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ARTICLE INFO SUMMARY

Article history: Background & aims: Concomitantly to the coronavirus disease 2019 (COVID-19), in the child population

Received 28 September 2021 there was already another pandemic wave in progress: childhood obesity. Numerous studies in adults

Accepted 3 April 2022 have been carried out and describe obesity as an independent risk and prognostic factor for the severity
of COVID-19. This study aims to systematically review the literature on the relation between weight

’éf)y\}'}’]gn]';f excess and the severity of COVID-19 in children and adolescents.

Methods: This systematic review was developed following the PRISMA standards (Preferred Reporting
Items for Systematic Review and Meta-Analysis). The literature search was performed in September
2020, in the following databases: MEDLINE (via PubMed), Embase, Scopus, The Cochrane Library
(Cochrane Database of Systematic Reviews and Cochrane Central Register of Controlled Trials (CEN-
TRAL)), Web of Science, BVS/LILACS and SciELO. Registration on the PROSPERO platform (International
Prospective Registry of Systematic Reviews) can be found under the registration number:
CRD42021230686.
Results: Of the 667 selected articles, 11 were included according to all agreed criteria, most of them being
unicentric and American. In assessing the risk of bias and quality, following the criteria of the Newcastle
—Ottawa Scale, eight studies achieved scores higher than 7. Only 5 studies sought to assess obesity and its
relation with worse outcomes (such as need for pediatric intensive care unit (PICU), mechanical venti-
lation (MV), tracheostomy, hospital readmission and mortality), and out of these, only one article
demonstrated this comorbidity as a prognostic factor for worse evolution of the COVID picture.
Conclusions: Few studies in the literature seek to assess excess weight and its relation with worse
outcomes of COVID-19 in children and adolescents. Taking into account that there is already scientific
evidence on this subject in adult patients, it is necessary to carry out more research in the pediatric age
group.

© 2022 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.
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1. Introduction

Although most children with COVID-19 experience mild illness,
the spectrum of this disease is wide, and some children develop
serious illness that leads to hospitalization, use of invasive me-
chanical ventilation and death [1-5]. Patients admitted to Pediatric
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Diseases (NCDs) [9]. Concomitant to COVID-19 pandemic, there was
already another pandemic wave: childhood obesity [10]. World-
wide, the prevalence of weight excess (overweight and obesity)
among people aged 5—19 years old reached more than 18% in 2016,
totaling more than 340 million. In 2020, around 39 million children
under 5 years of age were overweight [11].

Studies that have been available so far point to a relevant sci-
entific evidence that excess weight is a risk factor for the devel-
opment of severe forms of COVID-19 in adults [12—18]. The
mechanisms that explain this relation are possibly attributed to a
decrease in lung function, changes in the microbiota, increase in
pro-inflammatory substances and changes in the immune response
[19]. It seems essential to systematically evaluate whether weight
excess in children and adolescents is a risk factor for the severity of
COVID-19 with the data currently available. Understanding factors
associated with severe COVID-19 disease in pediatrics could help
inform prevention, control strategies.

2. Materials and methods
2.1. Search strategy and study selection criteria

This study is a systematic review, which had its project regis-
tered in the PROSPERO platform (International Prospective Registry
of Systematic Reviews), under the registration number:
CRD42021230686 [20]. A systematic search of studies was carried
out in September 2020, in the following databases: MEDLINE (via
PubMed), Embase, Scopus, The Cochrane Library (Cochrane Data-
base of Systematic Reviews and Cochrane Central Register of
Controlled Trials (CENTRAL)), Web of Science, BVS/LILACS and
SciELO. Date of publications was not limited/filtered. Search terms
were determined through the MESH database, relevant systematic
reviews, and meta-analysis. The final keywords were: ‘Child’ OR
‘Adolescent’” OR ‘Infant’ OR ‘Teen’ OR ‘Youth’ OR 'Pediatrics’ OR
‘Pediatric’ OR ‘Paediatric’ OR ‘Baby’ OR 'Babies' OR ‘Toddler’ AND
‘Overweight’ OR ‘Obesity’ AND ‘2019-nCoV’ OR ‘COVID-19’ OR
‘SARS-CoV-2’ OR’ (Wuhan AND coronavirus)'. Only a language filter
was used, limiting it to English, Spanish and Portuguese.

