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BACKGROUND: This study aimed to identify contextual factors associated with life satisfaction during the COVID-19 pandemic for
adolescents with mental, emotional, behavioral, and developmental (MEBD) disabilities.
METHODS: Data were collected from a sample of 1084 adolescents aged 11–21 years from April 2020 to August 2021. This cross-
sectional study used a sequential machine learning workflow, consisting of random forest regression and evolutionary tree
regression, to identify subgroups of adolescents in the Environmental influences on Child Health Outcomes (ECHO) consortium who
demonstrated enhanced vulnerability to lower life satisfaction as described by intersecting risk factors, protective factors, and
MEBD disabilities.
RESULTS: Adolescents with a history of depression, anxiety, autism, and attention-deficit/hyperactivity disorder were particularly
susceptible to decreased life satisfaction in response to unique combinations of stressors experienced during the COVID-19
pandemic. These stressors included decreased social connectedness, decreased family engagement, stress related to medical care
access, pandemic-related traumatic stress, and single-caregiver households.
CONCLUSION: Findings from this study highlight the importance of interventions aimed specifically at increasing adolescent social
connectedness, family engagement, and access to medical support for adolescents with MEBD disabilities, particularly in the face of
stressors, such as a global pandemic.

Pediatric Research; https://doi.org/10.1038/s41390-023-02852-3

IMPACT:

● Through a machine learning process, we identified contextualized risks associated with life satisfaction among adolescents with
neurodevelopmental disabilities during the COVID-19 pandemic.

● The COVID-19 pandemic resulted in large-scale social disruptions for children and families. Such disruptions were associated
with worse mental health outcomes in the general pediatric population, but few studies have examined specific subgroups
who may be at heightened risk. We endeavored to close that gap in knowledge.

● This study highlights the importance of social connectedness, family engagement, and access to medical support as
contributing factors to life satisfaction during the COVID-19 pandemic for adolescents with neurodevelopmental disabilities.

INTRODUCTION
Health policies to curb the spread of the SARS-CoV-2 virus caused
major disruptions for children and families. Schools were closed to
in-person learning; extracurricular activities were canceled; and
universal stay-at-home orders meant children spent more time
quarantined with family members than engaging in social
interactions with friends. Parents in the United States (US)
reported that school closures were accompanied by a twofold
increase in their children’s anxiety and depression compared with

pre-closure levels,1 and 78% of parents in the US reported
decreases in their children’s emotional well-being.2 Adolescents
may be particularly vulnerable to social disruptions, as studies
show the transition to adolescence is the beginning of a critical
period of social development, where peer relationships are
particularly salient.3 Lacking such social interactions may therefore
put adolescents at increased risk for negative mental health
outcomes.4 Emerging research suggests that older children and
adolescents were at a greater risk than younger children for
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adverse mental health impacts during the COVID-19 pandemic,
with approximately a quarter of youth worldwide meeting the
criteria for depression and anxiety.5 Moreover, the pandemic
increased financial hardships, especially among families already in
poverty, which amplified the negative effects of the pandemic on
youth mental health.6

To date, most research has focused on understanding the
extent to which the COVID-19 pandemic impacted mental health
across the general pediatric population. Fewer studies have
examined the pandemic’s impact on youth with pre-existing
developmental and behavioral disabilities. Limited research,
primarily from the early months of the pandemic, suggests
amplified psychosocial impacts of the pandemic for children with
depression, anxiety, attention-deficit/hyperactivity disorder
(ADHD), and autism.7,8 Further, with few exceptions, prior work
focused exclusively on negative mental health outcomes resulting
from the COVID-19 pandemic.9,10 Alternatively, focusing on
positive psychological well-being (e.g., life satisfaction) can
provide additional insight into youth’s pandemic experiences
given that the two constructs (negative and positive psychological
health) are related but not direct opposites, such that evaluating
one does not provide a proxy for the other. Further, identifying
risk and protective factors across development and the broader
social ecology that alter responses to adversity are critical to
understanding the differential impact of the pandemic on youth
and may be targeted to improve outcomes or identify those
requiring more intensive recovery efforts.
To address these limitations, the current study draws on a large,

