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1 | INTRODUCTION

| Brian Elbel**® | Melanie Jay™** |

Silvia Curado'®

Summary

Background: Limited research has addressed the obesity-COVID-19 severity associ-
ation in paediatric patients.

Obijective: To determine whether obesity is an independent risk factor for COVID-19
severity in paediatric patients and whether age modifies this association.

Methods: SARS-CoV-2-positive patients at NYU Langone Health from 1 March 2020
to 3 January 2021 aged 0-21 years with available anthropometric measurements:
weight, length/height and/or body mass index (BMI). Modified log-Poisson models
were utilized for the analysis. Main outcomes were 1) hospitalization and 2) critical ill-
ness (intensive care unit [ICU] admission).

Results: One hundred and fifteen of four hundred and ninety-four (23.3%) patients
had obesity. Obesity was an independent risk factor for critical illness (adjusted risk
ratio [ARR] 2.02, 95% Cl 1.17 to 3.48). This association was modified by age, with
obesity related to a greater risk for critical illness in adolescents (13-21 years)
[ARR 3.09, 95% Cl 1.48 to 6.47], but not in children (0-12 years). Obesity was not an
independent risk factor for hospitalization for any age.

Conclusion: Obesity was an independent risk factor for critical illness in paediatric
patients, and this association was modified by age, with obesity related to a greater
risk for critical illness in adolescents, but not in children. These findings are crucial for

patient risk stratification and care.
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been reported within the paediatric population since the onset of the

pandemic.* While severe SARS-CoV-2 illness is less common in the

As cases of the coronavirus disease 2019 (COVID-19), caused by the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), con-
tinue to increase across the globe, more than 136.1 million infections
have been reported as of 12 April 2021.} Of these, more than 31.2
million are in the United States, with the vast majority of the cases

being reported in adults.2® Over 3.54 million infection cases have
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paediatric population than that in adults, hospitalization, intensive
care admission and even death have occurred in children and adoles-
cents.>”” It is therefore crucial to identify risk factors that may influ-
ence the severity of COVID-19 in paediatric patients.

In addition to age, sex, hypercholesterolemia and diabetes,®? obe-
sity has been well established as an independent risk factor for
adverse COVID-19 outcomes in adults.’®*! However, limited research

has addressed the association of obesity with COVID-19 severity in
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children and adolescents.'? The few paediatric studies conducted thus
far have several limitations, such as utilizing small sample sizes,”” and
examining this association without controlling for other confounding
variables, such as age and sex.>”*3 Age-related differences in infec-
tion susceptibility,** transmission®® and incidence®® have been previ-
ously noted. However, no study thus far has explored possible
age-related differences in the association of obesity with COVID-19
severity in paediatric patients. Because obesity affects nearly 20% of
the paediatric population in the United States,*” a deeper understand-
ing of the association between obesity and COVID-19 severity is cru-
cial. Moreover, it is important to know whether the possible
associated risk within the paediatric population is age-dependent, to
support paediatric risk stratification of developing increased COVID-
19 severity and decision-making regarding patient care.

Our work aims to address these gaps in the literature and estab-
lish whether obesity is an independent risk factor for COVID-19
severity in children and adolescents by 1) analysing a relatively large
paediatric cohort, 2) conducting multivariable analyses and 3) stratify-
ing our cohort by age to explore if age is an effect modifier of the

association between obesity and COVID-19 severity.

2 | METHODS

2.1 | Data source and inclusion criteria

The study site was NYU Langone Health (NYULH), a network includ-
ing 260 outpatient and 6 inpatient sites located in Manhattan, Brook-
lyn and Long Island, New York. We identified all patients with a
positive result for the SARS-CoV-2 virus polymerase chain reaction
(PCR) test from the assay of sputum, nasopharyngeal swab or oropha-
ryngeal swab specimens between 1 March 2020 and 3 January 2021.
Electronic medical records of these patients, including data from pre-
vious inpatient and outpatient encounters in the health system, were
retrieved from our integrated electronic health records (EHR) system
(Epic Systems, Verona, WI). The inclusion criteria for the final cohort
were 1) positive SARS-CoV-2 PCR test, 2) age between O and
21 years, and 3) anthropometric measurements (weight, length/height
and/or body mass index [BMI]) availability in the EHR. This study was
approved by the NYU Institutional Review Board.

2.2 | Study outcomes

For this study, COVID-19 illness outcomes were defined as 1) hospitali-
zation and 2) critical illness, defined as requiring admission to an inten-
sive care unit (ICU), due to COVID-19. Hospitalization and critical
iliness were defined as due to COVID-19 if the patient had 1) a positive
SARS-CoV-2 PCR test and 2) COVID-19-related symptoms and/or
complications described in the literature,®® such as fever, shortness of
breath, cough, acute respiratory distress syndrome (ARDS), pneumonia
and acute respiratory failure, as recorded in the medical history, prob-

lem list, hospital problem or diagnosis fields in the EHR.

2.3 | Exposure variables

3618 and clini-

All variables were selected based on published literature
cal knowledge. The following were extracted for each patient: 1) age at
the time of COVID-19 testing, categorized as children (0-12 years old)
and adolescents (13-21 years old) (13 years was used as the starting
age cutoff for the adolescent group because it is the mean age when
menarche, which is the most definitive sign of puberty in females,'?
occurs in the United States [i.e., 12.5 years in 2013-2017]%, given the
scarcity of studies regarding pubertal onset in males due to the absence
of an easily identifiable marker such as menarche,?* we also designated
13 years as the starting age cutoff for males in our study.); 2) race/
ethnicity, recorded as non-Hispanic white, non-Hispanic black, Asian,
Hispanic, other race or unknown; 3) male and female sex; 4)
anthropometric measures: weight, length or height and/or BMI (weight
in kilograms divided by height in meters squared); 5) presence of com-
orbidities, defined as history of asthma, any malignancy or metastatic
solid tumour, congenital malformations, deformations, and chromo-
somal abnormalities (International Classification of Diseases, Tenth
Revision, Clinical Modification [ICD-10-CM]: Q00-Q99), and/or diabe-
tes, as noted in the medical history, problem list, hospital problem or
diagnosis fields in the EHR; 6) initial vital signs taken in the emergency
department (ED) or during hospital admission, including oxygen satura-
tion and temperature; 7) initial laboratory results taken in the ED or
during hospital admission, including C-reactive protein (CRP), creatinine,
d-dimer, ferritin, lymphocyte count, procalcitonin and troponin; 8) hos-
pitalization and ICU length of stay in days; 9) COVID-19-related symp-
toms, including fever, shortness of breath, cough, nausea/vomiting,
diarrhoea and abdominal pain; 10) COVID-19-related complications,
including ARDS, pneumonia, acute respiratory failure, myocarditis, mul-
tisystem inflammatory syndrome in children (MIS-C) and acute kidney
injury; and 11) oxygen delivery device required during hospitalization
and/or ICU admission, including high flow nasal cannula, bilevel positive
airway pressure (BiPAP) or continuous positive airway pressure (CPAP),
and/or invasive mechanical ventilation (IMV).

