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Summary
Background Children from racial and ethnic minority groups are at greater risk for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, but it is unclear whether they have increased risk for post-acute sequelae of
SARS-CoV-2 (PASC). Our objectives were to assess whether the risk of respiratory and neurologic PASC differs
by race/ethnicity and social drivers of health.

Methods We conducted a retrospective cohort study of individuals <21 years seeking care at 24 health systems across
the U.S, using electronic health record (EHR) data. Our cohort included those with a positive SARS-CoV-2 molecular,
serology or antigen test, or with a COVID-19, multisystem inflammatory disease in children, or PASC diagnosis from
February 29, 2020 to August 1, 2022. We identified children/youth with at least 2 codes associated with respiratory
and neurologic PASC. We measured associations between sociodemographic and clinical characteristics and
respiratory and neurologic PASC using odds ratios and 95% confidence intervals estimated from multivariable
*Corresponding author. Infectious Diseases/Hospital Medicine/Epidemiology, University of Colorado School of Medicine and Children’s Hospital
Colorado, 13123 E 16th Ave Box 090, Aurora, CO, 80045, USA.
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logistic regression models adjusted for other sociodemographic characteristics, social vulnerability index or area
deprivation index, time period of cohort entry, presence and complexity of chronic respiratory (respectively,
neurologic) condition and healthcare utilization.

Findings Among 771,725 children in the cohort, 203,365 (26.3%) had SARS-CoV-2 infection. Among children with
documented infection, 3217 children had respiratory PASC and 2009 children/youth had neurologic PASC. In
logistic regression models, children <5 years (Odds Ratio [OR] 1.78, 95% CI 1.62–1.97), and of Hispanic White
descent (OR 1.19, 95% CI 1.05–1.35) had higher odds of having respiratory PASC. Children/youth living in
regions with higher area deprivation indices (OR 1.25, 95% CI 1.10–1.420 for 60–79th percentile) and with
chronic complex respiratory conditions (OR 3.28, 95% CI 2.91–3.70) also had higher odds of respiratory PASC. In
contrast, older (OR 1.57, 95% CI 1.40–1.77 for those aged 12–17 years), non-Hispanic White individuals and
those with chronic pre-existing neurologic conditions (OR 2.04, 95% CI 1.78–2.35) were more likely to have a
neurologic PASC diagnosis.

Interpretation Racial and ethnic differences in healthcare utilization for neurologic and respiratory PASC may reflect
social drivers of health and inequities in access to care.

Funding National Institutes of Health.

Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: PEDSnet; PCORnet; Long COVID; Chronic COVID-19 syndrome; Late sequelae of COVID-19; Long-haul
COVID; Long-term COVID-19; Post-COVID syndrome; Post-acute COVID-19; Post-acute sequelae of SARS-CoV-2
infection; Post-COVID condition; Ethnicity; Race; Social determinants of health
Research in context

Evidence before this study
We conducted a PubMed search of the literature for articles
published between March 2020 through December 2023 in
English language, at the time of the compilation of the first
draft of this manuscript. We first looked at the pediatric MIS-C
literature using the MESH term: “Multisystem Inflammatory
Syndrome in Children” as well as “Pediatric Inflammatory
Multisystem Syndrome”, noting that multiple studies have
shown increased rates of multi-system inflammatory
syndrome in children (MIS-C) in Black and Hispanic
individuals. We then used the MESH terms “Long-COVID” OR
“Post-Acute Sequelae” with “Children OR Pediatric” and “Race
OR Ethnicity”. Excluding reviews and editorials, we identified
17 potentially relevant retrospective and prospective cohort
studies. Most of these did not specifically deal with pediatric
Long-COVID, did not analyze the effect of race or ethnicity, or
were limited to one specific racial or ethnic group. Of the four
studies that did evaluate these factors, three demonstrated
some effect of race or ethnicity on Long-COVID incidence and
one small study reported no effect. No study to date has
investigated subtypes of Long-COVID by race/ethnicity. Given

this background, we investigated our large EHR cohort for
race/ethnicity effects on Long-COVID subtypes.

Added value of this study
This study provides an evaluation of ethnic, racial and social
factors impacting PASC in children and healthcare utilization.
It highlights significant differences in these factors among
children presenting with pulmonary and neurologic PASC,
which may reflect social drivers of health and inequities in
access to care. It also emphasizes that Long-COVID is likely a
syndrome, with specific subtypes and that each of these
subtypes may be associated with distinct risk profiles.