diverse sample of adolescents from the National Institutes of
Health (NIH) Environmental influences on Child Health Outcomes
(ECHO) research program11,12 to investigate differences in life
satisfaction for children with and without pre-existing mental,
emotional, behavioral, and developmental (MEBD) conditions
across person-level experiences of potential COVID-19
pandemic–related risk factors (financial hardship, stress) and
protective factors (social connectedness, family engagement).
The primary aim of this paper was to identify the contextualized
characteristics and experiences of individuals that can inform
mental health practitioners, as well as general pediatricians and
family physicians, who are often charged with supporting
children’s mental health, in order inform potential intervention
targets among adolescents with disabilities. We used a sequential
machine learning workflow to identify subgroups of adolescents
who demonstrated enhanced vulnerability to lower life satisfac-
tion as described by intersecting risk and protective factors and
MEBD conditions.

METHODS
Sample
Data came from the ECHO consortium, consisting of over 61,000 children
drawn from 69 longitudinal cohort studies across the US11,12 Aligned with
previous work indicating that adolescence represents a developmental
period beginning with the onset of puberty and ending in the mid-20s, the
study sample for this analysis included 1084 adolescents (11–21 years of
age) and their caregivers across seven ECHO cohorts in the US13 This cross-
sectional study included 1084 ECHO dyads, which represented all
adolescent and caregiver pairs for whom COVID-19 survey data were
collected between April 2020 and August 2021. ECHO COVID-19 self-report
assessments were completed separately by caregivers and adolescents. All
data collection, informed consent procedures, and analysis activities were
approved by local and/or central ECHO Institutional Review Boards. Written
informed consent or parent’s/guardian’s permission was obtained along
with child assent as appropriate, for ECHO-wide Cohort Data Collection
Protocol participation and for participation in specific cohorts.

Measures
Apart from pre-existing MEBD conditions and sociodemographic variables,
all measures were obtained from the ECHO COVID-19 questionnaires,

which were developed in March 2020 to capture the physical, mental, and
social impact of the COVID-19 pandemic on youth and families.9 Although
it is clear that some racial and ethnic groups have been more adversely
affected by the pandemic than others,14 there is no prior literature to
suggest that race or ethnicity would intersect with pandemic-related
stress, family hardships, or connectedness and engagement to differen-
tially predict adolescent life satisfaction. Furthermore, with respect to the
COVID-19 pandemic, Massion and colleagues have cautioned against
unwarranted statistical adjustments and the perpetuation of stereotypes,
instead recommending that researchers focus on identifying underlying
and modifiable risks.15 Race and ethnicity, “frequently included in analytic
models either as poor proxies for other constructs or without any
justification at all,”16 were not included as predictors in the current study.
Adolescent life satisfaction, the outcome variable, was measured using a

single item adapted from the Patient-Reported Outcome Measurement
Information System (PROMIS®) Life Satisfaction instrument.17 Adolescents
were asked, “Since becoming aware of the COVID-19 outbreak, how often
have you felt happy and satisfied with your life?” The item was scored on a
5-point Likert scale from not at all (1) to very often (5).
COVID-19 pandemic–related traumatic stress was measured via adoles-

cent and caregiver self-report using the 9-item Pandemic-related
Traumatic Stress Scale (PTSS),18 which is aligned to the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-5) criteria for acute
stress disorder (i.e., intrusive thoughts, negative mood, disassociation,
avoidance, arousal).19 Each item was scored on a 5-point Likert scale from
not at all (1) to very often (5), and a total average score was computed
(range: 1-5). The adult and adolescent PTSS scales had alpha values of 0.84
and 0.86, respectively, in the validation samples.20

COVID-19 pandemic–related family hardships were reported by caregivers
across nine domains: concerns about health, impact on the child, impact on
the community, financial stress, food insecurity, social distancing/quarantine,
access to medical care, difficulty finding childcare, and rearranging work
schedules to accommodate childcare. Items were modified from the COVID-
19 Perinatal Experiences Impact Survey (COPE-IS).21

Social connectedness reflected adolescents’ self-reported current level
of social connectedness (i.e., feelings of interpersonal closeness and a
sense of belonging to a social group22) compared with before the COVID-
19 pandemic using a 6-point Likert scale from much less socially connected
(1) to much more socially connected (6). This item was modified from the
Adolescent Social Connection and Coping during COVID-19
Questionnaire.23

