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IMPORTANCE Millions of children worldwide are experiencing prolonged symptoms after
SARS-CoV-2 infection, yet social risk factors for developing long COVID are largely unknown.
As child health is influenced by the environment in which they live and interact, adverse social
determinants of health (SDOH) may contribute to the development of pediatric long COVID.

OBJECTIVE To identify whether adverse SDOH are associated with increased odds of long
COVID in school-aged children and adolescents in the US.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional analysis of a multicenter,
longitudinal, meta-cohort study encompassed 52 sites (health care and community settings)
across the US. School-aged children (6-11 years; n = 903) and adolescents (12-17 years;

n = 3681) with SARS-CoV-2 infection history were included. Those with an unknown date of
first infection, history of multisystem inflammatory syndrome in children, or symptom
surveys with less than 50% of questions completed were excluded. Participants were
recruited via health care systems, long COVID clinics, fliers, websites, social media campaigns,
radio, health fairs, community-based organizations, community health workers, and existing
research cohorts from March 2022 to August 2024, and surveys were completed by
caregivers between March 2022 and August 2024.

EXPOSURE Twenty-four individual social determinant of health factors were grouped into 5
Healthy People 2030 domains: economic stability, social and community context, caregiver
education access and quality, neighborhood and built environment, and health care access
and quality. Latent classes were created within each domain and used in regression models.

MAIN OUTCOMES AND MEASURES Presence of long COVID using caregiver-reported,
symptom-based, age-specific research indices.

RESULTS The mean (SD) age among 4584 individuals included in this study was 14 (3) years,

and 2330 (51%) of participants were male. The number of latent classes varied by domain;

the reference group was the class with the least adversity. In unadjusted analyses, most

classes in each domain were associated with higher odds of long COVID. After adjusting for

many factors, including age group, sex, timing of infection, referral source, and other social

determinant of health domains, economic instability characterized by difficulty covering

expenses, poverty, receipt of government assistance, and food insecurity were associated Author Affiliations: Author

with an increased risk of having long COVID (class 2 adjusted odds ratio [aOR], 1.57; 95% Cl, affiiations are listed at the end of this

article.
1.18-2.09; class 4 aOR, 2.39; 95% Cl, 1.73-3.30); economic instability without food insecurity Group Information: The

(class 3) was not (aOR, 0.93; 95% Cl, 0.70-1.23). Poorer social and community context (eg, RECOVER-Pediatrics Group and the
high levels of discrimination and low social support) was also associated with long COVID ABCD-RECOVER Group appear at the
(aOR, 2.17; 95% Cl, 1.77-2.66). Sensitivity analyses stratified by age group and adjusted for end of the article. The

RECOVER-Pediatrics Consortium
members are listed in Supplement 2.

CONCLUSIONS AND RELEVANCE In this study, economic instability that included food insecurity Corresponding Author: KyungE.
and poor social and community context were associated with greater odds of pediatric long Rhee, MD, MSc, MA, Department of
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ARS-CoV-2 contributes to the development of long

COVID, a postacute chronic condition lasting at least 3

months that can affect almost every organ system. Ado-
lescents may experience loss of smell or taste, muscle or joint
pain, fatigue, postexertional malaise, cognitive issues, and
mood changes.!? In younger children, abdominal pain and
itchy skin are also reported. It is difficult to estimate the true
prevalence of long COVID due to varying symptom clusters,
potential relapsing or remitting course, and reliance on self-
report data in children. Nevertheless, prospective studies have
estimated that 10% of children have experienced long COVID,**>
translating to millions of youth worldwide.

The World Health Organization (WHO) defines social de-
terminants of health (SDOH) as nonmedical factors that influ-
ence health outcomes and are related to the conditions in which
one is born, grows, works, lives, and ages.® In the US, Healthy
People 2030 characterized SDOH into 5 domains: (1) eco-
nomic stability, (2) social and community context, (3) educa-
tion access and quality, (4) neighborhood and built environ-
ment, and (5) health care access and quality.” Children who
experience adverse SDOH have an increased risk of poor health
outcomes, including the development of chronic diseases
(eg, cardiovascular disease, type 2 diabetes, and cancer).®
Adverse SDOH act as chronic stressors that activate the hypo-
thalamic-pituitary-adrenal axis, triggering glucocorticoid pro-
duction that modulates cardiovascular responses, metabolic
activity, cognitive or emotional responses, and immune
function.®'° Prolonged exposure can desensitize the hypo-
thalamus, resulting in damage to multiple organs and influ-
ence the pathogenesis and progression of disease.'!! Chronic
stressors, like poverty, food insecurity, and recurring discrimi-
nation, may increase inflammation and alter immune re-
sponses to toxic exposures, including infections.'? Since long
COVID is a postviral syndrome,'® stress-related immune dys-
function may make it difficult for the body to combat persis-
tent viral components, immune dysregulation, or tissue dam-
age that result in long COVID symptoms.'*

