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Abstract: This systematic review aimed to analyze the available studies that identified overweight
and/or obesity as a risk factor for mortality, use of respiratory support, and changes in biochemical
markers in adults hospitalized with SARS-CoV-2. The PubMed, Web of Science, and Scopus databases
were searched using PRISMA guidelines until January 2024. The protocol was registered with
PROSPERO (code: CRD42024501551). Of the 473 articles, only 8 met the inclusion criteria (e.g., adult
individuals aged 18 or over diagnosed with COVID-19 individuals with overweight and/or obesity).
In addition, the Downs and Black tool was used to assess the quality of the studies. The studies
analyzed totaled 9782 adults hospitalized for COVID-19, indicating that overweight and obesity are
present in more than half of adults. Diseases such as diabetes mellitus and hypertension are more
prevalent in adults with obesity. The systematic review also highlighted that a higher incidence of
respiratory support is related to a higher incidence of hospitalization in intensive care units and that
adults with overweight and obesity have a higher risk of mortality from COVID-19. Biochemical
markers such as procalcitinin, C-reactive protein, and interleukin-6 are associated with the severity of
COVID-19 infection. This systematic review exposed overweight and/or obesity as a risk factor for
worse COVID-19 disease, as well as for the need for intensive care, respiratory support, mortality,
and changes in essential blood markers.

Keywords: COVID-19; overnutrition; hospitalization; oxygen inhalation therapy; clinical laboratory
techniques

1. Introduction

In recent years, the infection caused by the SARS-CoV-2 virus has caused one of the
biggest public health problems in the world [1]. The pandemic spread rapidly and caused
several health problems, resulting in excess morbidity and mortality, reaching 6,881,955
deaths [2,3]. COVID-19 is characterized by infection of the respiratory tract and flu-like
symptoms are predominant; however, the infection can affect several areas (i.e., social, psy-
chological, economic, and educational, among others), leading to cardiovascular (vasculitis,
venous thrombosis, acute myocardial infarction, and myopericarditis) and pulmonary
(pulmonary embolism, pulmonary fibrosis, pleurisy, and pneumonia) sequelae [4,5], as
well as psychological sequelae, substantially affecting mental health [6].

The rapid and intense replication of SARS-CoV-2 deregulates the immune system,
increasing the production of pro-inflammatory cytokines and contributing to the patho-
genesis of COVID-19 [7]. In addition to high cytokine levels, laboratory tests related have

Nutrients 2024, 16, 543. https://doi.org/10.3390/nu16040543 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu16040543
https://doi.org/10.3390/nu16040543
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-3948-8280
https://orcid.org/0000-0003-4739-4265
https://orcid.org/0000-0002-4625-9128
https://doi.org/10.3390/nu16040543
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu16040543?type=check_update&version=1


Nutrients 2024, 16, 543 2 of 17

identified hyperinflammation and tissue damage as predictors of disease severity [8]. Clin-
ical studies have shown that altered levels of some blood markers may be related to the
severity and mortality of individuals with COVID-19 [9].

Angiotensin-converting enzyme 2 (ACE2), the receptor used by SARS-CoV-2 to enter
the host’s cells, is widely distributed throughout the human body, allowing the virus to
target various organs, so the blood markers used to attest to the efficiency of these organs
are altered [9,10]. The expression of ACE2 in pancreatic cells makes the pancreas a target for
the virus, which can cause damage to the pancreatic islets, resulting in acute diabetes, and
to the exocrine glands, causing acute pancreatitis, thus altering their blood markers [11].
Altered fasting glucose facilitates the hyperinflammation observed in the cytokine storm
due to the deregulation of the innate immune system [11]. Elevated levels of inflammatory
markers, such as C-reactive protein (CRP), have also been observed in individuals with
COVID-19, as well as changes in renal markers due to the high expression of ACE2 in
glomerular cells [12].

Although COVID-19 is a multisystem disease, obesity has been associated with the
worst prognosis for this disease, supposedly as a result of inflammation, hormonal dysregu-
lation, and indirectly through underlying diseases such as hypertension and diabetes [13,14].
Therefore, obesity has been reported as a significant risk factor for the SARS-CoV-2 virus [2].
As a result, these changes may predestine the management of COVID-19 disease [1]. The
myriad concerns around the world have prompted public health providers to work to min-
imize the harmful effects and mitigate the impact of the increased morbidity and mortality
associated with COVID-19 infection in people with obesity, as some studies show that
hospitalization, mortality, and mechanical ventilation rates are increased in individuals
with overweight [13,15]. In addition, class II obesity (≥35 kg/m2) is associated with a
higher risk of ICU admission and the need for IMV [16]. The risk of mortality in individuals
with obesity is higher compared to the non-obesity population [15].

Given the aspects listed, it is emphasized that the impacts of COVID-19 on people with
obesity go beyond the increased risk for severe cases of the disease [17]. In this sense, people
with obesity hospitalized for COVID-19 tend to lose a large proportion of lean mass due to
physical inactivity and hospital nutritional therapy, as well as low-grade inflammation [18].
In addition, there is also a reduction in cardiorespiratory capacity in people with obesity
hospitalized for COVID-19 [19–21]. Considering the above, this systematic review aimed to
analyze the available studies that identified overweight and/or obesity as a risk factor for
mortality, the use of respiratory support, and changes in biomarkers in adults hospitalized
with SARS-CoV-2.

2. Materials and Methods
2.1. Protocol and Registration

The conduct of this systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) protocol [22], which corresponds to a
checklist of 27 items designed to facilitate the development and reporting of a robust proto-
col for systematic reviews or meta-analyses. The protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) under CRD42024501551.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria for this systematic review were: (i) original articles written in
English, Spanish, or Portuguese; (ii) that were published up to January 2024; (iii) that
recruited adult individuals aged 18 or over of both sexes; (iv) that included individuals
who were overweight and/or obese, according to the definitions presented by the studies
based on BMI; (v) that included hospitalized individuals with a confirmed diagnosis of
COVID-19 by real-time polymerase chain reaction (real-time PCR); (vi) that presented
studies with an experimental design: cross-sectional, retrospective, and/or prospective;
(vii) that the object of the study included individuals with overweight and/or obesity as a
risk factor for COVID-19 complications; and (viii) studies with 60% or more of the total score



Nutrients 2024, 16, 543 3 of 17

when the Downs and Black scale was determined for more considerable reliability of the
results [23,24]. On the other hand, the exclusion criteria were: (i) duplicate articles; (ii) case
studies; (iii) Mendelian randomization analysis; (iv) studies linking COVID-19 with other
underlying diseases (cancer, diabetes mellitus, hepatic steatosis, cardiovascular diseases,
polycystic ovary, anorexia, influenza, human immunodeficiency virus, tuberculosis) or with
pregnant women; (v) studies with associated interventions (e.g., psychological intervention,
bariatric surgery), psychological intervention, bariatric surgery, vaccination, nutritional
therapy/support); and (vi) studies with partial data from individuals without COVID-19.

