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ARTICLE INFO ABSTRACT

Article history: Objectives: To investigate the relationship between coronavirus disease 2019 (COVID-19) and obesity in
Received 9 July 2020 critically ill patients admitted to the intensive care unit (ICU).

Received in revised form 14 July 2020 Methods: We systematically searched PubMed, SCOPUS, Embase, LILACS, and Web of Science for studies
Accepted 24 July 2020

published up to April 27, 2020. The outcome of interest was composite poor outcome, comprising mor-
tality and severe COVID-19. We used a standardized data extraction form to collect information from

Iéeo}(/v;/]gnisg: published reports of eligible studies. Heterogeneity and publication bias were assessed using I? statistic
SARS-CoV-2 and funnel plots, respectively.
IcU Results: Nine studies including 6577 patients were selected for evaluation. The COVID-19 patients were
Hospitalization 59.80% male and had comorbidities such as hypertension (51.51%), diabetes (30.3%), cardiovascular dis-
Intubation ease(16.66%),lung disease (15.99%), renal disease (7.49%), cancer (5.07%), and immunosuppression (1.8%).
Obesity For patients with severe complications, the overall pooled event rates were 56.2% (random; 95% Cl:
35.3-75.1; p = 0.015; I2 = 71.461) for obesity, 23.6% (random; 95% CI: 17.9-30.5; p = 0.000; I> = 87.705)
for type 2 diabetes, 45.9% (random; 95% CI: 38.0-53.9; p = 0.000; I? = 90.152) for hypertension, 20.0%
(random; 95% CI: 7.9-42.0; p = 0.000; I? = 94.577) for smoking, 21.6% (random; 95% ClI: 14.1-31.4%; p =
0.000, I> = 92.983) for lung diseases, and 20.6% (random; 95% CI: 15.2-27.5; p = 0.000, I? = 85.735) for
cardiovascular diseases.
Discussion: This systematic review indicated the relationship between obesity, ICU admission, severe
COVID-19, and disease progression in patients with COVID-19. Obese patients with hypertension, type 2
diabetes, smoking habit, lung disease, and/or cardiovascular disease should be cared for with increased
attention.
© 2020 Asia Oceania Association for the Study of Obesity. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Coronavirus disease 2019 (COVID-2019)—caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus—was declared a pandemic by the World Health Organization
on March 11, 2020. With the outbreak reaching a global spread,
concerns about the possible effects of the infection on immuno-
compromised patients has increased [1].

Modeling studies have aided the understanding of COVID-19
dynamics from the first announcement of the epidemic and pub-
lication of the genetic sequence of the causative virus [2]. The
severity of COVID-19 symptoms can range from very mild to severe.
Older people or those who have existing chronic medical condi-
tions, such as heart disease, lung disease, diabetes, severe obesity,
chronic kidney or liver disease, or compromised immune systems
may be at higher risk of serious illness [3]. COVID-19 can cause seri-
ous respiratory illnesses such as pneumonia and lung failure, which
may lead to death [4].

The mortality rate of SARS-CoV-2 (3.8%) [5] is lower than that
of SARS-CoV (10%) [6] or MERS-CoV (37.1%) [7], but the number of
relative infection cases is more than 10 times higher [3]. Several
reports have revealed that SARS-CoV-2 can be transmitted from
asymptomatic individuals or those with mild infections [8-10].
These features may explain the sudden spread of the virus epi-
demic.

There is a lack of systematic review and meta-analysis report-
ing COVID-19 severity in obese and overweight individuals. This
systematic review and meta-analysis investigated the relationship
between severity of COVID-19 and obesity for critically ill patients
requiring intensive care unit (ICU) care (PICO question). In addition,
to improve outcomes of patients with severe COVID-19, we deter-
mined the relative effectiveness and certainty of evidence among
protocols to treat obese individuals.

Methods

This meta-analysis was reported according to the the National
Health Service Centre for Reviews and Dissemination [11] and Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA Statement) guidelines [12].