To date, most research examining the association
between SDOH and COVID-related health outcomes has fo-
cused on the risk of contracting the SARS-CoV-2 virus. This
evidence comes from ecological studies conducted during the
first year of the pandemic and focuses on a few SDOH factors
at a time. Generally, COVID-19 case rates were higher in loca-
tions with lower SDOH ratings (eg, unfavorable working, trans-
portation, and living conditions,'>"” fewer grocery stores,'® air
pollution,®!® lack of health insurance,'”!® poor access to pri-
mary care,'®!°lower COVID-19 vaccination rates,'® and worse
Social Vulnerability Index,2°22 Area Deprivation Index,?* and
COVID-19 Community Vulnerability Index?? scores). How-
ever, the association of adverse SDOH with the development
of long COVID remains understudied.?*

Few studies have examined the association between
SDOH and prolonged COVID symptoms. These adult-
focused studies show that lower economic and education
status, housing insecurity or overcrowding, lack of social
support, and discrimination may be associated with pro-
longed symptoms.2>-3° Similar research in children has been
difficult due to variability in long COVID definitions and
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Key Points

Question What is the association between adverse social
determinants of health and long COVID in school-aged children
and adolescents?

Findings In this cross-sectional analysis of a meta-cohort study
including 4584 US children and adolescents, households with
greater economic instability and poorer social or community
context (eg, low social support and high levels of discrimination)
experienced significantly higher odds of pediatric long COVID.
However, those experiencing food security, despite other
economic challenges, did not have higher odds of long COVID;
results were similar across age groups.

Meaning The findings of an association between adverse social
determinants of health and greater likelihood of pediatric long
COVID suggest that addressing adverse social drivers may mitigate
future disease risk.

age-specific differences in symptoms.! Nevertheless, long
COVID is especially concerning in pediatric populations
because of the potential for long-term physical and mental
health effects that could persist into adulthood.>! Therefore,
examining the association between adverse SDOH and pedi-
atric long COVID is an important step toward understanding
disease prevention.

The objective of this analysis was to examine the cross-
sectional association between SDOH and long COVID in school-
aged children and adolescents given that chronic stressors may
alter immune functioning and increase one’s susceptibility to
postviral syndromes. Furthermore, since social factors rarely
exist in isolation, there was a need to evaluate the combined
effect of all SDOH domains to determine if certain domains
were more salient than others. Therefore, using data from the
pediatric National Institutes of Health-funded Researching
COVID to Enhance Recovery (RECOVER) initiative, we exam-
ined the association between Healthy People 2030 SDOH do-
mains and long COVID.

Methods

Study Design

The RECOVER Pediatric Observational Cohort Study
(RECOVER-Pediatrics)!3? is one of the largest, nationally
representative, combined retrospective and prospective, lon-
gitudinal, observational meta-cohort study of children and
young adults (newborn to age 25 years old) and their care-
givers focused on long COVID. Participants were recruited
across the US from health care and community-based set-
tings or from the extant National Institutes of Health-funded
Adolescent Brain Cognitive Development (ABCD) Cohort
study.®>3*-*> Cohort and recruitment strategies have been
previously described.>? RECOVER-Pediatrics is under the over-
sight of the New York University Grossman School of Medicine
single institutional review board (de novo cohort) or the
University of California San Diego Human Research Protections
Program (ABCD cohort). Caregiver-child pairs completed writ-
ten informed consent and an age-appropriate assent (aged 7
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Table 1. Demographic Characteristics of the Researching COVID to Enhance Recovery (RECOVER)

Pediatric Observational Cohort, US, 2022 to 2024

No./total No. (%)