2.3. Search Strategy

The search process was conducted in January 2024 using PubMed, Web of Science (core
Collection), and Scopus. The Medical Subject Headings (MeSH) of the National Library
of Medicine of the United States of America used unbiased language terms related to
COVID-19, obesity, and biomarkers. The search string used was as follows: (“biomarkers”
OR “inflammation” OR “lipid metabolism” OR “lipid metabolism disorders” OR “diabetes
mellitus” OR “glycemic control” OR “C-reactive protein” OR “kidney function tests” OR
“liver function tests” OR “electrolytes” OR “pancreatic function tests”) AND (“COVID-19”
OR “SARS-CoV-2” OR “post-acute COVID-19 syndrome”) AND (“body composition” OR
“body fat” “sarcopenia” OR “muscle strength” OR “muscles” OR “body mass index” OR
“nutritional status” OR “anthropometry”) AND (“obesity” OR “obesity, abdominal” OR
“overweight” OR “excess weight”). Citation alarms were set so that the principal researcher
automatically received emails about the latest updates to the search terms used in the
database (to include the most recent studies in the review). These updates were received
daily (if available), and studies were eligible for inclusion until the start of manuscript
preparation (11 January 2024). After the formal systematic searches, additional manual
searches were carried out by consulting the reference lists of the included studies, and
previous reviews and meta-analyses were reviewed to detect studies potentially eligible
for inclusion.

2.4. Study Selection and Data Extraction

The studies were exported to EndNote reference manager software (version X9, Clari-
vate Analytics, Philadelphia, PA, USA). Three authors (MPPSL, DCSM, and BHMB) carried
out the process independently. Disagreements between reviewers regarding the study con-
ditions were resolved by a fourth author (PV-B). Subsequently, potentially eligible studies
were reviewed in full text, and the reasons for excluding those not meeting the selection
criteria were reported. Data (authors and year of publication, country of origin of the study,
study design, study period, age group or the average age of the sample, gender, sample
size, mortality rate, nutritional status, use of respiratory support, biomarkers, and main
results obtained) from the studies were extracted by three authors (MPPSL, DCSM, and
BHMB) independently, using a form created in Microsoft Excel (Version 2401, Microsoft
Corporation, Redmond, WA, USA).

2.5. Methodological Quality Assessment

This phase aimed to detect the methodological quality in the selected studies through
the Downs and Black [25] tool, which could eventually lead to the exclusion of the selected
studies. Two authors (MPPSL and DCSM) carried out this process independently. A third
author (BHMB) resolved possible disagreements between the reviewers. This reliable
tool has been widely used in health research [25]. The instrument consists of 27 items,
relating to reporting (10 items), external validity (3 items), internal validity bias (7 items),
internal validity confounding (selection bias) (6 items), and statistical power (1 item),
allowing a study to be rated between 0 and 32 points. The complete list is usually applied
for randomized studies, whereas for non-randomized studies, it is reduced to 17 criteria
after excluding items 9, 13, 14, 17, 19, 22, 23, 24, 26, and 27, which are not applicable in
non-randomized studies, leading to a maximum score of 17 points [26]. In this way, the
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original non-randomized controlled trials and descriptive studies positively evaluated 60%
(10 points or more out of 17) of the criteria selected and included in the subsequent analyses
since they presented a moderate to high methodological quality [23,25,26].

2.6. Data Extraction

The following data were obtained and analyzed from the selected studies: (i) authors
and year of publication, (ii) country of origin of the study, (iii) study design, (iv) study
period, (v) age group or the average age of the sample, (vi) gender, (vii) sample size, (viii)
mortality rate, (ix) nutritional status, (x) use of respiratory support, (xi) biomarkers, and
(xii) main results obtained.

3. Results
3.1. Study Selection

The search process is shown in Figure 1. A total of 644 records were found in the
study identification phase in PubMed (n = 316), Web of Science (n = 311), and Scopus
(n = 37). In the screening phase, duplicate studies (n = 236) and non-original studies
(n = 107) were excluded. A total of 321 full-text studies were analyzed, 185 of which
were excluded because they did not meet the object of systematic review, 16 because they
were studies with children under 18 years old, 3 because they were studies on medication
(drugs), 13 because they were studies related to COVID-19 vaccination, 4 studies were not
retrieved, and 65 studies were excluded because related COVID-19 to other underlying
diseases. The remaining 35 studies were assessed for methodological quality using the
Downs and Black scale. Of them, 27 studies were excluded due to low methodological
quality, leaving 8 studies that met all the selection criteria [27–34].

3.2. Methodological Quality Assessment

Of the 35 studies selected for the methodological assessment using the Downs and
Black scale [27–61], 1 study scored 6/17 [35], 3 scored 7/10 [36–38], 11 scored 8/17 [39–49],
12 scored 9/17 [50–61], 7 scored 10/17 [27–30,32–34], and 1 study scored 11/17 [31]. Only
eight studies obtained 60% or more of the total scale score (17 points) [27–34]; therefore,
they were selected to be analyzed in this systematic review (see Supplementary Table S1).

3.3. Study Characteristics

One study was carried out in Serbia [29], one in Turkey [30], one in Brazil [31], one in
China [33], and four in the United States of America [27,28,32,34]. These studies analyzed
nutritional status, use of oxygen support, mortality rate, and biochemical profiles in adults
hospitalized with SARS-CoV-2.

Regarding the main comorbidities of COVID-19 positive adults, diabetes mellitus
(DM) was also present in eight studies, with a prevalence ranging from 2% to 53% [27–34],
chronic obstructive pulmonary disease was present in eight studies, ranging from 3.2% to
25.6% [27–34], systemic arterial hypertension (SAH) was present in seven studies, ranging
from 31% to 83% [27,29–34], and cardiovascular diseases (acute myocardial infarction,
congestive heart failure, chronic heart disease, coronary artery disease, and atrial fibrillation)
were present in seven studies, ranging from 5.3% to 32.5% of the sample [27,28,30–34].

3.4. Sample Characteristics

The studies analyzed totaled 9782 adults hospitalized for COVID-19, with an average
age of 63.3 years, 51.1% male participants, and a mortality rate of 17.9%. The characteristics
of the studies and the sample are shown in Table 1.
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Figure 1. Flowchart of the study selection process.

Table 1. Characteristics of the studies and the sample.

Study Country Study Design Study Period Age Group or
Mean (Years) Sex (%) Adults Mortality

(%)

Zahid et al.
[27]

United
States Retrospective study 03/2020–06/2020 64 F 39.0

M 61.0 1.274 NR

Salvy et al.
[28]

United
States Retrospective study 03/2020–01/2021 <65 and ≥ 65 F 48.5

M 51.5 3.861 8.6

Stevanovic
et al. [29] Serbia Prospective

observational study 10/2021–12/2021 67 F 37.0
M 63.0 216 16.7

Agca et al.
[30] Turkey

Observational,
cross-sectional, and
retrospective study

03/2020–05/2020 54 F 42.6
M 57.4 284 8.0
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Table 1. Cont.

Study Country Study Design Study Period Age Group or
Mean (Years) Sex (%) Adults Mortality

(%)

Gil et al. [31] Brazil Prospective
observational study 03/2020–10/2020 59.0 ± 15.0 F 50.0

M 50.0 186 6.5

Naaraayan
et al. [32]

United
States Retrospective study 03/2020–05/2020 71 F 43.4

M 56.6 348 40.5

Zeng et al.
[33] China Retrospective

cohort study 02/2020–04/2020 58.5 ± 14.3 F 49.3
M 50.7 3.019 2.2

Nakeshbandi
et al. [34]

United
States

Retrospective
cohort study 03/2020–04/2020 68.0 ± 15.0 F 48.0

M 52.0 504 43.0

Note: F = female; M = male; NR = not reported.

