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OBJECTIVE: To estimate the association between childhood obesity and the risk of SARS-CoV-2 infection in a cohort followed from
4 to 12 years of age.
METHODS: The data were obtained from two independent sources: the Longitudinal Childhood Obesity Study (ELOIN) and the
epidemiological surveillance system data from the Community of Madrid (Spain), which served to identify the population within the
cohort with confirmed SARS-CoV-2 infection. The SARS-CoV-2 registry was cross-checked with the cohort population at 11–12 years
of age. A total of 2018 eligible participants were identified in the cohort, who underwent physical examinations at 4, 6, and 9 years
of age during which weight, height, and waist circumference were recorded. General obesity (GO) was determined according to the
WHO-2007 criteria whereas abdominal obesity (AO) was defined based on the International Diabetes Federation (IDF) criteria. The
relative risks (RRs) of infection were estimated using a Poisson regression model and adjusted by sociodemographic variables,
physical activity, and perceived health reported by the parents.
RESULTS: The accumulated incidence of SARS-CoV-2 infection was 8.6% (95% CI: 7.3–9.8). The estimated RR of SARS-CoV-2
infection was 2.53 (95% CI: 1.56–4.10) and 2.56 (95% CI: 1.55–4.21) for children 4–9 years old with stable GO and AO, respectively,
compared with those who did not present GO.
CONCLUSIONS: Childhood obesity is an independent risk factor for SARS-CoV-2 infection. This study provides new evidence that
indicates that obesity increases the vulnerability of the paediatric population to infectious diseases.
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INTRODUCTION
Infection with SARS-CoV-2 causes COVID-19, a disease that has
spread rapidly worldwide to become a pandemic that has caused
an unprecedented public health crisis. In May 2021, there were
more than 155 million cases and over three million deaths
worldwide [1], with significant variations in incidence depending
on geographical areas. With more than 3 million confirmed cases
in May 2021, Spain has been one of the most affected European
countries since the beginning of the health emergency, with the
Community of Madrid being one of the regions with the highest
incidence and mortality in the Spanish territory [2].
Although a significant proportion of infected individuals are

asymptomatic or show mild symptoms, the moderate and severe
forms of the disease have prevalence rates that can exceed 50%
[3, 4]. SARS-CoV-2 infection in children and adolescents has been
characterised by less severe cases [1, 5] than in the adult
population, occurring more frequently in an asymptomatic or mild
form [6].
Overweight and obesity are risk factors for greater disease

severity, characterised by the need for hospitalisation, admission
to intensive care units, and requiring mechanical ventilation [7–9],
especially for patients with severe obesity [10–12]. Although the
evidence on the association of COVID-19 severity and obesity is
stronger in the adult population [13, 14], it has also been

described in the paediatric population [15]. Obesity and impaired
metabolic health may correlate with an increased risk of severe
COVID-19 [16]. Different immunological mechanisms have been
proposed to explain the increased risk of complications in this
population group [13, 17, 18], although many issues remain
unresolved [19].
The association of excess weight (overweight and obesity) with

an increased risk of infection is a controversial aspect with limited
information. The greater frequency of both complications and
presence of symptoms in people with this condition can increase
the probability of detection and result in a greater number of
tests, as has been reported in previous studies conducted in the
adult population [14]. A study in middle-aged adults based on
data from the United Kingdom (Biobank) documented the
existence of a dose-response association between body mass
index (BMI) and waist circumference with testing positive for
SARS-CoV-2 [20]. Another study cross-referenced a paediatric
population in Mexico with COVID-19 surveillance records and
found obesity to be one of the predictors associated with a
positive laboratory test [21].
The objective of this study was to estimate the risk of SARS-CoV-

2 infection associated with childhood obesity, both general and
abdominal, from a cohort of children followed from 4 to 12 years
of age.
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METHODS
Design and study population
A cohort study was conducted by extracting data from two different,
independent sources: the Longitudinal Childhood Obesity Study (ELOIN
study) and the SARS-CoV-2 epidemiological surveillance system for the
Community of Madrid (Spain), a region with a population of 6,779,888
inhabitants in 2020. Both databases were cross-checked by means of the
personal public health identification number. The ELOIN study is a
population-based cohort study in the Community of Madrid with a
follow-up period beginning in 2012 and whose methodology has been
previously described and published [22]. The cohort included 2018
participants who underwent physical examinations at the ages of 4 years
(2012–2013), 6 years (2014–2015), and 9 years (2017–2018). Measure-
ments were recorded at the follow-up visits through standardised
physical examinations performed by paediatricians at primary care
centres and additional information was obtained through a structured
questionnaire answered by the parents via a computer-assisted
telephone interview.

