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Background

Coronavirus disease 2019 (COVID-19), is a respiratory 
disease caused by SARS-CoV-2 infection. It first 
emerged in December 2019 in China, then rapidly 
spread to many parts of the world, and was declared a 
pandemic 3 months after.1,2 Individuals of all ages can be 
infected with different outcomes, from asymptomatic, 
mild, moderate to severe disease and death, however, it 
appears that children generally present with less severity 
when compared to adults.3,4 In the United States, during 
March 1, 2020, to August 14, 2021, the cumulative inci-
dence of COVID-19–associated hospitalizations in chil-
dren was 49.7 per 100 000.5 Previous studies on risk 
factors among hospitalized children with COVID-19 
revealed that obesity is a highly prevalent comorbidity 
in severe cases of COVID-19 in children.6-8 One retro-
spective cohort study in adults found that both under-
weight and obesity are associated with an increased risk 
of coronavirus disease 2019 (COVID-19) severity.9 
Another study on severe influenza viral infection in chil-
dren showed that children who were underweight were 

prone to severe infection.10 This study was done to 
understand how pediatric patients’ weight affects their 
hospitalization due to COVID-19.

Method

This was a retrospective study of pediatric patients 
(age ≤ 18 years old) who were admitted to our institu-
tion due to COVID-19 from March 2020 to October 
2021. Asymptomatic patients who were found to have 
incidental positive results for COVID-19 or admission 
diagnosis not related to COVID-19 were excluded from 
this study. We also excluded patients whose anthropo-
metric data were not available.
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Abstract
Objective. To describe the impact of weight on length of stay (LOS) and oxygen requirement among hospitalized 
children with COVID-19. Methods. This is a retrospective review of 153 children admitted for COVID-19 from 
March 2020 to October 2021. Body mass index (BMI) percentile and weight-for-age (WFA) percentile were used to 
determine weight status for children ≥2 years and <2 years respectively. Results. We found 2 distinct patterns for 
patients <2 years and ≥2 years; The likelihood of needing oxygen and LOS ≥ 5 days was higher for children ≥2 years 
with BMI ≥ 85th percentile (P = .0415 and P = .0197). Among those <2 years, mean WFA percentile decreased with 
increasing oxygen need (P = .0325). There was a negative correlation between LOS and WFA percentile (r = −.31, 
P = .0123). Conclusion. It is important to stratify patients’ risk according to their age, BMI and WFA percentile during 
hospitalization for COVID 19.
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We divided patients into 2 groups: children aged less 
than2 years, and children aged 2 years and older. For 
patients 2 years and older, CDC growth charts were used 
according to the American Association of Pediatrics 
(AAP) recommendation. BMI percentiles were calcu-
lated. Categorization of underweight, normal, over-
weight, and obese were defined by CDC criteria for 
≥2 years (below 5th, 5th to <85th, 85th to <95th, and 
≥95th BMI percentiles respectively).11

For patients aged less than 2 years, WHO growth charts 
were used according to the AAP recommendation.11 
Weight-for-age is a common parameter used among pedi-
atricians to assess children’s growth, and in fact it is used 
as one of the criteria to diagnose failure to thrive. Weight-
for-age also reflects body weight relative to age and is 
influenced by recent changes in health or nutritional sta-
tus, thus, WHO growth chart for weight-for-age percentile 
was used to represent weight status.12,13 We also catego-
rized weight-for-age percentile into 4 groups: below 5th, 
5th to <85th, 85th to <95th, and ≥95th.

We assessed the duration of hospital admission in 
general as well as duration of intensive care admission 
specifically. We also assessed oxygen therapy require-
ments among the patients and divided them into 4 
groups: (1) no oxygen therapy, (2) low flow oxygen, (3) 
high flow oxygen, and (4) noninvasive/invasive positive 
pressure ventilation.