3.5. Categorization by Nutritional Status and Use of Respiratory Support

Seven studies analyzed in this systematic review categorized BMI according to the
cut-off points adopted by the World Health Organization (WHO) [27–32,34], in which
adults are classified as: (i) underweight: <18.5 kg/m2, (ii) normal weight: 18.6–24.9 kg/m2,
(iii) overweight: 25–29.9 kg/m2, (iv) obesity class I: 30–34.9 kg/m2, (v) obesity class II:
35–39.9 kg/m2, and (vi) obesity class III: >40 kg/m2 [62]. The study of Zeng et al. [33] is in
line with the Chinese consensus on nutritional status, in which underweight is defined as
BMI: ≤18.5 kg/m2, normal weight: 18.5–23.9 kg/m2, overweight: ≥24–27.9 kg/m2, and
obesity is defined as ≥28 kg/m2 [63] (Table 2).

Table 2. Characteristics of nutritional status and use of oxygen support in the studies.

Studies BMI kg/m² (Mean) Categorization by BMI kg/m² Respiratory Support (%) a

Zahid et al. [27] 28.7 Overweight, 4.9%
Obesity, 42.2% 34.0

Salvy et al. [28] <65 years: 25.8≥65 years: 26.0 Overweight, 30.7%
Obesity, 35.6% 3.6

Stevanovic et al. [29] NR Overweight, 38.4%
Obesity, 39.3% 91.9

Agca et al. [30] 25.9 Overweight, 41.0%
Obesity, 24.0% 11.0

Gil et al. [31] 29.5 ± 6.9 Obesity, 40.9%
Oxygen therapy, 55.9

NIMV, 7.5
IMV, 3.8

Naaraayan et al. [32] NR Overweight, 35.3%
Obesity, 34.8% NR

Zeng et al. [33] NR Overweight, 38.6%
Obesity, 13.2% NR

Nakeshbandi et al. [34] NR Overweight, 30.0%
Obesity, 43.0% 22.0

Note: BMI = body mass index, NIMV = non-invasive mechanical ventilation, IMV = invasive mechanical
ventilation, NR = not reported; a = respiratory support results represent the whole group, without division
by BMI.

Of the eight studies selected, only two did not report the use of respiratory
support [32,33]. The use of respiratory support reached 91.9% of adults hospitalized due to
COVID-19 [29]. Stratification of the use of oxygen support occurred in five of the selected
studies, with one article reporting the use of mechanical ventilation (MV) in 34% [27] and
IMV in 11% of hospitalized adults [30]; the use of orotracheal intubation as oxygen support
was reported in two studies, in 3.6% and 22% of adults, respectively [28,34]. Only one study
stratified respiratory support into more than one type. Gil et al. [31] reported using oxygen
therapy in 55.9% of the patients, non-invasive mechanical ventilation (NIMV) in 7.5% of
patients, and IMV in 3.8% of patients; the data are presented in Table 2. Stevanovic et al. [29]
found that 91.9% of hospitalized adults used respiratory support, of which 38.4% were
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overweight and 39.3% were obese. Nakeshbandi et al. [34] found that 74.1% of inpatients
were on respiratory support, and 45.9% were obese.

3.6. Biochemical and Hematological Markers

Blood biochemical markers were present in six studies (Table 3), with C-reactive pro-
tein (CRP) showing a variation in the results measured in patients, with values ranging from
2.33 mg/L to 100 mg/dL; CRP was the most analyzed in the studies [28,30–34], followed
by D-Dimer, which was present in five studies, with results ranging from 2383.8 ng/mL to
1.5 mg/dL [27,30–33] and lactate dehydrogenase (LDH), which was present in four studies,
with results ranging from 179.10 U/L to 780 U/L [27,29,30,33]. Ferritin was analyzed in
three studies [27,29,30], and creatinine was analyzed in three studies [27,31,33], with results
ranging from 219.8 ng/mL to 877 ng/mL and 64.5 µmol/L to 1.4 mg/dL, respectively.
Albumin [30,33], fasting blood glucose [30,33], urea [31,33], and procalcitonin (PCT) [29,30]
were present in two studies each, with results of 31.26 g/L and 39 g/dL, 4.89 mmol/L
and 127 mg/dL, 51.8 mg/dL and 4.41 mmol/L, and 0.089 µg/L and 0.142 µg/L, respec-
tively. The biochemical markers analyzed in three studies were alanine aminotransferase
(ALT) (23.3 U/L) [33], aspartate aminotransferase (AST) (19.8 U/L) [33], total biliru-
bin (9.50 U/L) [33], interleukin-6 (IL-6) (67.0 pg/mL) [29], gamma-glutamyl transferase
(GGT) (30.2 U/L) [33], fibrinogen (6.59) [29], calcium (8.86 mmol/L) [29], direct bilirubin
(3.30 U/L) [33], uric acid (287.43 µmol/L) [33], prothrombin time (PT) (12.83 s) [33], partially
activated thromboplastin time (aPTT) (28.03 s) [33], and hemoglobin A1c (6.6%) [27].

Table 3. Characteristics of the biochemical markers and hematological markers in the studies.

Studies Laboratory Tests

Zahid et al. [27]

Biochemical markers:
- CRP: 112 mg/L
- creatinine: 1.2 mg/dL
- LDH: 484 µ/L
- D-dimer: 524 ng/mL
- ferritin: 756.05 ng/mL
- hemoglobin A1c: 6.6%
Hematological markers:
- leukocytes: 7.7 K/µL
- lymphocytes: 0.9 K/µL
- neutrophils: 6.1 K/µl

Salvy et al. [28] NR

Stevanovic et al. [29]

Biochemical markers
- CRP: 100.0 mg/dL
- IL-6: 67.0 pg/mL
- ferritin: 877.0 ng/mL
- LDH: 780.0 U/L
- fibrinogen: 6.59
- PCT: 0.142 µg/L

Agca et al. [30]

Biochemical markers
- glycemia: 127.0 mg/dL
- albumin: 39.0 g/dL
- calcium: 8.86 mmol/L
- LDH: 267.0 U/L
- D-dimer: 0.61 µd/L
- CRP: 47.7 mg/mL
- PCT: 0.089 µg/L
- ferritin: 219.8 ng/mL
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Table 3. Cont.

Studies Laboratory Tests

Agca et al. [30]

Hematological markers
- leukocytes: 5.9 109/L
- Hb: 13.2 g/dL
- platelets: 214 109/L
- lymphocytes: 1.2 109/L
- neutrophils: 3.78 109/L

Gil et al. [31]

Biochemical markers
- CRP: 92.3 mg/dL
- urea: 51.8 mg/dL
- D-dimer: 2383.8 ng/mL
- creatinine: 1.4 mg/dL
Hematological markers
- Hb: 12.6 g/L
- neutrophils: 6.6 10³/mm³
- lymphocytes: 1.3 10³/mm³
- platelets: 255.8 10³/mm³

Naaraayan et al. [32]
Biochemical markers
- CRP: 176.4 mg/L
- D-dimer: 1.5 mg/dL

Zeng et al. [33]

Biochemical markers
- CRP: 2.33 mg/L
- uric acid: 287.43 µmol/L
- creatinine: 64.5 µmol/L
- glycemia: 4.89 mmol/L
- urea: 4.41 mmol/L
- albumin: 37.26 g/L
- ALT: 23.30 U/L
- AST: 19.80 U/L
- GGT: 30.20 U/L
- LDH: 179.10 U/L
- TBIL: 9.50 U/L
- DBIL: 3.30 U/L
- TP: 12.83 seg.
- TTPa: 28.03 seg.
- D-dimer: 0.42 mg/L
Hematological markers
- leukocytes: 5.70 109/L
- Hb: 123.93 g/L
- platelets: 234.01 109/L
- lymphocytes: 26.28%
- neutrophils: 63.3%

Nakeshbandi et al. [34] NR

Note: PCT = procalcitonin, LDH = lactate dehydrogenase, CRP = reactive protein C, IL-6 = interleukin-6,
Hb = hemoglobin, ALT = alanine aminotransferase; AST = aspartate aminotransferase; GGT = gamma-glutamyl
transferase; TBIL = total bilirubin, DBIL = direct bilirubin, TP: prothrombin time, TTPa = partially activated
thromboplastin time, NR = not reported.