Family and social engagement items were adapted from the COVID-19
Perinatal Experiences Impact Survey (COPE-IS).21 Adolescents were asked
one item regarding engaging in more family activities (0=no, 1=yes).
Caregivers were asked two items indicating whether they (1) talked to
friends and family and (2) engaged in more family activities (both scored
0=no, 1=yes), which we averaged (possible values= 0, 0.5, 1).
Pre-existing MEBD diagnoses were captured through caregiver report on

whether the adolescent was ever diagnosed with anxiety, depression,
ADHD, autism, or an intellectual disability. Each diagnosis was treated as a
separate binary indicator (1=yes).
Other predictors of interest included cohort membership, adolescent

age in years, sex assigned at birth (male, female), primary caregiver highest
educational attainment (high school degree or less; some college; college
degree; master’s, professional, or doctorate degree), and whether the
adolescent ever received a COVID-19 diagnosis.

Analytic approach
In this study, we used a sequential, supervised, tree-based machine
learning workflow, starting with random forest regression24 to select
predictors. Evolutionary tree regression (i.e., evtree algorithm)25 was then
used to identify which subsamples were most vulnerable to, or protected
from, COVID-19–related reductions in life satisfaction, focusing specifically
on contextual risks that involved the presence/absence of MEBD
conditions. The Supplemental Material offers more background and details
on our analytic approach.
First, we used the mice package26 in R to generate 10 completed data

sets, with missing values substituted by multiple imputed values. We then
used each imputed data set to optimize the random forest complexity
parameters using the caret package27 in R. We then estimated a final
random forest model with the stacked data set (i.e., treated as a single data
set) using the average complexity parameter from the imputation-specific
random forests. From this stacked random forest, we obtained estimates of
variable importance for all predictors of life satisfaction. In the subsequent



evolutionary tree analysis, we removed any variable with an importance
less than 10% of the maximum observed importance value, with the
exception that, regardless of estimated importance, all indicators of MEBD
conditions were included in evolutionary trees. We then estimated our
final evolutionary trees using the stacked data set. Although each
individual run of the evtree algorithm always yields a single tree, multiple
random starts do not always yield the same exact solution. Therefore, to
balance the computational intensiveness of the evtree algorithm with
interpretation difficulty due to model complexity, we estimated five trees
using the default tuning parameters in the evtree package, interpreting all
five as plausible representations of the data.

RESULTS
Table 1 includes descriptive statistics for all predictors as well as
child race and ethnicity. 65.9% of participants were White, 22.8%
were Black, and the remaining 11.3% were missing or another
race. 91.9% of the sample was non-Hispanic. With respect to
parent reports of MEBD diagnoses, 18.5% of our sample was
diagnosed with anxiety, 11.4% with depression, 5.4% with autism,
19% with ADHD, and 3% with intellectual disability. 67% of our
sample had no MEBD diagnoses, 16.9% had one, and the
remaining 16.1% had more than one condition.

Random forest regression
Of the 25 candidate predictors, the following six variables had
importance values <10% of the maximum observed importance
value: cohort membership, difficulty finding childcare, work
schedule changes to accommodate childcare, an adolescent’s
COVID-19 diagnosis, and the indicators for intellectual disability
and autism. We retained indicators for intellectual disability and
autism as they were of primary interest in this study but removed
the other three variables from further analyses. Therefore, the final
evolutionary tree model was estimated with the following
predictors: (1) hardships: concerns about health, impact on the
child, impact on the community, financial stress, food insecurity,

Table 1. Demographic information and descriptive statistics for key
model variables.

Adolescent self-report
(N= 1084)

Age in Years, Mean (SD) 17.2 (1.5)

Missing 85 (7.8%)

Male Participants, n (%) 525 (48%)

*Participant Race, n (%)

American Indian or Alaska Native <5 ( < 0.5%)

Asian 18 (1.7%)

Black 247 (22.8%)

Multiple Race 57 (5.3%)

Other Race 46 (4.2%)

Native Hawaiian or other Pacific Islander <5 ( < 0.5%)

White 714 (65.9%)

Missing 44 (4.1%)

*Number per Ethnicity, n (%)

Hispanic 83 (7.7%)

Non-Hispanic 996 (91.9%)

Missing 5 (0.5%)

Caregiver Marital Status, n (%)

Married or living with partner 584 (53.9%)