Collected data was analyzed using JMP Pro 16.0.0. 
All numerical data was summarized using mean and 
standard deviation. All categorical data was summarized 
using percentages. Association between numerical vari-
ables was studied using Pearson’s correlation coefficient 
and association between categorical variables was stud-
ied using Fisher’s test or Chi square test depending on 
the number of categories involved. Mean outcomes for 2 
groups were studied using a t test and for more than 2 
groups using ANOVA. Variation in outcomes for differ-
ent groups was studied using Levene’s test. Tukey’s 
HSD was used for Post hoc analysis.

Ethical Approval and Informed Consent

Written informed consent and assent forms were waived. 
The study was approved by the Institutional Review 
Borad, University of South Alabama according to Heath 
Insurance Portability and Accountability Act (HIPAA), 
Reference number 21-414.

Results

Patient Characteristics

One hundred eighty-two hospitalized children with 
COVID-19 were identified. Twenty-two patients were 

excluded due to incidental positive results for COVID-
19. Seven patients were excluded due to anthropometric 
data not available.

A total of 153 patients were included in this study 
with 91 patients aged ≥2 years, and 62 patients aged 
<2 years. From our review, none of our patients had 
concomitant bacterial pneumonia, and we had one 
patient with pyelonephritis and renal abscess, and one 
patient with sepsis. There were 4 patients ≥2 years and 
2 patients <2 years who had multisystem inflammatory 
syndrome (MIS-C) and received intravenous immuno-
globulin (IVIG), their mean LOS was similar to the 
mean LOS of the rest of the participants, so we decided 
to include them in the study. 

Patients Aged ≥2 Years

Ninety-one patients were included. There were 50 
(55%) males and 41 (45%) females. Mean age was 
11.4 years old. Mean age of patients with BMI ≥ 85th 
percentile was higher compared to those with 
BMI < 85th percentile, 12 years old versus 8 years old, 
(P = .0005). More than half of the patients, 48 partici-
pants (53%) had BMI ≥ 95th percentile (Table 1). In 
this cohort, 15% had glucose derangements, there were 
7 patients with type 1 diabetes mellitus, 3 patients with 
type 2 diabetes mellitus, and 4 patients with prediabe-
tes. We also had 6 patients with asthma, 5 patients with 
sickle cell disease, 2 patients with congenital heart 
defects, 1 patient with prematurity and bronchopulmo-
nary dysplasia.

Mean BMI percentile was significantly higher in 
those who required oxygen therapy (86) as compared to 
those who were not (73), (P = .0323) (Figure 1). Eighty-
eight percent of patients who required positive pressure 

Table 1. Demographics for Participants.

Patients <2 
years old

Patients ≥2 years 
old

 N % of Total N % of Total

Gender
 Male 37 60 50 55
 Female 25 40 41 45
Race
 African American 16 26 42 46
 Caucasian 43 69 47 52
 Hispanic 3 5 2 2
Weight for age/BMI percentile
 <5th 15 24 6 7
 5-85th 41 66 26 28
 85-95th 4 7 11 12
 >95th 2 3 48 53
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ventilation were obese and 77% of patients who required 
low flow oxygen were obese as compared to only 39% 
of patients who did not need oxygen were obese, 
(P = .028). We also found that the likelihood for oxygen 
therapy was higher for those with BMI ≥ 85th percentile 
(46%) than those with BMI < 85th percentile (25%) 
(P = .0415) (Table 2).

There was no significant difference or association 
between length of stay and BMI percentile, (P = .1181) 
and (r = .079, P = .4550) respectively. We also did not 
find any significant difference and association between 
duration of pediatric intensive care unit (PICU) admis-
sion and BMI percentile, (P = .6305) and (r = .26, 
P = .1671) respectively.

Since the median of length of stay was 5 days, we 
divided the length of stay to <5 days and ≥5 days. The 
likelihood of length of stay ≥ 5 days was greater for 
BMI ≥ 85th percentile than <85th percentile (P = .0197) 
(Supplemental Table 1).

Patients Aged <2 Years

Sixty-two patients were included. Mean age was 
7.2 months old. There were 37 (60%) males and 25 (40%) 
females. Most of the patients (66%) had normal weight 

for age (WFA) percentile (Table 1). Out of the 62 patients, 
5 patients’ gestational age was unknown, 38 patients 
were born term, and 19 patients were born preterm. We 
had 1 patient with bronchopulmonary dysplasia, 1 patient 
with hypogammaglobulinemia, 1 patient with sickle cell 
disease, and 2 patients with congenital heart defects. 
There was no patient with diabetes in this cohort.

