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The Association Between Obesity and COVID-19 Severity
in Children Differed Between SARS-CoV-2 Variants: A
Multicountry Hospital-based Observational Study

Yanshan Zhu®, PhD,* Petra Zimmermann, PhD, 7§ Daniel K. Yeoh, PhD, 9l Yao Xia, PhD,**
Marco Aurélio Palazzi Safadi, PhD, 7711} Malcolm G. Semple, PhD,§$99
Christoph Saner, PhD, Tl Fernanda Rodrigues, MD, PhD,*** Nicole Ritz, PhD,}$77171
Srivatsan Padmanabhan, MD, PhD, f1f§$§ Daniel Jarovsky, MD, 11} Charles F Gilks, PhD, 799
Stephania A. Cormier, PhD,IIN**** Kulkanya Chokephaibulkit, MD, 7177 Keng Yih Chew, PhD,*
David Burgner, PhD,}1111$$$§ Danilo Buonsenso, PhD, Y999l Martin Eduardo Brizuela, MD, *****
Philip N. Britton, PhD, 1717111111 Asha C. Bowen, PhD, 9l Flavia Jacqueline Almeida, MD, 711} and
Kirsty R. Short, PhD,*$$$$§ on behalf of PAEDS Network Investigators Y9999 and ISARIC4C Investigatorsiiii

Background: Obesity was a risk factor for severe COVID-19 in children
during early outbreaks of ancestral SARS-CoV-2 and the Delta variant.
However, the relationship between obesity and COVID-19 severity during
the Omicron wave remains unclear.

Methods: This multicenter, observational study included polymerase chain
r eaction-confirmed SARS-CoV-2-infected children and adolescents from
Australia, Brazil, Italy, Portugal, Switzerland, Thailand, the United King-
dom and the United States hospitalized between January 1, 2020, and March
31, 2022. Data were collected across 3 time periods representing dominant
SARS-CoV-2 variants: the ancestral strain (T1), pre-Omicron variants (Alpha
and Delta; T2) and Omicron (T3). The primary outcome was the need for sup-
plemental oxygen therapy and/or ventilatory support (respiratory support).
Results: This study included 6176 hospitalized children and adolescents of
2 to <18 years of age. The median age was 11.0 (interquartile range, 6.0—
14.0) years, and 2989 (48.4%) were female. Obesity status was available
for 5460 (88.4%), of whom 213 (3.9%) met the criteria for having obesity.
Obesity was positively associated with the need for respiratory support dur-
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ing T1 [risk ratio (RR), 3.45 (95% CI: 2.02-5.88)] and T2 [RR, 3.24 (95%
CI: 1.57-6.67], but this association was lost during T3 [RR, 3.08 (95% CI:
0.85-11.15)]. These findings were similar for unvaccinated children.
Conclusions: Obesity was associated with more severe COVID-19 during
the ancestral and pre-Omicron waves but not during the Omicron wave.
Importantly, the same phenomenon was observed in unvaccinated children,
suggesting that differences in vaccination did not account for the observed
changes in the need for respiratory support over time.

Key Words: pediatric obesity, COVID-19 severity, SARS-CoV- 2 variants,
risk factor

(Pediatr Infect Dis J 2025;44:1084—1093)

besity is an important independent risk factor for invasive
mechanical ventilation, intensive care unit (ICU) admission
and death among adult patients hospitalized with COVID-19.1-2This
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Evolving Risk Factors for Severe COVID-19

may reflect the combined deleterious effect of obesity on both the
innate and adaptive immune response to SARS-CoV-2, as well as
the biomechanical impact on respiration and/or other obesity asso-
ciated conditions including type 2 diabetes.>* A similar relation-
ship between obesity and severe COVID-19 has previously been
observed in children.’ Specifically, obesity in children increased
the risk of progression to severe COVID-19, ICU admission and
the need for respiratory support during the early waves of the pan-
demic, including those dominated by the ancestral, Alpha and Delta
variants.>7 Obesity has also been identified as a risk factor for the
development of Multisystem Inflammatory Syndrome in Children
following SARS-CoV-2 infection.®

To date, the majority of studies on pediatric obesity and
COVID-19 severity are derived from the early waves of SARS-
CoV-2, preceding the emergence of the Omicron variant of con-
cern.’ Differences in both COVID-19 symptoms and severity
have been recorded in children across different waves of the pan-
demic.!*13 For example, evidence from South Korea suggests that
obesity was not a risk factor for severe COVID-19 in children dur-
ing the Omicron wave of the pandemic, while it was for earlier var-
iants.'* In a study of approximately 700 children under the age of 18
years, Choi et al'* showed that during the Delta wave, obesity was
identified as a risk factor for serious illness caused by COVID-19.
In contrast, during the Omicron wave, obesity was not found to be
a risk factor for serious illness.!# These findings are consistent with
those of Lee et al's who showed that during the Delta wave, obe-
sity was a risk factor for both hospitalization and the provision of
supplemental oxygen. In contrast, obesity was not associated with
hospitalization or supplemental oxygen during the Omicron wave.!'s