Anthropometric measurements
Weight was measured with a digital scale (SECA® model 220, precision of
0.1 kg), and height was measured with a telescopic stadiometer (SECA®
model 220, precision of 1 mm). For measuring the waist circumference, an
approved flexible measuring tape with a buckle was used, placed
horizontally right above the iliac crest and without tissue compression.
Two measurements per participant were taken and the average was
calculated for the analyses.
BMI was calculated in kg/m2 and adjusted by age (months) and sex

according to standardised tables of the WHO-2007 [23]. Based on BMI z-
scores in terms of standard deviation (SD), underweight was defined
zBMI ≤2 DE, normal weight was defined as zBMI ≤ 1 SD, overweight was
defined as 1 SD <zBMI ≤ 2 SD, and general obesity (GO) was defined as
zBMI > 2 SD [11]. The waist circumference was standardised by age
(months) and sex according to reference tables generated from the
consensus definition of metabolic syndrome by the International Diabetes
Federation, and the cut-off point for abdominal obesity (AO) was set at
≥90th percentile [24].
Based on the weight status evolution at 4, 6, and 9 years of age,

participants were classified as (1) stable without obesity (i.e., without
obesity at all three measurements); (2) transient obesity (i.e., obesity at
some point of the cohort follow-up period); and (3) stable with obesity (i.e.,
obesity at all three measurements). This classification was used to evaluate
changes in both GO and AO.

Definition of SARS-CoV-2 infection
The SARS-CoV-2 infection status was determined for all cohort participants.
Subjects were classified as infected when they had received a diagnosis of
active infection with a positive viral RNA detection test by RT-PCR or an
equivalent molecular technique or a rapid antigen detection test (Ag-RDT)
during the pandemic and were reported in the epidemiological
surveillance system of the Community of Madrid before May 9th of
2021. The epidemiological surveillance system is a database of all
confirmed cases of SARS-CoV-2 infection created within the Strategy of
early detection vigilance and control of COVID-19 in the Community of
Madrid (Estrategia de detección precoz, vigilancia y control de COVID-19
de la Comunidad de Madrid) [25], which includes epidemiological, clinical,
microbiological, and evolutionary data.

Covariates
The following variables, which were obtained from the 9-year ELOIN study,
were included: sex; age (months); family affluence estimated with the
Family Affluence Scale (FAS) and classified as low (0–3 points), medium
(4–5 points), and high (6–9 points) [26, 27]; household size; physical activity
estimated via the Spanish-validated version of the Physical Activity
Questionnaire—Children [28], with scores ranging between 1 (low physical
activity) and 5 (high physical activity) and classified into quartiles;
perceived health status (very good/good, fair/poor/very poor); and parents’
perception of neighbourhood environment (very good/good, fair/bad/
very bad).

Statistical analysis
A descriptive analysis was performed. Quantitative variables were
represented by their mean (SD) values and qualitative variables by

percentages with their respective confidence intervals. The statistical
associations between qualitative variables were evaluated with the chi-
squared test (χ2) and the comparisons of means with the Student’s t test.
Subsequently, Poisson regression models were developed to estimate
robust variance of the likelihood (relative risk, RR) of SARS-CoV-2 infection
in relation to the evolution of GO and AO. Crude estimations and
adjusted models were generated for sex, age, family purchasing power,
household size, physical activity, perceived health status, and parents’
perception of neighbourhood environment, introducing all variables
simultaneously. Additionally, the associations of both GO and AO with
the risk of SARS-CoV-2 infection were explored disaggregating the data
by sex.
Of the initial 2018 eligible participants, 33 were classified as under-

weight and were therefore excluded. An additional 41 observations were
excluded from the AO analysis due to the lack of measurements of waist
circumference. Only participants with anthropometric measurement data
(BMI) collected at the three follow-up periods were included in the
analysis.
A sensitivity analysis was performed by assessing the risk of infection

using the same methodology for 665 participants with available BMI
measurements and 656 subjects with available waist circumference
records through the ages of 4 to12 years, and who completed the
questionnaire at the age of 12 years when this study was conducted.
All analyses were performed with software Stata v.16 (StataCorp, College

Station, USA).