The protocol for the review was registered on the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO)
database under the number CRD42020183216. Eligibility criteria
were defined in relation to PICOS (participants, interventions, com-
parisons, outcomes, and study design) as recommended by the
PRISMA Statement. This systematic review asked the following
questions: (i) “Is obesity associated with higher levels of COVID-19
incidence, prevalence, and risk factors?”; and (ii) “Is obesity asso-
ciated with higher levels of severe medical complications and does
it lead to critical illness and ICU admission?”.

Search strategy and selection criteria

MEDLINE database, EMBASE, Web of Science, BVS/LILACS, SCI-
ELO, SCOPUS, and Google Scholar were systematically searched
using the following key Medical Subject Headings terms: “obe-
sity” AND “covid-19” AND “mortality”; “obesity” AND “covid-19”
AND “ICU admitted”; obesity” AND “covid-19” AND “ARDS”; obe-
sity” AND “severe covid-19”. Moreover, we reviewed the references
from eligible articles to identify other potentially relevant studies.
The last search was conducted on May 3, 2020.

Our eligibility criteria included case reports, case series, clinical
trials, and randomized controlled trials published in English, Por-
tuguese, and Spanish in peer-reviewed journals. The studies must
that have addressed epidemiological and clinical features of COVID-
19 and its association with obesity. Duplicate publications and
articles that did not correspond to the objectives of this review were
excluded. Similarly, publications without an investigative research
or case report, such as descriptive studies, opinion articles, corre-
spondence, editorials, and letters to the editor were excluded. The
steps of the literature search are shown in Fig. 1.

Data extraction

To ensure literature saturation, we examined the references
of the included studies or relevant reviews identified through
the search. Three investigators independently participated in each
phase of the review and screened the titles and abstracts yielded by
the search against the inclusion criteria. The investigators screened
the full text reports and decided whether they met the inclusion cri-
teria. Discrepancies between them were resolved by discussion and
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Fig. 1. PRISMA 2009 flow diagram.

consensus. The final results were reviewed by a senior investigator.
The following data were extracted from the included studies: study
characteristics, methodology, study design, year of data collection,
sample size, outcomes, case definition, exposure and comparators,
and participant demographic information (age (mean), prevalence
(%), n of death, mortality rate (%) of groups, and quality of score).

Quality appraisal and risk of bias

We appraised cohort, case-control, and cross-sectional studies
for the systematic review using the appropriate tools for each study
design.

The Newcastle-Ottawa Scale (NOS) and NOS-derived survey
were used to assess risk of bias (ROB). in this scale, a maximum
of nine points are assigned to quantify the ROB in three domains:
(1) selection of study groups (0-4); (2) comparability of groups
(0-2); and (3) ascertainment of exposure and outcomes (0-3) for
cross-sectional, case—control, and cohort studies [13]. Scoring was
undertaken by three reviewers, with a fourth reviewer resolving

any disagreements. Studies were considered at low ROB when the
overall scores were 9-10, moderate ROB when scores were 6-8, and
high ROB when scores were 0-5. Research questions were devel-
oped based on the NOS questions covering all three domains so
that authors could provide detailed information about their stud-
ies. Obesity status for COVID-19 and critically ill patients requiring
ICU care were defined as the most important covariates that defined
comparability, consistent with the NOS assessment conducted by
the reviewers [14].

Summary measures

Quantitative data were grouped by the following variables:
prevalence of patients with hypertension, type 2 diabetes, smokers,
lung diseases, dyslipidemia, and cardiovascular diseases. The data
were analyzed and grouped by 3 researchers, and the tabulation
of all data was performed by one researcher. After all tabula-
tions, the data were reviewed by another researcher. This grouped
information was evaluated for the event rate considering the 95%
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confidence interval (CI). The number of patients with COVID-19
was a statistical unit. The contribution weight of each study was
also assessed. The Comprehensive Meta-Analysis software (soft-
ware version 3.0; Biostat, Englewood, NJ, USA) was used to build
the forest plot [15].