These contrasting findings for different variants may indi-
cate a change in the pathogenesis of Omicron compared with previ-
ous SARS-CoV-2 variants. Alternatively, it has been speculated that
these results may reflect differences in vaccination uptake. Namely,
during the Omicron wave, children with obesity received SARS-
CoV-2 vaccination and, hence, were less susceptible to severe
disease.!* For example, as of January 30, 2022, shortly after the
Omicron wave commenced in South Korea, 59.4% of the popu-
lation of 12 to 17 years of age had received a primary COVID-19
vaccine course.’” A similar hypothesis regarding vaccination has
been proposed to explain the lack of association between obesity
and disease severity during the Omicron wave in adults.>®¢ How-
ever, it must be noted that these observations were not a global phe-
nomenon. In China, during the Omicron wave, children who were
overweight or obese still had a higher risk of developing moderate/
severe illness than those with a normal weight.!” Therefore, the
global association between pediatric obesity and disease severity
due to Omicron remains unclear.

In this study, we aim to determine the association between
obesity and COVID-19 disease severity in children and adolescents
admitted to the hospital, focusing on the Omicron variant in com-
parison with earlier pandemic waves (ancestral and Delta/Alpha).

METHODS
Study Design

This multicenter, retrospective study used clinical data from
hospitalized children and adolescents (2—<18 years of age) who
were SARS-CoV-2 positive, as previously described.!® Participants
for this analysis were included only from sites for which data on
weight (kg), height (cm) or obesity status was available, ensuring
alignment with the study’s objective. Children with an incidental
positive test for SARS-CoV-2 without disease were excluded.!©
Deidentified data were provided from hospitals in 8 countries:
Australia, Brazil, Italy, Portugal, Switzerland, Thailand, the United
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Kingdom and the United States, covering the period from January
1, 2020, to March 31, 2022.

The timeframes for the dominant SARS-CoV-2 variants,
ancestral strain (T1), pre-Omicron variants (Alpha and Delta; T2)
and Omicron (T3), varied slightly across participating countries.
These were based on national SARS-CoV-2 genome surveillance,
with a variant of concern considered dominant if it constituted
>70% of collected sequences, as previously described.!® The pri-
mary outcome was the need for respiratory support, defined as oxy-
gen therapy and/or ventilatory support.

Ethical approval was obtained at the coordinating center [the
University of Queensland (UQ)], and local approvals were obtained
at participating sites. In England and Wales, routine anonymized
data from medical records were collected without the need for con-
sent under regulation 3 (4) of the Health Service (Control of Patient
Information) Regulations 2002. In Scotland, a waiver of need for
consent was obtained from the Public Benefit and Privacy Panel.
Ethical approval was given by the South Central-Oxford C Research
Ethics Committee in England (reference 13/SC/0149) and the Scot-
land A Research Ethics Committee (reference 20/SS/0028).

Data Source

Data for this study were provided by 8 participating coun-
tries. Each site followed a standardized protocol [the ISARIC
Clinical Characterization Protocol (https://isaric.org/)] for data
collection and analysis to ensure consistency across the research
population. A data transfer agreement between the UQ and each
participating site facilitated the secure transfer of deidentified
patient data. Specifically, the data collection process at the UK
site was conducted in accordance with the data sharing agreement
between UQ and the ISARIC Global Coordinating Centre at the
University of Oxford. Further details on the data source and proto-
cols have been described previously.'?

Data Collection

Data were extracted from clinical records at participating
centers across the 3 timeframes. The following data were col-
lected for each patient: demographic: date of birth, sex, ethnicity/
race, city/country and center; clinical: weight (kg), height (cm),
preadmission medications, comorbidities (eg, obesity, asthma, car-
diovascular disease, neurological disorders, diabetes and immu-
nosuppression), duration of hospital stay, symptoms and signs at
admission, medication and treatment during hospitalization, in-
hospital mortality and COVID-19 vaccination status and outcome
data: oxygen therapy and ventilatory support (composite outcome).