School-aged children, Adolescents, 12-17y Overall

Characteristic 6-11y (n =903) (n =3681) (n = 4584)
Sex assigned at birth
Female 427/903 (47) 1827/3681 (50) 2254/4584 (49)
Male 476/903 (53) 1854/3681 (50) 2330/4584 (51)
Age at enrollment, mean (SD), y 9(2) 15 (1) 14 (3)
Race and ethnicity®
American Indian or Alaska Native 24/895 (3) 117/3667 (3) 141/4562 (3)
Asian 69/895 (8) 236/3667 (6) 305/4562 (7)
Black or African American, non-Hispanic 80/895 (9) 388/3667 (11) 468/4562 (10)
Hispanic, Latino, or Spanish 332/895 (37) 811/3667 (22) 1143/4562 (25)
Native Hawaiian or Other Pacific Islander 1/895 (0) 8/3667 (0) 9/4562 (0)
White, non-Hispanic 381/895 (43) 2073/3667 (57) 2454/4562 (54)
None of these fully describe me 8/895 (1) 34/3667 (1) 42/4562 (1)
Missing 8 14 22
Recruitment or referral source
Existing, prospectively 32/903 (4) 10/3681 (0) 42/4584 (1)
followed COVID cohort
Self-referral from RECOVER website 169/903 (19) 221/3681 (6) 390/4584 (9)
or other unsolicited self-referral
Participant tested/treated in the health 214/903 (24) 281/3681 (8) 495/4584 (11)
system
Community outreach 267/903 (30) 275/3681 (7) 542/4584 (12)
Existing non-COVID research or clinical 65/903 (7) 2655/3681 (72) 2720/4584 (59)
cohort
Long COVID clinic 20/903 (2) 52/3681 (1) 72/4584 (2)
Community health center 75/903 (8) 66/3681 (2) 141/4584 (3) ? Race and ethnicity were gathered
Public health department list 25/903 (3) 68/3681 (2) 93/4584 (2) via caregiver report and included in
this analysis to enhance our
Other 36/903 (4) 53/3681 (1) 89/4584 (2) understanding of how race and
Prevalent SARS-CoV-2 strain at first infection ethnicity may be associated with
Pre-Omicron (before Dec 1, 2021) 479/903 (53) 1949/3681 (53) 2428/4584 (53) long COVID and social determinants
= of health. See the eMethods in
Omicron (Dec 1, 2021, or later) 424/903 (47) 1732/3681 (47) 2156/4584 (47)

Vaccination status at first infection®

Supplement 1for additional details
on how race and ethnicity were

Fully vaccinated 220/903 (24) 1547/3681 (42) 1767/4584 (39) collected and categorized; note that
Partially vaccinated 106/903 (12) 266/3681 (7) 372/4584 (8) participants could select more than
1race and ethnicity group.
Not eligible for vaccination 425/903 (47) 1262/3681 (34) 1687/4584 (37) b .
- See the eMethods in Supplement 2
Not vaccinated 125/903 (14) 484/3681 (13) 609/4584 (13) for additional details on how
Vaccinated but missing information 27/903 (3) 122/3681 (3) 149/4584 (3) vaccination categories were

Caregiver relationship to child

defined. Participants were ineligible
for vaccination if their first infection

Mother 807/871 (93) 3289/3643 (90) 4096/4514 (91) .
date preceded when vaccines were
Someone else 64/871 (7) 354/3643 (10) 418/4514 (9) available for children their age.
Missing 32 38 70 < Long COVID status is defined
Long COVID research index score according to the long COVID
Mean (SD) 3.1(5.9) 2.3(4.8) 2.4(5.1) research index as long
. COVID-probable if the long COVID
Median (IQR) 0.0 (0.0-4.5) 0.0 (0.0-2.0) 0.0 (0.0-3.0)

Long COVID status®

research index scoreis 5.5 or
greater for school-aged children or

Long COVID-probable 196/903 (22) 580/3681 (16) 776/4584 (17) 5.0 or greater for adolescents.

Long COVID-unspecified 707/903 (78) 3101/3681 (84) 3808/4584 (83)

Otherwise, long COVID status is
defined as long COVID-unspecified.

years and older). The study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

RECOVER-Pediatrics Participants
The analytic sample included children aged 6 to 17 years with
a known SARS-CoV-2 infection and a baseline long COVID
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symptom survey>2 completed by caregivers between March 21,
2022, and August 27, 2024. Baseline long COVID symptom sur-
veys were completed at variable time points after the child’s
first SARS-CoV-2 infection. Surveys for prolonged symptoms
must have been completed at least 90 days after the child’s first
infection but not within 30 days of a reinfection. Evidence of
SARS-CoV-2 antibodies was not required. Surveys were avail-
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Figure 1. Proportion of Participants With Individual Social Determinants of Health Factors
and Odds Ratios for Each Factor and Long COVID