Implications of all the available evidence
Our findings have important public health implications
regarding interventions to specific groups to decrease the risk
of COVID acquisition including vaccination, or seeking
treatment once infected, to mitigate the development of
PASC. Our findings also impact Long-COVID research in that,
by identifying different risk factors for respiratory vs.
neurologic subtypes of Long-COVID, it suggests that different
mechanisms likely underlie different subtypes of Long-COVID.
Introduction
COVID-19 disproportionately affects racial and ethnic
minority groups, with Hispanic and Black individuals at
higher risk of infection, hospitalization, and death.1–4

Emerging evidence from adult studies suggests that
these groups may also be at greater risk for long COVID
or post-acute sequelae of SARS-CoV-2 (PASC).5–7

Multiple studies have shown increased rates
of multi-system inflammatory syndrome in children
(MIS-C) in Black and Hispanic individuals8; evidence
www.thelancet.com Vol 80 February, 2025
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regarding racial and ethnic risk factors for other PASC
manifestations in children is less established. Further,
PASC encompasses a heterogeneous collection of di-
agnoses and affects various organ systems; therefore, it
is important to assess whether the risk of PASC sub-
types varies by race/ethnicity and other social
determinants.

Respiratory and neurologic symptoms and condi-
tions are some of the most common manifestations of
PASC in children, including chronic cough, shortness
of breath, fatigue and headache.9–11 Our prior work
suggests that the prevalence of PASC is higher among
Hispanic children.12 However, further examination of
this finding is warranted. Exploring these associations is
interwoven with social drivers of health (SDOH), which
are the conditions in the environment that affect health,
functioning and quality of life,13 including socioeco-
nomic status, access to care and education level. Adverse
SDOH may impact minority groups to a larger extent,
and one must take these factors into account when
evaluating racial disparities. The objectives of our study
were to explore whether there were differences in the
risk of respiratory and neurologic PASC by different
racial and ethnic groups and SDOH using a multi-site
network across the US.
Methods
Data source
We conducted this retrospective cohort study as part of
the National Institutes of Health (NIH) Researching
COVID to Enhance Recovery (RECOVER) Initiative,
which seeks to understand, treat, and prevent the post-
acute sequelae of SARS-CoV-2 infection (PASC). For
more information on RECOVER, visit https://
recovercovid.org/. We used electronic health record
(EHR) data from 24 pediatric sites contributing to the
US-based Patient-Centered Clinical Research Networks
(PCORnet) with available geocoding data in order to
ascertain social vulnerability and area deprivation
indices.14 PCORnet is a national network of participating
health systems across the US with EHR data standard-
ized by eight large clinical research networks.15 Institu-
tional Review Board (IRB) approval was obtained under
Biomedical Research Alliance of New York (BRANY)
protocol #21–08-508. As part of the BRANY IRB pro-
cess, the protocol has been reviewed in accordance with
institutional guidelines. BRANY waived the need for
consent and HIPAA authorization.

We used EHR data from all healthcare encounters in
outpatient, inpatient, and emergency department set-
tings from the included health systems. Data were
extracted from the RECOVER/PCORnet Database-
Version s9 and included EHR data with dates of ser-
vices up to July 1, 2023. The Children’s Hospital of
Philadelphia’s Institutional Review Board designated
this study as not human subjects’ research and waived
www.thelancet.com Vol 80 February, 2025
informed consent. Reporting of study design and results
follows the reporting of studies conducted using
observational routinely collected data (RECORD)
guideline for observational research.16

Cohorts
Our cohort included children/youth with a positive
SARS-CoV-2 viral (PCR and antigen) or serology test, or
who had a COVID-19/SARS-CoV-2, MIS-C or PASC
diagnosis (case group) from February 29, 2020 to
August 1, 2022. The cohort entry date was defined as the
date of the earliest SARS-CoV-2 positive viral test or
SARS-CoV-2/COVID-19 diagnosis. For individuals
diagnosed with PASC without evidence of prior testing,
or whose earliest evidence of COVID-19 was a positive
serology test, we imputed their cohort entrance date by
selection of a random date in the 28–90 days prior to
their earliest PASC diagnosis or positive serology test,
respectively, based on our PASC definition, and that
most PASC symptoms in children develop in the 1–3
months after infection.17 For those diagnosed with MIS-
C and no prior testing, we imputed their cohort
entrance date by picking a random date in the 14–42
days prior to their earliest MIS-C diagnosis.18 The
comparison group comprised children/youth with
negative SARS-CoV-2 testing and no documentation of
PASC, MIS-C, or SARS-CoV-2. The cohort entrance
(index) date for the SARS-CoV-2 negative group was
defined as the date of the negative viral test (a random
test date was chosen if a patient had more than one
negative test). A second comparison group was derived
from this original comparison group comprising chil-
dren/youth with evidence of a non-COVID respiratory
infection (i.e., testing negative for SARS-CoV-2, no evi-
dence of a SARS-CoV-2, MIS-C, or PASC diagnosis,
with diagnosis of other respiratory virus or illness). In
order for a patient to be included in the SARS-CoV-2
negative respiratory infection group, they required an
occurrence of a respiratory condition that occurred
within a 14-day window from the time of the negative
index event date. Respiratory conditions included non-
COVID conditions such as influenza, bronchiolitis,
bronchitis, pneumonia, and other respiratory illnesses
(Supplemental Table S1).