Obesity was assessed using clinical notations or body mass
index (BMI), calculated by dividing weight (in kilograms) by the
square of height (in meters). For children and adolescents, BMI
percentiles were used, as defined by the Centers for Disease Control
and Prevention. Obesity was categorized as a BMI at or above the
95th percentile for age and sex.!® Preexisting chronic neurological
diseases were clinically diagnosed and included epilepsy, cerebral
palsy, neurogenetic disorders, neuromuscular disorders, pediat-
ric multiple sclerosis and neurodevelopmental disorders such as
attention-deficit/hyperactivity disorder.

Statistical Analysis

Descriptive statistics [n (%), median (interquartile range
[IQR])] were used to summarize patient characteristics overall and
by age category and obesity status. We compared the characteristics
of patients with and without obesity during the 3 timeframes using
the ¢ test for categorical variables, the Fisher exact test for small
sample sizes (n < 5) and the Student ¢ test or the Mann-Whitney U
test for continuous variables, as appropriate.

www.pidj.com | 1085
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To assess the impact of obesity on disease severity across
different pandemic waves, we performed multivariable regression
analyses. We estimated the relative risk of the primary outcome
(respiratory support) by pooling data for obese versus nonobese
children during each time period, adjusting for key covariates.
Covariates were selected based on biological plausibility and prior
evidence linking them to disease severity. Adjusted models were
constructed separately for each site, controlling for potential con-
founders such as age, sex, underlying comorbidities and vaccina-
tion status (if available). The effect of obesity on disease severity
during the Omicron wave (T3) was compared with the earlier waves
(T1 and T2), and the association was further stratified by country or
regions. To evaluate whether differences in sample size across time
periods contributed to the observed associations, we conducted a
sensitivity analysis in which 1100 children were randomly selected
from each timeframe (T1, T2 and T3), and the association between
obesity and respiratory support was assessed. This number was
chosen to reflect the maximum available sample size for T3 with
complete data. To determine whether the observed trends were spe-
cific to obesity or extended to other comorbidities, we conducted
additional analyses evaluating the association of neurological dis-
ease, cardiovascular disease and asthma with respiratory support.
These conditions were selected due to their high prevalence in the
dataset.

Meta-analysis was performed to obtain pooled estimates of
the effect of obesity on severe COVID-19 outcomes across all sites.
The random-effects models were used to summarize the data, with
random-effects estimates presented in the text. All statistical analy-
ses were performed using R software (version 4.4.2).

RESULTS

Characteristics of Patients Included in the Study

This study included 6176 pediatric patients 2 to <18 years
of age. The median (IQR) age was 11 (6—14) years, 2989 (48.4%)
patients were female and 3187 (51.6%) were male (Table, Sup-
plemental Digital Content 1, https:/links.lww.com/INF/G343).
Obesity status was available for 5460 (88.4%) children (Table,
Supplemental Digital Content 1, https://links.lww.com/INF/G343).
Among these patients, the median age was 11.0 (IQR, 6.0-14.0)
years, and 2622 (48.0%) were female. A total of 213 (3.9%) pediat-
ric patients met the criteria for obesity across participating centers,
and the average country-level prevalence of obesity was 14.26%.
Obesity was associated with older age in hospitalized children, with
a median age of 14.0 (IQR, 10.0-15.0) years, compared with 10.0
(IQR, 6.0-14.0) years for those without obesity. When stratified by
timeframe, 84/1490 children (5.6%) with obesity were hospitalized
during T1, 106/2869 (3.7%) during T2 and 23/1101 (2.1%) during
T3 (Table, Supplemental Digital Content 2, https://links.lww.com/
INF/G343).

Across the 3 timeframes, 1336 (22.0%) of patients required
respiratory support, 1088 (18.1%) were admitted to ICU and 59
(1.0%) experienced in-hospital mortality (Table, Supplemental Dig-
ital Content 1, https://links.lww.com/INF/G343). ICU admission
rates and the need for respiratory support were higher for patients
with obesity compared with patients without obesity. Specifically,
ICU admission occurred in 77 of 213 patients with obesity (36.5%)
versus 946 of 5247 patients without obesity (18.5%; P < 0.001;
Table, Supplemental Digital Content 2, https://links.lww.com/
INF/G343). Similarly, respiratory support was required for 110 of
213 patients with obesity (51.9%) compared with 1118 of 5247
patients without obesity (21.5%; P < 0.001; Table, Supplemental
Digital Content 2, https://links.lww.com/INF/G343). These differ-
ences were also reflected in case fatality rates, with 8 of 213 (3.8%)
deaths among children with obesity and 42 of 5247 (0.8%) deaths
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in those without obesity (P = 0.01). However, after stratification
by time period, ICU admissions, respiratory support and mortality
rates declined during the Omicron wave (T3) compared with earlier
waves. Furthermore, no differences in age, sex or ICU admission
were observed between children with and without obesity in T3, in
contrast to the differences seen in T1 and T2 (Table, Supplemental
Digital Content 3, https://links.lww.com/INF/G343). Tables, Sup-
plemental Digital Contents 4-10, https://links.lww.com/INF/G343,
show the distribution of pediatric cases for each site in 3 time peri-
ods by age, sex on hospital admission, comorbidities, outcomes and
COVID-19 vaccination status. There was considerable variability
across different countries and sites, for example, findings for the
prevalence of COVID-19-related comorbidities and risk factors on
hospital admission (Tables, Supplemental Digital Contents 410,
https:/links.lww.com/INF/G343).