Risk of bias in the studies

Heterogeneity was evaluated using the Q method, and the
I2 value was analyzed [16,17]. A heterogeneity value above 75
(range, 0-100) may reflect higher significance [17,18]; therefore,
we adopted random analysis for all meta-analyses to reduce poten-
tial heterogeneity because the studies had different characteristics,
sample size, group data, and location [19]. The particularities of the
sample designs of each study were also evaluated. A funnel plot
was included for each analysis.

Synthesis of results

Summary measurements used by each publication included in
this study were recorded. The methodological features of all pub-
lications were extracted, and an evidence summary was presented
for each study. For confounders, studies were categorized according
to the variable: if it was statistically controlled for, found to be non-
significantly associated with both obesity and critically ill requiring
ICU, matched between studies, excluded, or not accounted for in
the statistical model. Meta-analysis was performed by combining
the results of reported prevalence and incidence of any assessed
outcome in comparative studies.

Results
Scientific information database

A flowchart illustrating the selection of studies for inclusion in
this systematic review is shown in Fig. 1. The search process in
all scientific databases led to 40 articles. After removing unrelated
articles, 33 were recorded using the EndNote software. So, after
screening, 21 articles were recorded in EndNote. Finally, after delet-
ing duplicates, 9 articles remained for qualitative analysis and 8 for
quantitative analysis.

Studies characteristics

Eight articles were entered in the final step of the systematic
review and meta-analysis. The death rate was calculated dividing
the number of deaths by the number of cases, resulting in the prob-
ability (%) of dying if infected by the virus. The quality assessment of
studies using NOS indicated moderate quality, with scores ranging
from 6 to 8.

All articles assessed the relationship between COVID-19 and
obesity in two ways. The first group included healthy exposed
(A), patient exposed (B), unhealthy exposed (C), and patient unex-
posed (D) cases in their studies, from which we extracted odds ratio
information using the “case-control OR calculator” function of the
Biostat software. The second group included mean obesity and its
95% confidence interval along with the COVID-19 status of critically
ill and ICU patients, from which we extracted severe complica-
tions information using the “effect size based on mean comparison”
function of the Biostat software.

Subgroup and overall summary of the relationship between
COVID19 and obesity

Adetailed description of the included studiesis showninTable 1.
Of nine articles, five were retrospective cohort studies, one was a

prospective cohort study, two were cross-sectional studies, and one
was a case series. The association between obesity and severe com-
plications in patients with COVID-19 is expected due to the growing
prevalence of both diseases. In the pooled data from all studies (n
= 6577), the majority of patients with COVID-19 were male (n =
3796; 59.80%) and the main comorbidities were hypertension (n =
3388;51.51%), diabetes (n=1993; 30.3%), cardiovascular disease (n
=1096; 16.66%), lung disease (n = 1052; 15.99%), immunosuppres-
sion (n=119; 1.8%), renal disease (n = 492; 7.49%), and cancer (n =
334; 5.07%) (Table 1). Table 1 summarizes the prevalence of these
comorbidities in obese patients with COVID-19 obtained from the
available studies.

Severe complications in obese vs. non-obese patients

Three studies involving 463 individuals, 107 obese (50 severe
complications) and 356 non-obese (177 severe complications),
were assessed. The meta-analysis indicated no significant differ-
ence between them (risk ratio [RR] 1.403; 95% CI 0.908-2.167; p =
0.127, Fig. 2a). The heterogeneity rate in the studies that assessed
the Q-value of the relationship between obese and non-obese
patients with COVID-19 was 3.231 (p = 0.199; I2 = 38.101; Fig. 2a).
An 12 index lower than 25%, between 25% and 75%, and higher
than 75% was considered as low, medium, and high heterogene-
ity, respectively. According to this classification, the heterogeneity
rate in obese vs. non-obese patients was medium. Therefore, the
random effect model was used to analyze the articles.

Event rate for obese individuals with severe complications

In 4 studies involving 130 obese individuals, 73 of them pre-
sented severe complications. The overall pooled event rate was
56.2% (random; 95% Cl: 35.3%-75.1%; Fig. 2b). The heterogeneity
rate for severe complications in obese individuals was considered
medium (p = 0.015; I? = 71.461).

