European Journal of Pediatrics (2023) 182:363-374
https://doi.org/10.1007/500431-022-04689-0

RESEARCH q

Check for
updates

Obesity as arisk factor for severe influenza infection in children
and adolescents: a systematic review and meta-analysis

Dimitra-Irinna Vitoratou' - Gerasimos-Panagiotis Milas' - Paraskevi Korovessi' - Stavroula Kostaridou’ -
Patra Koletsi'

Received: 29 July 2022 / Revised: 30 October 2022 / Accepted: 1 November 2022 / Published online: 11 November 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Obesity has been recently identified as a predisposing factor for a worse prognosis in viral illnesses such as SARS-CoV-2;
however, its role in children with influenza is not yet clarified. The current systematic review and meta-analysis aims to assess
whether obesity is a risk factor for either hospitalization or a worse prognosis when hospitalized among children infected
by influenza. We systematically searched the following databases using a structured algorithm: MEDLINE, Clinicaltrials.
gov, and Cochrane Central Register of Controlled Trials (CENTRAL). Statistical meta-analysis was performed using the
“meta” package in R software, and included studies were evaluated using the Newcastle-Ottawa scale. Among children with
influenza, obesity increased the odds of hospitalization with a pooled OR of 1.89 (95% CI [1.23, 2.9], >=0, p=0.003).
When hospitalized, children with obesity were also more likely to have a worse outcome than their healthy-weight counter-
parts, with a pooled OR of 1.24 (95% CI [1.02; 1.51], P=11, p=0.03). In an effort to lower heterogeneity, a leave-one-out
meta-analysis was conducted. Publication bias was assessed with the visual inspection of funnel plots and the trim-and-fill
method. Certainty assessment was evaluated using the GRADE score.

Conclusions: The findings of our meta-analysis suggest that obesity in children with influenza is associated with a worse
prognosis, both hospitalization and ICU admission/death.

What is Known:

o Obesity has been identified as a risk factor for non-communicable as well as communicable diseases.

o A previous meta-analysis failed to demonstrate a statistically significant association between obesity and influenza infection severity.
What is New:

o Children with high BMI and influenza infection are more likely to get hospitalized.
o Pediatric inpatients with increased BMI and influenza infection may have a worse prognosis.
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Introduction
Rationale

An important finding during the SARS-CoV-2 pandemic is
that obesity may be an independent risk factor for severe
COVID-19 in children and young people [1, 2]. At the same
time, we have learned about the exponential rise in child-
hood obesity (MMWR 21) due to prolonged quarantine
measures that may consequently lead to a vicious circle of
severe viral respiratory infections in children [3].

Recent translational research shows the inflammatory
nature of excess adipose tissue that secretes cytokines and
alters immune regulation in favor of the invading viruses.
Maria Smith et al., in an attempt to explain the impact of
obesity on influenza and coronavirus pathogenetic mecha-
nisms, highlight, among others, the role of leptin resistance
and lipotoxicity as well as the suppression of interferon
induction and cytokine production in infected rodents and
human hosts which may dampen their innate and adaptive
immune responses [4]. In addition to childhood obesity’s
pro-inflammatory effects, mechanical as well as functional
alterations on lung physiology have been highlighted, most
commonly reduced lung compliance and abnormalities in
lung volumes such as lower functional residual capacity
(FRC) and FEV1/FVC ratios [5, 6].

As influenza infection still remains a major cause of
morbidity among pediatric patients in Europe [7] and child-
hood obesity is reaching epidemic proportions [8], we aimed
to revisit the literature concerning children with obesity
infected with the influenza virus. In this regard, the most
recent meta-analysis performed by Gill et al. [9] did not
demonstrate a statistically significant relationship between
childhood obesity and influenza-related complications, as
opposed to other comorbidities. However, the numbers of
patients included in the meta-analysis were considerably low
to extract firm conclusions regarding the outcome of interest.

Objectives
In the current systematic review and meta-analysis, we aim

to evaluate the association of obesity with influenza infec-
tion among pediatric patients.