Obesity Was Not Significantly Associated With
Increased Respiratory Support in Children During
the Omicron Wave of the COVID-19 Pandemic

To assess the impact of obesity on COVID-19 severity
across the different waves of the pandemic, respiratory support
(oxygen therapy and/or ventilation) was assessed in hospitalized
children with obesity relative to healthy weight children (while
controlling for age, sex and other comorbidities; Fig. 1). Obesity
was associated with increased respiratory support during both
T1 [risk ratio (RR), 3.45 (95% CI: 2.02-5.88)] and T2 [RR, 3.24
(95% CI: 1.57-6.67)]; this association remained elevated in T3
(RR, 3.08), but the wide confidence interval (95% CI: 0.85-11.15)
crossed the null (Fig. 1). Therefore, obesity was no longer a statis-
tically significant risk factor for children during the Omicron wave
of the pandemic.

It is important to note that the number of hospitalized chil-
dren recorded in the Omicron wave was lower than that of T1 and T2.
Accordingly, to ensure that these results were not simply reflective
of sample size differences, 1100 children were randomly selected
from each time period, and the association between obesity and res-
piratory support was assessed. Once again, obesity was associated
with increased respiratory support during both T1 [RR, 3.44 (95%
CI: 1.86-6.35)] and T2 [RR, 4.29 (95% CI: 1.82-10.14)], but this
association was lost during T3 [RR, 3.08 (95% CI: 0.85-11.15);
Fig. 2]. Together, these data suggest that the observed phenotype
cannot be solely explained by the reduced numbers in T3.

Obesity Was Not Associated With Increased Need
for Respiratory Support in Unvaccinated Children
During the Omicron Wave of the COVID-19
Pandemic

To investigate whether the increased prevalence of vacci-
nation during the Omicron wave influenced the trends observed
herein, we examined respiratory support in obese and nonobese
across the pandemic only in unvaccinated children. Importantly,
the same trends were observed in this population as were previ-
ously observed in Figure 1. Namely, in unvaccinated children, obe-
sity was associated with increased respiratory support during both
T1 [RR, 3.45 (95% CI: 2.02-5.88)] and T2 [RR, 3.90 (95% CI:
2.37-6.41)], but this association was lost during T3 [RR, 3.46 (95%
CI: 0.56-21.29); Fig. 3].

Associations Between Other Comorbidities and
Respiratory Support in Children During the
Omicron Wave of the COVID-19 Pandemic

Finally, we sought to ascertain if these trends were specific
to obesity or were observed across other comorbidities in children.
Accordingly, respiratory support was assessed in hospitalized

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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™ Children with Obesity
No. of patients : . SF .
Country (Respiratory Support) Risk Ratio RR 95%-Cl Weight
UK 1345(348) —+F> 3.83 [1.99; 7.46] 65.1%
Switzerland 142(48) ——8F— 3.40 [1.24; 9.87] 26.4%
Europe 14(4) : 6.76 [0.17, 363.11] 1.9%
USA 49(11) < — 0.59 [0.02, 7.70] 3.2%
Brazil 67(19) < - — 1.81 [0.07; 25.03] 3.3%
Thailand 0.0%
Random effects model <> 345 [2.02; 5.88] 100.0%
Heterogeneity: /° = 0.0%, ¥ =0, p =0.7812 ! I ! !
0.1 05 1 2 5
T2
Country No. of patients Risk Ratio RR 95%-Cl  Weight
(Respiratory Support)
UK 2808(604) — 569 [3.27; 10.05] 44.4%
Switzerland 159(52) B— 3.12 [1.02; 9.87] 24.3%
Europe 31(3) - 8.25 [0.27; 293.39] 4.0%
USA 43(17) B — 0.88 [0.10; 7.45] 95%
Brazil 36(12) = : 1.69 [0.04; 55.77] 3.7%
Thailand 33(11) = : 1.28 [0.23; 6.75] 14.1%
Random effects model -{:ﬂ 3.24 [1.57; 6.67] 100.0%
Heterogeneity: 1* = 12.2%, ©° = 0.2250, p = 0.3373 ! I I
0.1 05 1 2 5
L N f patient
o. of patients . . o _ .
Country (Respiratory Support) Risk Ratio RR 95%-CI Weight
UK 1085(162) F——— 226 [0.31; 10.82] 525%
Switzerland 91(14) ; > 19.35 [0.50; 973.54] 11.5%
Europe 32(6) = 2.68 [0.29; 21.22] 36.0%
USA : 0.0%
Brazil 0.0%
Thailand : 0.0%
Random effects model —=—— T 3.08 [0.85; 11.15] 100.0%
Heterogeneity: 1° = 0.0%, t° =0, p=0.5953 | I | |