In this cohort of 62 patients, 11 patients did not have 
respiratory viral panel or rapid Respiratory Syncytial 
Virus (RSV) test done. The other 51 patients who were 
tested with respiratory viral panel or rapid RSV test, 17 
patients tested positive for other viruses (6 patients with 
rhinovirus, 5 patients with RSV, 3 patients with adenovi-
rus, 2 patients with RSV and rhinovirus, and 1 patient 
with adenovirus and rhinovirus). We did not find any 
significant difference between length of stay between 
patients who were tested positive for other viruses and 
patients who tested positive for Covid 19 only (P = .1243). 
There was also no difference in terms of oxygen require-
ment in the 2 groups (P = .2971).

Mean WFA percentile decreased with increasing need 
of oxygen therapy (P = .0325) (Supplemental Figure 1). 
However, post hoc comparison failed to identify which 
groups were significantly different. One sided hypoth-
esis test was performed, and it showed the mean WFA 
percentile in the oxygen therapy group was signifi-
cantly lower than that in no oxygen group (P = .0293) 
(Figure 2).

A significant negative correlation was observed 
between length of stay and WFA percentile, (r = −.31, 
P = .0123). Patients with higher WFA percentile needed 
shorter length of stay (Figure 3). Mean length of stay 
also differed significantly for at least 2 WFA percentile 
groups (P = .0117). Post hoc analysis showed that mean 
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Figure 1. Mean BMI percentile was higher in those who 
required oxygen therapy compared to those who did not 
(86vs 73; t-test, P = .0323).

Table 2. Likelihood of Oxygen Therapy Was Higher for 
Those With BMI ≥ 85th Percentile (46%) Than Those With 
BMI < 85th Percentile (25%) (Fisher’s Test, P = .0415).

Oxygen therapy 
requirement

BMI < 85th 
percentile

N (%)

BMI ≥ 85th 
percentile

N (%)
Total

N

No oxygen 24 (75%) 32 (54%) 56
Oxygen 8 (25%) 27 (46%) 35
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Figure 2. Mean WFA percentile was significantly lower in 
those who required oxygen compared to those who did not 
(23vs 38; t-test, P = .0293).
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duration for WFA < 5th percentile (8 days) was signifi-
cantly higher than that for WFA 5th-85th percentile 
group (3 days) (Supplemental Figure 2).

Since the median of length of stay was 3 days, we 
divided the length of stay to <3 days and ≥3 days. The 
mean WFA percentile was significantly higher for length 
of stay <3 days (43) compared to ≥3 days (26), 
(P = .0357) (Supplemental Figure 3).

Discussion

Obesity has been reported to be an independent risk fac-
tor for critical illness and longer duration of hospital 
admissions in a large cohort of hospitalized children with 
COVID-19.7 One study also showed that obesity was the 
most important risk factor for respiratory support use 
among 50 pediatric cases admitted due to COVID-19.14 
In our study, we found similar results in children aged 
2 years and older. The mean BMI percentile was signifi-
cantly higher in those who required oxygen therapy and 
the likelihood of oxygen therapy was higher for children 
with overweight and obesity (BMI ≥ 85th percentile). 
BMI has significant effects on all lung volumes, func-
tional residual capacity (FRC) and expiratory reserve 
volume (ERV) decreased exponentially with increasing 
BMI.15 Children with obesity breathe at lower lung vol-
umes at rest when compared with children without obe-
sity. This could explain increases in the work of breathing 
and dyspnea in children with obesity during hyperpnea 
related to respiratory illnesses.16 The exact mechanisms 
linking obesity to severe COVID-19 are likely multifac-
torial—which stem from obesity-related changes in pul-
monary physiology and the genetics to alterations in 

immune response and inflammatory profiles, endothelial 
dysfunction, and metabolic dysfunction.17