Obesity status was determined for each patient using the US
Centers for Disease Control and Prevention (CDC) growth charts.??
Sex-specific weight-for-length (WFL) for children <24 months
(2 years) or BMI (for children and adolescents 24 months [2 years]-
240.99 months [20.08 years]) z-scores were calculated for all patients
with available length or height in the medical record; weight-for-age
(WFA) z-scores were utilized for those with missing length or height
measurements. BMI 295th percentile was designated as obese. Simi-
larly, the 95th percentile cutoff point was also utilized for 1) WFL, as
it was found to be that CDC WFL 295th percentile, World Health
Organization (WHO) WFL 97.7th percentile, and WHO BMI 97.7th
percentile provided similar prevalence of overweight,?>?* and for 2)
WEFA, as it was found to be that the 95th percentile is a viable cutoff
point if the goal is to identify children and adolescents with an over-
weight status with high certainty (i.e., high positive predictive value
[PPV]), as well as with reasonable sensitivity.2> For adolescents aged
>240.99 months (20.08 years), CDC adult BMI categories were used
to define obesity status, with 230.0 kg/m? designated as obese.?®
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2.4 | Statistical analysis

Continuous variables were compared in patients with any of our
COVID-19 study outcomes (hospitalization and critical illness) versus
patients without those outcomes using t test or Mann-Whitney U
test, depending on data distribution. x? test or Fisher's exact test was
utilized for comparisons involving categorical variables. In addition,
COVID-19-related clinical presentations were compared between
paediatric patients with obesity versus without obesity using the same
descriptive statistics methods.

Generalized estimated equation with a log-link function and a
Poisson distribution was used to quantify the association between
obesity and hospitalization and critical illness due to COVID-19. Risk
ratios and 95% confidence intervals (Cls) for obesity were adjusted
for age (dichotomized as 0-12 group and 13-21 group), sex and pres-
ence of comorbidity; other variables listed above were excluded to
prevent model saturation and multicollinearity (i.e., variables with
variance inflation factor [VIF] > 2 were excluded from our models).
For the critical iliness multivariable model, one hospitalized patient,
whose final outcome has not yet been determined (i.e., hospital dis-
charge, critical illness or mortality), was excluded. We set a two-tailed
o of 0.05 to be statistically significant. To formally test whether the
association of obesity and COVID-19 severity is modified by age, an
interaction term between obesity and age (obesity*age) was included
in our modified log-Poisson models. Given that homogeneity tests
(e.g., regression-based test of interaction) generally have very low sta-
tistical power, which may lead to undetected cases of true heteroge-
neity, the significance level for the interaction term was increased to
0.10.27-%°

We also conducted five sensitivity analyses: model 1) given the
limitations in the predictive value of WFA in categorizing weight
status,?> we excluded 74 patients with missing length or height mea-
surements in the EHR; model 2) given the limitations of WFL in
assessing adiposity,*® we excluded 67 patients aged <24 months
(2 years) with length measurement available in the EHR (the remaining
27 patients aged <24 months [2 years] had missing length measure-
ment in the EHR, and therefore, WFA was utilized for categorizing
their weight status); model 3) given that adult BMI categories do not
account for age or sex, we excluded 90 patients aged >240.99 months
(20.08 years); model 4) given the limitations of using WFA, WFL and
adult BMI, we excluded 231 patients whose obesity status was deter-
mined using WFA, WFL or adult BMI categories, thereby limiting the
cohort to 263 patients whose obesity status was determined using
sex-specific BMI-for-age; model 5) given that anthropometric mea-
sures are not routinely taken during all COVID-19 testing encounters,
we excluded 97 patients whose only available anthropometric mea-
surements in the EHR were from inpatient or outpatient encounters
in the health system >30 days pre- or post-COVID-19 testing encoun-
ter; model 6) given that the US CDC and US Department of Health
and the Food and Drug Administration define the starting age for ado-

lescence as 12 years,lé’31

we utilized 12 as the starting age cutoff for
the adolescent group, thereby redefining our age groups as children

(0-11 years) and adolescents (12-21 years).

All data extraction and data processing were performed with
pandas modules in Python, version 3.7.3; descriptive statistics were
performed using the library gtsummary, and multivariable analyses
were performed using the geeglm function within the library

geepack®? in R, version 3.6.1.

3 | RESULTS

3.1 | Overall cohort characteristics

Of 12 998 patients with positive SARS-CoV-2 PCR test identified in
our health system during the study period, 565 were paediatric
patients aged 0-21 years; among these, 71 did not have anthropo-
metric measurements available in the EHR, resulting in a final cohort
of 494 paediatric patients (Figure S1). Of this population, 280 (56.7%)
were adolescents; 236 (47.8%) were male; 129 (26.1%) were non-
Hispanic white; 40 (8.1%) were non-Hispanic black; and 214 (43.3%)
were Hispanic; 115 (23.3%) had obesity; and 168 (34.0%) had pre-
existing comorbidities other than obesity (asthma, any malignancy or
metastatic solid tumour, congenital malformations, deformations, and
chromosomal abnormalities, and/or diabetes). Hospitalization was
required for 130/494 (26.3%) and critical illness, requiring admission
to the ICU, occurred for 48/494 (9.7%). At the time of analysis, there
had been two reported fatalities and five patients had not yet been
discharged from the hospital.

3.2 | Factors associated with hospitalization and
critical illness: unadjusted analyses

Among the full cohort, hospitalized patients were more likely to be youn-
ger (median 12.0 years vs. 15.0 years; p = 0.006) and to have com-
orbidities of asthma (37/130 [28.5%] vs. 64/364 [17.6%]; p = 0.008),
any malignancy or metastatic solid tumour (12/130 [9.2%] vs. 9/364
[25%]; p = 0.001) and diabetes (5/130 [3.8%] vs. 2/364 [0.5%];
p = 0.016), than non-hospitalized patients. At presentation, hospitalized
patients also had lower oxygen saturation (mean 96.8% vs. 97.9%,;
p < 0.001) and higher temperature (mean 37.7°C vs. 37.4°C; p = 0.001)
(Table 1). Patients with critical illness were more likely to have asthma
(17/48 [35.4%) vs. 84/445 [18.9%]; p = 0.007), any malignancy or meta-
static solid tumour (8/48 [16.7%)] vs. 13/445 [2.9%]; p = <0.001), diabe-
tes (4/48 [8.3%] vs. 3/445 [0.7%]; p = 0.002) and to be male (33/48
[68.8%)] vs. 203/445 [45.6%]; p = 0.002). These patients also had, at pre-
sentation, lower oxygen and elevated inflammatory markers, such as cre-
atinine (median 0.7 mg/dL vs. 0.6 mg/dL; p = 0.005), than patients who
were not critically ill (Table 2). Non-Hispanic white (34/130 [26.2%)]
vs. 95/364 [26.1%)), non-Hispanic black (15/130 [11.5%] vs. 25/364
[6.9%]), Asian (6/130 [4.6%] vs. 5/364 [1.4%]) and Hispanic (59/130
[45.4%)] vs. 155/364 [42.6%)) race/ethnicity were associated with hospi-
talization (p =0.014), but not with critical illness. Congenital
malformations, deformations and chromosomal abnormalities were not