The eligibility criteria were established following the PICOS
principles (P: Participants; I: Intervention/Exposure; C: Compari-
son; O: Outcomes; S: Study Design). The study had to contain child
and/or adolescent patients (from one month to 18 years old) with
clinically or laboratory confirmed SARS-CoV-2 infection. Studies
that mostly have a population that do not concern this review were
excluded, such as patients with other viral infections, non-
hospitalized patients, newborns and pregnant women.

Only original studies and full-text article citations were
included. Meanwhile, studies in animal models or in vitro condi-
tions, based on statistical simulation or use of artificial samples,
studies evaluating adults only, as well as systematic reviews,
experimental studies, letters to the editor, comments, editorials
and case reports, were excluded. To avoid double-reporting of re-
sults, secondary publications such as metaanalyses and systematic
literature reviews were not eligible for inclusion; however, the
search terms included meta-analyses and systematic literature re-
views to facilitate screening of references for the purpose of iden-
tifying potentially eligible primary publications that were not
retrieved in the literature search.

2.2. Data selection

The references found in the databases were exported to the
Mendeley platform to remove duplicate references and then to
Rayyan for a first evaluation of titles, authors, research type and
abstracts. Rayyan is a free web and mobile application designed to
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help expedite the initial screening of abstracts and titles using a
process of semi-automation while incorporating a high level of
usability [21]. Two reviewers independently selected articles that
met the inclusion criteria, and a third reviewer resolved disagree-
ments independently. Citations that did not meet the inclusion
criteria described above were excluded.

2.3. Assessment of risk of bias

Two investigators independently assessed the quality of
included studies according to the Newcastle—Ottawa Scale (NOS)
[22]. All disagreements were resolved by consensus. High-quality
studies were defined as studies that met a NOS score of at least 7.

2.4. Data extration

After the first phase of study selection, the articles were
completely read, and two independent and blind reviewers (as for
the evaluation of the other reviewer) evaluated them again indi-
vidually, this time in full. At this point, a standardized data collec-
tion form was created, in which both reviewers fed information
from each article studied. The following data were extracted from
each eligible article: first author; publication date; countries; study
design; gender; age; anthropometric data and different nutritional
status classifications; exposure and comparators - the number of
patients with weight excess; the number of patients without
weight excess; mortality and severity of disease from each group;
number of patients of each group that had PICU requirement, me-
chanical ventilation support required (and duration), extracorpo-
real membrane oxygenation requirement, length of hospital stay,
length of PICU stay, and acute respiratory distress syndrome.

Three authors met after filling in all article data by the first two
reviewers, and the discrepancies in opinions and understandings
were resolved by discussion until consensus. None of the authors
were blind to journal titles, authors, or study institutions. The study
selection process is presented according to the flowchart suggested
by PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [23].

2.5. Data synthesis and statistical analysis

Two researchers analyzed and grouped data and the tabulation
was performed in consensus. There was a lot of missing desired
data, so an email was sent to the authors of the 18 selected articles
for complete reading of the texts requesting more information.
From these e-mails, we only received responses from six authors,
but no further data were added. After all the tabulation, the third
researcher finally revised the data.

2.6. Ethics

As this is a systematic review, using scientific articles available
on the platforms, that is, without personal identification of the
patient, the analysis and approval of the ethics committee were not
necessary.

3. Results
3.1. Literature search

According to the eligibility strategies, 677 studies were selected
in the initial research in seven different databases. After removal of
duplicate citations, screening of the remaining titles and abstracts
yielded a total of 479 potentially relevant articles. The PRISMA flow
diagram shows the process of study selection (Fig. 1). At this stage,
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carried out on the Rayyan platform, and following the inclusion and
exclusion criteria, only 18 works were left to be read in full. Eval-
uating the works in more detail, in the eligibility phase, 7 were
excluded (the reasons for exclusion are summarised in Fig. 1).