P value
Missing, from
% OR (95% Cl) ¥2 test

s Total

Domain <

Economic stability

Food insecurity 3872 15.5 3.00(2.42-3.71) <.001
Housing instability or homelessness 4088 10.8 1.50(0.96-2.35) .09
Transportation difficulties 4113 10.3 2.38(1.80-3.14) <.001
Childcare difficulties 4107 10.4 1.99(1.55-2.55) <.001
Income <120% FPL 3794 17.2 1.91(1.58-2.30) <.001
Difficulty covering expenses 3952 13.8 2.40(2.03-2.85) <.001
Receipt of government 4018 123 2.38(1.97-2.88) <.001
Esésgttofgovernment nutrition 4059 11.5 2.19(1.83-2.61) <.001
Social and community context
Caregiver not iving with partner 4125 100 1.70(1.42-2.05) <.001
Severe household overcrowding 4107 10.4 1.80(1.35-2.40) <.001
Childhood stressors 3837 16.3 2.79(2.08-3.75) <.001
Discrimination 4227 7.8 2.23(1.88-2.63) <.001
Low social support 4505 1.7 2.00(1.71-2.34) <.001
Medical discrimination 4496 1.9 4.41(3.18-6.12) <.001
Caregiver education access and quality
Less than college education 4121 10.1 1.57(1.33-1.86) <.001
Low health literacy 4095 10.7 1.85(1.14-3.00) .02
Neighborhood and built environment
Lower neighborhood social cohesion 4087 10.8 1.70(1.41-2.05) <.001
Disordered neighborhood 4058 11.5 1.54(1.28-1.87) <.001
Resides in a rural area 4584 0.0 1.74 (1.25-2.42) .001
Total participants refers to the
Health care access and quality number of participants who do not
s s ieasie <o RS
;izeegr:]v;::]stlilréi:ﬁﬂrﬁdsgrrar:cceeives 4497 19 172(1.47-2.01) <.001 ::zltllJ‘:(;Fe)iir:’tl'f)xlta':l:)llssselgilfj:::natreed in
No health care visit in last 12 mo 4521 1.4 0.41(0.29-0.59) <.001 this figure. The odds ratios (ORs) and
Unmet medical needs 4470 25 3.45(2.86-4.16) <.001 95% Cl'sare shown fora Iogist'ic
regression where long COVID is the
Ere];iedresseir?l:d";fg;cally 4584 0.0 1.20(1.02-1.42) .03 outcome and the factor is the sole

0 10 20

30 40

able in English and Spanish. Participants with an unknown date

Long COVID Outcome

predictor. The P value from a % test
for the association between each
factor and long COVID is shown as
well. FPL indicates federal poverty
level.

of first infection, history of multisystem inflammatory syn-
drome in children, or symptom surveys with less than 50% of
questions completed were excluded.

The outcome was presence of long COVID at baseline based on
RECOVER-Pediatrics age-specific long COVID research indices.!
For this analysis, symptoms were considered prolonged if they
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Figure 2. Healthy People 2030 Social Determinants of Health Domain Latent Classes in the Researching COVID

to Enhance Recovery (RECOVER) Pediatric Cohort, US, 2022-2024 (N = 4584)

Domain Radar plot Heat map
Participants, %
Food i it
oodinsecurity Food insecurity | 0 145 1 185
Housing 1 Receipt of — —
Economic instability or gg government Housing instability or homelessness [ 2 { 3 { 2 {10
stability homelessness o "sﬁt.f;'il?t" Transportation difficulties | 2 116} 2 {32
0.5
O 518552575) o3 Childcare difficulties | 7 13 4 {25
n= : 0.2
O Class 2 Transportation 0L Receipt of Income <120% FPL | 2 i42 :63 82
difficulties \( government
° (n=333) financial Difficulty covering expenses | 17 {100: 54 100
Class 3 : i
assistance Receipt of government
(n=657) financial assistance | > 31 :47 ;58
. o Receipt of government
(@) Cla_ss 4 Childcare D_n‘ﬂculty hutrition support 0:0 :i93:i99
(n=619) difficulties covering expenses 1 2 3 4
Income <120% FPL Class
Caregiver not living with partner or unmarried Participants, %
1 , /0
Social and Severe 09 . Caregiver not living with partner
community household o3 . M_Ed"cal. or unmarried | 12 i 3363
context overcrowding 0.7 discrimination -
g S Severe household overcrowding | 1 §{20:12
o 5;3352%05) %E Childhood stressors | 0 1134
O Class 2 Dé Discrimination |33 i 0 {100
(n=1427) Low social support | 7 :92 : 80
O Class 3
(n=452) _ Medical discrimination | 0 0 {32
Childhood Low
stressors social support 123
Class
Discrimination
Caregiver - o
education Participants, %
access and Less th. 1L ducati
quality Because this domain had <3 factors, ess than college education | 0 o8
O Class 1 aradar plot was not generated Low health literacy | 0 i 6
(n=2737) 1 2
O Class 2 Class
(n=1847)

Lower neighborhood social cohesion

1
0.9, P o,
Neighborhood 8? Participants, %
and built g Lower neighborhood social cohesion | 13 { 98
environment 0.4 o -
03 Disoriented neighborhood | 12 {1100
O Class 1 0.2
(n=4018) Oé Residesinaruralarea| 5 : 3
QO Class 2 1 2
(n=566) Class
Disordered Residesina
neighborhood rural area
Child is uninsured or receives Participants, %
government health insurance Child is uni d . ¢
Health care o ild is uninsured or receweeasla?\i/nesrgrrgg& 4 10083
access_and 0.8 Caregiver is uninsured or receives |3 igg i gq
quality Caregiver i 0.7 . government health insurance
giveris 0.6 Resides
O Class 1 uninsu_red 815: ina No health care visitinlast 12 mo | 7 {14 i 20
(n=3121) orreceives 0.3 medically Unmet medical needs |10 i 9 100
government 0.2
QO Class 2 health 01 underserved — -
(n=1225) _hea 0 area Resides in a medically underserved area |20 i45 {89
Insurance
QO Class 3 1 2 3
(n=238) Class