associated with hospitalization nor critical illness.
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Among adolescents, patients with higher WFA/BMI z-score
(median 1.8 vs. 0.8; p = 0.002) were more likely to experience criti-
cal illness, and obesity was associated with both hospitalization
(24/62 [38.7%] vs. 53/218 [24.3%]; p = 0.025) and critical illness
(16/28 [57.1%] vs. 61/252 [24.2%] p = <0.001). Compared to ado-
lescents without obesity, adolescents with obesity were more likely
to present with severe respiratory complications, such as ARDS
(14/77 [18.2%] vs. 10/203 [4.9%]; p = <0.001), pneumonia (17/77
[22.1%)] vs. 17/203 [8.4%]; p = 0.002) and acute respiratory failure

TABLE 4 Multivariable analysis of
risk factors for COVID-19-related

hospitalization and critical iliness Variable

Hospitalization outcome

Age grouping
0-12 214
13-21 280
Sex
Female 258
Male 236
Any comorbidity?
Absent 326
Present 168
Obesity status®
Non-obese 379
Obese 115

Critical illness outcome®

Age grouping

0-12 213
13-21 280
Sex
Female 257
Male 236
Any comorbidity?
Absent 325
Present 168
Obesity status®
Non-obese 378
Obese 115

Total N

i3
OBESITY
(14/77 [18.2%] vs. 11/203 [5.4%]; p = <0.001), requiring high flow
nasal cannula (8/77 [10.4%)] vs. 8/203 [3.9%]; p = 0.047), BiPAP/
CPAP (6/77 [7.8%] vs. 4/203 [2.0%]; p = 0.029) and/or IMV (7/77
[9.1%] vs. 3/203[1.5%]; p = 0.005) (Table 3). For children, such dif-
ferences in clinical presentations between those with obesity and
those without obesity, were not observed in our cohort. Obesity
was not associated with the length of hospitalization and ICU admis-
sion stay, myocarditis, MIS-C, acute kidney injury, nor mortality for

any age.

CRR ARR
NEvents CRR  95%Cl ARR  95%Cl p-value
68 = = = =
62 070 052,094 071 052,095 0023
59 - - - -
71 132 098,177 117 087,159 030
71 = = = =
59 161 121,216 151 112,204 0007
94 - - - -
36 126  091,1.74 122 088,169 024
20 - - - -
28 106 062,184 114 067,196 063
15 - - - -
33 240 134,430 227 124,416 0008
21 - - - -
27 249 145426 198 112,350 0019
28 - - - -
20 235 138,401 202 117,348 0011

Abbreviations: ARR, adjusted risk ratio; BMI, body mass index; Cl, confidence interval; CRR, crude risk
ratio; ICD-10-CM, international classification of diseases, tenth revision, clinical modification; WFA,
weight-for-age; WFL, weight-for-length.

#Asthma, any malignancy or metastatic solid tumour, congenital malformations, deformations and
chromosomal abnormalities (ICD-10-CM codes Q00-Q99) and/or diabetes.

bNon-obese: WFL/WFA percentile <95th percentile (< 24.0 months [2 years]), BMI/WFA < 95th
percentile (24.0 months [2 years]-240.99 months [20.08 years]), BMI < 30 (> 240.99 months

[20.08 years]); obese: WFL/WFA percentile 295th percentile (< 24.0 months [2 years]), BMI/WFA =95th
percentile (24.0 months [2 years]-240.99 months [20.08 years]), BMI 230 (> 240.99 months

[20.08 years]).

“1 hospitalized patient, whose final outcome has not yet been determined (hospital discharge, critical
iliness or mortality), was excluded for this part of the analysis.



GUZMAN ET AL

'sisAjeue a3 Jo 1ed S|y} 104 PapNIXd sem ‘(A}jepiow 1o ssau||l [ealRLd ‘93.eydsip exidsoy) paulwialap uaaq 194 J0U sey SWodINO [euly asoym Juaijed pazjjendsoy T,

([s1e3A BO'0Z] SUIIOW 66°0KT <) O£Z IING ‘([S1e9A 80'0Z] SUIUOW 6601 Z-[SIeak Z] sypuow 0'pz) ainuadiad Yage= VAM/ING ‘([s1894 2] syauow 0pg ») ajnusdiad g6z 3JRua21ad YAM/T4M 959G0

{([s1e9A 80"0OT] stpUoW 66°0%C <) OF > ING ‘([s1eah 80°0Z] SUIUOW 66°0F7Z~[SIeah Z] syruow 0'Z) 113uadJad Uas6 > VAM/ING ‘([s1eah g] sujuow 0tg >) a1uadtad Uige> a|puadiad Y4M/T14M :959G0-UON,
'$939¢eIp Jo/pue (66D-00D S9P02 IND-0T-ADI) SelHjewioude [ewoSOWOoIyd PUB SUOIIeWIO)p ‘SUoijewlo)ew [e31us8uo0d ‘anown) pijos Jljejselaw Jo Adueudijew Aue ‘euILISY
"uol1edIIPOW 129149 10J AI2Ua30WOY JO 1591 Se S|9POoW UOI1I.IDIUI WIS PIALISP sanjeA d,

'433ud|-10J-3y31om YA\ 93e-J104

-JYSIoM Y4\ UOIIEDIHIPOW [EDIUI[D ‘UOISIADA U] ‘SISESIP JO UOIIEDIISSE|D [EUOIIBUIDIUI ‘IND-OT-AD] (O11ed YSH SpnJd YYD {[BAISIU] S2USPLUOD ‘| Xapul ssew Apoq ‘||Ag 011ed ¥sil pajsnipe Yy :Suonelnaiqqy