Divorced/Single/Not Living
Together

263 (24.3%)

Missing 237 (21.9%)

Caregiver Educational Attainment n (%)

High school degree or less 212 (19.6%)

Some college, Associate degree, or
trade school

277 (25.6%)

Bachelor’s degree 261 (24.1%)

Master’s, Professional, or Doctorate
degree

185 (17.1%)

Missing 149 (13.7%)

Mental Health Condition n (%)

Anxiety 200 (18.5%)

Missing 71 (6.5%)

Depression 124 (11.4%)

Missing 126 (11.6%)

Autism Spectrum Disorder 59 (5.4%)

Missing 113 (10.4%)

ADHD 206 (19.0%)

Missing 108 (10.0%)

Intellectual Disability 33 (3.0%)

Missing 328 (30.3%)

Mental Health Comorbidities n (%)

No conditions 727 (67.0%)

One condition 183 (16.9%)

More than one condition 174 (16.1%)

Adolescent Life Satisfaction, Mean
(SD)

3.38 (.96)

Adolescent Pandemic-Related
Traumatic Stress, Mean (SD)

2.56 (.77)

Caregiver Pandemic-Related
Traumatic Stress, Mean (SD)

1.93 (.67)

Adolescent Social Connectedness,
Mean (SD)

2.58 (1.16)

Table 1. continued

Adolescent self-report
(N= 1084)

Caregiver Family/Social Engagement,
Mean (SD)

0.41 (.49)

Adolescent Family Engagement
Endorsed, n (%)

408 (38%)

Missing 2 (0.2%)

Caregiver Health Stress Endorsed,
n (%)

449 (41%)

Caregiver Reported Stress in Child,
n (%)

604 (56%)

Caregiver Stress Impact Related to
Community, n (%)

351 (32%)

Caregiver Financial Stress, n (%) 329 (30%)

Caregiver Food Insecurity, n (%) 108 (10%)

Caregiver Quarantine Stress Endorsed,
n (%)

512 (47%)

Caregiver Medical Support Stress
Endorsed, n (%)

117 (11%)

Caregiver Difficulty Finding Childcare,
n (%)

26 (2%)

Caregiver Rearranged Work Schedule,
n (%)

40 (4%)

Variables preceded by * were not included in analyses because we did not
have specific hypotheses regarding variation in the magnitude of
associations between hardships and wellbeing across racial or ethnic
groups.



social distancing/quarantine, and access to medical care; (2)
adolescent pre-existing MEBD conditions: anxiety, depression,
autism, ADHD, and intellectual disability; (3) caregiver and
adolescent pandemic-related traumatic stress; (4) adolescent
social connectedness; (5) adolescent family/social engagement;
(6) caregiver family/social engagement; and (7) sociodemo-
graphics: adolescent age and sex, and caregiver educational
attainment and marital status.

Evolutionary tree regression
In total, five evolutionary trees were estimated. The two tree
solutions discussed in this article (Trees 1 and 2) were comparable
with respect to root-mean-square error (RMSE) but differed with
respect to some of the variables used, splits, and ultimately the
branches. Trees 3, 4, and 5 can be found in the Supplementary
Material (Supplementary Fig. 1, Supplementary Fig. 2, Supple-
mentary Fig. 3). Despite having similar, and in some cases
equivalent, branches, Trees 3, 4, and 5 are not discussed here
because all branches related to MEBD conditions were redundant,
approximately or exactly, with the branches discussed in Trees 1
and 2. That is, Trees 3, 4, and 5 did not include unique information
beyond what was captured in Trees 1 and 2.
As the primary focus of this study was understanding the

COVID-19 experience of adolescents with MEBD disabilities, we
focused on branches involving MEBD indicators. Depression,
anxiety, autism, and ADHD emerged as predictors of differential
vulnerability with respect to adolescent life satisfaction, while
intellectual disability did not. The standard deviation of life
satisfaction in this study’s sample was 0.96, which will be
referenced throughout to frame group comparisons.