Methods
Protocols and registration

The protocol of the present study has been registered in
PROSPERO on the 6th of April 2022 (CRD42022315121).
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Study design (eligibility criteria)

The current systematic review and meta-analysis is written
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines [10]. The
PRISMA checklist is presented in Supplementary Fig. 1.
Every single study reporting data on children with obesity
infected by influenza and disease severity was deemed eli-
gible for inclusion. The study selection process was done
in three consecutive steps. At first, the titles and abstracts
of all search results were investigated and evaluated for rel-
evance. The second step included full-text access to studies
potentially suitable for inclusion. Finally, studies meeting
our inclusion criteria were included in the systematic review,
and studies reporting their results in an appropriate man-
ner (i.e., quantitative) were included in the meta-analysis.
Review articles, animal studies, and non-comparative studies
(case reports, case series) were excluded. Any disagreement
between the authors on the methodological approach, the
retrieval of articles, and the statistical analysis was resolved
through the consensus of all authors.

Inclusion criteria

Children and adolescents (CYA) less than 18 years old
diagnosed with influenza infection or influenza-like illness
during a period of known influenza circulation admitted in
hospital settings or high dependency unit/intensive care unit
(ICU).

Since childhood obesity prevalence is estimated to be
19,3% in the USA and 4 to 20% and 6 to 28% for girls and
boys, respectively, in Europe, studies with a low obesity
prevalence of less than 1% were excluded from the study
[11,12].

Literature search and data collection (information
sources, search strategy, selection process, data
collection process, data items)

Every single study reporting data on the prognosis of chil-
dren/adolescents with obesity and influenza infection was
eligible for inclusion. Data on obesity was collected for the
following two outcomes: (1) hospitalized influenza patients
vs. non-hospitalized influenza patients and (2) ward influ-
enza inpatients vs. ICU influenza patients or deceased
patients. Two reviewers (G.P.M., D.I.V.) applied the follow-
ing structured algorithm: (obesity OR BMI OR “metabolic
syndrome”) AND (influenza OR “influenza-like illness” OR
flu) AND (child* OR adolescent*) in the databases MED-
LINE (1966-2022), Clinicaltrials.gov (2008-2022), and
Cochrane Central Register of Controlled Trials (CENTRAL)
(1999-2022). If necessary, the algorithm was altered and
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critical search terms were used instead, depending on the
database interface. In order to achieve a wider assessment
of the literature, in-text citations found within the included
articles were manually screened (snowball method). No lan-
guage or date restrictions were applied. The date of the last
search was set at February 17, 2022. The flowchart of the
literature is presented in Fig. 1. The extracted data from each
study included the following: name of the first author, year
of publication, study design, NOS scale evaluation, study
population, country of origin, age range of the include popu-
lation, month/year of enrollment, type of influenza, obesity
definition, excluded populations, prevalence of obesity in the
studied population, and outcome measured.

Study risk of bias assessment
Studies suitable for inclusion in our meta-analysis were inde-

pendently evaluated by three researchers (G.P.M., D.I.V.,
P.K.) with the use of the Newcastle—Ottawa scale (NOS)

Fig. 1 PRISMA flow dia-

[13]. This scale applies to nonrandomized studies and
assigns stars (maximum score: 9) according to the selec-
tion of the study groups, comparability of the groups and
the ascertainment of exposure (case—control) or outcome of
interest (cohort studies).

Statistical analysis (effect measures, synthesis
methods, reporting bias assessment)

The statistical meta-analysis was performed using the “meta”
package in R software [14], and the confidence intervals (CI)
were set at 95%. Heterogeneity among the included studies
was substantial, according to the Cochrane Handbook [15],
and therefore, the Der Simonian-Laird random effect model
[16] was utilized to calculate odds ratios (OR) and 95% CI.
Most included studies reported odds ratios; however, some
did not but presented 2 X 2 tables from which we manually
extracted odds ratios regarding our outcome of interest. As
odds ratios are not normally distributed [17], we transformed
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them into logarithm odds ratios (IogOR) in order to be able
to meta-analyze them and then back-transform the final out-
come into odds ratio (OR) for a better interpretation of the
results. The influence of each individual study on the overall
outcome was explored though leave-one-out meta-analysis;
each study was consecutively omitted in order to evaluate
its effect on the final estimate. Meta-regression analysis was
not performed due to the fact that at least 10 studies are
required in order for this analysis to be robust, according to
the Cochrane Handbook [18]. Last but not least, publication
bias was examined visually through funnel plots that were
created together with the aid of the trim-and-fill method
[19].