In contrast to the fact that obesity was found to be a 
significant risk factor for severe COVID-19, defined as 
requiring ICU admission, invasive mechanical ventila-
tion, or in-hospital death, in patients aged 2 years and 
older, it was not associated with severe COVID-19 in 
patients aged less than 2 years.18 In our study, we 
reported 29% of our patients aged less than 2 years 
required oxygen therapy and interestingly the mean 
weight-for-age percentile was significantly lower in 
those who required oxygen therapy. Prematurity is asso-
ciated with severe COVID-19 in patients < 2 years old,18 
we do not have information on all our patients’ gesta-
tional age, but it is possible low weight is related to pre-
maturity. Previous studies also reported underweight 
was significantly associated with increased severity of 
respiratory tract infection due to immunosuppression 
and malnutrition.10,19-22

Our study showed that patients aged 2 years and 
younger with lower weight-for-age percentile had lon-
ger length of stay, while patients aged 2 years and 
older, patients with BMI ≥ 85th percentile had higher 
likelihood of staying in the hospital for ≥5 days. This 
was broadly in line with the study done by Tripathi et 
al which reported increased hospital length of stay for 
both underweight and obese children when admitted 
due to COVID-19.7 Sharma et al also reported pediatric 
intensive care units and hospital lengths of stays were 
higher in underweight children, and underweight chil-
dren were younger when compared to normal or obese 
children.23 On the other hand, a study done in hospital-
ized pediatric patients aged 2 to 18 years showed obese 
patients had 15% longer hospital stays and 19% higher 
hospital costs than normal weight patients, when con-
trolled for age, sex, ethnicity, insurance type, calendar 
year, and primary diagnosis.24 This U-shaped curve 
was also reported in mortality rate in pediatric inten-
sive care units with respect to weight centile, and the 
lowest mortality rate was around 75th weight-for-age 
centile.25,26

Limitations

We acknowledged a few limitations in our study. This 
was a small and single center study, which may limit the 
generalizability of the study’s findings to other settings 
or populations. Since our study was a retrospective 
study, there is also possibility of incomplete or inaccu-
rate data, as well as the potential for selection bias in the 
inclusion of patients. Since it was a retrospective study, 
we were also not able to assess how weight affects the 
long term morbidity or mortality of our patients.

r = -0.31, P = 0.0123
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Figure 3. Significant negative correlation was observed 
between length of stay and WFA percentile (r = −.31, 
P = .0123) in patients <2 years old.
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There is also a lack of standardization of classification 
of weight status for patients less than2 years old, and we 
used weight for age in our study, as gold-standard mea-
surement of length requires a calibrated length board 
with 2 trained individuals.27 Two studies in children 
younger than 2 years old found that the current clinic 
practice of length measurement is often inaccurate.28,29 
Another limitation was that oxygen therapy was usually 
given due to hypoxemia measured via pulse oximeter; 
however, regardless of oxygen level, oxygen therapy was 
also given when patients had symptoms of hypoxia, for 
example, shortness of breath.30 There were no definite 
clinical indications for oxygen therapy,31 therefore the 
decision to initiate or discontinue oxygen therapy can be 
varied based on provider assessment and might not be an 
objective assessment of severity of disease. This study 
was conducted from March 2020 to October 2021, so any 
developments or new insights related to Covid-19 after 
that time frame would not be considered in this analysis.

Conclusions

Both extremes of weight centiles - underweight and 
overweight were related to longer length of stay and 
higher oxygen requirement. Patients aged 2 years and 
older with BMI ≥ 85th percentile were more likely to 
require oxygen therapy during hospitalization as well as 
longer length of stay of ≥5 days. Paradoxically, for 
patients <2 years old, those with lower weight for age 
percentile needed longer hospital stay and had higher 
need for oxygen therapy. Thus, it is important to stratify 
patients’ risk according to their age, BMI percentile, and 
weight for age percentile during hospitalization due to 
COVID-19. Our results may also help to identify chil-
dren at potentially higher risk of severe COVID-19 who 
may benefit from vaccination.
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