No health care visit
in last 12 mo

Unmet
medical needs

were present at baseline, had persisted for at least 4 weeks, and
were still present at the time of the survey (ie, at least 90 days
afterinfection). For school-aged children (aged 6 to 11 years), long
COVID-probable was defined as long COVID research index 5.5
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The radar plots and heatmaps show
the proportion of individuals with
each social determinant of health
factor in each class. Class 1reflects
the class with the lowest average
proportion of each social
determinants of health factor in the
study population. The displayed radar
plots and heatmaps exclude
participants with missing data
(though missing data were accounted
for when defining the latent classes
via multiple imputation). FPL
indicates federal poverty level.

or greater (range, 0.5-34.5) based on 10 symptoms (cognitive dif-
ficulties, back or neck pain, stomach pain, headache, fears about
specific things, refusal to go to school, itchy skin or rashes, trouble
sleeping, nausea or vomiting, and lightheadedness). For ado-
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Table 2. Estimated Odds Ratios for the Association Between Healthy People 2030 Social Determinants of Health (SDOH)
Domain Latent Class and Long COVID

No. (%) OR (95% CI)

Adjusted for other SDOH
domains, sex, age group,

Adjusted for other SDOH

Participants domains, sex, age group,

E6

Domain latent with long timing of infection, referral timing of infection, referral
SDOH domain class® Participants® covib© Unadjusted source® source, race and ethnicity’
Economic stability 1 2975 (65) 381(12.8) NA NA NA

2 333(7) 77 (23.1) 1.75(1.31-2.35) 157 (1.18-2.09) 1.64(1.23-2.18)

3 657 (14) 95 (14.5) 0.96(0.67-1.38)  0.93(0.70-1.23) 0.98 (0.74-1.3)

4 619 (14) 223 (36.0) 2.96(2.23-3.92)  2.39(1.73-3.30) 2.52 (1.82-3.49)
Social and community 1 2705 (59) 351(13.0) NA NA NA
context 2 1427 (31) 246(17.2) 1.01(0.79-1.30)  0.82(0.64-1.05) 0.84 (0.66-1.08)

3 452 (10) 179 (39.6) 3.13(2.60-3.77)  2.17(1.77-2.66) 2.18(1.79-2.67)
Caregiver education 1 2737 (60) 388(14.2) NA NA NA
Sl CIEN 2 1847 (40) 388 (21.0) 1.44(1.19-1.74)  1.12(0.96-1.3) 1.18(1.01-1.38)
Neighborhood and built 1 4018 (88) 639 (15.9) NA NA NA
environment 2 566 (12) 137 (24.2) 1.23(0.96-1.57)  0.90(0.73-1.12) 0.94 (0.75-1.16)
Health care access and 1 3121 (68) 441 (14.1) NA NA NA
quality 2 1225 (27) 262 (21.4) 1.37(1.05-1.80)  0.97 (0.76-1.23) 1.00 (0.80-1.26)

3 238 (5) 73 (30.7) 2.09(1.55-2.82)  1.14(0.82-1.59) 1.20 (0.86-1.66)

Abbreviations: NA, not applicable; OR, odds ratio.

2 Participants are grouped into latent classes within each SDOH domain,
meaning each participant belongs to 5 latent classes (1 for each domain). For
example, a participant may belong to latent class 1for economic stability, 2 for
social and community context, 1for caregiver education access and quality, 2
for neighborhood and built environment, and 3 for health care access and
quality.

®The number of participants that belong to each latent class within each
domain. These numbers sum to the total sample size within each domain. The
denominator for each percentage is the total sample size (n = 4584).

€ The number of participants within a given latent class with long COVID. The
denominator for each percentage is the number of participants within the

given latent class.

9dThe estimated OR obtained from a logistic regression model with long COVID
as the outcome and a single categorical predictor for the latent class within
that domain. For example, this would be a 4-category variable for the
economic stability domain. A separate model is fit for each domain.

€ The estimated OR obtained from a logistic regression model with 5 categorical
predictors, with 1 categorical variable representing the latent classes for each
domain. The model is additionally adjusted for sex, age group, timing of
infection, and recruitment or referral source. A single model is fit for all
domains combined.

f The estimated OR from the same model as in the prior column, but with
additional adjustment for race and ethnicity.

lescents (aged 12 to 17 years), long COVID-probable was defined
as long COVID research index 5 or greater (range, 0.5-25) based
on 8 symptoms (altered smell or taste, body or joint pain, fa-
tigue, postexertional malaise, back or neck pain, cognitive dif-
ficulties, headache, and lightheadedness). All other partici-
pants were defined as long COVID-unspecified.