3.2. General characteristics of the included studies

Eleven relevant articles were included in this review, of which 6
are retrospective cohorts, 4 case series and one control case. All
studies are from 2020. Among the 11, most of them are unicentric
and American. From all the studies, two ([24,25]) had a wide age
range, which included many adults, but there were segmented data
on children and adolescents, making it possible to collect data
separately. It is noteworthy that none of the works focused on
nutritional status, but 5 of them searched for relation between
weight excess and severe COVID-19. Most presented an overview of
COVID cases in pediatrics, and among some of the aspects evalu-
ated, weight excess was included. Table 1 includes the summary of
the included studies.
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3.3. Quality and risk of bias assessment

In the assessment of risk of bias and quality of studies performed
following the criteria of the Newcastle—Ottawa Scale, three of those
included did not meet the quality criteria, reaching scores lower
than 7, as shown in Table 2. Nonetheless, these were included in the
review as we consider that they contributed as evidence to the
discussions about the studied topic.

4. Discussion

After this extensive literature search, only 11 articles were
selected. It highlights the difference in the supply of studies on
COVID in pediatrics when compared to adults. Furthermore, the
topic of nutritional assessment in children is an additional hurdle.
Assessing the nutritional status of hospitalized patients by itself is
already challenging, and this situation is even more complex when
it comes to critically ill children. There are numerous ways to
evaluate nutritionally pediatric patients. The most common is the
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Fig. 1. Information flowchart of different stages of the systematic review.
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Table 1

Summary of the studies included and their main data.

Article Study type Total sample/  Centers number/ Nutritional state — Criterion Age (IQR, Weight excess PICU Assessed outcomes Searched for relation
Valid patients  Location medium age) Necessity between weight excess
and severe COVID-19 *

Zahra Belhadjer Retrospective  35/31 12 -France; 1 - Obesity = overweight = BMI 2-16y; 10y 6 (17%) 82,85% MIS-C, ECMO, PICU,

et al. [30] cohort Switzerland >25 Mortality
Philip Zachariah Case series 50/50 1- New York (USA) Overweight p85-95/ 6 d-21y; NA Total obesity 22%/ NA MV, ECMO, *

et al. [26] Obesity > p95 (CDC) Overweight 16% Mortality
Jerry Y Chao et al. Retrospective  67/46 1- New York (USA) Obesity = BMI >30 04-193y; 14 (30.4%) 13 (28,3%) ARDS, PICU, MV, *

[27] cohort 131y Mortality
Nadia Nathan et al. ~ Retrospective  23/23 1 - France BMI Z score 0.1-176y; Obesity/ 5/21 (24%) Mortality, PICU,

[37] cohort 49y Overweight 3 ARDS, MIS-C, MV

(13%)

William R. Otto Retrospective ~ 7256/77 NA - USA NA 1.1y-154y; 55/424 (13%) 25/77 Mortality, PICU,

et al. [32] cohort series 99y (32.9%) ARDS, MIS-C, MV,

ECMO

Yanli Wang et al. Retrospective ~ 260/43 1 - China BMI 0.97y—13.83y; 18 average BMI NA MV, Mortality *

[24] control—case 69y
Sthepanie Retrospective ~ 1298/55 3 - New York (USA) BMI >30 Mean age 14y 10/55 (18%) NA MV, Mortality *

Lovinsky-Desir cohort between <21y

et al. [28]
Christine A. Capone  Case series 33/33 1- New York (USA) Overweight p85-95/Obesity 5.5y-12.6y; Obesity 13 (39%)/  26/33 (79%) MV, Mortality, MIS-

et al. [38] p>95 86y Overweight 2 C, PICU

(6%)