Hematological markers were present in four studies (Table 3), with the absolute
lymphocyte count [27,30,31,33], with values of 1.3 × 103/mm3, 1.2 × 109/L, 26.28%,
and 0.9 K/µL, respectively, the absolute neutrophil count [27,30,31,33], with values of
6.6 × 103/µL, 3.78 × 109/L, 63.3%, and 6.1 K/µL, respectively, hemoglobin [30,31,33], with
values of 12.6 g/L, 123.93 g/L, and 13.2 g/dL, respectively, and absolute total leukocyte
count in three studies [27,30,33], with results of 5.70 × 109/L, 5.9 × 109/L, and 7.7 K/µL
respectively. Only four studies did not analyze blood parameters [28,29,32,34].
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4. Discussion

This systematic review aimed to analyze the available studies that identified over-
weight and/or obesity as a risk factor for mortality, the use of respiratory support, and
changes in biochemical markers in adults hospitalized with SARS-CoV-2. The following
outcomes were observed in this systematic review: (i) male adults are more likely to be
admitted to hospital; (ii) overweight and obesity were present in more than half of all
adults of the analyzed studies; (iii) pre-existing diseases were more prevalent in adults with
obesity; (iv) hypertension is the main comorbidity found among adults with COVID-19;
(v) diabetes mellitus was the second most common comorbidity among adults; (vi) it
was observed that a higher incidence of respiratory support use was related to a higher
incidence of ICU admission; (vii) adults with overweight or obesity had an increased risk
of mortality from COVID-19, and (viii) inflammatory markers such as PCT, CRP, and IL-6
are associated with the severity of COVID-19 infection.

Our systematic review was based on data from eight studies investigating
COVID-19-positive adults [27–34]. All the selected studies showed that males are more
likely to be admitted to hospital; males represented around 51.1% of all adults with COVID-
19. Similar results were also presented by Huang et al. [64], who found that males are
more likely to be infected than females. This response may occur because the sex hormone
may play a role in the expression of the ACE2 receptor [65]. Older people and adults with
pre-existing diseases are more susceptible to SARS-CoV-2, which may be associated with a
higher frequency of comorbidities [66].

Chronic diseases, such as obesity, share several standard characteristics with infectious
diseases, such as a pro-inflammatory state and attenuation of the innate response [67].
According to the WHO, obesity is a pandemic [68]. Estimates for the global levels of over-
weight (BMI ≥ 25 kg/m2) suggest that more than 4 billion people could be affected by 2035,
reflecting an increase from 38% of the world’s population [69]. Obesity (BMI ≥ 30 kg/m2)
alone will increase from 14% to 24% of the population over the same period, so one in
four people will live with the disease [69]. In the Americas, 47% of all men and 49% of all
women will be obese by 2035 [69]. In the European region, 35% of all women and 39% of
men will be obese in the same period [69]. The projected annual growth of adults with
obesity between 2020 and 2035 is 28%, which could cause a financial impact on the health
sector of USD 19.2 billion in 2035 [69]. Overweight and obesity will likely cost the global
economy more than USD 4 trillion in potential income by 2035, which is almost 3% of
global gross domestic product (GDP) [69].

Obesity is associated with a poor prognosis for COVID-19; excess body fat reduces the
response to antiviral agents through the deficient functions of T cells and macrophages [70].
The risk of health problems and death from COVID-19 is up to four times higher in
adults with obesity [71]. Studies have shown that the prevalence of hospitalization of
individuals with obesity and COVID-19 has increased. Rottoli et al. [72] reported that 36.5%
of hospitalized adults were overweight, and 21.6% were obese. Petrilli et al. [73] found
that overweight and obesity accounted for 34.3% and 32.8% of inpatients, respectively. Gao
et al. [74] described a 12% increase in the risk of severe COVID-19 for each unit increase in
BMI. In this systematic review, overweight and obesity were present in more than half of
adults, with values ranging from 30% to 41% and 13.2% to 43%, respectively.

As previously described, obesity is a risk factor for the onset of other diseases (and
these comorbidities are mainly responsible for increased mortality rates, decreased life
expectancy, and quality of life) and, when associated with COVID-19, can lead to the
development of severe COVID-19. Paravidino et al. [75] described that comorbidities for
both adults aged <60 years and ≥60 years were more prevalent in adults with normal
weight/overweight or obesity, with hypertension (55% and 77.9%) and diabetes mellitus
(31.4% and 48.7%), respectively, standing out. Adults with multiple underlying medi-
cal conditions have a higher risk of severe COVID-19 disease [76]. In this systematic
review, the comorbidities of adults with COVID-19 were analyzed, but only three studies
analyzed the correlation between BMI and comorbidities. The studies reported that all
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pre-existing diseases were more prevalent in adults with obesity compared to the overall
study population [30,33,34].

Systemic arterial hypertension (SAH) is currently the leading risk factor for mor-
bidity and mortality worldwide and is a condition often observed in association with
obesity [77,78]. Hypertension is the most frequent comorbidity in adults with COVID-19
and has been identified as a significant risk factor for the increased severity and mor-
tality associated with COVID-19 [76]. Hypertension plays a vital role in regulating the
renin–angiotensin–aldosterone system (RAAS) and immune responses, leading to the re-
lease of cytokines and increased inflammation [79]. Obesity aggravates hypertension by ac-
tivating the RAAS, leading to the increased formation of angiotensin II, which induces vaso-
constriction and aldosterone production, leading to salt and water retention [77]. A study
analyzing 138 hospitals in China showed that the prevalence of hypertension was 31.2%
among adults with COVID-19; in addition, 58.3% of hypertensive adults were admitted to
the ICU, compared to 21.6% of normotensive adults [80]. A French study included 134,209
adults hospitalized with COVID-19, where 49.6% had hypertension and one in four had
obesity (23.9%). IMV was recurrent in hospitalized adults with obesity [81]. This systematic
review shows that hypertension is the main comorbidity found among adults with COVID-
19, with values ranging from 62% to 67.6%; however, none of these studies correlated the
prevalence of hypertensive adults with BMI [27,29,31,32]. In contrast to previous studies,
Agca et al. [30], Zeng et al. [33], and Nakeshbandi et al. [34] correlated hypertension with
BMI, with values ranging from 27% to 85% for overweight people and 44% to 87% for
people with obesity.

In addition to SAH, studies have reported a higher risk of severe COVID-19 in diabetic
adults due to the impairment of the immune system [82,83]. Diabetes mellitus (DM)
is a chronic syndrome of multiple etiology resulting from the lack and/or inability of
insulin to exert its effects adequately [84]. Diabetic adults have increased ACE2 expression,
leading to a higher risk of infection by the COVID-19 virus since ACE2 is the receptor
for SARS-CoV-2 [85]. ACE2 is expressed in pancreatic beta cells, the cells responsible for
hormones such as insulin, which controls blood glucose [86]. In addition, furin protease,
which mediates furin endoprotease and cleaves the virus’s S protein, is expressed at high
levels in diabetic patients [84,87].