€000 LY'9 ‘8¥'T 60'€ 60'L VLT [A) 91 LL 660 £8T '9€°0 10T STETY0 STT 14 8¢ 95990
- - - - 4" €0¢ - - - - 91 S/T 959¢0-UON
,shiels A1seqQ
¢10 9/°¢€ ‘S8°0 6L'T 256G SeT (4 91 6 €10 8/'1 T80 86T 80'G ‘960 0ce 12 9L jussald
- - - - 4" 88T - - - - 6 LET ssqy
4AIpIgIowod Auy
0100 9r'G ‘9CT c9'C LV'S9TT c9'¢C 8T 142 810 9€'S ‘vL0 66T €6'S ¥8°0 vece ST [44% SN
- - - - ot 997 - - - - S 16 Slewad
PEIN
+80°0 :9N[EA d UOIEDLIPOW 103443 JO 2INSEIN
pOUWO23IN0 SS3U||I [82131D)
[440) 80C ‘580 €eT 85T L0T 9T 14 LL 980 191950 560 99T ‘650 660 4" 8¢ 35390
- - - - 8¢ €0¢ - - - - 99 9.1 959(0-UON
,sniels AlseqQO
1000 GEEYET [4%4 8G€ 15T €eeT €e 143 1.0 T91°TLO 80T 89'T°GL0 (A" 9C 9L jussald
- - - - 6C 88T - - - - 474 8eT ussqy
JAHpIgiowod Auy
650 LT ‘€L°0 €Tl 98T °LLO oct 8¢ 47 20 96T ¥8°0 6CT 96T ‘980 0e'T 1914 [44" SleN
- - - - e 9917 - - - - 14 4 Slewad
X35
<6T°0 :2N[eA-d UOIIEDIPOW 103443 JO 2INSE|N|
2Wo03N0 uoljezijendsoH
anjeA-d 12 %56 Y4V b:2<\ 1D %S6 ¥4D ko2 o) SIJUSAI N N [el0L anjeA-d 1D %56 IV v 1D %S6 ¥4 b2 o) SJUAI N N [eloL d|qeLiep
dnou8 a8y 1Z-€T dnou8 a8y ¢1-0
o8e Aq paljizesys ‘ssauj|l [eD1314D pue uoljezijeydsoy pajejas-4T-AIAOD 404 SI1030e) ¥Si JO SiSAjeue djgelleAlNiA 6 314dV L




GUZMAN ET AL. bBE ) Yl WILEY 110f 15

TABLE 6 Sensitivity analysis of the association of obesity with COVID-19-related hospitalization and critical iliness

Sensitivity Total N w/ N Events w/ Obesity Obesity CRR Obesity Obesity ARR
analysis® obesity obesity CRR 95% CI ARRP 95% CI p-value
Hospitalization outcome
Model 1
Full cohort 106 36 1.20 0.87, 1.65 1.17 0.85, 1.62 0.33
0-12 Age 32 12 0.93 0.56, 1.52 0.90 0.54, 1.48 0.67
group
13-21 Age 74 24 1.60 1.04,2.48 1.32 0.84, 2.05 0.23
group
Model 2
Full cohort 106 32 1.59 1.10, 2.29 1.36 0.93,2.00 0.12
0-12 Age 29 8 1.42 0.71,2.83 1.33 0.64,2.78 0.44
group
13-21 Age - - - - - - -
group
Model 3
Full cohort 88 29 1.27 0.89, 1.80 1.26 0.88, 1.81 0.20
0-12 Age = = = = = = =
group
13-21 Age 50 17 1.83 1.09, 3.08 1.61 0.94,2.75 0.081
group
Model 4
Full cohort 70 25 1.57 1.04,2.35 1.46 0.95,2.22 0.081
0-12 Age 23 8 1.31 0.66, 2.61 1.24 0.60, 2.57 0.56
group
13-21 Age 47 17 1.74 1.04, 2.90 1.58 0.93, 2.66 0.089
group
Model 5
Full cohort 87 34 1.38 1.00, 1.89 1.36 0.99, 1.86 0.057
0-12 Age 28 12 1.19 0.73,1.92 1.16 0.72, 1.89 0.54
group
13-21 Age group 59 22 1.72 1.11,2.67 1.44 0.92,2.23 0.11
Model 6
Full cohort 115 36 1.26 0.91, 1.74 1.24 0.89,1.72 0.21
0-11 Age 34 11 1.01 0.59,1.73 0.98 0.57,1.68 0.94
group
12-21 Age 81 25 1.60 1.05, 2.46 1.29 0.83,2.01 0.26
group

Critical illness outcome
Model 1
Full cohort 106 20 2.19 1.28,3.73 1.96 1.14, 3.38 0.015

0-12 Age 32 4 1.04 0.37,2.92 0.95 0.34, 2.66 0.92
group

13-21 Age 74 16 3.39 1.68, 6.81 3.07 1.47, 6.40 0.003
group

Model 2

Full cohort 106 19 2.88 1.60, 5.18 246 1.33,4.55 0.004

0-12 Age 29 3 1.53 0.43, 5.40 1.32 0.36, 4.80 0.68
group

13-21 Age - - - - - - -

group

(Continues)



GUZMAN ET AL

12 of 15 Wl LEY—BgEm ?ﬁ

TABLE 6 (Continued)
Sensitivity Total N w/ N Events w/ Obesity
analysis® obesity obesity CRR
Model 3
Full cohort 88 18 2.68
0-12 Age = = =
group
13-21 Age 50 14 4.90
group
Model 4
Full cohort 70 17 3.12
0-12 Age 23 3 1.27
group
13-21 Age 47 14 4.65
group
Model 5
Full cohort 87 18 2.56
0-12 Age 28 4 1.57
group
13-21 Age 59 14 3.28
group
Model 6
Full cohort 115 20 2.35
0-11 Age 34 4 1.29
group
12-21 Age 81 16 3.24
group

Obesity CRR Obesity Obesity ARR

95% Cl ARRP 95% CI p-value
1.53,4.72 2.23 1.26,3.94 0.006
2.19,11.0 4.05 1.72,9.58 0.001
1.65,5.92 2.77 141,541 0.003
0.36, 4.50 1.15 0.32,4.09 0.83
2.09, 104 3.98 1.70, 9.33 0.001
1.46,4.46 2.25 1.29,3.93 0.004
0.55, 4.47 1.52 0.55,4.18 0.42
1.61, 6.69 2.88 1.37, 6.06 0.005
1.38,4.01 2.03 1.17,3.51 0.012
0.46, 3.66 1.20 043, 3.38 0.73
1.63, 6.42 2.84 1.38, 5.87 0.005

Abbreviations: ARR, adjusted risk ratio; BMI, body mass index; Cl, confidence interval; CRR, crude risk ratio; EHR, electronic health records; WFA, weight-

for-age; WFL, weight-for-length.

#Model 1 excludes all 74 paediatric patients without a length/height measurement in the EHR; model 2 excludes 67 patients aged <24 months (2 years)
with length measurement available in the EHR; model 3 excludes 90 patients aged >240.99 months (20.08 years); model 4 excludes all 231 patients whose
obesity status was determined via WFL, WFA or adult BMI categories, thereby limiting the cohort to 263 patients whose obesity status was determined
using sex-specific BMI-for-age; model 5 excludes all 97 patients whose only available anthropometric measurements in the EHR were from inpatient or
outpatient encounters in the health system >30 days pre- or post-COVID-19 testing encounter; model 6 utilizes 12 as the starting age cutoff for the
adolescent group, thereby redefining the age groups as children (0-11 years) and adolescents (12-21 years).