Social Determinants of Health

RECOVER-Pediatrics collected data via 24 measures that align
with the Healthy People 2030 SDOH domains.® SDOH were con-
ceptualized through a multistep process. First, survey ques-
tions were mapped to individual SDOH factors. Second, indi-
vidual SDOH factors were dichotomized to facilitate use in
latent class analysis and enhance interpretability of results.
Third, dichotomized factors were grouped into 5 SDOH do-
mains. Detailed description of mapping and factor dichoto-
mization is available in eTable 1 in Supplement 1.

Economic Stability

Economic stability contained 8 factors: (1) food insecurity,
assessed using the 10-item US Department of Agriculture
Household Food Security module, defined as low or very
low food security®®; (2) housing instability, identified by liv-
ing in transitional housing, staying in a shelter, or experi-
encing homelessness,3” (3) transportation difficulties,
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identified as difficulty getting to where they needed to go®%;
(4) childcare difficulties, identified as difficulty finding
or keeping childcare®”; (5) income less than 120% of the fed-
eral poverty level, based on state and household size-
specific thresholds®?; (6) difficulty covering expenses,
including household expenses and bills; (7) receipt of gov-
ernment financial assistance, based on use of programs
such as Temporary Assistance for Needy Families, Social
Security, or Supplemental Social Security; and (8) receipt of
government nutrition support, based on use of Supplemen-
tal Nutrition Assistance Program or Special Supplemental
Nutrition Program for Women, Infants, and Children.

Social and Community Context

Social and community context contained 6 factors: (1) care-
giver marital status, identified as being married or living with
a partner vs not; (2) severe household overcrowding, defined
according to WHO Housing and Health Guidelines (the num-
ber of people divided by the number of rooms in the house-
hold exceeds 1.5)*°; (3) childhood stressors, assessed using a
modified version of the 10-item Other Childhood Stressors
scale, which assesses household relationship quality, bully-
ing, incarceration, substance use, divorce, and neighborhood
violence*!; (4) discrimination experienced by the child, as-
sessed using 9 items from the Everyday Discrimination Scale*?;
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(5) medical discrimination experienced by the child, as-
sessed by 1 item from the Everyday Discrimination Scale
(whether the caregiver believes their child is discriminated
against while getting medical care); and (6) low social sup-
port, assessed using a shortened version of the Medical Out-
comes Study Social Support Survey.*?

Caregiver Education Access and Quality

Caregiver education access and quality contained 2 factors: (1)
lower caregiver education, based on highest level of educa-
tion completed (dichotomized as more or less than a bach-
elor’s degree), and (2) low caregiver health literacy, measured
using a validated 3-item screening tool which assessed need-
ing help reading hospital materials, having problems learn-
ing about medical conditions, and low confidence in complet-
ing medical forms.***>

Neighborhood and Built Environment

Neighborhood and built environment contained 3 factors: (1)
lower neighborhood social cohesion (eg, helpfulness and trust
in neighbors) using the 4-item Neighborhood Social Cohe-
sion scale*®; (2) disordered neighborhood, assessing ele-
ments such as neighborhood noise, vandalism, appearance,
and abandoned buildings, using the 8-item Neighborhood Dis-
order scale*”*; and (3) living in a rural area as defined by the
Health Resources and Services Administration.

Health Care Access and Quality

Health care access and quality contained 5 factors: (1) child
does not have health insurance or receives health insurance
from the government (eg, Medicaid and TRICARE); (2) care-
giver does not have health insurance or receives health
insurance from the government; (3) child did not have a
health care visit in the past 12 months; (4) child has unmet
health care needs (trouble getting needed health care visits
or obtaining medical equipment or supplies); and (5) living
in a medically underserved area as defined by the Health
Resources and Services Administration.

Covariates

Demographic covariates included child sex, age, race, and eth-
nicity (eMethods in Supplement 1). Race and ethnicity data
were collected via caregiver report and included in the study
to enhance our understanding of how race and ethnicity may
be associated with long COVID and SDOH. Survey covariates
included recruitment or referral source and caregiver relation-
ship to child. Clinical covariates included prevalent SARS-CoV-2
strain at time of first infection and vaccination status at first
infection (eMethods in Supplement 1).

Statistical Analysis

First, we described the associations between each of the 24 di-
chotomized SDOH factors and long COVID using X tests and es-
timated unadjusted odds ratios using logistic regression. Sec-
ond, we completed a latent class analysis using the dichotomized
factors within each SDOH domain to address high levels of cor-
relation across SDOH factors within domains.*®°° As a result,
each participant belonged to1latent class for each domain. This
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approach allowed for equal weighting of each domain, rather
than allowing the domain with the most factors (ie, economic
stability) to be the primary driver of the identified latent classes.
Missingness in SDOH was addressed using multiple imputa-
tion by chained equations with 25 imputations.>! The proce-
dure for identifying latent classes across imputations is de-
scribed in the eMethods in Supplement 1. Across all domains,
classes were ordered from lowest to highest average propor-
tion across all factors. Therefore, the reference class (class 1) rep-
resented those with the fewest adverse SDOH factors, and the
class with the highest number represented those with the most
adverse SDOH factors. The caregiver education access and qual-
ity domain was not amenable to latent class analysis because it
contained only 2 factors, so this domain was grouped a priori into
2 classes. Radar plots and heat maps were used to illustrate the
prevalence of dichotomized SDOH factors within classes for each
SDOH domain.