Inclusion criteria included children, adolescents and
young adults aged <21 years, who had at least 1 health
care visit in the prior 12 months (to capture an active
patient population), and at least 1 healthcare visit within
180 days after the index date. We excluded children for
whom geocoding data was not available. The follow-up
period to identify study outcomes spanned 28 days–
180 days from the cohort entry date.

Outcomes, covariates and other variables of
interest
We defined PASC based on the presence of an MIS-C
(U07.1), PASC (U09.9), or “sequelae of other specified
3
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infectious and parasitic diseases” (B94.8) ICD-10-CM
code on 1 or more separate visits or a COVID-19 ICD-
10-CM diagnosis code or positive SARS-CoV-2 test in
conjunction with a post-acute condition known to be
associated with PASC from our prior work.12,19 Respi-
ratory and neurologic PASC was identified based on the
presence of at least two diagnostic codes known to be
associated with each PASC subtype; the two diagnoses
were required to be observed at least 28 days apart
during the follow-up period. For example, children/
youth with cough and dyspnea were considered to have
the respiratory subtype and those with headache, mal-
aise/fatigue, and cognitive dysfunction were considered
to have the neurologic subtype (Supplemental Table S2).
We did not conduct specific evaluations on children
with both respiratory and neurologic PASC given that
this was a rarer outcome.

Covariates included age (categorical variable), sex,
race, ethnicity, time period of cohort entry date
(quarter), acute SARS-CoV-2 severity,20 presence and
complexity of pre-existing respiratory or neurologic
chronic conditions, area deprivation index, site/region,
and healthcare utilization. We defined respiratory and
neurologic chronic conditions using the Pediatric
Medical Complexity Algorithm (PMCA) Version 2.021

which categorized children/youth as having no chronic
condition, non-complex chronic conditions, or complex
chronic conditions in the corresponding (respiratory or
neurologic) body system. We considered diagnoses up
to three years before cohort entrance. The pre-existing
chronic respiratory condition covariate was included in
models for the respiratory outcome, and the pre-existing
chronic neurologic condition covariate was included in
models for the neurologic outcome.

Healthcare utilization was defined for each type of
encounter (inpatient, telehealth, outpatient, etc.). The
distribution of the number of each visit type per patient
prior to cohort entry was analyzed and cut-off percentile
points were determined to create levels of utilization for
each type of visit. The cut-off points for each visit type
are summarized in Supplemental Table S3. Area
Deprivation Index (ADI) is another measure of social
vulnerability that ranks census block groups by socio-
economic disadvantage in an area of interest and is
calculated using factors such as income, education,
employment, and housing quality. A block group with a
ranking of 1 indicates the lowest level of “disadvantage”
within the nation and an ADI with a ranking of 100
indicates the highest level of “disadvantage”.22 As a
sensitivity analysis, we evaluated the Social Vulnerability
Index (SVI), which indicates the relative vulnerability of
every U.S. census tract based on 16 different social
factors. SVI values range from 0 to 1, whereby values
closer to 1 indicate higher vulnerability.23 We also
explored the census-level measures which constitute
SVI subthemes including socioeconomic status, house-
hold characteristics, racial and ethnic minority status
and housing type/transportation. Both measures were
assigned based on geocoded residential addresses.
Further details regarding these definitions are provided
in Supplemental Table S4.

We estimated odds ratios and their 95% CIs for
PASC and PASC subtypes from multivariable logistic
regression models comparing children/youth with
different race and ethnicity and ADI, adjusted for age
group, time period of cohort entry, presence and
complexity of pre-existing chronic respiratory (respec-
tively, neurologic) condition, and the multi-level cate-
gorical utilization variables for each visit type described
above. To examine interactions in associations between
race/ethnicity, ADI, and our outcomes, we conducted
the same analyses stratified by ADI quintiles. Addi-
tionally, to test for the statistical significance of effect
modification, we used logistic regression models on
the SARS-CoV-2 positive cohort which included race,
ethnicity, ADI, along with an interaction term between
race and ethnicity and ADI. We conducted additional
stratified analyses by age, acute COVID-19 illness
severity, and underlying neurologic or respiratory
conditions. In analyses stratified by acute COVID-19
illness severity, to ensure sufficiently large samples,
we created two strata by grouping together patients
with asymptomatic and mild presentations and pa-
tients with moderate and severe presentations,
respectively, based on severity definitions we have
developed previously, which are summarized in
Supplemental Table S5.20