BFull cohort models were adjusted for age, sex and other comorbidities; age-stratified models were adjusted for sex and other comorbidities.

3.3 | Factors associated with hospitalization and
critical illness: multivariable analyses, effect
modification and sensitivity analysis

In the full cohort multivariable analyses, with adjustment for age, sex
and presence of comorbidities (asthma, any malignancy or metastatic
solid tumour, congenital malformations, deformations, and chromo-
somal abnormalities, and/or diabetes), obesity was not indepen-
dently associated with hospitalization (adjusted risk ratio [ARR] 1.22,
95% Cl 0.88 to 1.69; p = 0.24), but was an independent risk factor
for critical illness (ARR 2.02, 95% Cl 1.17 to 3.48; p = 0.011)
(Table 4). Factors associated with increased risk for hospitalization
included the presence of comorbidities (ARR 1.51, 95% CI 1.12 to
2.04; p =0.007). In addition to obesity, factors associated with
increased risk for critical illness were male sex (ARR 2.27, 95% CI
1.24 to 4.16; p = 0.008) and presence of comorbidities (ARR 1.98,
95% Cl 1.12 to 3.50; p = 0.019).

When separate models were created for each age group (chil-
dren aged 0-12 years and adolescents aged 13-21 years) and out-
come, the interaction term was not statistically significant for
hospitalization (Pinteraction = 0.19), but was for critical illness
(Pinteraction = 0.08) (Table 5). In adolescents, obesity was not an inde-
pendent risk factor for hospitalization (ARR 1.33, 95% Cl 0.85 to
2.08; p = 0.22), but was substantially associated with 3.09-fold risk
for critical illness (ARR 3.09, 95% Cl 1.48 to 6.47; p = 0.003). In chil-
dren, obesity was not associated with hospitalization (ARR 0.95,
95% Cl 0.56 to 1.61; p = 0.86), nor with critical illness (ARR 1.01,
95% Cl 0.36 to 2.87; p = 0.99).

For sensitivity analysis models 1 to 5, obesity remained an inde-
pendent risk factor for critical illness for the full paediatric cohort and
for adolescents despite exclusion of the following: 1) 74 paediatric
patients without a length/height measurement (full paediatric cohort:
ARR 1.96, 95% Cl 1.14 to 3.38; p = 0.015, adolescents: ARR 3.07,
95% Cl 1.47 to 6.40; p = 0.003); 2) 67 patients aged <24 months



GUZMAN ET AL

Pediat

—Wl LEY 13 of 15

[2 years] with length measurement (full paediatric cohort only: ARR
246, 95% Cl 1.33 to 4.55; p =0.004); 3) 90 patients aged
>240.99 months [20.08 years] (full paediatric cohort: ARR 2.23, 95%
Cl 1.26 to 3.94; p = 0.006, adolescents: ARR 4.05, 95% Cl 1.72 to
9.58; p = 0.001); 4), 231 patients whose obesity status was deter-
mined via WFL, WFA or adult BMI categories (full paediatric cohort:
ARR 2.77, 95% Cl 1.41 to 5.41; p = 0.003, adolescents: ARR 3.98,
95% Cl 1.70 to 9.33; p = 0.001); 5) and 97 patients whose only avail-
able anthropometric measurements in the EHR were from inpatient or
outpatient encounters in the health system >30 days pre- or post-
COVID-19 testing encounter (full paediatric cohort: ARR 2.25, 95% Cl
1.29 to 3.93; p = 0.004, adolescents: ARR 2.88, 95% Cl 1.37 to 6.06;
p = 0.005). Furthermore, despite redefining the age groups as
0-11 years for children and 12-21 years for adolescents in model
6, obesity still remained an independent risk factor for critical illness for
the full paediatric cohort (ARR 2.03, 95% CI 1.17 to 3.51; p = 0.012)
and for the adolescent group (ARR 2.84, 95% Cl 1.38 to 5.87;
p = 0.005). In all of the sensitivity analyses we performed, obesity
remained not an independent risk factor for hospitalization for any age,

nor for critical illness in children (Table 6).

4 | DISCUSSION
In this cohort study of 494 SARS-CoV-2-positive paediatric patients,
though not independently associated with hospitalization, obesity was
found to be an independent risk factor for COVID-19-related critical
iliness, and this association was modified by age. Obesity was inde-
pendently related to greater risk for critical illness in adolescents, but
not in children. These findings suggest that age-related differences in
COVID-19 between children and adolescents exist for the association
between obesity and COVID-19 severity, in addition to SARS-CoV-2
infection susceptibility,2* transmission®® and incidence.*®

Existing paediatric studies have suggested that obesity is associated
with increased COVID-19 severity.>”*® Our study adds to the literature
by showing that within the paediatric population, the association of
obesity and COVID-19 severity is age-dependent and that obesity sub-
stantially increases the risk for COVID-19-related critical iliness in ado-
lescents, but not in children. The risk of critical illness for adolescents
with obesity is similar to that found in adults.3® In our cohort, compared
to adolescents without obesity, adolescents with obesity are more likely
to present with severe respiratory complications (i.e., ARDS, pneumonia
and acute respiratory failure), requiring high flow nasal cannula, BiPAP/
CPAP and/or IMV even though some of these clinical presentations
were observed in a limited number of patients. Such differences in
COVID-19 clinical presentations are not observed between children
with obesity and children without obesity. These findings are crucial
for medical practitioners in stratifying paediatric risk of developing
COVID-19 severity and in decision-making regarding patient care.

The underlying mechanism of obesity-driven COVID-19 severity
in older paediatric patients is likely multifactorial. First, adipose tissue
expansion related to obesity induces a systemic pro-inflammatory

state, as characterized by an increased expression of cytokines.>* In

all &:
OBESITY

our study and others,>*® paediatric patients who experienced critical
iliness-regardless of obesity status-presented with a hyper-
inflammatory state, as evident in elevated inflammatory biomarkers
such as creatinine. The chronically elevated basal inflammatory bio-
marker levels in patients with obesity may also contribute to the exac-
erbation of COVID-19 course in these patients.3>*¢ Moreover, among
other organs, angiotensin-converting enzyme 2 (ACE2)-which has
high affinity for SARS-CoV-2 spike proteins-is also expressed in adi-
pose tissue.®” The observed age-related differences in the association
of obesity and COVID-19 severity may be explained in part by hor-
monal changes, which occur during puberty, such as the progressive
decline in adiponectin, particularly in males.*® Adiponectin has been