Hypertension patient event rate

In 8 studies involving 6556 patients with COVID-19, 3391 had
hypertension. The overall pooled event rate was 45.9% (random;
95% CI: 38.0%-53.9%; Fig. 2c). The heterogeneity of the event rate
for hypertension was considered high (p = 0.000; I2 = 90.152).

Type 2 diabetes patient event rate

In 8 studies involving 6563 patients with COVID-19, 1995 had
type 2 diabetes. The overall pooled event rate was 23.6% (random;
95% CI: 17.9%-30.5%; Fig. 2d). The heterogeneity of the event rate
for type 2 diabetes was considered high (p = 0.000; 12 = 87.705).

Lung disease patient event rate

In 5 studies involving 6333 patients with COVID-19, 1048 had
lung diseases. The overall pooled event rate was 21.6% (random;
95% Cl: 14.1%-31.4%; Fig. 2e). The heterogeneity of the event rate
for lung diseases was considered high (p = 0.000; I2 = 92.983).

Smokers event rate

In 4 studies involving 540 patients with COVID-19, 103 were
smokers. The overall pooled event rate was 20.0% (random; 95% Cl:
7.9%-42.0%; Fig. 2f). The heterogeneity of the event rate for smoking
was considered high (p = 0.000, I2 = 94.577).



Table 1
Characteristics and information of studies included.

Study Simmonet etal. Abou-Arab O BarrasaHetal. Zhengetal. HuLetal. Kalligeros M Richardson GargSetal. Piva S et al. N total
(2020) etal. (2020) (2020) (2020) (2020) etal. (2020) et al. (2020) (2020) (2020)
Location Lille, France Amiens, France Vitoria, Spain Whenzou, Wuhan, China Rhode Island, New York, USA  USA Brescia, Italy
China USA
Type of study Retrospective Case series Retrospective Observational Retrospective Retrospective Cross-sectional ~ Retrospective Prospective
Cohort Cohort cross-sectional ~ Cohort Cohort study Cohort Cohort
study
New Castle Scale (NOS) 7 - 8 6 7 6 6 7 7
Total patients (positive for COVID-19) 124 2 48 66 323 103 5700 178 33 6577
Obese patients 94 (75.8%) 2 (100%) 23 (48%) 45 (68%) 13(4%) 49 (47.5%) 25284170 73/151 (48.3%) 6(18%) 2833 (43.6%)
(60.7%)
BMI > 30 59 (47.6%) 1(50%) 15(31%) - 13 (4%) 22 (21.3%) 1737 (41.7%) - -
BMI 35-39,9 17 (13.7%) - - - - 27 (26.2%) - - -
BMI > 40 18 (14.5%) 1(50%) 7 (14%) - - - 791 (19%) - -
Age (mean) 60 63 63,2 47 61 60 - - 64 -
Sex
Male 90 - 27 13 166 63 3437 - 30 3796 (59.80%)
Female 34 2 21 32 157 40 2263 - 3 2552 (40.20%)
Other comorbidities
Hypertension 60 (49%) - 21 (44%) 19 (28.8%) 105 (32.5%) 66 (64%) 3026 (56.5%) 79/159 (49.7%) 15 (45%) 3388 (51.51%)
Diabetes 28 (23%) - 9(19%) 14 (24.2%) 47 (14.6%) 38(36.8%) 1808 (33.8%) 47/166 (28.3%) 2 (6%) 1993 (30.3%)
Cardiovascular Disease - - 5(10%) - 41 (12.7%) 25 (24.2%) 966 (18%) 45/162 (27.8%) 14 (43%) 1096 (16.66%)
Dyslipidemia 34 (28%) - - 45 (68.2%) - - - - - 79 (1.2%)
Hypothyroidism - - 9(19%) - - - - - - 9(0.13%)
Lung disease - - 18 (38%) - 35(10.9%) 20 (19.4%) 920 (17.3%) 55/159 (34.6%) 4(12%) 1052 (15.99%)
Immunosuppression - - 3(6%) - - 2(1.9%) 98 (1.8%) 15/156 (9.6%) 1(3%) 119 (1.8%)
Smoker - - 9(19%) 8(12.1%) 38(11.8%) 12 (11.7%) - - - 67 (1.01%)
Gastrointestinal/Liver disease - - - - 30(9.2%) 3(2.9%) 30(0.6%) 10/152 (6.6%) - 73 (1.1%)
Blood disorder - - - - - - - 9/156 (5.8%) - 9(0.13%)
Renal disease - - - - 7(2.2%) 11(10.6%) 454 (8.5%) 20/153 (13.1%) - 492 (7.48%)
Rheumatologic/Autoimmune disease - - - - - - - 3/154 (1.9%) - 3(0.04%)
Cancer - - - - 5(1.5%) 9(8.7%) 320 (6%) - - 334 (5.07%)
Endocrine system disease - - - - 15 (4.6%) - - - - 15 (0.22%)
Nervous system disease - - - - 10 (3.1%) - - - - 10(0.15%)
Mortality (TOTAL) 18 (15%) - 14 (31%) - 35(10.8%) - 553/2634 (21%) - 1(3%) 621 (9.44%)