We repeated the multivariable logistic regression
analyses on the same outcomes in our two control co-
horts to examine whether associations between out-
comes and covariates in our models were specific to the
SARS-CoV-2 positive cohort. We additionally ran logistic
regression models on two combined cohorts of (a)
SARS-CoV-2 positive and negative patients and (b)
SARS-CoV-2 positive and other respiratory illness pa-
tients and included a binary covariate representing
presence of SARS-CoV-2 infection to detect whether
SARS-CoV-2 infection modifies the effect of the asso-
ciations between our outcomes and covariates. In these
models, we included interactions between COVID-19
status and race and ethnicity in one model and in-
teractions between COVID-19 status and ADI in
another. In all models, we computed scaled generalized
variance inflation factors (GVIFs) to control uncertainty
in model estimates due to collinearity. A threshold of 10
GVIF is commonly used to identify collinearity. Beyond
this threshold, collinearity may significantly distort the
regression estimates, leading to unreliable results.24 For
SDOH factors, the category with the lowest vulnerability
was chosen as the reference groups. Given that all
stratified and sensitivity analyses were related to the
initial hypothesis exploring relationships of race and
ethnicity, Bonferroni correction was not performed.
Analyses were conducted using R version 4.02.
www.thelancet.com Vol 80 February, 2025
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Characteristic SARS-CoV-2
positive N (%)

SARS-CoV-2
negative N (%)

SMDa (standard error)

(N = 203,365) (N = 568,360)

Age groups (years) 0.166 (0.003)

<5 67,291 (33.09%) 225,982 (39.76%)

Articles
Role of funding source
The funder had no role in the design and conduct of the
study; collection, management, analysis, and interpre-
tation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for
publication.
12–17 59,494 (29.25%) 142,455 (25.06%)

6–11 53,343 (26.23%) 151,737 (26.70%)

18–21 23,237 (11.43%) 48,186 (8.48%)

Sex 0.038 (0.003)

Female 101,289 (49.81%) 272,377 (47.92%)

Male 102,028 (50.17%) 295,878 (52.06%)

Other/unknown/ambiguous 48 (0.02%) 105 (0.02%)

Race ethnicityb 0.108 (0.003)

Hispanic Non-White 3999 (1.97%) 11,090 (1.95%)

Hispanic white 25,866 (12.72%) 57,488 (10.11%)

Non-Hispanic Asian 7985 (3.93%) 23,871 (4.20%)

Non-Hispanic black 30,853 (15.17%) 77,549 (13.64%)

Non-Hispanic multiple races 4085 (2.01%) 15,320 (2.70%)

Non-Hispanic other 290 (0.14%) 1077 (0.19%)

Non-Hispanic white 84,201 (41.40%) 249,782 (43.95%)

Other/unknown 46,086 (22.66%) 132,183 (23.26%)

Index event period 0.655 (0.003)

March–May 2020 2123 (1.04%) 11,478 (2.02%)

June–August 2020 6608 (3.25%) 46,476 (8.18%)

September–November 2020 11,207 (5.51%) 60,272 (10.60%)

December–February 2021 23,689 (11.65%) 61,202 (10.77%)

March–May 2021 12,235 (6.02%) 60,020 (10.56%)

June–August 2021 12,915 (6.35%) 60,074 (10.57%)

September–November 2021 23,033 (11.33%) 98,176 (17.27%)

December–February 2022 75,366 (37.06%) 78,513 (13.81%)

March–May 2022 17,384 (8.55%) 60,501 (10.64%)

June–July 2022 18,805 (9.25%) 31,648 (5.57%)

SARS-CoV-2 infection severity 3.302 (0.004)

Asymptomatic 31,518 (15.50%) 568,360 (100.00%)

Mild 101,575 (49.95%) n/a

Moderate 53,647 (26.38%) n/a

Severe 16,625 (8.17%) n/a

Location of index visit 0.483 (0.003)

ED 28,258 (13.90%) 76,456 (13.45%)

Inpatient 4406 (2.17%) 32,605 (5.74%)

Other/unknownc 27,210 (13.38%) 45,880 (8.07%)

Outpatient office 75,931 (37.34%) 246,811 (43.43%)

Outpatient: test only 42,760 (21.03%) 153,926 (27.08%)