The results showed that DM was the second most common comorbidity found in this
systematic review, with the incidence of DM in adults with obesity ranging from 20.6%
to 57% [27,30,33,34]. A previous meta-analysis of 33 studies with 16,003 adults showed
that diabetic adults with COVID-19 are twice as likely to develop severe COVID-19 and
die compared to non-diabetics. They are thus more likely to develop acute respiratory
distress syndrome (ARDS), need IMV, and be admitted to the ICU [88]. Another meta-
analysis of 40 studies involving 18,012 adults with COVID-19 showed that DM leads to a
2.3-fold increase in symptom severity and a 2.5-fold increase in mortality associated with
COVID-19 [89].

The increase in respiratory complications resulting from COVID-19, the need for ICU
admission, and the use of mechanical ventilation appear to be associated with increased
BMI [90]. Physiologically, increased body weight increases the mechanical pressure on the
chest and abdomen, thus compromising lung function [91]. Thus, oxygen consumption
decreases and, consequently, causes a decrease in expiratory reserve volume, functional
capacity, and lung compliance [92,93]. The abnormal release of cytokines in obesity can
impair the immune response and influence the lung parenchyma and bronchi [94].

A retrospective cohort study of 200 COVID-19-positive adults seen in a United States
emergency room found that adults with severe obesity were more likely to undergo in-
tubation as BMI progressed, with 16.4% of adults with a BMI ≥ 25 kg/m2 and 34.8% of
adults with a BMI ≥ 35 kg/m2 undergoing intubation [95]. Simonnet et al. [96] confirmed
the results found previously; the proportion of adults who required IMV increased with
BMI categories and was higher in adults with BMI ≥ 35 kg/m2, reaching almost 90% of
adults. A systematic review supporting the above information found that the rate of oxygen
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support use ranged from 3.6 to 91.9%, where the higher incidence of oxygen support use
was related to a higher incidence of ICU stay [29]. Nakeshbandi et al. [34] observed that the
highest prevalence of intubation was related to overweight and adults with obesity, with
incidences of 24% and 28%, respectively.

Obesity is known to contribute to an increased risk of severity and mortality from
COVID-19 infection [15]. Obesity alters the mechanical properties of the lungs and chest
wall, thus promoting fibrosis, contraction, and vasoconstriction [97,98]. Obesity can also
increase the inflammatory process caused by COVID-19 by up-regulating cytokines, con-
tributing to worse outcomes in adults with COVID-19 [99,100]. In addition, increased
production of these cytokines is associated with alveolar damage [101]. Obesity is asso-
ciated with hypercoagulation and an increased risk of arterial thrombosis and venous
thromboembolism [102,103]. Finally, increased expression of ACE2 receptors in adipose
tissue increases susceptibility to SARS-CoV-2 infection, the risk of severe disease, and mor-
tality in obese adults [104,105]. In our systematic review, overweight adults or adults with
obesity had an increased risk of mortality from COVID-19, with values ranging from 4% to
40% in adults with obesity; however, a higher rate occurred in overweight adults, reaching
54% of deaths [30,33,34]. In a study covering 142 countries, a robust positive association
was observed between the percentage of obese adults and COVID-19 mortality [106]. In
another cohort study involving 200 adults, it was observed that, during hospitalization,
24% died, with higher rates among adults with severe obesity (34.8%) [95]. In another
American study, similar results were also observed, with severe obesity being associated
with higher mortality from COVID-19 [107].

Finally, several biomarkers are currently being used to predict the severity of COVID-
19. Inflammatory markers such as PCT, CRP, and IL-6 are reported to be associated with
the severity of COVID-19 infection [108]. Markers such as ferritin, D-dimer, LDH, liver
enzymes (ALT, AST, GGT, alkaline phosphatase (ALP), and total bilirubin), and kidney
functions (creatinine, albumin, and total serum protein) are also monitored in patients
suffering from COVID-19 [109]. Increased pro-inflammatory cytokines, such as IL-6 and
TNF-α, have been observed in adults with severe COVID-19 and are significantly associated
with mortality [110]. PCT is an inflammatory marker of the critical phase of COVID-19
infection; high PCT values have been associated with an approximately fivefold increased
risk of severe COVID-19 [109]. The many pathological processes in COVID-19 include
hyperinflammation, cytokine storms, and deregulation of the coagulation pathway, among
others. Therefore, laboratory tests can help assess the prognosis of the disease, determine
the appropriate therapeutic options, and scrutinize the response to treatment.

Adults with COVID-19 are likely to need rehabilitation intervention during and
directly after hospitalization [111]. Rehabilitation is a multidisciplinary intervention that
aims to improve functional capacity, increase the quality of life, facilitate social reintegration
after hospitalization, reduce persistent symptoms, and improve the ability to perform the
activities of daily living [112]. Sordi et al. [113] evaluated the effect of a multi-professional
intervention (nutritional, psychoeducational, and physical exercise intervention) on body
composition, physical fitness, and biochemical markers in overweight COVID-19 survivors
(BMI ≥ 25 kg/m2) with different symptoms. After the interventions, the authors reported
that the moderate COVID-19 group showed improvement in the dynamic muscle strength
of the lower and upper limbs, maximum lumbar isometry—traction force, flexibility, and
markers such as albumin, CRP, fasting glycemia, and triglycerides; for the severe COVID-19
group, improvements were seen in the dynamic muscle strength of the lower limbs and
lower CRP and triglyceride values; for the control group, improvements were seen in
abdominal repetitions, CRP, fasting glucose, TC, and triglycerides.

In another study, Perli et al. [21] assessed the body composition, cardiorespiratory
fitness, and long-term symptoms of overweight adults affected by COVID-19. The most
prevalent long-term symptoms were memory deficit (66.7%), lack of concentration (51.7%),
fatigue (65.6%), and dyspnea (40%). The Bruce test showed a time effect with increased
distance covered after 1 year only for the severe/critical group. Percutaneous oxygen
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saturation (SpO2) was significantly lower in the severe/critical group up to 5 min after
the Bruce test when compared to the mild group, and diastolic blood pressure at the end
of the Bruce test was significantly higher in the severe/critical group when compared to
the mild group. A time effect was observed for body composition, with increased lean
mass, skeletal muscle mass, fat-free mass, and lean mass only for the severe/critical group.
Because of this, multi-professional interventions could be an efficient tool for reversing the
inflammatory process and promoting improvements in daily living activities and quality of
life [21].

Among the limitations of this systematic review are: (i) the populations studied
differed in their comorbidities and severity, (ii) body weight and height were self-reported
or reported by family members at the time of hospital admission, (iii) the definition of BMI
categories is not consensual, the WHO defines overweight as BMI ≥ 25 kg/m2 and obesity
as BMI ≥ 30 kg/m2, but the cut-off values for the Chinese population define overweight as
BMI 24.0–27.9 kg/m2 and obesity as BMI ≥ 28 kg/m2, (iv) some covariates had missing
data, which could have influenced the results, and (v) only three studies presented their
data according to BMI. In terms of strengths, we found (i) methodological quality above
60% in the studies analyzed, (ii) methodological processes that followed the PRISMA,
PROSPERO, and Downs and Black tools, and (iii) the use of three databases: PubMed,
Scopus, and Web of Science (core collection).

Consequently, these results may help draw up public health policies, especially in
countries with a higher prevalence of individuals with obesity, as well as directing the
actions of health professionals towards care aimed at integrality and humanization and
promoting educational actions capable of making the population aware of the importance
of self-care and healthy lifestyles.

5. Conclusions

This systematic review exposed overweight and/or obesity as a risk factor for worse
COVID-19 disease, as well as for the need for intensive care, respiratory support, mortality,
and changes in significant blood markers. It should be noted that obesity is a chronic
non-communicable disease present in all age groups that can be prevented and that healthy
lifestyles can reduce the severity of COVID-19 infection.