0.1

05 1 2 5

FIGURE 1. Obesity was not associated with increased need for respiratory support in children during the Omicron wave

of the pandemic. Meta-analysis RRs for oxygen usage and/or ventilatory support among pediatric patients 2 to <18 years

of age. Models were adjusted for age, sex (male/female), preexisting cardiovascular disease (yes/no), asthma (yes/no),
neurologic disorder (yes/no), childhood cancer (yes/no), immunologic disease or immunosuppression (yes/no) and diabetes

(yes/no) as appropriate.

children with neurological disease, cardiovascular disease and
asthma relative to children without these conditions (while con-
trolling for age, sex and other comorbidities; Figs. 4-6). These
comorbidities were chosen as they were the most prevalent in our
dataset. In contrast to our previous observations in obese children,
children with neurologic disease had an increased disease risk of

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

respiratory support at all 3 timepoints (Fig. 4). In contrast, cardio-
vascular disease was only associated with an increased risk of res-
piratory support at T2 (Fig. 5), while asthma was only associated
with an increased risk of respiratory support at T3 (Fig. 6). Taken
together, these data show that the pattern of obesity and the need for
respiratory support over time are not seen with other comorbidities.

www.pidj.com | 1087



Zhu et al

The Pediatric Infectious Disease Journal e Volume 44, Number 11, November 2025

T1 Children with Obesity
Country No. of patients Risk Ratio RR 95%-ClI Weight
(Respiratory Support)
UK 942(253) —F3}—3.17 [1.51; 6.68] 68.0%
Switzerland 78(27) ——Fb 4.34 [1.31; 15.85] 24.2%
Europe 8(2) 0.0%
USA 33(6) s—— 2.17 [0.09; 28.75] 4.5%
Brazil 39(10) ; 6.24 [0.21;194.05] 3.2%
Thailand 0.0%

Random effects model

Heterogeneity: /> = 0.0%, ©° = 0. p = 0.9413 '

<= > 3.44 [1.86; 6.35] 100.0%
| 1

0.1 05 1 2 5
T2 Children with Obesity
Country No. of patients Risk Ratio RR 95%-CI Weight
(Respiratory Support) ,

UK 995(250) — 573 [2.44,14.18] 73.8%
Switzerland 51(16) #-— 3.63 [0.49; 33.46] 15.8%
Europe 12(1) ] 0.0%
USA 17(7) 0.0%
Brazil 13(2) : 0.0%
Thailand 11(4) & ~ 0.72 [0.05; 9.40] 10.4%
Random effects model -<3 4.29 [1.82; 10.14] 100.0%
Heterogeneity: 1* = 9.6%, ©° = 0.0591, p = 0.3310 ! I I I

0.1

05 1 2 5

T3
Children with Obesity
Country No. of patients Risk Ratio RR 95%-Cl Weight
(Respiratory Support)

UK 998(155) E : 2.31 [0.32; 11.12] 51.8%
Switzerland 54(6) : > 19.35 [0.50; 973.54] 11.4%
Europe 31(6) H > 263 [0.29; 19.42] 36.9%
USA : 0.0%
Brazil 3(1) 0.0%
Thailand 12(1) : 0.0%
Random effects model —~===—""___13.08 [0.86; 11.06] 100.0%
Heterogeneity: /° = 0.0%, v° = 0, p = 0.5983 I I I |
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FIGURE 2. Obesity was not associated with increased need for respiratory support in children during the Omicron wave of
the pandemic when using a randomly selected sample of 1100 hospitalized children per timeframe. Meta-analysis RRs for
oxygen usage and/or ventilatory support among pediatric patients 2 to <18 years of age. Models were adjusted for age, sex
(male/female), preexisting cardiovascular disease (yes/no), asthma (yes/no), neurological disorder (yes/no), childhood cancer
(yes/no), immunological disease or immunosuppression (yes/no) and diabetes (yes/no) as appropriate.