Telehealth 24,800 (12.19%) 12,682 (2.23%)

Degree of chronicity (PMCA) 0.046 (0.003)

Non-chronic 180,432 (88.72%) 499,834 (87.94%)

Chronic 10,776 (5.30%) 28,340 (4.99%)

Complex chronic 12,157 (5.98%) 40,186 (7.07%)

Patients with chronic
respiratory/pulmonary
conditions

0.037 (0.003)

Non-chronic 193,573 (95.19%) 543,362 (95.60%)

Chronic 5265 (2.59%) 11,648 (2.05%)

Complex chronic 4527 (2.23%) 13,350 (2.35%)

(Table 1 continues on next page)
Results
After applying our exclusions (Supplemental Figure S1),
among 771,725 children in the cohort, 203,365 (26.3%)
were in the SARS-CoV-2 positive group. There were 72
encounters requiring date imputation. A summary of
sociodemographic characteristics between those testing
positive and negative for COVID-19 is shown in Table 1.
Patients who tested positive were more likely to be older,
Hispanic White and Black race. Distributions of medical
complexity were similar across groups. There was a
higher proportion of children/youth testing positive for
COVID-19 from December 2021–February 2022 to June–
July 2022. Most testing occurred in outpatient office
settings. In comparing characteristics between our
SARS-CoV-2 cohort and our second comparison group
(non-COVID respiratory infection), we found similar dif-
ferences, with a higher proportion of children/youth being
older, diagnosed between December 2020–February 2021
and December 2021–February 2022, and were more likely
be evaluated in the emergency department and outpatient
settings (Supplemental Table S6). Among those with evi-
dence of SARS-CoV-2 infection, 3211 individuals were
diagnosed with respiratory PASC, 2078 children/youth
were diagnosed with neurologic PASC, and 980 in-
dividuals were diagnosed with both. For logistic regression
models, clinically (OR > 1.10 or < 0.9) and statistically
significant results are provided with reference groups used
for comparison in parentheses.

In logistic regression models of children/youth with
evidence of SARS-CoV-2 infection, children aged less
than 5 years, Hispanic children, those with pre-existing
respiratory conditions and those with higher area
deprivation indices had higher risk of developing res-
piratory PASC. Children under 5 years of age had 1.783
times higher odds of a respiratory PASC diagnosis (95%
CI 1.62–1.96) (than those aged 6–11), and those of
Hispanic White race/ethnicity had 1.21 (95% CI
1.07–1.37) times higher odds of having a respiratory
PASC diagnosis (than non-Hispanic White children/
adolescents). When excluding asthma from the defini-
tion of respiratory PASC, there was also an increased
association among those with Hispanic White back-
ground (OR 1.12, 95% CI 1.01–1.42). Children/youth
living in regions with area deprivation indices in the
60th to 79th percentiles had higher odds of respiratory
PASC diagnoses (OR 1.15, 95% CI 1.02–1.30) (than
those in 0–19th percentiles). Individuals with pre-
existing chronic complex respiratory conditions had
higher odds of respiratory PASC diagnoses (OR 3.28,
www.thelancet.com Vol 80 February, 2025 5
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Characteristic SARS-CoV-2
positive N (%)

SARS-CoV-2
negative N (%)

SMDa (standard error)

(N = 203,365) (N = 568,360)

(Continued from previous page)

Patients with chronic
neurological conditions

0.049 (0.003)

Non-chronic 196,150 (96.45%) 542,882 (95.52%)

Chronic 1719 (0.85%) 5465 (0.96%)

Complex chronic 5496 (2.70%) 20,013 (3.52%)

ADId national rank 0.051 (0.003)

0–19th percentile 34,387 (16.91%) 100,551 (17.69%)

20–39th percentile 57,849 (28.45%) 170,819 (30.05%)

40–59th percentile 43,325 (21.30%) 118,837 (20.91%)

60–79th percentile 35,743 (17.58%) 95,109 (16.73%)

80–100th percentile 32,061 (15.77%) 83,042 (14.61%)

Missing or suppressed ADI
value

0 (0.00%) 2 (0.00%)

Social vulnerability index 0.041 (0.003)

0–25th percentile 57,063 (28.06%) 167,373 (29.45%)

25–50th percentile 43,413 (21.35%) 124,064 (21.83%)

50–75th percentile 41,793 (20.55%) 115,041 (20.24%)

75–100th percentile 60,968 (29.98%) 161,486 (28.41%)

Missing or suppressed ADI
value

128 (0.06%) 396 (0.07%)

PASC 10,969 (5.39%) n/a 0.338 (0.003)

Patients with neurological
presentation

2078 (1.02%) 5, 792 (1.02%) 0.005 (0.003)