t,3? and in individuals with obesity,

noted as an anti-inflammatory agen
circulating levels of adiponectin are decreased, which potentiates the
exaggerated inflammatory response on pulmonary capillaries*® and
lung injury** due to COVID-19. Further studies are needed to
better understand what factors lead to the increased risk of critical
COVID-19 illness in adolescents with obesity during adolescence.
Other than obesity, the presence of comorbidities was identified
in our multivariable analyses as a major risk factor for increased
COVID-19 severity within the paediatric population. This result paral-
lels with the US CDC COVID-19 Response Team paediatric report,
which showed 28/37 (77%) of hospitalized patients, including those
who were admitted to the ICU, as having at least one comorbidity
such as ‘chronic lung disease (including asthma)’.® Our analysis shows
that asthma is associated with hospitalization and critical iliness. Fur-
ther studies must be performed to further ascertain this association.
Any malignancy or metastatic solid tumour appears to be related to
COVID-19 severity in our full cohort, but it must be noted that this
association was apparent in adolescents only and that 11/15 (73.3%)
of the SARS-CoV-2-positive patients with this comorbidity in this age
group had obesity and 6/15 (40.0%) were 20-21 years old. Therefore,
this association in our study may be confounded by age and obesity.
Other data regarding the prognosis of SARS-CoV-2-positive children
and adolescents with cancer have been limited, with few studies
suggesting that paediatric patients with cancer are not more vulnera-
ble to increased COVID-19 severity than other children.*242 Although
diabetes has been shown to be another comorbidity linked with
COVID-19-related hospitalization and critical iliness in our cohort, this
result must be interpreted with caution given that the number of
patients with diabetes in our cohort was limited, and all of these
patients were adolescents. Paediatric patients with congenital mal-
formations, deformations and chromosomal abnormalities in our
cohort, including those with congenital heart disease, were not more
likely to experience COVID-19-related hospitalization and critical ill-
ness, as was reported previously by an academic centre in New York
City.** Younger age was associated with hospitalization, but not with
critical illness in our cohort, which is aligned with results reported by
the CDC COVID-NET report.® Similarly, several studies have
reported that a majority of COVID-19 cases within the paediatric pop-
ulation are males,>* and in our study, male sex was identified as an
independent risk factor for critical illness. Reasons for this sex predis-

position for increased COVID-19 severity still need to be elucidated.
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4.1 | Limitations

Our study is not without limitations. First, our cohort size, though
larger than other COVID-19 paediatric studies, was still limited. As a
result, it was necessary to collapse some variables into one category
(e.g., presence of comorbidities) due to insufficient exposed patients
for each individual disease (e.g., any malignancy or metastatic solid
tumour, diabetes), and obesity status was dichotomized as obese and
non-obese, with patients with underweight, normal weight and over-
weight status grouped in the non-obese category. Consequently, we
might have missed important associations, and Cls may have been
narrower if we had a larger cohort. Second, although we found no
association between obesity and MIS-C, the true cases of MIS-C in
our cohort may have been undercounted given that we only consid-
ered patients to experience MIS-C if ICD-10-CM diagnosis code
M30.3 was recorded in the medical history, problem list, hospital
problem or diagnosis fields in the EHR. Further studies are warranted
to ascertain the association between obesity and MIS-C. Third, given
that we focused on a single healthcare system in one geographic loca-
tion and more than 43% of our cohort were Hispanics, it is possible
that there may be differences in risk factors for different paediatric

settings.

5 | CONCLUSION

Our study shows that obesity is an independent risk factor for
COVID-19-related critical illness and that this association is modi-
fied by age, with obesity related to a greater risk for critical ill-
ness in adolescents, but not in children. These findings suggest
that age-related differences in COVID-19 between children and
adolescents are not only limited to aspects such as SARS-CoV-2
infection susceptibility, transmission and incidence, but are also
apparent in the obesity-COVID-19 severity association. A better
understanding of the association between obesity and COVID-19
severity is crucial for medical practitioners in stratifying paediatric
risk of developing COVID-19 severity and in decision-making

regarding patient care.

CONFLICT OF INTEREST
No conflict of interest was declared.

AUTHOR CONTRIBUTIONS

Mr Guzman substantially contributed to the conception and design of
the study, performed acquisition of data, analysed the data, reviewed
the analysis, drafted the initial manuscript, and reviewed and revised
the manuscript. Drs Elbel and Jay substantially contributed to the
analysis and interpretation of data, and reviewed and revised the man-
uscript for important intellectual content. Dr Messito substantially
contributed to the conception and design of the study, and to the
analysis and interpretation of data, and reviewed and revised the man-
uscript for important intellectual content. Dr Curado substantially

contributed to the conception and design of the study, and to the

analysis and interpretation of data, drafted the initial manuscript, and
reviewed and revised the manuscript. All authors approved the final
version to be published and agreed to be accountable for all aspects
of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved and approved the final manuscript as submitted and agree to

be accountable for all aspects of the work.

ORCID

Benedict Vincent Guzman = https://orcid.org/0000-0002-2791-1491

Mary Jo Messito "2 https://orcid.org/0000-0001-5328-0593

REFERENCES

1. Johns Hopkins Center for Systems Science and Engineering Coronavi-
rus COVID-19 global cases. 2020. Accessed April 12, 2021. https://
gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/
bda7594740fd40299423467b48e%ecfb

2. Stokes EK, Zambrano LD, Anderson KN, et al. Coronavirus disease
2019 case surveillance — United States, January 22-may 30, 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(24):759-765. https://doi.org/
10.15585/mmwr.mmé6924e2

3. Bialek S, Gierke R, Hughes M, McNamara LA, Pilishvili T, Skoff T.
Coronavirus disease 2019 in children — United States, February 12-
April 2, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(14):422-426.
https://doi.org/10.15585/mmwr.mmé914e4

4. American Academy of Pediatrics Children and COVID-19: State-Level
Data Report. Accessed April 12, 2021. https://services.aap.org/en/
pages/2019-novel-coronavirus-covid-19-infections/children-and-
covid-19-state-level-data-report/

5. Zachariah P, Johnson CL, Halabi KC, et al. Epidemiology, clinical
features, and disease severity in patients with coronavirus disease
2019 (COVID-19) in a Children's Hospital in new York City, New
York. JAMA Pediatr. 2020;174:e202430. https://doi.org/10.1001/
jamapediatrics.2020.2430

6. Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 among chil-
dren in China. Pediatrics. 2020;145(6):e20200702. https://doi.org/10.
1542/peds.2020-0702

7. Shekerdemian LS, Mahmood NR, Wolfe KK, et al. Characteristics and
outcomes of children with coronavirus disease 2019 (COVID-19)
infection admitted to US and Canadian pediatric intensive care units.
JAMA  Pediatr.  2020;174(9):868-873.  https://doi.org/10.1001/
jamapediatrics.2020.1948

8. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality
of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet. 2020;395(10229):1054-1062. https://doi.org/
10.1016/50140-6736(20)30566-3