Depression. Findings related to depression appeared only in Tree
1. Differences between adolescents with and without a history of
depression manifested within the subset of the sample defined by
a social connectedness score �2 (which spans the range from less
to more socially connected during the pandemic) and a traumatic
stress score <2.67, which was essentially at the mean value (2.56;
SD= 0.77). Adolescents with previous depression diagnoses
whose parents were married/cohabitating had an average life
satisfaction of 3.56. Among the group of adolescents with
depression, those whose caregivers were divorced/not-cohabiting
had an average life satisfaction of 1.86, which was 1.63 standard
deviations lower than their peers with married/cohabiting
caregivers, when their separated caregivers expressed stress
related to medical care access. When stress related to medical
care access was not endorsed, adolescents with caregivers whose
family/social engagement was equal to one (i.e., talked to friends
and family and engaged in more family activities) had an average
life satisfaction of 3.84, which was nearly one standard deviation
higher than the average life satisfaction of adolescents whose
caregivers had family/social engagement scores <1 (mean life
satisfaction = 2.91). In contrast to the five terminal nodes
(subgroups) that included adolescents with depression, eight
terminal nodes among adolescents without depression had mean
life satisfaction scores ranging from 3.20 to 4.35.

Anxiety. Findings related to anxiety appear in Tree 1 and Tree 2.
In both trees, differences between adolescents with and without a
history of anxiety manifested within the subset of adolescents
whose social connectedness was negatively impacted during the
pandemic and who had above-average traumatic stress, but other
branching patterns differed between the trees (Figs. 1, 2). In Tree
2, adolescents with pre-existing anxiety diagnoses and higher
COVID-19–related traumatic stress (�2.56) had a lower life
satisfaction than individuals with lower COVID-19-related trau-
matic stress (<2.56), with mean life satisfaction scores of 1.85 and
2.56, respectively. In Tree 1, this same split manifested at the same
threshold, but only among adolescents with pre-existing anxiety

diagnoses whose caregivers did not report being stressed over
access to medical care (means of 2.01 and 2.74, respectively),
whereas such adolescents whose caregivers reported medical
care–related stress had the lowest life satisfaction (1.79).

Autism. Tree 2 indicated that autism emerged as a meaningful
factor in adolescents with below-average traumatic stress whose
social connectedness was reduced during the pandemic and who
indicated that family engagement was used as a coping strategy.
Autistic individuals had an average life satisfaction of 2.98, which
was one standard deviation lower compared with their typically
developing peers (mean = 4.01; Tree 2).

Attention-deficit/hyperactivity disorder. Differences between ado-
lescents with and without a history of ADHD manifested within
three branches (from separate trees). In Tree 2, ADHD emerged as
a meaningful predictor when adolescents did not endorse family
engagement as a coping strategy; they were further differentiated
based on age. Adolescents with ADHD who were �16.6 years of
age had an average life satisfaction of 2.58, which was about one
standard deviation lower compared with their younger counter-
parts with ADHD (mean = 3.65; Tree 2). In contrast, individuals
without ADHD in this subset had a weighted average life
satisfaction of 3.74. Transitioning to the first Tree 1 branch with
ADHD, age and adolescent family engagement were not included,
but this group contained no individuals with previous depression
diagnoses. In this branch, individuals with ADHD had an average
life satisfaction of 3.46, which was a one-half standard deviation
decrease in life satisfaction compared with adolescents without
ADHD (mean = 3.87; Tree 1). In contrast, the second Tree 1 branch
containing ADHD included adolescents who were older than 15.99
years, who experienced decreased social connectedness, below-
average trauma, no community stress, and no food stress. These
adolescents with ADHD had a mean life satisfaction of 2.25
compared to their counterparts without ADHD who had a mean
life satisfaction equal to 3.3, a decrease of slightly more than a
standard deviation.

DISCUSSION
The purpose of this study was to elucidate how life satisfaction
varied among groups of adolescents with and without pre-existing
MEBD disabilities during the COVID-19 pandemic based on family-
level hardships, pandemic-related traumatic stress, family engage-
ment, and social connectedness. The results from the sequential,
tree-based machine learning approach used in this study
uncovered differential vulnerabilities with respect to life satisfac-
tion for adolescents with pre-existing diagnoses of depression,
anxiety, autism, and ADHD in addition to potential protective
factors that may be important intervention targets.
Particularly for adolescents with a history of depression, this