RESULTS
A total of 1985 and 1944 participants with available BMI and
waist circumference measurements, respectively, were included
in the analyses. The accumulated incidence of SARS-CoV-2
infection was 8.6% (95% CI: 7.3‒9.8) and the mean age at the
time of infection was 11.9 years (SD 0.23). Table 1S (Supple-
mentary Material) shows the distribution of general and
abdominal obesity at 4, 6 and 9 years of age according to
SARS-CoV-2 infection status of the cohort. The infection was
classified as mild in 49.4% of participants (n= 84), one
participant required hospitalisation, and none required admis-
sion to an intensive care unit. The remaining participants
presented asymptomatic infection. The most frequently
reported symptoms were fever, headache, myalgia, and cough.
A total of 3.5% (n= 6) of the infected participants reported a
history of chronic disease, and 6.3% (n= 11) of the infections
occurred during pandemic outbreaks
The characteristics of the population sample in terms of SARS-

CoV-2 infection status are presented in Table 1. No statistically
significant differences in the assessed variables were observed,
except for the frequency of obesity, both GO and AO, with a two-
to three-fold higher prevalence of stable obesity in infected versus
uninfected children. Tables 2S and 3S of the Supplementary data
show the relationship between of the study population and
transitions from GO and AO in the cohort.
Table 2 shows the association between the risk of SARS-CoV-2

infection at 12 years of age and general and abdominal obesity
from 4 to 9 years of age adjusted for the main potentially
confounding variables. Compared to children without obesity
during the follow-up period, the RR of SARS-CoV-2 infection was
2.5 (95% CI: 1.5‒4.1) and 2.5 (95% CI: 1.5‒4.2) for the cohort
participants with stable GO or with AO, respectively. Although the
risk increased in children with GO and transient AO, statistical
significance was not reached.
A sensitivity analysis was performed with the partial data of

participants who underwent a physical examination and com-
pleted the questionnaire at 12 years (Table 4S of Supplementary
Material). The risk of infection in children with persistent GO was
2.8 (95% CI: 0.8‒9.3) and reached up to 3.7 (95% CI: 1.2–10.9) in
children with persistent AO.
No statistically significant relationships were observed between

sex and the association of GO and AO with the risk of SARS-CoV-2
infection.
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DISCUSSION
This study describes the association of obesity with the risk of
SARS-CoV-2 infection using data from a cohort of children
followed from 4 to 12 years of age. The results indicate an
increased risk of SARS-CoV-2 infection in participants with
persistent GO and/or AO between 4 and 9 years of age compared
with children not presenting obesity throughout the follow-up
period.
Obesity has been related to severe COVID-19 and presents a

wide spectrum of clinical manifestations in the child population
[15]. The largest proportion of participants in this study presented
asymptomatic infection or mild symptoms and the proportion of
children with symptoms among those with stable obesity was not
higher than among those classified as stable without obesity. On
the other hand, an association between increased risk of infection

and obesity was observed. This finding suggests a relationship
between SARS-CoV-2 infection and obesity in the paediatric
population is independent of patient perceived manifestation of
the infection.
In the analysis of the evolution of GO and AO until 9 years of

age, the risk of infection was found to be almost three times
higher in children with persistent GO and AO, compared to those
without GO and AO, suggesting a greater vulnerability to infection
in children with persistent obesity. The evidence in the literature
describing the association between obesity and the risk of SARS-
CoV-2 infection is very limited. A study conducted in the United
Kingdom in middle-aged adults described a dose-response
relationship between BMI and waist circumference with a positive
test for SARS-CoV-2, with an estimated odds ratio of 1.5 for risk of
infection in people with obesity [20]. In another study conducted

Table 1. Characteristics of the population sample from the ELOIN cohort in terms of SARS-CoV-2 infection status.