Thus, it is understood that health professionals should pay special attention to over-
weight and obese individuals. Adopting a healthy lifestyle, including adequate and healthy
eating and physical activity, is essential for maintaining and recovering a healthy weight.
Individuals hospitalized with obesity must be carefully monitored and managed quickly
and effectively so that therapeutic interventions by a multidisciplinary team can be carried
out in the best way, promoting a reduction in morbidity and mortality in these individuals.

6. Practical Applications

The etiology of obesity is complex and multifactorial, resulting from the interaction
of genes, environment, lifestyle, and emotional factors. It is, therefore, essential to assess
the causes that lead people to gain body weight, to investigate the possible associated
morbidities, and, above all, to discuss actions that seek to promote the health of people
with overweight and obesity. All interventions that treat obesity in all its forms must be
multidisciplinary. Food and nutritional guidance for people who are overweight and/or
obese, aimed at reducing the consumption of foods rich in sugar and fat, combined with
regular physical activity, are essential strategies in the treatment of obesity. Given this,
governmental and non-governmental strategies in the early phases of life are recommended
to reduce the impact caused by chronic diseases, especially obesity. In addition to this,
micro, meso, and macro strategies are recommended, with the creation of specialized
treatment centers with an approach regarding health in general, how to improve health,
and how to promote health promotion in primary and secondary education, as well as in the
college and university. Many diseases could be avoided by education. Thus, the educational
approach should be considered in the life cycle, i.e., children, adolescents, young adults,
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middle-aged adults, and older adults. Finally, our efforts may also be directed at pregnant
women and children (more extended actions), focusing on health education to change
unhealthy habits.

Supplementary Materials: The following supporting information can be downloaded at:
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Author Contributions: M.P.d.P.S.-L. conceived the study design with input from D.C.d.S.M., B.H.M.B.,
P.V.-B., L.V.A. and. M.P.d.P.S.-L., D.C.d.S.M. and B.H.M.B. carried out material preparation, data
collection, and analysis; P.V.-B. and L.V.A. acted as reviewers in cases where there were discrepancies.
M.P.d.P.S.-L. carried out additional analysis of the data. M.P.d.P.S.-L. wrote the draft manuscript. All
authors guarantee the integrity of the content and the study. All authors have read and agreed to the
published version of the manuscript.

Funding: This study received the support of the Araucaria Foundation (FA) and The National
Council for Scientific and Technological Development (CNPQ) based on the “Research Program for
the Unified Health System (PPSUS) program 2020/2021, Young Ph.D. Program and the Cesumar
Institute of Science, Technology, and Innovation”.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Centers for Disease Control and Prevention (CDC). Post-COVID Conditions: Information for Healthcare Professionals; CDC: Washington,

DC, USA, 2023.
2. Morais, A.H.A.; Passos, T.S.; de Lima Vale, S.; da Silva Maia, J.K.; Maciel, B.L. Obesity and the increased risk for COVID-19:

Mechanisms and nutritional management. Nutr. Res. Rev. 2021, 34, 209–221. [CrossRef]
3. John Hopkins (JHU); Coronavirus Resource Center. Global Map; Johns Hopkins University & Medicine: Baltimore, MD, USA,

2023; Available online: https://coronavirus.jhu.edu/map.html (accessed on 6 January 2024).
4. Gandhi, R.T.; Lynch, J.B.; Del Rio, C. Mild or Moderate COVID-19. N. Engl. J. Med. 2020, 383, 1757–1766. [CrossRef]
5. Raman, B.; Bluemke, D.A.; Lüscher, T.F.; Neubauer, S. Long COVID: Post-acute sequelae of COVID-19 with a cardiovascular

focus. Eur. Heart J. 2022, 43, 1157–1172. [CrossRef] [PubMed]
6. Ryal, J.J.; Perli, V.A.S.; Marques, D.C.S.; Sordi, A.F.; Marques, M.G.S.; Camilo, M.L.; Milani, R.G.; Mota, J.; Valdés-Badilla, P.;

Magnani Branco, B.H. Effects of a Multi-Professional Intervention on Mental Health of Middle-Aged Overweight Survivors of
COVID-19: A Clinical Trial. Int. J. Environ. Res. Public Health 2023, 20, 4132. [CrossRef]

7. Saghazadeh, A.; Rezaei, N. Immune-epidemiological parameters of the novel coronavirus—A perspective. Expert. Rev. Clin.
Immunol. 2020, 16, 465–470. [CrossRef] [PubMed]

8. Fajgenbaum, D.C.; June, C.H. Cytokine Storm. N. Engl. J. Med. 2020, 383, 2255–2273. [CrossRef]
9. Skevaki, C.; Fragkou, P.C.; Cheng, C.; Xie, M.; Renz, H. Laboratory characteristics of patients infected with the novel SARS-CoV-2

virus. J. Infect. 2020, 81, 205–212. [CrossRef] [PubMed]
10. Berger, J.R. COVID-19 and the nervous system. J. Neurovirol. 2020, 26, 143–148. [CrossRef]
11. Correia de Sá, T.; Soares, C.; Rocha, M. Acute pancreatitis and COVID-19: A literature review. World J. Gastrointest. Surg. 2021, 13,

574–584. [CrossRef]
12. Xiang, J.; Wen, J.; Yuan, X.; Xiong, S.; Zhou, X.; Liu, C.; Min, X. Potential biochemical markers to identify severe cases among

COVID-19 patients. medrxiv 2020. medrXiv:20034447.
13. Yang, Y.; Song, Y.; Hou, D. Obesity and COVID-19 Pandemics: Epidemiology, Mechanisms, and Management. Diabetes Metab.

Syndr. Obes. 2023, 16, 4147–4156. [CrossRef]
14. Behl, T.; Kumar, S.; Singh, S.; Bhatia, S.; Albarrati, A.; Albratty, M.; Meraya, A.M.; Najmi, A.; Bungau, S. Reviving the mutual

impact of SARS-CoV-2 and obesity on patients: From morbidity to mortality. Biomed. Pharmacother. 2022, 151, 113178. [CrossRef]
[PubMed]

15. Singh, R.; Rathore, S.S.; Khan, H.; Karale, S.; Chawla, Y.; Iqbal, K.; Bhurwal, A.; Tekin, A.; Jain, N.; Mehra, I.; et al. Association
of Obesity With COVID-19 Severity and Mortality: An Updated Systemic Review, Meta-Analysis, and Meta-Regression. Front.
Endocrinol. 2022, 13, 780872. [CrossRef] [PubMed]

16. Kalligeros, M.; Shehadeh, F.; Mylona, E.K. Association of Obesity with Disease Severity Among Patients with Coronavirus
Disease 2019. Obesity 2020, 28, 1200–1204. [CrossRef] [PubMed]

17. Stefan, N.; Birkenfeld, A.L.; Schulze, M.B. Global pandemics interconnected—Obesity, impaired metabolic health and COVID-19.
Nat. Rev. Endocrinol. 2021, 17, 135–149. [CrossRef] [PubMed]