Patients with respiratory
presentation

3211 (1.58%) 6373 (1.12%) 0.047 (0.003)

aSMD-standardized mean difference Given the decreased reliability of p values to compare groups with large
cohort sizes, the standardized mean difference is used in studies with large cohort sizes. This summary statistic is
based on the difference in mean outcome between groups divided by the outcome’s standard deviation. The
SMD magnitude may be interpreted using Cohen’s recommendations of small (0.2), medium (0.5) and large
(0.8) effect sizes.25 bRace/ethnicity-The cohort was allocated into Hispanic or non-Hispanic, and then non-
Hispanic individuals were further categorized into the following racial groups: white, black, Asian, Multiple Race,
or other. Any individual who did not have any of the aforementioned categories were categorized into other/
unknown. cOther-refers to visit types that were not categorized as inpatient, outpatient ED, telehealth or ED,
and could include long term care visit, non-acute institutional, administrative visits. dADI-Area Deprivation
Index (ADI) is a measure of social vulnerability that ranks census block groups by socioeconomic disadvantage in
an area of interest and is calculated using factors such as income, education, employment, and housing quality.
A block group with a ranking of 1 indicates the lowest level of “disadvantage” within the nation and an ADI
with a ranking of 100 indicates the highest level of “disadvantage”.

Table 1: Sociodemographic characteristics SARS-CoV-2 positive and SARS CoV-2 negative groups.
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95% CI 2.90–3.70) (than those with non-chronic condi-
tions). The time period associated with the highest risk
for respiratory PASC was June–November 2021
(compared with March–May 2020) (Fig. 1). The
increased risk for respiratory PASC among children <5
years was also observed in the SARS-CoV-2 negative
cohort, as well as the SARS-CoV-2 negative acute res-
piratory illness cohort. The association between His-
panic individuals and respiratory manifestations was not
observed in the SARS CoV-2 negative nor SARS-CoV-2
acute respiratory illness cohorts (Supplemental
Table S7). When excluding asthma from the definition
of respiratory PASC, there was still an increased asso-
ciation among those with Hispanic White background
(OR 1.12, 95% CI 1.01–1.42) (Supplemental Table S8).
Hispanic youth with severe acute SARS-CoV-2 illness had
higher risk of developing respiratory PASC. In analyses
stratified by SARS-CoV-2 acute illness severity, the
strength of the association for Hispanic ethnicity (OR 1.34,
95% CI 1.14–1.58) was higher in children/youth with
more severe illness (compared with non-Hispanic white
youth) but was not statistically significant for those with
milder illness (OR 1.16, 95% CI 0.95–1.41) (Supplemental
Table S9). In models stratified by area deprivation index,
underlying respiratory condition and age, a higher risk of
respiratory PASC was observed for Hispanic White in-
dividuals in the 20–39th ADI percentile (OR 1.32, 95% CI
1.05–1.67) (Supplemental Table S10), children with no pre-
existing chronic respiratory conditions (OR 1.19, 95% CI
1.03–1.38) and a non-complex chronic condition (OR 1.6,
95% CI 1.04–2.47) (Supplemental Table S11), children <5
years of age (OR 1.24, 95% CI 1.04, 1.47) and 6–11 years of
age (OR 1.51, 95% CI 1.17, 1.94) (Supplemental
Table S12). There was no significant interaction observed
between race/ethnicity and area deprivation index for res-
piratory PASC diagnosis (Supplemental Table S13).

In logistic regression models of children/youth with
evidence of SARS-CoV-2 infection, with similar covari-
ate adjustments, non-Hispanic white children, older
children/adolescents and those with pre-existing
neurological conditions were at higher risk of devel-
oping neurologic PASC. Older children and adolescents
(OR 1.48, 95% CI 1.26–1.74 for those aged 12–17 years)
and those with a pre-existing neurologic condition (OR
2.187, 95% CI 1.71–2.80 for complex chronic) were
more likely to have documented neurologic manifesta-
tions of PASC (compared with those aged 6–11 and
those with no chronic conditions respectively). In-
dividuals of Hispanic White race/ethnicity (OR 0.71,
95% CI 0.61–0.84) and non-Hispanic Asian (OR 0.52,
95% CI 0.38–0.72) and non-Hispanic Black race (OR
0.62, 95% CI 0.54–0.72) were less likely to have docu-
mented neurologic manifestations of PASC, compared
with non-Hispanic White children. The time period
with highest risk for neurologic PASC was September
2021–February 2022 (compared with March–May 2022)
(Fig. 2 and Supplemental Table S14). Similar findings
were observed in race/ethnicity analyses stratified by
severity status for acute COVID infection and pre-
existing neurologic condition, but was not significant
for those with Hispanic White ethnicity in the severe
group (Supplemental Table S15). Children/youth with a
pre-existing, complex chronic neurologic condition were
more likely to have a neurologic PASC diagnosis (OR
2.01, 95% CI 1.75–2.31) (compared with those with non-
chronic conditions), but this increased risk by medical
complexity was not observed for a specific racial/ethnic
group in stratified analyses (Supplemental Table S16).
We did not observe excessive multicollinearity for any
covariate in any of the non-interaction models; all scaled
GVIFs were less than 1.2; well below thresholds of
concern (which range from 3 to 10 in the literature).
www.thelancet.com Vol 80 February, 2025
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Fig. 1: Forest plot of odds ratios (box) and 95% confidence intervals (lines) from logistic regression models evaluating the covariates associated
with respiratory PASC. Models were adjusted for age group, site, race, ethnicity, area deprivation index, time period of cohort entry, presence
and complexity of pre-existing chronic respiratory condition, and healthcare utilization.

