa L, Pérez-Delgadillo PK, et al. Longitudinal growth curve trajectories of family
dynamics after pediatric traumatic brain injury in Mexico. Int J Environ Res Public Health. 2020;17(22):8508. doi:
10.3390/ijerph17228508

SUPPLEMENT 1.

eTable. Interaction of TBI Status and Family Resilience Level in Multivariable Logistic Regression Models of Current
Status of Anxiety, Depression, Headaches, and Chronic Physical Pain among Children and Adolescents Aged 6-17
Years, NSCH 2022-2023

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2026;9(4):e269222. doi:10.1001/jamanetworkopen.2026.9222 April 13,2026 15/15

Downl oaded from j amanet wor k. com by guest on 04/ 13/ 2026


https://dx.doi.org/10.1136/jnnp.2003.019174
https://dx.doi.org/10.3390/jcm12093214
https://dx.doi.org/10.1037/0022-006X.67.1.116
https://dx.doi.org/10.1037/0022-006X.67.1.116
https://dx.doi.org/10.1016/j.cpr.2022.102218
https://dx.doi.org/10.1016/j.cpr.2022.102218
https://dx.doi.org/10.1097/HTR.0b013e318204a70d
https://dx.doi.org/10.1097/HTR.0b013e318204a70d
https://dx.doi.org/10.3390/ijerph17228508