9. Grasselli G, Greco M, Zanella A, et al. Risk factors associated with
mortality among patients with COVID-19 in intensive care units in
Lombardy, Italy. JAMA Internal Med. 2020;180(10):1345-1355.
https://doi.org/10.1001/jamainternmed.2020.3539

10. Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital
admission and critical illness among 5279 people with coronavirus
disease 2019 in new York City: prospective cohort study. BMJ. 2020;
369:m1966. https://doi.org/10.1136/bmj.m1966

11. Simonnet A, Chetboun M, Poissy J, et al. High prevalence of obesity
in severe acute respiratory syndrome Coronavirus-2 (SARS-CoV-2)
requiring invasive mechanical ventilation. Obesity. 2020;28(7):1195-
1199. https://doi.org/10.1002/0by.22831

12. Nogueira-de-Almeida CA, del Ciampo LA, Ferraz IS, del Ciampo IRL,
Contini AA, Ued F. da v. COVID-19 and obesity in childhood and ado-
lescence: a clinical review. J Pediatr. 2020;96(5):546-558. https://doi.
org/10.1016/j.jped.2020.07.001


https://orcid.org/0000-0002-2791-1491
https://orcid.org/0000-0002-2791-1491
https://orcid.org/0000-0001-5328-0593
https://orcid.org/0000-0001-5328-0593
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://doi.org/10.15585/mmwr.mm6924e2
https://doi.org/10.15585/mmwr.mm6924e2
https://doi.org/10.15585/mmwr.mm6914e4
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://doi.org/10.1001/jamapediatrics.2020.2430
https://doi.org/10.1001/jamapediatrics.2020.2430
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1001/jamapediatrics.2020.1948
https://doi.org/10.1001/jamapediatrics.2020.1948
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1001/jamainternmed.2020.3539
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1002/oby.22831
https://doi.org/10.1016/j.jped.2020.07.001
https://doi.org/10.1016/j.jped.2020.07.001

GUZMAN ET AL

—Wl LEY 15of 15

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kim L, Whitaker M, O'Halloran A, et al. Hospitalization rates and char-
acteristics of children aged <18 years hospitalized with laboratory-
confirmed COVID-19 — COVID-NET, 14 states, march 1-July
25, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(32):1081-1088.
https://doi.org/10.15585/mmwr.mmé932e3

Viner RM, Mytton OT, Bonell C, et al. Susceptibility to SARS-CoV-2
infection among children and adolescents compared with adults. JAMA
Pediatr. 2020;175(2):143-156. https://doi.org/10.1001/jamapediatrics.
2020.4573

Heald-Sargent T, Muller WJ, Zheng X, Rippe J, Patel AB, Kociolek LK.
Age-related differences in nasopharyngeal severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) levels in patients with mild to
moderate coronavirus disease 2019 (COVID-19). JAMA Pediatr. 2020;
174(9):902-9083. https://doi.org/10.1001/jamapediatrics.2020.3651
Leeb RT, Price S, Sliwa S, et al. COVID-19 trends among school-aged
children — United States, march 1-September 19, 2020. MMWR
Morb Mortal Wkly Rep. 2020;69(39):1410-1415. https://doi.org/10.
15585/mmwr.mmé693%9e2

Childhood Obesity Facts | Overweight and Obesity | CDC. 2019.
Accessed January 3, 2021. https://www.cdc.gov/obesity/data/
childhood.html

Qiu H, Wu J, Hong L, Luo Y, Song Q, Chen D. Clinical and epidemio-
logical features of 36 children with coronavirus disease 2019
(COVID-19) in Zhejiang, China: an observational cohort study. Lancet
Infect Dis. 2020;20(6):689-696. https://doi.org/10.1016/51473-3099
(20)30198-5

Jones RE, Lopez KH. Puberty. In: Human Reproductive Biology.
Elsevier; 2014. doi:https://doi.org/10.1016/B978-0-12-382184-3.
00006-4

Martinez GM. Trends and patterns in menarche in the United States:
1995 through 2013-2017. Natl Health Stat Rep. 2020;146:1-12.
Herman-Giddens ME, Steffes J, Harris D, et al. Secondary sexual
characteristics in boys: data from the pediatric research in office set-
tings network. Pediatrics. 2012;130(5):e1058-e1068. https://doi.org/
10.1542/peds.2011-3291

Growth Charts - Clinical Growth Charts. 2019. Accessed January
3, 2021. https://www.cdc.gov/growthcharts/clinical_charts.htm
Rifas-Shiman SL, Gillman MW, Oken E, Kleinman K, Taveras EM. Sim-
ilarity of the CDC and WHO weight-for-length growth charts in
predicting risk of obesity at age 5 years. Obesity. 2012;20(6):1261-
1265. https://doi.org/10.1038/0by.2011.350

Mei Z, Ogden CL, Flegal KM, Grummer-Strawn LM. Comparison of
the prevalence of shortness, underweight, and overweight among US
children aged O to 59 months by using the CDC 2000 and the WHO
2006 growth charts. J Pediatr. 2008;153(5):622-628. https://doi.org/
10.1016/j.jpeds.2008.05.048

Stettler N, Zomorrodi A, Posner JC. Predictive value of weight-for-
age to identify overweight children**. Obesity. 2007;15(12):3106-
3112. https://doi.org/10.1038/0by.2007.370

CDC All about adult BMI. Ctr Dis Control Prev. 2020. Accessed Janu-
ary 3, 2021. https://www.cdc.gov/healthyweight/assessing/bmi/
adult_bmi/index.html

Kaufman JS, MacLehose RF. Which of these things is not like the
others? Cancer. 2013;119(24):4216-4222. https://doi.org/10.1002/
cncr.28359

Marshall SW. Power for tests of interaction: effect of raising the type
| error rate. Epidemiol Perspect Innovations. 2007;4(1):4. https://doi.
org/10.1186/1742-5573-4-4

Thiese MS, Ronna B, Ott U. p value interpretations and consider-
ations. J Thorac Dis. 2016;8(9):E928-E931. https://doi.org/10.21037/
jtd.2016.08.16

Roy SM, Spivack JG, Faith MS, et al. Infant BMI or weight-for-length
and obesity risk in early childhood. Pediatrics. 2016;137(5):
€20153492. https://doi.org/10.1542/peds.2015-3492

31. Hardin AP, Hackell JM. Age limit of pediatrics. Pediatrics. 2017;
140(3):e20172151. https://doi.org/10.1542/peds.2017-2151

32. Halekoh U, Hgjsgaard S, Yan J. The R package geepack for general-
ized estimating equations. J Stat Softw. 2006;15(2);1-11. https://doi.
org/10.18637/jss.v015.i02

33. Popkin BM, Du S, Green WD, et al. Individuals with obesity and
COVID-19: a global perspective on the epidemiology and biological
relationships. Obes Rev. 2020;21(11):e13128. https://doi.org/10.
1111/0br.13128