Third, we estimated whether the odds of long COVID dif-
fered across latent class domains in 3 sets of models. First, un-
adjusted models were fit for each latent class domain by fit-
ting a logistic regression with a single categorical variable for
latent class membership. Second, given the intersectionality
of SDOH domains, we ran a combined model containing all 5
categorical variables (1 for each domain), adjusting for child
age group, sex, time of infection (pre- vs post-Omicron,
defined as first SARS-CoV-2 infection before vs on or after De-
cember 1, 2021), and recruitment or referral source (self-
referral or community outreach vs other). Third, based on the
National Academies of Sciences, Engineering, and Medicine’s
recommendation on using race and ethnicity identity in an
analysis,?? we repeated model 2 with an adjustment for child
race and ethnicity. Comparing results with and without race
and ethnicity could help determine how well our measures of
SDOH captured the association of cultural identity with long
COVID risk in children. To fit these models, generalized esti-
mating equations were used with exchangeable correlation
structure to account for clustering by recruitment site. Inter-
pretation of results focused on estimated odds ratios where the
lower bound of the 95% CI exceeds 1. Two-tailed P values less
than .05 were considered statistically significant.

In sensitivity analysis, we repeated the latent class analy-
sis and all regression analyses stratified by age group (school-
aged children and adolescents). All statistical analyses were per-
formed using the poL.CA, irr, and geepack packages in R version
4.4.0.

. |
Results

After applying inclusion and exclusion criteria (eFigure 1 in
Supplement 1), the study sample included 4584 participants
(903 school-aged children and 3681 adolescents) recruited from
52 sites: 2330 (51%) of participants were male and 2254 (49%)
were female, and the mean (SD) age was 14 (3) years (Table 1).
Asreported by the caregivers, 141 participants were American
Indian or Alaska Native; 305 were Asian; 468 were Black or
African American; 1143 were Hispanic, Latino, or Spanish; 9
were Native Hawaiian or Other Pacific Islander; 2454 were
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White; 22 were missing race and ethnicity data; and 42 re-
ported that none of the provided categories fully described
them. More than half of participants (2428) were infected with
SARS-CoV-2 before December 1, 2021 (pre-Omicron), and (776)
17% had long COVID based on the long COVID Research Index.
The distribution of the long COVID research index is shown in
eFigure 2 in Supplement 1.

Participants or their households who experienced
adverse SDOH are presented in Figure 1. Most adverse SDOH
factors across domains were associated with greater unad-
justed odds of long COVID (Figure 1; eFigure 3 in Supple-
ment 1). In the latent class analysis (Figure 2), 1658 partici-
pants (36%) did not experience any adverse SDOH in any
domain, thus belonging in class 1 for all domains. Addition-
ally, 1006 (22%) experienced adverse SDOH in only 1
domain, and 1920 (42%) experienced adverse SDOH in 2 or
more domains. Of those experiencing adverse SDOH in 2 or
more domains, 256 (13%) experienced adverse SDOH in all 5
domains. In each SDOH domain, individual classes were
characterized by different SDOH factors. For example, in the
economic stability domain, class 2 was predominantly char-
acterized by difficulty covering expenses, class 3 by receipt
of government nutrition support, and class 4 by food inse-
curity, income less than 120% of the federal poverty level,
difficulty covering expenses, and receipt of government
assistance. Model diagnostics for how the optimal numbers
of latent classes were chosen are provided in eTable 2 in
Supplement 1.

In each SDOH domain, the prevalence of long COVID was
lowest in class 1 (the reference group) (Table 2). Across unad-
justed models, the odds of long COVID were higher in eco-
nomic stability class 2 and 4, social and community context
class 3 (characterized by experiencing discrimination, low so-
cial support, and caregiver living alone), caregiver education
access and quality class 2 (less than college and/or low health
literacy), and health care access and quality class 2 (child and
caregiver are uninsured or receive government health insur-
ance) and class 3 (similar to class 2, plus living in a medically
underserved area and having unmet medical needs).