DISCUSSION
Obesity is a known risk factor for severe COVID-19 in chil-
dren.>6 However, these data are largely derived from the earlier stages
of'the pandemic where the ancestral, Beta or Alpha variants were dom-
inant. Several single-site studies suggest that the association between
obesity and severe COVID-19 in children was less apparent during
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the Omicron wave of the pandemic.'*!5 Consistent with these previous
studies, the analysis performed herein noted a significant association
between obesity and the need for respiratory support during the earlier
stages of the pandemic but not during the Omicron wave.

These findings may be influenced by the fact that dur-
ing the Omicron period, a greater proportion of children with

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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™ Unvaccinated Children with Obesity
No. of patients : . o _ :
Country (Respiratory Support) Risk Ratio RR 95%-ClI Weight
UK 1345(348) —F3> 383 [1.99; 7.46] 65.1%
Switzerland 142(48) —Eﬂ—'3.40 [1.24; 9.87] 26.4%
Europe 14(4) — 6.76 [0.17; 363.11] 1.9%
USA 49(11) < — 0.59 [0.02; 7.70] 3.2%
Brazil 67(19) “ — 1.81 [0.07; 25.03] 3.3%
Thailand : 0.0%
Random effects model <::> 3.45 [2.02; 5.88] 100.0%
Heterogeneity: £ =0.0%, % =0, p=07812 { I I I
01 05 1 2 5
T2
Country No. of patients Risk Ratio RR 95%-Cl Weight
(Respiratory Support)
UK 2473(542) — 478 [2.64; 8.76] 68.5%
Switzerland 152(51) - 3.14 [1.02, 9.98] 18.9%
Europe 30(3) — 7.67 [0.25; 266.92] 2.0%
USA 26(6) 0.0%
Brazil 36(12) — 1.69 [0.04; 55.77] 1.9%
Thailand 33(11) - — 1.28 [0.23; 6.75] 8.6%

Random effects model

<< 3.90 [2.37; 6.41] 100.0%
|

Heterogeneity: I* = 0.0%, =0, p = 0.6267 |

| I
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T3
Country No. of patients Risk Ratio RR  95%-Cl Weight
(Respiratory Support)
UK 640(104) o > 214 [0.09; 26.24] 41.0%
Switzerland 77(13) > 17.21 [0.43; 865.97] 22.8%
Europe 23(3) « E 2.16 [0.08; 33.96] 36.1%
USA 0.0%
Brazil 0.0%
Thailand 0.0%

Random effects model

Heterogeneity: 1> = 0.0%, t°=0, p = 0.6419 |
0.1

: 01 3.46 [0.56; 21.29] 100.0%
! | | |

05 1 2 5

FIGURE 3. Obesity was not associated with increased need for respiratory support in unvaccinated children during the
Omicron wave of the pandemic. Meta-analysis RRs for oxygen usage and/or ventilatory support among unvaccinated
pediatric patients 2 to <18 years of age. Models were adjusted for age, sex (male/female), preexisting cardiovascular
disease (yes/no), asthma (yes/no), neurological disorder (yes/no), childhood cancer (yes/no), immunological disease or
immunosuppression (yes/no) and diabetes (yes/no) as appropriate.

obesity had the opportunity to receive SARS-CoV-2 vaccina-
tion, making them less vulnerable to severe disease.'* How-
ever, our large dataset inclusive of children hospitalized in
8 countries does not support this. Namely, no association
between obesity and respiratory support was observed dur-
ing the Omicron wave when only unvaccinated children were

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

included in the analysis. Moreover, should the associations in
this wave of the pandemic be influenced by priority vaccina-
tion, then one would expect that children with other comor-
bidities would also no longer be at increased risk during the
Omicron wave. In this study, preexisting neurological disease
and asthma remained as risk factors for increased respiratory
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T Children with Neurological Disorder
No. of patients . . .
Country (Respiratory Support) Risk Ratio RR 95%-CI Weight
UK 1345(348) —F— 259 [1.70; 3.94] 96.1%
Europe : 0.0%
Brazil 67(19) 2.22 [0.26; 16.96] 3.9%
Australia : 0.0%
Random effects model <> 257 [1.71; 3.89] 100.0%
Heterogeneity: 1° = 0.0%, v = 0, p = 0.8872 [ J I |
0.1 0.5 1 2 5
T2
Country No. of patients Risk Ratio RR 95%-Cl Weight
(Respiratory Support)
UK 2808(604) —3— 264 [1.88; 3.69] 94.3%
Europe 31(3) - 7.50 [0.28;128.39] 1.1%
Brazil 36(12) ; 1.24 [0.05; 15.65] 1.3%
Australia 95(13) ; 154 [0.25; 9.58] 3.2%
Random effects model <> 2.60 [1.87; 3.61] 100.0%
Heterogeneity: /2= 0.0%, ©° =0, p = 0.7918 I ! ! L
0.1 0.5 1 2 5
T3
Country No. of patients Risk Ratio RR 95%-Cl  Weight
(Respiratory Support)
UK 1085(162) —> 3.85 [2.26; 6.50] 87.5%
Europe 32(6) : 2.23 [0.25; 17.02] 5.5%
Brazil : 0.0%
Australia 127(10) & 1.67 [0.26; 10.75] 7.0%
Random effects model <> 3.52 [2.15; 5.77] 100.0%
Heterogeneity: I° = 0.0%, ©° = 0, p = 0.6354 [ I ! I
0.1 0.5 1 2 5