34. Sattar N, Mclnnes IB, McMurray JJV. Obesity is a risk factor for
severe COVID-19 infection. Circulation. 2020;142(1):4-6. https://doi.
org/10.1161/CIRCULATIONAHA.120.047659

35. Cox AJ, West NP, Cripps AW. Obesity, inflammation, and the gut
microbiota. Lancet Diabetes Endocrinol. 2015;3(3):207-215. https://
doi.org/10.1016/52213-8587(14)70134-2

36. Ghanim H, Aljada A, Hofmeyer D, Syed T, Mohanty P, Dandona P.
Circulating mononuclear cells in the obese are in a Proinflammatory
state. Circulation. 2004;110(12):1564-1571. https://doi.org/10.1161/
01.CIR.0000142055.53122.FA

37. lannelli A, Favre G, Frey S, et al. Obesity and COVID-19: ACE 2, the
missing tile. Obes Surg. 2020;30(11):4615-4617. https://doi.org/10.
1007/s11695-020-04734-7

38. Bottner A, Kratzsch J, Miuller G, et al. Gender differences of
adiponectin levels develop during the progression of puberty and are
related to serum androgen levels. J Clin Endocrinol Metab. 2004;89(8):
4053-4061. https://doi.org/10.1210/jc.2004-0303

39. Scherer PE. The many secret lives of adipocytes: implications for dia-
betes. Diabetologia. 2019;62(2):223-232. https://doi.org/10.1007/
s00125-018-4777-x

40. Lockhart SM, O'Rahilly S. When two pandemics meet: why is obesity
associated with increased COVID-19 mortality? Med. 2020;1:33-42.
https://doi.org/10.1016/j.med;j.2020.06.005

41. Konter JM, Parker JL, Baez E, et al. Adiponectin attenuates
lipopolysaccharide-induced acute lung injury through suppression of
endothelial cell activation. J Immunol. 2012;188(2):854-863. https://
doi.org/10.4049/jimmunol.1100426

42. Boulad F, Kamboj M, Bouvier N, Mauguen A, Kung AL. COVID-19 in
children with Cancer in new York City. JAMA Oncol. 2020;6(9):1459-
1460. https://doi.org/10.1001/jamaoncol.2020.2028

43. Millen GC, Arnold R, Cazier J-B, et al. Severity of COVID-19 in chil-
dren with cancer: report from the United Kingdom Paediatric corona-
virus Cancer monitoring project. Br J Cancer. 2021;124(4):754-759.
https://doi.org/10.1038/s41416-020-01181-0

44, Lewis MJ, Anderson BR, Fremed M, et al. Impact of coronavirus dis-
ease 2019 (COVID-19) on patients with congenital heart disease
across the lifespan: the experience of an academic congenital heart
disease Center in new York City. J Am Heart Assoc. 2020;9(23):
e017580. https://doi.org/10.1161/JAHA.120.017580

45, Lu X, Zhang L, Du H, et al. SARS-CoV-2 infection in children. N Engl J
Med. 2020;382(17):1663-1665. https://doi.org/10.1056/NEJMc2005073

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Guzman BV, Elbel B, Jay M,

Messito MJ, Curado S. Age-dependent association of obesity
with COVID-19 severity in paediatric patients. Pediatric
Obesity. 2022;17(3):e12856. doi:10.1111/ijpo.12856


https://doi.org/10.15585/mmwr.mm6932e3
https://doi.org/10.1001/jamapediatrics.2020.4573
https://doi.org/10.1001/jamapediatrics.2020.4573
https://doi.org/10.1001/jamapediatrics.2020.3651
https://doi.org/10.15585/mmwr.mm6939e2
https://doi.org/10.15585/mmwr.mm6939e2
https://www.cdc.gov/obesity/data/childhood.html
https://www.cdc.gov/obesity/data/childhood.html
https://doi.org/10.1016/S1473-3099(20)30198-5
https://doi.org/10.1016/S1473-3099(20)30198-5
https://doi.org/10.1016/B978-0-12-382184-3.00006-4
https://doi.org/10.1016/B978-0-12-382184-3.00006-4
https://doi.org/10.1542/peds.2011-3291
https://doi.org/10.1542/peds.2011-3291
https://www.cdc.gov/growthcharts/clinical_charts.htm
https://doi.org/10.1038/oby.2011.350
https://doi.org/10.1016/j.jpeds.2008.05.048
https://doi.org/10.1016/j.jpeds.2008.05.048
https://doi.org/10.1038/oby.2007.370
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html
https://doi.org/10.1002/cncr.28359
https://doi.org/10.1002/cncr.28359
https://doi.org/10.1186/1742-5573-4-4
https://doi.org/10.1186/1742-5573-4-4
https://doi.org/10.21037/jtd.2016.08.16
https://doi.org/10.21037/jtd.2016.08.16
https://doi.org/10.1542/peds.2015-3492
https://doi.org/10.1542/peds.2017-2151
https://doi.org/10.18637/jss.v015.i02
https://doi.org/10.18637/jss.v015.i02
https://doi.org/10.1111/obr.13128
https://doi.org/10.1111/obr.13128
https://doi.org/10.1161/CIRCULATIONAHA.120.047659
https://doi.org/10.1161/CIRCULATIONAHA.120.047659
https://doi.org/10.1016/S2213-8587(14)70134-2
https://doi.org/10.1016/S2213-8587(14)70134-2
https://doi.org/10.1161/01.CIR.0000142055.53122.FA
https://doi.org/10.1161/01.CIR.0000142055.53122.FA
https://doi.org/10.1007/s11695-020-04734-7
https://doi.org/10.1007/s11695-020-04734-7
https://doi.org/10.1210/jc.2004-0303
https://doi.org/10.1007/s00125-018-4777-x
https://doi.org/10.1007/s00125-018-4777-x
https://doi.org/10.1016/j.medj.2020.06.005
https://doi.org/10.4049/jimmunol.1100426
https://doi.org/10.4049/jimmunol.1100426
https://doi.org/10.1001/jamaoncol.2020.2028
https://doi.org/10.1038/s41416-020-01181-0
https://doi.org/10.1161/JAHA.120.017580
https://doi.org/10.1056/NEJMc2005073
info:doi/10.1111/ijpo.12856

	Age-dependent association of obesity with COVID-19 severity in paediatric patients
	1  INTRODUCTION
	2  METHODS
	2.1  Data source and inclusion criteria
	2.2  Study outcomes
	2.3  Exposure variables
	2.4  Statistical analysis

	3  RESULTS
	3.1  Overall cohort characteristics
	3.2  Factors associated with hospitalization and critical illness: unadjusted analyses
	3.3  Factors associated with hospitalization and critical illness: multivariable analyses, effect modification and sensitiv...

	4  DISCUSSION
	4.1  Limitations

	5  CONCLUSION
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