Adjusting for sex, age group, time of infection, recruitment
or referral source, and other SDOH domains attenuated all ef-
fect estimates, and the lower bound of the 95% CI for latent
classes in the education and health care domains no longer ex-
ceeded 1. However, youth in economic stability class 2 still had
higher odds of long COVID compared to youth in economic sta-
bility class 1 (adjusted odds ratio [aOR], 1.57; 95% CI, 1.18-2.09).
Economic stability class 4 also had higher odds of long COVID
(aOR, 2.39; 95% CI, 1.73-3.30). Class 3, characterized by eco-
nomic instability without food insecurity, did not have higher
odds of long COVID (aOR, 0.93; 95% CI, 0.70-1.23). Youth in so-
cial and community context class 3, predominantly character-
ized by experiencing discrimination and low social support, had
2.17 (95% CI, 1.77-2.66) times higher odds of long COVID com-
pared to those in class 1. Additional adjustment for race and eth-
nicity did not substantively alter the pattern of results.

In sensitivity analyses, performing latent class analysis
within age groups resulted in similar latent classes as identi-
fied in the primary analysis (not shown). Using the latent classes
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identified in the primary analysis, stratification by age group
only impacted the precision of the results due to smaller sample
sizes (eTable 3 in Supplement 1).

|
Discussion

In this cross-sectional analysis of a meta-cohort study, we found
that US children living in households experiencing greater ad-
versity in 2 SDOH domains, economic instability and adverse
social and community context, were more likely to have pe-
diatric long COVID compared to households experiencing the
fewest social hardships. These associations were consistent be-
tween school-aged children and adolescents despite the dif-
ferent symptoms included in the age-specific long COVID re-
search indices.! Multiple sensitivity analyses, including
adjustment for race and ethnicity, did not meaningfully alter
results. This is one of few studies that demonstrated an asso-
ciation between adverse SDOH and long COVID in children.?*
The breadth of data available in RECOVER-Pediatrics allowed
for rich characterization of all 5 Healthy People 2030 SDOH do-
mains and delineated the independent association of several
SDOH with long COVID while accounting for the larger social
context in which children were living.

In the US, it can be challenging to disentangle low socio-
economic status, discrimination, and other adverse SDOH fac-
tors from race and ethnicity because persons from racial and
ethnic marginalized groups are more likely to be impacted by
racism and stress related to their socioeconomic position.>?
There is some evidence that long COVID is more prevalent in
Black and Hispanic adults®® and that life stressors related to
lower socioeconomic status may increase risk for long COVID.>*
In our analysis, we were able to demonstrate an association
between long COVID and the social and community context
domain, which incorporates measures of discrimination. This
association did not change after adjustment for race and eth-
nicity, implying that discrimination and other social commu-
nity factors were independently associated with long COVID.

The American Academy of Pediatrics recognized the as-
sociation between adverse SDOH and child health in 2016 and
reaffirmed it in 2021.5° For children with long COVID, the com-
bined effect of a serious viral infection and adverse social con-
ditions may have increased their risk,>® as chronic stress can
lead to abnormal cortisol responses and immunologic
derangements.>”->° Thus, mitigating the potential impact of
poverty and other adverse SDOH on child health is
critical.>>-¢°-63 The COVID-19 pandemic bolstered some
nutrition®* and economic support programs,®>°” and the ex-
panded use of telehealth altered access to comprehensive
health care. The impact of nutrition support programs may
have been observed in our analysis as those experiencing eco-
nomic instability without food insecurity were not at higher
risk of long COVID, even after controlling for access to health
care. It has been shown that some health behaviors, like ex-
ercise, sufficient sleep, and healthy diets, can decrease
inflammation.®® Efforts to support healthy lifestyle behav-
iors and strengthen an array of protective social factors par-
ticularly relevant to child health should be a policy priority.
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Limitations

This study has limitations. First, selection bias may have lim-
ited generalizability of these results. Families most affected by
adverse SDOH could have been less likely to enroll, and study
procedures were conducted in English and Spanish only. Sec-
ond, SDOH data were reported by caregivers, and objective neigh-
borhood-level data were unavailable. Third, since we used are-
search index of long COVID, we may have unintentionally
miscategorized children with only 1 or 2 symptomsinto the long
COVID-unspecified group, resulting in conservative estimates
of the associations between SDOH and long COVID. Further-
more, creation of latent classes in this analysis may not be simi-
lar to latent classes in other cohorts. Additionally, the factors in
the study were dichotomized to facilitate latent class analysis and
enhance interpretability. It is possible some conclusions may
have been different if the variables were dichotomized in a dif-
ferent way, treated as continuous variables, or grouped into more
categories. This was a cross-sectional investigation, which pre-

Original Investigation Research

cludes causal inference and our understanding of the direction-
ality of associations. Nevertheless, RECOVER-Pediatrics is poised
to examine trajectories and identify long-term health impacts
as the cohort continues to be followed.

. |
Conclusions

The results of this study demonstrate that long COVID is more
prevalent among children living with economicinstability and
adverse social and community contexts. Given their young age
and unclear trajectory of symptoms over the life course, the
long-term economic effects and the health care needs of this
population may be immense. Public health efforts to address
modifiable adverse SDOH associated with long COVID are es-
sential to potentially mitigate long COVID risk and promote
child health more broadly as children continue to acquire
COVID-19.
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