Data are expressed in absolute number of cases and % number in ().

Cardiovascular disease: heart failure, congestive heart failure, coronary artery disease, cardiomyopathy.

Lung Disease: COPD*, asthma, interstitial lung disease, pulmonary hypertension, respiratory system disease.
Immunosuppression: transplant, HIV.

Gastrointestinal/liver disease: chronic liver disease, cirrhosis, digestive system disease, hepatitis B, hepatitis C.
Renal disease: chronic kidney disease, end stage renal disease.

*COPD; Chronic obstructive pulmonary disease.
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Severe complications in obese individuals and non-obese individuals

Study name

Severe complications in obese individuals

Statistics for each study Risk ratio and 95% CI Study name Statistics for each study Event rate and 95% CI
Risk Lower Upper Event Lower Upper
ratio limt  limit ZValue p-Value rate  limt  limt ZValue p-Value
Zneng et al 3967 1,007 15619 1971 0,049 Barasaeta. 0979 0741 0999 2604 0,007
Hul etal 1,108 0712 1725 0456 0648 Huetal 0615 0344 0830 0824 0410 -
Kaligeros Metal 1450 0921 2284 1604 0,109 Kaligeros etal 0,510 0373 0646 0,143 0886 | ]
a 1403 0908 2167 1527 0127 b Zheng et al 0378 0249 0526 -1,623 0,105 ]
0 01 1 1 10 0562 0353 0751 0572 0567 %
2,00 -1,00 000 1,00 200
Obese Non-Obese
Patients with type 2 diabetes mellitus Patients with Hypertension
Study name_ Statistics for each study Event rate and 95% CI Study name Statistics for each study [Event rate and 95% CI
Event Lower Upper Event Lower Upper
rate  limt  limt ZValue p-Value rate  limt fimit ZVale p-Value
Barrasa et al. 0188 0101 0323 -395 0,000 Barrasa et al. 0438 0305 0579 -0864 0388
Garg S etal 0283 0220 035 -5392 0,000 Huetal 0325 0276 0378 -6150 0,000 | ]
Huetal 0,146 0,111 0188 -11.219 0,000 | | Kalligeros et al 0641 0544 0727 2818 0,005 -
C  KaligerosMetal 0369 0281 0466 -2629 0,000 - Garg etal 0497 0420 0574 -0079 0937
Rchardsonetal. 0317 0305 0329 -26939 0,000 | ] Piva et al. 0455 0296 0623 -0522 0602
Simonnet et al. 0226 0161 0308 -5737 0,000 Rchardsonetal. 0,531 0518 0544 4,659 0,000
Piva S etal 0061 0015 0212 -3757 0,000 - Simonnet et al. 0484 0397 0571 -0359 0,719
Zneng et al. 0242 0154 0360 -397 0,000 Zneng et al. 0288 0192 0408 -3332 0,001 -
023% 0179 0305 -6554 0,000 0459 0380 0539 -1,008 0314
0,5 -025 0,00 025 050 41,00 0,50 000 050 1,00
Smokers patients Patients with lung diseases
Study name Statistics for sach study Event rate and §5% €I Study name ‘Statistics for each study Event rate and 95% CI
Event Lower Upper Event Lower U
rate  hmt  limt ZValue p-Value vate it bt ZVake pVaiue
Barasaeta. 0188 0101 0323 -395 0,000 L3 Barrasa etal. 0375 0251 0518 -1713 0,087
Hu etal 0,118 0087 0,158 -11,667 0,000 | ] Garg etal. 0346 0276 0423 -381 0,000 n
e Kaligerosetal 0,466 0372 0562 -0689 0491 Hu etal 0,108 0079 0,147 -11,774 0,000
Zheng et al. 0,121 0062 0224 -5253 0,000 | Kaligeros etal 0,194 0,120 0282 -5713 0,000 [}
0200 0079 0420 -2556 0,011 R Richardsonetal. 0,161 0,152 0,171 -45770 0,000 | |
400 05 000 050 1,00 0216 0141 0314 -4942 0,000 *