study highlighted the protective nature of having caregivers who
live together, possibly due to increased stability of the family unit.
Compared to the weighted average of adolescents with pre-
existing depression who lived in single-caregiver households,
those in dual-caregiver households had an average life satisfaction
level about 0.69 standard deviations higher on average. The
evolutionary tree indicated that among adolescents with depres-
sion who felt less socially connected than they did before the
pandemic, those in dual-caregiver households reported a higher
life satisfaction. These results provide further evidence of the
differential vulnerability of adolescents in single-caregiver house-
holds who demonstrated higher rates of emotional instability
during the pandemic.28 Decreased social connectedness among
adolescents with previous depression diagnoses may have been
compounded by a lack of access to caregiver support and a host
of other challenges faced by single-caregiver households, such as
the stress associated with financial insecurity.29



be an important protective factor for adolescents with anxiety
who experienced traumatic stress.
The finding that autism only appeared as a split in the

evolutionary tree for adolescents with below-average traumatic
stress and decreased social connectedness who indicated they
were engaged with their families during the pandemic suggests
that decreased social engagement was especially deleterious for
autistic individuals. It follows, however, that life satisfaction ratings
among autistic individuals were not distinguishable from their
typically developing peers when social connectedness was not
impacted during the pandemic or when individuals’ pandemic-
related traumatic stress was high. Such findings highlight the
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Fig. 1 Evolutionary regression Tree 1 solution pruned to only include branches that include MEBD conditions. AcuteStress Caregiver-
reported COVID-19 pandemic-related traumatic stress, ADHD Adolescent ADHD diagnosis, AdultEngage Caregiver-reported social engagement
as coping mechanism, Age adolescent age, Anxiety Adolescent anxiety diagnosis, Depression Adolescent depression diagnosis, Marital
Caregiver marital status, Medical Caregiver-reported stress related to medical care, Sex Adolescent biological sex, Social Adolescent Social
Connectedness, StressCommunity Caregiver-reported community stress during COVID-19 pandemic, StressFood Caregiver-reported stress
related to the availability of food, TeenEngage Adolescent-reported family engagement as coping mechanism, Trauma Adolescent COVID-19
pandemic-related traumatic stress, Quarantine caregiver-reported stress related to quarantine.

Adolescents with previous anxiety diagnoses who experi-
enced above-average traumatic stress and whose caregivers 
were concerned about access to medical care emerged as the 
subgroup with the lowest life satisfaction. This finding supports 
previous work in adults with pre-existing anxiety conditions 
during the pandemic that showed higher levels of COVID-
19–related stress, voluntary self-isolation, and self-isolation 
stressors.30 Alternatively, adolescents whose caregivers did not 
report being stressed over medical care access had an average 
life satisfaction that was nearly one-half standard deviation 
higher than adolescents whose caregivers reported this source 
of stress. This finding suggests that access to medical care may



protective factor of social connectedness and reflect the
importance of evaluating positive psychological well-being rather
than only assessing negative mental health outcomes. These
findings reflect and add additional context to recent work
suggesting that children with chronic conditions (both neurode-
velopmental and physical) can have similar levels of life
satisfaction as their peers without chronic conditions,31,32 which
in this study was contingent on social connectedness. These
findings highlight the importance of continued access to social
support services for autistic adolescents, particularly during
periods of mandated or encouraged social isolation.
Adolescents with a history of ADHD emerged as a vulnerable

group when they had below-average traumatic stress, did not
endorse family engagement as a coping strategy (Tree 2), had

reduced social connectedness during the pandemic and no
previous depression diagnosis (Tree 1, upper ADHD split), or were
older but did not experience stress related to community or food
during the COVID-19 pandemic (Tree 1, lower ADHD split). These
adolescents with ADHD had average life satisfaction about one-
half and one standard deviation lower than their peers who did
not have ADHD, respectively. These findings support earlier work
that showed adolescents with ADHD experienced greater
increases in mental health symptoms compared with their peers
without ADHD and work suggesting that positive coping
strategies, such as family engagement, can protect against such
increases.33

More broadly, this study found that 80% of adolescents,
regardless of pre-existing conditions, reported decreases in social
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engagement, stress related to medical care access, traumatic stress,
and single-caregiver households. Taken together, these findings
highlight the importance of interventions aimed specifically at
increasing adolescent social connectedness, family engagement, and
access to medical support for adolescents with MEBD disabilities,
particularly in the face of stressors, such as a global pandemic.
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