Certainty assessment

The credibility of outcomes was evaluated using the Grading
of Recommendations Assessment, Development and Evalu-
ation (GRADE) framework (ranging from very low to high).
Examination of the quality of evidence was done through
the following domains: study limitations, directness, consist-
ency, precision, and publication bias [20].

Results
Study selection and study characteristics

A total of 455 studies were screened and assessed for inclu-
sion in the current meta-analysis (see Fig. 1). Title and
abstract screening led to the exclusion of 419 studies as data
for children were not specified in these studies. A total of
26 studies were excluded after the full-text assessment. Two
articles were reviews and therefore provided no odds ratio
measure for our outcome of interest [21, 22]. One study was
performed post-mortem and therefore did not provide any
valuable information [23]. Two studies provided information
post-vaccination [24, 25]. Another study provided no infor-
mation regarding disease severity [26]. Last but not least,
20 studies failed to provide information on children with
obesity and influenza infection [27—46].

Finally, a total of 7 studies were included in the quan-
titative analysis [47-53]. Five more studies [54—58] were
included in the qualitative analysis. Study characteristics are
presented in Table 1.

Risk of bias in studies
NOS scale assessment outcomes are shown in Table 1. Two
studies (28,5%) scored 8 stars, two studies (28,5%) scored

7 stars, two studies (28,5%) scored 6 stars, and one study
(14,2%) scored 5 stars.
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Results of individual studies
Qualitative synthesis

In the USA, a study [57] on seasonal influenza using
data from 274 US counties showed that a 5% increase in
obesity in the pediatric population was associated with
a25% (RR 1-25, 95% CI 1-18, 1-32) increase in influ-
enza-related hospitalization rates. A chart-review study
[55] of 188 children hospitalized with seasonal influenza
failed to show a significant association (p =0.61) between
severe obesity status (BMI>99% for age and gender)
and influenza hospitalization or death due to influenza
complications.

A multicenter study [54] conducted in Germany reported
on 94 children hospitalized with HIN1 (2009) pandemic
influenza, 6 of which needed ICU admission. In this cohort,
12 children had a BMI greater than the 90th percentile for
age and sex, of which only 1 needed ICU admission. In con-
trast, in Taiwan, data from 61 children hospitalized with
HINT (2009) pandemic influenza support that obesity is a
significant risk factor for a worse prognosis [56]. This was
not supported by the study of Ma et al. in Taiwan, where
obesity was not associated with a worse prognosis for sea-
sonal influenza pediatric cases [58].

Quantitative synthesis

A total of 7 studies were included in the meta-analysis.
The analysis regarding obesity as a risk factor for hospi-
talization of children with influenza infection (see Fig. 2),
including 4 studies [48, 49, 51, 52], led to a statistically
significant association of children with obesity and hos-
pitalization with a pooled OR 1.89 (95% CI [1.23, 2.9],
=0, p=0.003). In addition, the analysis regarding obe-
sity as a risk factor for a worse outcome after hospitali-
zation (see Fig. 3), which included 4 studies [47, 48, 50,
53], showed a statistically significant association with a
pooled OR equal to 1.24 (95% CI [1.02; 1.51], =11,
p=0.03).