Patients with cardiovascular diseases

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate  limt  limit ZValue p-Value
Barrasa et al. 0,104 0044 0227 -4554 0,000 -
Garg etal. 0278 0214 0352 -5447 0,000 n
g Hu etal 0,127 0095 0,168 -11,537 0,000 | |
Kalligeros et al 0243 0,170 0335 -4951 0,000 |
Pva etal 0424 0270 0595 -0867 0386
Rchardsonetal, 0,169 0,160 0,179 -45018 0,000 n
0206 0,152 0275 -7,038 0,000 @

-1,00 -0,50 000 050 1,00

-1,00 050 000 050 1,00

Fig. 2. Forest plots for severe complications in obese and non-obese individuals (a); obese individuals with severe complications (b); hypertension patients (c); type 2
diabetes patients (d); lung disease patients (e); smoker patients (f); cardiovascular disease patients (g).

Cardiovascular disease event rate

In 6 studies involving 6369 patients with COVID-19, 1096 had
cardiovascular diseases. The overall pooled event rate was 20.6%
(random; 95% CI: 15.2 %-27.5 %; Fig. 2g). The heterogeneity of the
event rate for cardiovascular diseases was considered high (p =
0.000; 12 = 85.735).

Publication bias

A funnel plot of the relationship between COVID-19 and obesity
in studies with extractable RR and event rates were is indicated in
Fig. 3 The standard error is plotted against the log event rate and
RR. An asymmetric funnel plot indicates a low level of publication
or high study bias, further supporting the reliability of the overall
findings. Fig. 3 presents the funnel plot graphs for each analysis.

Discussion

This study investigated the relationship between COVID-19 and
obesity through a systematic review and meta-analysis. As results

indicated, information regarding severely obese COVID-19 patients
who were critically ill and required intensive care is limited. The
highlight of this research is that severely obese individuals pre-
sented a high risk for progression to critical illness and require
ICU care. There was a high frequency of obesity among patients
admitted to intensive care due to COVID-19. Invasive mechanical
ventilation was associated with severe obesity and was indepen-
dent of age, sex, diabetes, and hypertension [20].

Patients with COVID-19 and associated comorbidities require
special care because of increased risk of in-hospital death. The virus
causes serious infections, especially in smokers, elderly, obese,
hypertensive, and diabetic patients [21]. Being obese not only
increases the risk of infection and complications for the individ-
ual, but recent evidence indicates that a large obese population
increases the chance of appearance of more virulent viral strain,
and prolonged virus shedding may increase the mortality rate of
an influenza pandemic [22]. The etiology of metabolic syndrome
represents a complex interaction between genetic, metabolic, envi-
ronmental, and dietary factors [23]. Its clinical diagnosis, which has
already been established for adults, is based on metabolic abnor-
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Fig. 3. Funnel plots of standard error by log risk ratio (X: log risk event; Y: standard error): Severe complications in obese individuals and non-obese individuals (a); severe
complications in obese individuals (b); patients with hypertension (c); patients with type 2 diabetes mellitus (d); smoker patients (e); patients with lung diseases (f); patients

with cardiovascular diseases (g).

malities including abdominal obesity, dyslipidemia, high blood
pressure, and hyperglycemia [24].