Roberta L. DeBiasi Retrospective  177/44 1 - Washington NA - Banco de dados 0.1y-25.6 y; 1/44 (2%) 9/44 Mortality, MV, MIS-  *

etal. [29] cohort (USA) 96y (20.4%) C, PICU, ARDS
Safiya Richardson Case series 5700/50 12 - New York Obesity (BMI > or equal to 30)/ 0-10.7y; 6.3y 1737/4170 7/46 PICU, MV, Mortality

etal. [25] (USA) Morbid (BMI > or equal to 35) —41.7% (12.2%)
Einat Blumfield Retrospective ~ 19/19 1- New York (USA) NA 2m-18y; 8y 3(15.8%) 14/19 Mortality, ARDS,

etal. [33] cohort (73.7%) MV, MIS-C, PICU

Caption: IQR - Interquartile range; MIS-C - Multisystem inflammatory syndrome in children; ECMO - Extracorporeal membrane oxygenation; BMI - Body mass index; PICU - Pediatric intensive care unit; NA - Not available;

USA—United States of America; CDC - Center for Disease Control; MV - Mechanical ventilation; ARDS - Acute Respiratory Distress Syndrome.
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Table 2
Criteria of quality and risk of bias according to the Newcastle—Ottawa Scale.
Study Selection Comparability Outcome TOTAL
Representativeness Selection of  Ascertainment Outcome Comparability Outcome Follow-up length Follow-up adequacy
non-exposed demonstration Assessment
cohort

Zahra Belhadjer * * Y * o b e ¥ 7
et al. [30]

Philip Zachariah * * b4 Y R e * ¥ 7
et al. [26]

Jerry Y Chaoetal. ¥ ¥ ¥ ¥ ¥ * 7
[27]

Nadia Nathan et al. * * ¥ ¥ * * 7
[37]

William R. Otto * * * * Y * * 7
et al. [32]

Yanli Wang et al. * * * * * * 6
[24]

Sthepanie Y ¥ b:e bAe * * b:e R 8
Lovinsky-Desir
et al. [28]

Christine A. Capone * ¥ * * * 6
et al. [38]

Roberta L. DeBiasi o A * * * * * 8
et al. [29]

Safiya Richardson ~ # * * ¥ 4
et al. [25]

Einat Blumfield * * ¥ * 4 * * 7
et al. [33]

classification guided by WHO. The studies included in this review
did not have nutritional focus, therefore, most of the data regarding
weight and BMI were from the collection of information from
medical records, which can difficult the analysis. Another relevant
information is that many studies included a wide range of age
groups and the obesity criteria for each one were not always
clarified.

Obesity and overweight varied from 13 to 39% and 6—16%,
respectively. In the paper that included adults [24], obesity reached
41% of those studied, demonstrating a wide variation in the prev-
alence of this comorbidity. Among all studies, five [24,26—29]
sought to assess obesity and its relation with worse outcomes (such
as need for PICU, MV, tracheostomy, hospital readmission and
mortality). Of these, only one [26] found significant statistical evi-
dence to describe this comorbidity as a prognostic factor for worse
developments in COVID. This study considered as obese patients
with a percentile above p95, with a total of 22% obese and 16%
overweight. Weight excess was found among 20% of non-serious
patients and 67% of severe cases, with a statistically significant
difference in isolation.

In terms of severity of COVID-19 criteria there was great het-
erogeneity. The data that stood out the most as criteria for severity
was the need for the PICU (12.2%—82.8% - corresponding to refer-
ences 23 and 24) and need for ventilatory support (10—89% - cor-
responding to references [27,29]), due to a wide range of findings.
This disparity in percentages may occur because many studies have
compared patients with mild symptoms (and even those who are
not hospitalized) to severe conditions, and also, some studies only
presented severe cases of COVID-19 [30,31], increasing the severity
data described. Even so, in most studies, mortality was null, with
few exceptions ranging from 2.6% [32] to 10.5% [33].