18. Gualtieri, P.; Falcone, C.; Romano, L.; Macheda, S.; Correale, P.; Arciello, P.; Polimeni, N.; Lorenzo, A. Body Composition Findings
by Computed Tomography in SARS-CoV-2 Patients: Increased Risk of Muscle Wasting in Obesity. Int. J. Mol. Sci. 2020, 21, 4670.
[CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/nu16040543/s1
https://doi.org/10.1017/S095442242000027X
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1056/NEJMcp2009249
https://doi.org/10.1093/eurheartj/ehac031
https://www.ncbi.nlm.nih.gov/pubmed/35176758
https://doi.org/10.3390/ijerph20054132
https://doi.org/10.1080/1744666X.2020.1750954
https://www.ncbi.nlm.nih.gov/pubmed/32237901
https://doi.org/10.1056/NEJMra2026131
https://doi.org/10.1016/j.jinf.2020.06.039
https://www.ncbi.nlm.nih.gov/pubmed/32579986
https://doi.org/10.1007/s13365-020-00840-5
https://doi.org/10.4240/wjgs.v13.i6.574
https://doi.org/10.2147/DMSO.S441762
https://doi.org/10.1016/j.biopha.2022.113178
https://www.ncbi.nlm.nih.gov/pubmed/35644117
https://doi.org/10.3389/fendo.2022.780872
https://www.ncbi.nlm.nih.gov/pubmed/35721716
https://doi.org/10.1002/oby.22859
https://www.ncbi.nlm.nih.gov/pubmed/32352637
https://doi.org/10.1038/s41574-020-00462-1
https://www.ncbi.nlm.nih.gov/pubmed/33479538
https://doi.org/10.3390/ijms21134670
https://www.ncbi.nlm.nih.gov/pubmed/32630032


Nutrients 2024, 16, 543 14 of 17

19. Zbinden-Foncea, H.; Francaux, M.; Deldicque, L.; Hawley, J.A. Does High Cardiorespiratory Fitness Confer Some Protection
Against Pro-inflammatory Responses After Infection by SARS-CoV-2? Obesity 2020, 28, 1378–1381. [CrossRef] [PubMed]

20. Lemos, M.M.; Cavalini, G.R.; Pugliese Henrique, C.R.; Perli, V.A.S.; de Moraes Marchiori, G.; Marchiori, L.L.M.; Sordi, A.F.;
Franzói de Moraes, S.M.; de Paula Ramos, S.; Valdés-Badilla, P.; et al. Body composition and cardiorespiratory fitness in
overweight or obese people post COVID-19: A comparative study. Front. Physiol. 2022, 13, 949351. [CrossRef] [PubMed]

21. Perli, V.A.S.; Sordi, A.F.; Lemos, M.M.; Fernandes, J.S.A.; Capucho, V.B.N.; Silva, B.F.; de Paula Ramos, S.; Valdés-Badilla, P.;
Mota, J.; Branco, B.H.M. Body composition and cardiorespiratory fitness of overweight COVID-19 survivors in different severity
degrees: A cohort study. Sci. Rep. 2023, 13, 17615. [CrossRef]

22. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Int. J. Surg. 2021, 88,
105906. [CrossRef]

23. Freke, M.; Kemp, J.; Svege, I.; Risberg, M.; Semciw, A.; Crossley, K. Physical impairments in symptomatic femoroacetabular
impingement: A systematic review of the evidence. Br. J. Sports Med. 2016, 50, 1180. [CrossRef]

24. Valdés-Badilla, P.A.; Obreque Villagrán, D.; Levín Catrilao, A.; Carimán San Martín, A.; Segura Contanzo, D.; Núñez-Espinosa, C.;
Herrera-Valenzuela, T.; Guzmán-Muñoz, E.; Magnani Branco, B.H. Diferencias morfológicas Y De condición física En Futbolistas
Adolescentes Según posición De Juego: Una revisión sistemática. Rev. Esp. Nutr. Hum. Diet. 2021, 25, e1272. [CrossRef]

25. Downs, S.H.; Black, N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised
and non-randomised studies of health care interventions. J. Epidemiol. Community Health 1998, 52, 377–384. [CrossRef] [PubMed]

26. Grimes, D.A.; Schulz, K.F. An overview of clinical research: The lay of the land. Lancet 2002, 359, 57–61. [CrossRef]
27. Zahid, M.; Leung, V.; Nayudu, S.K.; Galiveeti, S.; Mantri, N.; Sun, H.; Gongati, S.; Perugu, V.; Chilimuri, S. Role of body mass

index in outcomes of patients hospitalized with COVID-19 illness. Obes. Sci. Pract. 2022, 8, 748–756. [CrossRef]
28. Salvy, S.J.; Datta, G.D.; Yu, Q.; Lauzon, M.; Hussain, S.K.; Cheng, S.; Ebinger, J.E.; Goodarzi, M.O.; Figueiredo, J.C. How useful are

body mass index and history of diabetes in COVID-19 risk stratification? PLoS ONE 2022, 17, e0265473. [CrossRef] [PubMed]
29. Stevanovic, D.; Zdravkovic, V.; Poskurica, M.; Petrovic, M.; Cekerevac, I.; Zdravkovic, N.; Mijailovic, S.; Todorovic, D.; Divjak, A.;

Bozic, D.; et al. The Role of Bioelectrical Impedance Analysis in Predicting COVID-19 Outcome. Front. Nutr. 2022, 9, 906659.
[CrossRef]

30. Agca, M.; Tuncay, E.; Yıldırım, E.; Yıldız, R.; Sevim, T.; Ernam, D.; Yılmaz, N.O.; Teke, N.H.; Yavuz, S.; Karakurt, Z.; et al. Is
Obesity a Potential Risk factor for Poor Prognosis of COVID-19? Infect. Chemother. 2021, 53, 319–331. [CrossRef]

31. Gil, S.; Jacob Filho, W.; Shinjo, S.K.; Ferriolli, E.; Busse, A.L.; Avelino-Silva, T.J.; Longobardi, I.; de Oliveira Júnior, G.N.; Swinton,
P.; Gualano, B.; et al. Muscle strength and muscle mass as predictors of hospital length of stay in patients with moderate to severe
COVID-19: A prospective observational study. J. Cachexia Sarcopenia Muscle 2021, 12, 1871–1878. [CrossRef] [PubMed]

32. Naaraayan, A.; Nimkar, A.; Pant, S.; Hasan, A.; Durdevic, M.; Elenius, H.; Nava Suarez, C.; Jesmajian, S. Sex Disparity in the
Effect of Obesity in Hospitalized COVID-19 Patients: A Retrospective Cohort Study from the New York City Metropolitan Area.
Cureus 2021, 13, e15235. [CrossRef]

33. Zeng, J.; Liu, X.; Wang, S.; Yang, S.; Jia, W.; Han, K.; Wang, C.; Liu, M.; Chen, Y.; He, Y. The association between BMI and
metabolically unhealthy status with COVID-19 mortality: Based on 3019 inpatients from Wuhan, China. Nutr. Metab. Cardiovasc.
Dis. 2021, 31, 3219–3226. [CrossRef]

34. Nakeshbandi, M.; Maini, R.; Daniel, P.; Rosengarten, S.; Parmar, P.; Wilson, C.; Kim, J.M.; Oommen, A.; Mecklenburg, M.; Salvani,
J.; et al. The impact of obesity on COVID-19 complications: A retrospective cohort study. Int. J. Obes. 2020, 44, 1832–1837.
[CrossRef] [PubMed]

35. Gao, M.; Piernas, C.; Astbury, N.M.; Hippisley-Cox, J.; O’Rahilly, S.; Aveyard, P.; Jebb, S.A. Associations between body-mass
index and COVID-19 severity in 6·9 million people in England: A prospective, community-based, cohort study. Lancet Diabetes
Endocrinol. 2021, 9, 350–359. [CrossRef] [PubMed]

36. AlBahrani, S.; Al-Maqati, T.N.; Al Naam, Y.A.; Alqahtani, J.S.; Alqahtani, A.S.; AlRabeeah, S.; Aldhahir, A.M.; Alkhalaf, F.;
Alzuraiq, H.R.; Alenezi, M.H.; et al. The Association of Body Mass Index with COVID-19 Complications and Survival Rate at a
Tertiary Hospital. Life 2023, 13, 1572. [CrossRef] [PubMed]

37. Torrego-Ellacuría, M.; Rubio-Herrera, M.A.; González López-Valcárcel, B.; Fuentes-Ferrer, M.E.; Martín, V.; Poyato, F.; Barber-
Pérez, P.; Santucci, C.; Nuñez, A.; González-Pérez, C.; et al. Clinical and economic impact of COVID-19 on people with obesity in
a Spanish cohort during the first pandemic peak. Front. Endocrinol. 2023, 14, 1146517.