When we analyzed non-obese and obese patients independent
of severity, there was no difference between them (Fig. 2a). This
may be partially explained by the difference between the number
of obese (n = 107) and non-obese (n = 356) patients assessed in
the study. For this reason, case-controlled clinical studies should
be conducted with a higher proportion of severely obese COVID-19
patients to compare the fatality rate between obese and non-obese
patients.

According to analyzed studies, the most common preexisting
conditions of COVID-19 patients were hypertension (56 %-64%
[25,26], 35.6% [27], 49% [20], 44% [28]), diabetes (33.8 %-36.8 %
[26],31.3%[27],23%[20], 19% [28]), cardiovascular diseases (24.2%
[26], 10% [28]), dyslipidemias (68.8% [27]), and smoking (19% [28])
(Table 1). The meta-analysis data for the proposed individual out-
comes demonstrated obesity (Fig. 2b), hypertension (Fig. 2c), type

2 diabetes (Fig. 2d), lung diseases (Fig. 2e), smoking (Fig. 2f), and
cardiovascular diseases (Fig. 2g) were associated with severe com-
plications. There was a consistent association between obesity and
severe complications across all studies. In particular, the increase
in mortality requires serious attention.

Obesity restricts ventilation by impeding diaphragm excur-
sion, impairs immune responses to viral infection [29], promotes
inflammation, and induces diabetes and oxidant stress, adversely
affecting cardiovascular function [30]. In populations with high
prevalence of obesity, COVID-19 affects younger populations more
than previously reported. Providing public information to younger
adults, reducing the threshold for virus testing in obese individ-
uals, and maintaining greater vigilance for this at-risk population
are necessary to reduce the prevalence of severe COVID-19 disease
[31].

Obese subjects have chronically higher leptin and lower
adiponectin concentrations. This unfavorable hormone also leads
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to dysregulation of the immune response and can contribute to the
pathogenesis of obesity-linked complications [32]. These patients
have a higher concentration of several pro-inflammatory cytokines
such as alpha-TNF, MCP-1, and IL-6, mainly produced by visceral
and subcutaneous adipose tissue, leading to an impaired innate
immunity [33].

Luzi and Radaelli [22] identified three factors that make obese
individuals infected with COVID-19 more contagious than nor-
moweight individuals: (a) obese individuals with influenza shed
the virus for a longer period of time, potentially increasing the
chance to spread the virus to others [34]; (b) the obese microenvi-
ronment favors the emergence of novel strains due to the reduced
and delayed capacity to produce interferons by obese individu-
als. The delay in interferon production to oppose viral replication
allows more viral RNA replication, increasing the chances of the
appearance of novel, more virulent viral strains [35]; and (c) the
body mass index (BMI) correlates positively with infectious virus
in exhaled breath [36].

Obesity-related chronic inflammation with antigen partic-
ipation causes reduced macrophage activation and blunted
pro-inflammatory cytokine production upon macrophage stim-
ulation [37]. B and T cell responses are impaired in obese and
obese diabetic patients, and this causes increased susceptibility
and delay in the resolution of viral infections. A dysregulated
pro-inflammatory response contributes to the severe lung lesions
observed in patients during the influenza pandemic [22].

Tracheal intubation, mechanical ventilation, and extracorporeal
membrane oxygenation (ECMO) were adopted in severe cases of
patients admitted in intensive care for SARS-CoV-2 related severe
acute respiratory disease [20]. Researchers from Spain applied the
strategies demonstrated in a previous study [27], such as intuba-
tion (94%), high-flow oxygen nasal therapy (6%), tracheostomy in
ventilated patients (9%), prone position in mechanically ventilated
patients (49%), and ECMO (2%) [28].