Other serious situations reported were septic shock, need for
orotracheal intubation, ARDS, vasopressor support, renal and/or
liver failure, myocardial dysfunction, readmission to hospital or
PICU and need for tracheostomy. Most studies did not describe how
many patients developed ARDS, but among those that reported,
there was a wide range from 1.3% [28] to 76.9% [27]. The incidence
of MISC cases was 15% [32] to 100% [24,30]. The need for ECMO was
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not mentioned in 8 studies, while two studies brought this support
in 2 and 2,6% of cases (respectively to references 25 and 28) and
another one, with 28% [24] of use of this therapy. Not coinciden-
tally, the study with the highest rate of ECMO (and 100% of MISC)
addresses more deeply the cardiological aspects of severe COVID.

The length of hospital stay was widely discussed in most of the
studies, and its average was 3—4 days. The hospitalization length in
the studies ranged from 1 day [25] to 11 days [22], but there were
reports of up to 30 days [25] or followed up after completion of the
studies. The length of stay in the PICU was not described in 8
studies, with two having an average of 7 days [24,26] and one an
average of 13 days [22]. These data corroborate the literature: cases
of COVID-19, in pediatrics are usually milder than in adults, since
studies with a higher mean of hospitalization are those that
encompassed other age groups besides the one studied.

The higher risk tendency in obese population has been
explained by several mechanisms, such as immune dysfunction,
altered pulmonary physiology, and high angiotensin converting
enzyme 2 (ACE2) expression [34]. Systemic inflammation, immune
system impairment, sarcopenia, and preexisting associated condi-
tions, such as respiratory, cardiovascular, and metabolic diseases
related to obesity, could act as crucial factors linking nutritional
status and the course and outcome of COVID19 [19]. Considering
the risk of obesity, obese children with COVID-19 need close
monitoring for clinical deterioration or progression to acute res-
piratory distress syndrome. Additionally, in obese children, lifestyle
habit control and prevention through COVID-19 vaccination were
emphasized.

4.1. Strengths and limitations

In 2021, COVID and chronic non-communicable diseases
together total the main causes of death in the world [8]. The focus of
this study was precisely to investigate whether excess weight
(which causes many chronic diseases) can aggravate COVID-19 -
this pandemic that has apparently intensified obesity itself, by
increasing vulnerabilities and disparities in life behaviors, perpet-
uating a synergy of complex nutritional conditions [8]. Although
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some studies on risk factors for poor prognosis in children and
adolescents with COVID-19 exist, to our knowledge, this is the first
systematic review that focus to assess overweight as a prognostic
factor for COVID in pediatrics.

The influence of weight excess on the severity of children un-
dergoing hospitalization is still not well understood [35,36]. In our
study, the challenge of assessing excess weight in critically ill pe-
diatric patients is reinforced. An important point to be raised is
whether this relation was not found by temporality, considering
that the number of critically ill children with COVID-19 is signifi-
cantly lower than adults, as well as the prevalence of weight excess
in the age group.

Regarding the methodology, the present study has the only
limitation of having used the language filter. Although most sci-
entific publications are presented in English regardless of the place
of origin, maybe other points could be raised by different cultural
and epidemiological analysis, because there was a lack of studies
that better represent world diversity, especially regarding the
prevalence of overweight. In addition, it is worth emphasizing that
COVID-19 is very recent and the number of new scientific works
published daily is significant. This systematic review did not find
articles specifically deepened on the research topic, making meta-
analysis impossible, which is also due to the heterogeneity of the
data.

5. Conclusion

Our systematic review was unable to reach a more robust
conclusion because only five studies sought to assess obesity and its
relationship with worse outcomes of COVID-19 in children and
adolescents (such as the need for PICU, MV, tracheostomy, hospital
readmission, and mortality). Yet one found significant statistical
evidence to describe this comorbidity as a prognostic factor for
worse developments in COVID. Overweight was found among 20%
of non-serious patients and 67% of severe cases.

It is very plausible that this relation will be confirmed as soon as
more studies on the subject are published, leading to the numerous
known mechanisms that already associate obesity with worse
outcomes in other circumstances. Confirmation of this hypothesis
could guide pediatric decision-making, providing opportunities for
stratification of patients according to their risk and supporting
optimized management strategies and use of resources to provide
care to critically ill patients, as well as encouraging the priority of
vaccination as a risk group, as it is with adult patients.
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