Total SARS-CoV-2 infection Without SARS-CoV-2 infection p value

n % 95% CI n % 95% CI n % 95% CI

Total 1985 100 170 8.6 (7.3–9.8) 1815 91.4 (90.1–92.6)

Sex 0.227

Male 998 50.3 (48.0–52.5) 93 54.7 (46.9–62.3) 905 49.9 (47.5–52.2)

Female 987 49.7 (47.5–51.9) 77 45.3 (37.6–53.1) 910 50.1 (47.8–52.5)

Age (months), mean (SD) 1985 110.9
(4.4)

(110.7–11.1) 170 110.3
(3.2)

(109.7–110.9) 1815 110.9
(4.5)

(110.7–11.2) 0.069

Family affluencea 0.160

Low 311 15.7 (14.1–17.3) 36 21.2 (15.3–28.1) 275 15.1 (13.5–16.9)

Medium 586 29.5 (27.5–31.6) 51 30.0 (23.2–37.5) 535 29.5 (27.4–31.6)

High 1014 51.1 (48.9–53.3) 76 44.7 (37.1–52.5) 938 51.7 (49.4–54.0)

Household sizea 1663 3.1(0.9) (3.0–3.2) 145 3.1 (0.8) (3.0–3.3) 1518 3.0 (0.9) (3.0–3.1) 0.338

Physical activity

First quartile 431 21.7 (20.0–23.6) 30 17.6 (12.2–24.2) 401 22.1 (20.2–24.1) 0.258

Second quartile 430 21.7 (19.8–23.5) 45 26.5 (20.0–33.8) 385 21.2 (19.6–23.2)

Third quartile 429 21.6 (19.8–23.5) 41 24.1 (17.9–31.3) 388 21.4 (19.5–23.3)

Fourth quartile 429 21.6 (19.8–23.5) 34 20.0 (14.3–26.8) 395 21.8 (19.9–23.7)

Perceived health statusa 0.798

Very good/good 1597 80.4 (78.6–82.1) 140 82.3 (75.7–87.7) 1457 80.3 (78.4–82.0)

Regular/poos/very poor 69 3.5 (2.7–4.4) 5 2.9 (1.0–6.7) 64 3.5 (2.7–4.5)

Neighbourhood conditionsa 0.849

Very good/good 1448 72.9 (70.9–74.8) 121 73.5 (66.2–79.9) 1323 72.9 (70.7–74.9)

Bad/very bad 218 10.9 (9.6–12.4) 20 11.8 (7.3–17.5) 1985 10.9 (9.5–12.4)

Transitions from general
obesityb

<0.05

Stable without obesity 1620 81.6 (79.8–83.3) 129 75.9 (68.7–82.1) 1491 82.1 (80.3–83.9)

Transient obesity 293 14.8 (13.2–16.4) 26 15.2 (10.0–21.6) 267 14.7 (13.1–16.4)

Stable obesity 72 3.6 (2.8–4.5) 15 8.8 (5.0–14.1) 57 3.1 (2.4–4.0)

Transitions from abdominal
obesitya,c

<0.05

Stable without obesity 1589 81.7 (79.9–83.4) 124 74.2 (65.6–79.4) 1465 82.4 (80.6–84.2)

Transient obesity 284 14.6 (13.0–16.2) 29 17.4 (11.7–23.6) 255 14.4 (12.7–16.0)