Results of syntheses
Leave-one-out meta-analysis

The leave-one-out meta-analysis is presented in Table 2.
Regarding the outcome of poor prognosis among children
with obesity already hospitalized, the sequential omission
of each study provided estimates that ranged from 1.2254
(95% CI [0.9376; 1.6015] I*=40.1%) to 1.0756 (95% CI
[0.8029; 1.4407] I*=0).
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Fig. 2 Forest plot of the analysis regarding obesity as a risk factor for hospitalization of children with influenza infection

Reporting biases (publication bias)

Publication bias was evaluated with the use of funnel plots
together with the aid of the trim-and-fill method. In the group
regarding hospitalized and non-hospitalized children affected
by Influenza, the visual inspection of the funnel plot raises high
suspicion of publication bias due to its asymmetry. High suspi-
cion of publication bias in this group is also confirmed by the
trim-and-fill method as 2 missing studies were calculated (see
Fig. 4). Furthermore, in the group regarding hospitalized chil-
dren with influenza and children with influenza admitted to the
ICU or with poor prognosis (death), the funnel plot extracted
showcases a small asymmetry. Finally, this asymmetry (suspi-
cion of publication bias) is also confirmed by the trim-and-fill
method, as one missing study was calculated (see Fig. 5).

Certainty of evidence

The certainty of the evidence was moderate. Publication bias was
suspected in both outcomes due to the calculation of missing stud-
ies from the trim-and-fill method. Finally, there were no major
concerns with the directness, precision, and consistency domains
in all outcomes. The GRADE approach is presented in Table 3.

Discussion

Childhood obesity has been associated with chronic low-
grade systemic inflammation as well as a dysregulated
immune response due to alterations caused by adaptive and

innate immunity [59, 60]. This dysregulation of the immune
system consists of an imbalance of cytokines, adipokines,
immune cell subsets, and humoral factors that circulate in
the excess adipose tissue [59] and has been linked with vul-
nerability to a variety of infectious diseases in addition to
chronic non-communicable diseases [61]. Moreover, it was
during the 2009 (HIN1) influenza A pandemic when obe-
sity was first recognized as an independent risk factor for
worse clinical outcomes in adults but evidence in children
and young people remained scarce.

In this regard, a previous meta-analysis published in 2015
exploring possible risk factors for influenza-related com-
plications and hospital admission, including 1782 children,
reported that obesity was not a risk factor. However, the
percentage of children with obesity was strikingly low (93
children) [7].

Another systematic review conducted by Mertz et al.
including more than 60,000 adult and pediatric participants
reveals that the evidence supporting risk factors for severe
outcomes of influenza infection “ranged from being limited
to absent.” In particular, data on influenza infection outcome
specific for children with obesity have not been provided.
In contrast, the risk for children and adults with obesity has
been estimated as a cumulative odds ratio as high as 2.77
for mortality (95%CI 1.90, 4.05) for pandemic influenza and
2.04 (95%ClI 1.74, 2.39) for seasonal influenza, respectively.
Finally, the authors suggest that the level of evidence was
low for the specific outcome due to lack of power and lack
of adjustment but not very low compared to other risk fac-
tors investigated.

Table 2 Leave-one-out meta-
analysis

Odds ratio (OR)

95% CI p-value 7 T P

Obesity as a risk factor for worse prognosis among hospitalized children infected by influenza

Garcia et al., 2015 1.2183
Morris et al., 2012 1.2254
Okubo et al., 2017 1.3589
Yuetal., 2011 1.0756

[0.9934; 1.4942] 0.0579 0.0071 0.0841 17.8%
[0.9376; 1.6015] 0.1366 0.0225 0.1501 40.1%
[1.1221; 1.6456] 0.0017 0.0000 0.0000 0%
[0.8029; 1.4407] 0.6253 0.0000 0.0000 0%
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Test for overall effect: Z=2.15 (P = 0.03)
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Ward ICU/death

Fig. 3 Forest plot of the analysis regarding obesity as a risk factor for poor prognosis after hospitalization

Finally, Fezeu and colleagues conducted a systematic
review and meta-analysis in order to explore whether obesity
is linked to a higher likelihood of ICU admission or death in
adult and pediatric patients with the 2009 pandemic influ-
enza A (HIN1). The results of the sole study comprising of
(59) pediatric patients [62] showed a 3.5-fold non-significant
increase in the likelihood risk of ICU admission (OR: 3.50,
95%CI: 0.66—18.43) when patients had a BMI of more than
30 kg/m°.