Articles
Some area level deprivation indices were associated
with increased risk of respiratory and neurologic PASC.
In secondary analyses focusing on the role of social
vulnerability in PASC, we replaced ADI with 16 census-
level variables which comprise SVI, and found signifi-
cant increased odds for respiratory PASC diagnoses in
children and youth living in regions with highest
vulnerability percentiles (60th–99th), for no high school
diploma, and the 40th–60th percentile for no health
insurance. The significant factors increasing the risk for
neurologic PASC diagnoses included living in regions
with <150% poverty levels, highest vulnerability indices
for crowding and no high school diploma
(Supplemental Figures S2 and S3).

Discussion
In our retrospective cohort study evaluating children,
adolescents, and young adults with respiratory and
neurologic PASC diagnoses using EHR data from
www.thelancet.com Vol 80 February, 2025
PCORnet sites, we found that while those of Hispanic
ethnicity and Black race were more likely to be diagnosed
with SARS-CoV-2 infection, both groups were not at
higher risk of neurologic PASC, and children and youth
of Black race were not at higher risk of respiratory or
neurologic PASC. Children/youth of Hispanic ethnicity,
those younger than 5 years of age, with underlying res-
piratory conditions or with higher levels of socioeco-
nomic disadvantage were more likely to be diagnosed
with respiratory PASC. In contrast, non-Hispanic white
children/youth and those 10 years of age and older were
more likely to be diagnosed with neurologic PASC. The
association was stronger among those with higher levels
of ADI than those with lower levels of ADI. This study
evaluates important sociodemographic and social
vulnerability characteristics among specific subtypes of
diagnosed PASC highlights the importance of assessing
and addressing the social needs and health disparities of
individuals with long COVID.
7
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Fig. 2: Forest plot of odds ratios (box) and 95% confidence intervals (lines) from logistic regression models evaluating the covariates associated
with neurologic PASC diagnosis. Models were adjusted for age group, site, race, ethnicity, area deprivation index, time period of cohort entry,
presence and complexity of pre-existing chronic neurologic condition, and healthcare utilization.
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Our prior work demonstrated an increased risk of
COVID-19 and PASC among children with Black race
and Hispanic ethnicity,12 similar to US Census Bureau
data.26 However, our current findings suggest an in-
crease in respiratory PASC diagnoses in Hispanic chil-
dren, but racial and ethnic minority groups were not
found to be at higher risk for neurologic PASC di-
agnoses. Indeed, Hispanic Whites, Asians, and Blacks
had lower odds of this outcome. The reasons for these
differences likely relate to the complex interplay be-
tween SDOH,27 life stressors,28 healthcare seeking be-
haviors and access to care.29 which outweigh other
clinical factors including underlying susceptibility due
to increased comorbidity risks,30 genetic factors or dif-
ferences in vaccination rates.31 Caring for children and
youth with PASC increases healthcare utilization and
places financial burdens on families, as well as the
healthcare system. Minority groups representing so-
cially vulnerable populations may not seek advanced
care for their children for chronic issues such as head-
aches, concentration difficulties, or fatigue. Certain
minority groups are more likely to engage in front line
occupations, and thus are at increased risk of
contracting and transmitting SARS-CoV-2. This limited
use of healthcare may be due to factors such as
decreased ability to miss work/school, healthcare costs,
and lack of health insurance. Minority groups also state
feeling stigmatized by healthcare professionals when
seeking care for these types of symptoms, as reported in
a recent survey.27 In the context of this study, race and
ethnicity are not represented as biologic variables, but
more as markers of inequities that affect marginalized
individuals. Of note, we identified lower odds of respi-
ratory PASC among higher percentiles for living in
group quarters and multi-unit structures and no vehicle,
and among neurologic PASC for higher percentiles for
English language proficiency, group quarters, housing
burden and no vehicle. These findings require further
exploration, and may reflect decreased access to care
rather than being true protective factors. Some of our
pediatric findings overlap with those reported in the
corresponding adult EHR RECOVER cohort studies
from PCORnet institutions. Hospitalized adult Hispanic
patients diagnosed with COVID-19 had higher odds of
dyspnea compared with hospitalized adult White pa-
tients. However, in contrast to our study, Black and
www.thelancet.com Vol 80 February, 2025
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Hispanic adult patients had higher odds of documented
headaches compared with White patients.7 In another
study of adult Long COVID patients, Black race, mixed
ethnicity, and other minority groups associated with a
higher risk reporting of Long COVID symptoms
compared to White ethnic groups. This risk had an in-
verse relationship with the level of socioeconomic
deprivation, where the most socioeconomically deprived
patients experienced an 11% increased risk of reporting
Long COVID symptoms.5 However, other studies indi-
cate lower odds of post-COVID conditions among those
with black race.32