Stable obesity 71 3.7 (2.9–4.6) 14 8.4 (4.6–13.4) 57 3.2 (2.4–4.1)
aVariables with missing values; data on abdominal obesity extracted from 1944 observations.
bGeneral obesity: persistence and variation in general obesity, defined as body mass index >+2 SD based on the standardised tables of the WHO-2007.
(1) Stable without obesity: without obesity at 4, 6, and 9 years of age; (2) transient obesity: obesity at any of the three measurements; and (3) stable obesity:
obesity at 4, 6, and 9 years of age.
cAbdominal obesity: persistence and variation in obesity, defined as waist circumference ≥90th percentile per the consensus of the International Diabetes
Federation (IDF). (1) Stable without obesity: without obesity at 4, 6, and 9 years of age; (2) transient obesity: obesity at any of the three measurements; and (3)
stable obesity: obesity at 4, 6, and 9 years of age.
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in Mexico that was based on cross-referenced records of COVID-19
from national surveillance data and a cohort of children and
adolescents <15 years of age, obesity was one of the predictors
associated with a positive laboratory test, with an estimated odds
ratio of 2 [21].
The outcomes of the present study also showed that long-term

obesity entails a higher risk of infection, since participants with
persistent obesity presented almost two-fold the risk of infection
compared to those who were classified with obesity only in the
last follow-up period (9 years of age). This could be explained by
the altered immunological mechanisms found in individuals with
persistent obesity, which could result in increased vulnerability to
infection. Moreover, obesity is commonly characterised as a state
of low-grade inflammation [29] that alters innate and adaptive
immune responses [30] against certain pathogens and potentially
impacts on the response to vaccination [17].

Limitations and strengths of the study
The following limitations should be taken into account when
interpreting the results of this study. First, this work drew data
from the SARS-CoV-2 epidemiological surveillance system of the
Community of Madrid, which includes children who were tested
for infection because of showing COVID-19 symptoms or being
close contacts to a confirmed case. Therefore, many asympto-
matic cases were likely undetected and not included in this
database. However, the resulting bias would be non-differential
since the proportion of children in this registry infected with
SARS-CoV-2 with symptoms did not vary depending on their
obesity status; the distribution of symptoms in children with
SARS-CoV-2 infection according to GO and AO transitions is
shown in supplementary material (Tables 5S and 6S). Second, no
information was obtained on weight status between birth and 4
years of age, which prevents the completion of obesity

trajectories since birth. Third, the anthropometric measurements
were only recorded until 9 years of age. However, the results of
the sensitivity analysis in the subset of children with available
measurements of BMI and waist circumference at the age of 12
years were consistent with those observed until 9 years of age.
Fourth, besides the FAS, there was information on parents’ level
of education and immigrant status. However, these variables
had lower response rate, so we kept FAS to estimate the
economic level of the families. Nevertheless, the estimations
after adjusting for the educational level of the children’s mother
and immigrant status were very similar, but the number of
participants was much lower (Tables 7S and 8S of Supplemen-
tary Material). Five, for some of the analyses, the number of
participants was small, and replication of findings in future
research would therefore be beneficial. Finally, a moderate
selection bias was observed in the ELOIN cohort that affects its
population representativeness: the response rate at the baseline
evaluation was lower for children with low education levels and
foreign parents [22], characteristics that have also been
associated with greater vulnerability to SARS-CoV-2 infection
[31]. However, children who attended the three main follow-up
assessments in this study fit the general sociodemographic
characteristics of the baseline cohort despite the losses to
follow-up (Table 9S of Supplementary Material).
Among the strengths of the study is the longitudinal design and

the availability of information on the main confounding variables.
In addition, the sample was representative of the general
population, even with the above-mentioned selection bias.
Furthermore, the information obtained from the surveillance
records provided clinical and epidemiological information that
allowed to characterise the infection in the population
under study.
In conclusion, obesity is an independent risk factor for SARS-

CoV-2 infection in the paediatric population. Therefore, the
individuals in this population with this health condition should
be considered a vulnerable group, and necessary measures should
be adopted for the prevention, intervention, and early manage-
ment of infection to avoid the development of more severe forms
of COVID-19 or the appearance of complications.

SUMMARY

What is known on this subject

● Obesity, and to a greater extent severe obesity, are associated
with more severe clinical evolution of SARS-CoV-2 infection
and an increased risk of requiring hospitalisation or admission
to the ICU.

What this study adds

● The study, which is based on a population-based cohort of
children, shows that general and abdominal persistent obesity
are associated with an increased risk of SARS-CoV-2 infection.
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