FIGURE 4. Neurological disease is associated with increased need for respiratory support in children during the Omicron
wave of the pandemic. Meta-analysis RRs for oxygen usage and/or ventilatory support among unvaccinated pediatric
patients 2 to <18 years of age. Models were adjusted for age, sex (male/female), preexisting cardiovascular disease (yes/no),
asthma (yes/no), childhood cancer (yes/no), immunologic disease or immunosuppression (yes/no), diabetes (yes/no) and

obesity (yes/no) as appropriate.

support during the Omicron wave. Indeed, these data are con-
sistent with previous reports that children with neurological
disease were still at increased risk of severe COVID-19 dur-
ing the Omicron period'* despite vaccination.

The question, therefore, remains why obesity was not a
clear statistically significant risk factor for children during the
Omicron wave of the pandemic. It is possible that these data reflect
genetic changes in the Omicron variant that dramatically altered
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the pathogenesis of the virus. An alternative hypothesis is that
these data reflect the protective effect of prior infection. Children
with obesity may have had a higher risk of SARS-CoV-2 infection
than other children, as has been suggested with other respiratory
pathogens.'®20 Thus, by the time the Omicron wave emerged, chil-
dren with obesity had sufficient levels of prior immunity that the
deleterious effect of obesity on COVID-19 outcomes was reduced.
Despite being only a hypothesis, this theory is consistent with the
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Children with Cardiovascular Disease

T Country No. of patients Risk Ratio RR 95%-ClI Weight
(Respiratory Support)
Australia 0.0%
Brazil 0.0%
Europe 0.0%
Switzerland 142(48) £ 0.22 [0.01;1.53] 31.2%
UK 1345(348) E 1.60 [0.71;3.51] 68.8%
USA 0.0%
Random effects model 0.86 [0.14; 5.22] 100.0%
Heterogeneity: /> = 53.9%, 1> = 1.0619, p = 0.1408 f ! ' !
0.1 0.5 1 2 5
T2
Country No. of patients Risk Ratio RR 95%-CI Weight
(Respiratory Support)
Australia 95(13) o 1.52 [0.22; 10.76] 8.3%
Brazil 36(12) ® 0.84 [0.04; 8.32] 4.4%
Europe 0.0%
Switzerland 159(52) 0.65 [0.03; 4.78] 4.9%
UK 2808(604) —E— 2.47 [1.37; 4.40] 79.4%
USA 43(17) 0.67 [0.03; 21.18] 2.9%
Random effects model <= =  2.04 [1.16; 3.58] 100.0%
Heterogeneity: /2 = 0.0%, v = 0.0159, p = 0.7094 | I | !
0.1 0.5 1 2 5
T3
Country No. of patients Risk Ratio RR 95%-ClI Weight
(Respiratory Support)
Australia 127(10) £ 3.05 [0.43; 21.78] 27.9%
Brazil 0.0%
Europe 0.0%
Switzerland 91(14) 0.0%
UK 1085(162) % 0.83 [0.29; 2.08] 72.1%
USA 0.0%
Random effects model ————e— 1.19 [0.38; 3.74] 100.0%
Heterogeneity: /> = 25.9%, ©° = 0.2193, p = 0.2454 I I ! I
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FIGURE 5. Cardiovascular disease is associated with increased need for respiratory support in children during T2. Meta-
analysis RRs for oxygen usage and/or ventilatory support among unvaccinated pediatric patients 2 to <18 years of age.
Models were adjusted for age, sex (male/female), neurologic disease (yes/no), asthma (yes/no), childhood cancer (yes/no),
immunologic disease or immunosuppression (yes/no), diabetes (yes/no) and obesity (yes/no) as appropriate.

fact that obesity remained a risk factor for severe COVID-19 in
children in China during the Omicron wave of the pandemic.!”
Due to strict quarantine and lockdown measures, there were lim-
ited SARS-CoV-2 infections in China prior to January 2023 when
the country reopened borders (and was exposed to the Omicron
variant). Accordingly, it is reasonable to assume that any increased
risk that obesity provided for infection early in the pandemic would