Strengths of this study include the large scale,
diverse geographic representation, different types of
medical encounters, patient identification using a com-
bination of test results and codes, and the inclusion of
control groups. We included a large representative
sample of children and youth from diverse geographical
locations across the U.S., including data from outpa-
tient, ED, and inpatient encounters. Our cohort is
comprised of individuals with positive SARS-CoV-2 test
results as well as COVID- and PASC-related codes,
enhancing data capture and accuracy. Given the unre-
liability of Long-COVID codes in the EHR, particularly
in children, which may bias our findings, we used a
comprehensive list of relevant SNOMED codes reviewed
by subject matter and patient and parent advocates,
which has been validated using chart reviews and ana-
lytic approaches, and further restricted the cohort to
those with respiratory and neurologic manifestations.
We conducted extensive sensitivity analyses including
different numbers of encounters used to classify pa-
tients with PASC diagnoses, and different evaluation
periods, with similar findings. Further validating our
work, we analyzed findings using a SARS-CoV-2-
negative cohort and a SARS-CoV-2-negative cohort
with acute respiratory illnesses cohort and did not find
the same race/ethnicity associations.

Our findings are subject to several limitations
inherent to studies using EHR data. First, we identified
symptoms and conditions that were significant enough
to prompt a health care visit and be coded as a reason for
an encounter, and our stringent definition likely
underrepresents the true symptom burden experienced
by youth with neurologic and respiratory PASC. Next,
there are currently no standard definitions of respiratory
or neurologic PASC, and our definitions were deter-
mined by our prior work, literature review and expert
opinion. Thus comparisons to other long COVID
studies remain challenging, and is a topic which re-
quires prioritization from the long COVID scientific
community. Further, sites captured in our study with
sufficient data quality and geocoding data may skew our
cohort to larger, academic institutions. There are some
PASC conditions for which ICD-10 codes do not exist,
such as brain fog, or that may not be appropriately
coded. Children, adolescents and young adults with
www.thelancet.com Vol 80 February, 2025
neurologic PASC may not present to care until many
months after SARS-CoV-2 infection. However, we did
not identify significant differences in our findings
when expanding our evaluation period out to 1 year
from the initial infection. We attempted to adjust for
differences in healthcare utilization in our analyses
but may not have been able to fully avoid biases
introduced due to differences in healthcare seeking
behaviors and access to care in this cohort. We were
unable to look for associations with other important
covariates such as pollution levels, vaccination status,
smoke exposure, English as a primary language, or
other factors which may influence health seeking
behaviors. There is a risk of misclassification bias
from incomplete capture of data during the Omicron
variant period, during which home antigen testing
became more widespread. Misclassification of pa-
tients with de novo conditions may have occurred, in
which they were categorized as having PASC, but the
condition may have been unrelated to COVID-19
infection. Finally, we were unable to formally
explore the complex relationships between race/
ethnicity and social drivers of health, and whether
biologic factors contribute to racial and ethnic dif-
ferences. Future studies by our team will seek to
explore this relationship through mediation analyses.

Younger, Hispanic children/youth with underlying
pulmonary conditions and with higher social vulnera-
bility were more likely to be diagnosed with pulmonary
PASC, whereas older, White children were more likely
to be diagnosed with neurologic PASC. Our findings
have important public health implications for outreach
to specific racial and ethnic groups regarding taking
steps to decrease the risk of COVID acquisition
including vaccination, or seeking treatment once infec-
ted, to mitigate the development of PASC.
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