In our meta-analysis, obesity was found to be a risk factor
for hospitalization as CYA infected with influenza were 89%

Fig.4 Funnel plot of the analy-

more likely to be hospitalized (OR:1.89 (95% CI [1.23, 2.9],
P#=0, p=0.003), and already hospitalized patients with obesity
were 24% (OR:1.24) more likely to have a worse prognosis in
a statistically significant manner (95% CI [1.02;1.51], P=11,
p=0.03). Leave-one-out meta-analysis was performed only in
the group studying obesity as a risk factor for hospitalization
and led to the lowering of I to 0%. In addition, concerning both
outcomes, there seems to be high suspicion of publication bias
using both the visual inspection of funnel plots and the aid of
the trim-and-fill method. Finally, the certainty assessment was
moderate, mainly due to publication bias suspicion.

sis regarding obesity as a risk g - -
factor for hospitalization X
N
O]
]
S
i
T
& o ]
kel
C
L
()
(o]
ool
o
(]
© §
o (o] (o)
T I T I T I T
-0.5 0.0 0.5 1.0 1.5 20 25

@ Springer



European Journal of Pediatrics (2023) 182:363-374

37

Fig.5 Funnel plot of the analy-
sis regarding obesity as a risk
factor for poor prognosis after
hospitalization
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This meta-analysis assessed whether obesity is a risk factor for
hospitalization and whether it leads to an unfavorable outcome
for hospitalized children. All databases were accessed using

Table3 GRADE

Obesity as a risk factor
for hospitalization

children (ICU
admission/death

Obesity as a risk factor
for hospitalization
among children
infected by influenza

among children i lodlsits
infected by influenza
Obesity as a risk factor
for worse prognosis
among hospitalized Moderate

1.891

1.0

20

Odds Ratio

a structured algorithm, and therefore, strict inclusion criteria
were met. Since most of the included studies were cohort stud-
ies, selection bias was eliminated. In the outcome regarding
hospitalization, heterogeneity was non-existent, and in the
outcome regarding worse prognosis, we managed to lower

[1.2336; 2.8986]

[0.7404; 4.8298]

LEIClO)
Moderate

Obesity as a risk factor
for worse prognosis
among hospitalized

children (ICU
admission/death)

0.0058

1.24

[1.0193; 1.5075]

[0.7219; 2.1287]

IO
Moderate
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the inter-study heterogeneity with the aid of the leave-one-
out meta-analysis. Ultimately, our publication bias evaluation
was thorough, and it managed to present a high suspicion of
publication bias through the trim-and-fill method.

The main limitation of this meta-analysis is that the results are
based mostly upon crude odds ratios, which can lead to an over-
estimation of the true risk [63]. Moreover, the studies included
are observational, implying that data were extracted in a non-
standardized manner and underreporting may have occurred,
introducing bias in the meta-analysis. Additionally, the quality
of studies was not within the strengths of this meta-analysis, and
our results describe a high suspicion of publication bias.

Finally, BMI z-scores and percentiles seem to be weakly
associated with true adiposity in children [64]; thus, in most
studies, BMI categories may not reflect the relevant immune
dysfunction caused by obesity. The definition of obesity also
varied between studies in the qualitative synthesis, limiting the
ability to analyze the data.

Implications for practice and future research

Our meta-analysis shows a higher likelihood of severe influ-
enza infection among children and adolescents with obesity.
Policymakers and clinical practitioners may consider obesity
among the risk factors for severe influenza when drawing pre-
ventive or therapeutic strategies including vaccination and
prompt antiviral treatment. Furthermore, given the logarithmic
rise of childhood obesity and morbid obesity in the SARS-
CoV-2 pandemic era, public health policies should attempt to
fight the obesity epidemic in order to counteract the unfavora-
ble outcomes of viral infections in children. We believe our
meta-analysis adds important clinical data on the management
of obese children with influenza infection.

Conclusion

Our findings suggest that among children with influenza
infection, children with obesity are at an increased risk of
hospitalization or worse prognosis when hospitalized than
their healthy-weight counterparts. For future research, to
better evaluate the risk of children with obesity and influenza
infection in the community, larger prospective cohort studies
with well-defined obese populations are needed.
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