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

not have applied, and hence, children with obesity remained at a
heightened risk of severe disease during the Omicron wave. Inter-
estingly, while obesity was no longer significantly associated with
respiratory support during the Omicron wave, both neurologi-
cal disease and asthma were. Cardiovascular disease, in contrast,
showed an association only during the pre-Omicron (T2) period.
These results may reflect variant-specific effects, shifts in clinical
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Children with Asthma

T Country No. of patients Risk Ratio RR 95%-CI Weight
(Respiratory Support)

Australia 0.0%
Brazil 67(19) — > 10.04 [1.91; 66.27] 20.5%
Europe 0.0%
Switzerland 142(48) = 0.50 [0.07; 2.45] 20.4%
UK 1345(348) B 1.28 [0.85; 1.90] 40.3%
USA 49(11) f3— 3.60 [0.54;25.49] 18.7%

Random effects model

Heterogeneity: /* = 58.0%, +* = 0.7597, p = 0.0675

——=— e 1.96 [0.64; 5.96] 100.0%
| | | |

0.1 0.5 1 2 5
T2
Country No. of patients Risk Ratio RR 95%-ClI Weight
(Respiratory Support)

Australia 95(13) 15 1.66 [0.35; 7.79] 17.6%
Brazil 36(12) =) 1.82 [0.28; 11.84] 13.3%
Europe 0.0%
Switzerland 159(52) #8491 [0.38;118.89] 6.4%
UK 2808(604) B 1.18 [0.80; 1.70] 54.2%
USA 43(17) — > 18.47 [2.05; 282.21] 8.4%
Random effects model —==_ —— 1.84 [0.85; 3.96] 100.0%
Heterogeneity: /* = 30.4%, 1* = 0.2476, p = 0.2186 I I !

0.1 0.5 1 2 5

T3
Country No. of patients Risk Ratio RR 95%-CI Weight
(Respiratory Support)

Australia 127(10) —+— & 3.83 [0.71; 20.69] 9.3%
Brazil 0.0%
Europe 0.0%
Switzerland 91(14) 6.35 [0.21; 196.99] 2.3%
UK 1085(162) —E— 2.03 [1.16; 3.46] 88.5%
USA 0.0%
Random effects model - 2.21 [1.32; 3.69] 100.0%
Heterogeneity: /> = 0.0%, t° = 0, p = 0.6483 ' ! I !
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FIGURE 6. Asthma is associated with increased need for respiratory support in children during T3. Meta-analysis RRs for
oxygen usage and/or ventilatory support among unvaccinated pediatric patients 2 to <18 years of age. Models were
adjusted for age, sex (male/female), neurologic disease (yes/no), cardiovascular disease (yes/no), childhood cancer (yes/no),
immunologic disease or immunosuppression (yes/no), diabetes (yes/no) and obesity (yes/no) as appropriate.

management practices or differential background immunity. Such
changes highlight the dynamic nature of COVID-19 risk in children
and reinforce the need to continuously reassess comorbidity-related
vulnerability as the pandemic evolves.

This study was subject to several limitations. First, while
this represents the first global analysis of obesity and disease sever-
ity across different pandemic waves, not all regions of the world

1092 | www.pidj.com

were represented, and hence, regional disparities may have been
overlooked. Similarly, while we hypothesize that these results were
influenced by different levels of seropositivity in obese children
with obesity during the Omicron wave, we were unable to specif-
ically assess seropositivity. We also acknowledge that while it is
important to stratify such studies according to different pediatric age
groups (eg, pre-pubertal vs. post-pubertal), this was not possible in
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this study due to a limited number. Indeed, BMI is often not rou-
tinely recorded, which dramatically reduced the number of children
who could be analyzed compared with our prior publication.!” It is
also plausible that the lack of statistically significant association
between obesity and respiratory support in T3 was related to lower
case numbers at this timepoint. However, it is striking to note that
when 1100 children were randomly selected from each timepoint
for analysis, the same trend was observed. Moreover, an associa-
tion with respiratory support was observed in T3 in children with
neurological disease and asthma, despite the lower number for this
timeframe. Although we performed these sensitivity analyses with
matched sample sizes across time periods, we acknowledge that
this approach does not fully account for potential differences in
disease presentation, treatment practices or underlying risk across
different variant waves. Despite these limitations, this study does
suggest that risk factors for severe disease in children can change
throughout the course of the pandemic. This emphasizes the need
to constantly update clinical and resource prioritization guidelines
around which populations are most at risk of severe disease as both
the virus and population immunity evolve over the course of a pan-
demic.
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