In a Chinese study with obese and normoweight patients, obese
participants (BMI 31.1 kg/m?) required invasive mechanical ven-
tilation. Individuals with a BMI of 30—35 kg/m? and >35 kg/m?
required mechanical ventilation three and six times more often,
respectively, than normoweight individuals. In addition, half of
the obese group had hypertension and a quarter of them had dia-
betes [20]. Kalligeros et al. 2020 [26] investigated the association
between obesity and other chronic diseases with severe outcomes,
such as ICU admission and invasive mechanical ventilation (IMV),
in patients hospitalized with COVID-19 in the USA. Among the hos-
pitalized patients (n = 103), 41 (39.8%) were admitted to the ICU
and 29 (70.7%) required IMV. The prevalence of obesity was 47.5%
(49/103), and severe obesity (BMI > 35 kg/m?) was associated with
ICU admission. Patients who required IMV were more likely to have
heart disease, obesity (BMI 30-34.9 kg/m?), or severe obesity (BMI
> 35 kg/m?2).

Patients with SARS have overwhelming immune and inflam-
matory responses and high mortality rates from acute respiratory
failure [38]. Severe pulmonary inflammatory infiltrate of pul-
monary tissue impedes alveolar gas exchange. In addition, 20% of
hospitalized patients develop significant cardiovascular morbidity
characterized by troponinrise, tachyarrhythmias, and thromboem-
bolic events, which are strongly associated with mortality risk [39].
Alternatively, we should consider the impact of obesity on pul-
monary function, which may be a potential cause of worse clinical
treatment of obese individuals due to the dynamic of pulmonary
ventilation, with decreased diaphragmatic excursions and a rela-
tive increase in anatomical death space [22].

Because immunity does not exist yet and a significant group of
individuals develop severe disease, the novel COVID-19 is a threat
to all populations of the world. SARS-CoV-2 has the capacity to
escape innate immune responses, which allows the pathogen to

produce large copy amounts in primarily infected tissues. Through
the infection of innate immune cells and/or the recruitment of
uninfected cells from the circulation to the primary site of infec-
tion, massive immune reactions induce hyperinflammation that
can result in a cytokine storm and life-threatening complications
[39]. It is likely that host characteristics promote the progression
of SARS-CoV-2 infection. For this reason, the care of specific groups
of patients should be given increased attention.

Our study has several limitations. First, the primary outcome
for our meta-analysis was that patients hospitalized with COVID-
19 correlated with obesity and different comorbidities. Second,
despite our strict inclusion criteria, there were differences in study
design and significant heterogeneity between studies for several
interventions, probably reflecting the range of ages, settings, and
types of studies. However, we undertook analyses of subgroups to
provide insights into factors that drive heterogeneity and did sensi-
tivity analyses restricted to studies that measured how the disease
contributed to complications, which did not change our inferences.
Finally, we identified many gaps in the literature, such as clini-
cal characterization, infection prevention, mortality reduction, and
efficient therapeutic overlap, which should be investigated to pro-
vide a standardized protocol for treating severe COVID-19.

COVID-19 is a viral inflammatory disease; obesity is a factor
in disease severity, having the greatest impact in patients with a
BMI > 35 kg/m?2. Patients with obesity, especially those with severe
obesity, should take extra precautions to avoid COVID-19 contam-
ination during the current pandemic [20]. Future studies should
investigate the mechanisms of association between COVID-19 and
obesity.

This meta-analysis revealed that patients with severe obesity
are at high risk of severe COVID-19 infection, IMV, ICU admission,
and mortality, independent of age, race, sex, and comorbidities such
as diabetes, hypertension, dyslipidemia, or pulmonary disease. This
systematic review showed that obese COVID-19 patients with asso-
ciated comorbidities required special care due to increased risk of
in-hospital death.

PRISMA and PROSPERO

This meta-analysis reported according to the the National
Health Service Centre for Reviews and Dissemination and Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA Statment) guidelines.

The protocol for the review was registered on the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO)
database under the number CRD42020183216. Eligibility criteria
were defined in relation to PICOS (participants, interventions, com-
parisons, outcomes, and study design) as recommended by PRISMA
Statment. This systematic review asked the following questions
(i) is obesity associated with higher levels of COVID-19 incidence,
prevalence and risk factors?; and (ii) is obesity associated with
higher levels of severe medical complications and lead for critically
illness and ICU admitted?
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