38. Tong, L.; Khani, M.; Lu, Q.; Taylor, B.; Osinski, K.; Luo, J. Association between body-mass index, patient characteristics, and
obesity-related comorbidities among COVID-19 patients: A prospective cohort study. Obes. Res. Clin. Pract. 2023, 17, 47–57.
[CrossRef] [PubMed]

39. Yamamoto, T.; Sugimoto, K.; Ichikawa, S.; Suzuki, K.; Wakabayashi, H.; Dohi, K.; Yamamoto, N. Impact of body composition on
patient prognosis after SARS-CoV-2 infection. PLoS ONE 2023, 18, e0289206. [CrossRef] [PubMed]

40. Caccialanza, R.; Formisano, E.; Klersy, C.; Ferretti, V.; Ferrari, A.; Demontis, S.; Mascheroni, A.; Masi, S.; Crotti, S.; Lobascio, F.; et al.
Nutritional parameters associated with prognosis in non-critically ill hospitalized COVID-19 patients: The NUTRI-COVID-19
study. Clin. Nutr. 2022, 41, 2980–2987. [CrossRef] [PubMed]

https://doi.org/10.1002/oby.22849
https://www.ncbi.nlm.nih.gov/pubmed/32324968
https://doi.org/10.3389/fphys.2022.949351
https://www.ncbi.nlm.nih.gov/pubmed/36213222
https://doi.org/10.1038/s41598-023-44738-8
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1136/bjsports-2016-096152
https://doi.org/10.14306/renhyd.25.S1.1272
https://doi.org/10.1136/jech.52.6.377
https://www.ncbi.nlm.nih.gov/pubmed/9764259
https://doi.org/10.1016/S0140-6736(02)07283-5
https://doi.org/10.1002/osp4.607
https://doi.org/10.1371/journal.pone.0265473
https://www.ncbi.nlm.nih.gov/pubmed/35390025
https://doi.org/10.3389/fnut.2022.906659
https://doi.org/10.3947/ic.2021.0026
https://doi.org/10.1002/jcsm.12789
https://www.ncbi.nlm.nih.gov/pubmed/34523262
https://doi.org/10.7759/cureus.15235
https://doi.org/10.1016/j.numecd.2021.07.030
https://doi.org/10.1038/s41366-020-0648-x
https://www.ncbi.nlm.nih.gov/pubmed/32712623
https://doi.org/10.1016/S2213-8587(21)00089-9
https://www.ncbi.nlm.nih.gov/pubmed/33932335
https://doi.org/10.3390/life13071572
https://www.ncbi.nlm.nih.gov/pubmed/37511947
https://doi.org/10.1016/j.orcp.2022.12.003
https://www.ncbi.nlm.nih.gov/pubmed/36577559
https://doi.org/10.1371/journal.pone.0289206
https://www.ncbi.nlm.nih.gov/pubmed/37506083
https://doi.org/10.1016/j.clnu.2021.06.020
https://www.ncbi.nlm.nih.gov/pubmed/34353669


Nutrients 2024, 16, 543 15 of 17

41. Azarkar, Z.; Salehiniya, H.; Kazemi, T.; Abbaszadeh, H. Epidemiological, imaging, laboratory, and clinical characteristics and
factors related to mortality in patients with COVID-19: A single-center study. Osong Public Health Res. Perspect. 2021, 12, 169–176.
[CrossRef]

42. Kang, I.S.; Kong, K.A. Body mass index and severity/fatality from coronavirus disease 2019: A nationwide epidemiological study
in Korea. PLoS ONE 2021, 16, e0253640. [CrossRef]

43. Martínez Urbistondo, M.; Mora Vargas, A.; Expósito Palomo, E.; Aparicio de Miguel, M.; Castejón Díaz, R.; Daimiel, L.; Ramos
López, O.; San Cristóbal, R.; Martínez, J.A.; Vargas Núñez, J.A. Evolution of patients infected with SARS-CoV-2 according to
previous metabolic status. Nutr. Hosp. 2021, 38, 1068–1074. [CrossRef]

44. Martinuzzi, A.L.N.; Manzanares, W.; Quesada, E.; Reberendo, M.J.; Baccaro, F.; Aversa, I.; Kecskes, C.E.; Magnífico, L.; González,
V.; Bolzico, D.; et al. Nutritional risk and clinical outcomes in critically ill adult patients with COVID-19. Nutr. Hosp. 2021, 38,
1119–1125. [CrossRef] [PubMed]

45. McNeill, J.N.; Lau, E.S.; Paniagua, S.M.; Liu, E.E.; Wang, J.K.; Bassett, I.V.; Selvaggi, C.A.; Lubitz, S.A.; Foulkes, A.S.; Ho, J.E. The
role of obesity in inflammatory markers in COVID-19 patients. Obes. Res. Clin. Pract. 2021, 15, 96–99. [CrossRef] [PubMed]

46. Pérez-Cruz, E.; Castañón-González, J.A.; Ortiz-Gutiérrez, S.; Garduño-López, J.; Luna-Camacho, Y. Impact of obesity and diabetes
mellitus in critically ill patients with SARS-CoV-2. Obes. Res. Clin. Pract. 2021, 15, 402–405. [CrossRef]

47. Al-Sabah, S.; Al-Haddad, M.; Al-Youha, S.; Jamal, M.; Almazeedi, S. COVID-19: Impact of obesity and diabetes on disease severity.
Clin. Obes. 2020, 10, e12414. [CrossRef]

48. Anderson, M.R.; Geleris, J.; Anderson, D.R.; Zucker, J.; Nobel, Y.R.; Freedberg, D.; Small-Saunders, J.; Rajagopalan, K.N.;
Greendyk, R.; Chae, S.R.; et al. Body Mass Index and Risk for Intubation or Death in SARS-CoV-2 Infection: A Retrospective
Cohort Study. Ann. Intern. Med. 2020, 173, 782–790. [CrossRef] [PubMed]

49. Rao, X.; Wu, C.; Wang, S.; Tong, S.; Wang, G.; Wu, G.; Zhou, R. The importance of overweight in COVID-19: A retrospective
analysis in a single center of Wuhan, China. Medicine 2020, 99, e22766. [CrossRef] [PubMed]

50. Tonietto, R.G.; Bortolini, G.C.; Figueiró, G.L.; Raupp, I.S.; Côcco, M.L.C.; Coser, T.B.S.; Lima, L.K.M.; Fighera, T.M. Clinical profile
and severity predictors of coronavirus disease 19 infection in a reference center from southern Brazil: A cross-sectional study. Rev.
Assoc. Med. Bras. 2023, 69, e20221271. [CrossRef]

51. Palaiodimos, L.; Ali, R.; Teo, H.O.; Parthasarathy, S.; Karamanis, D.; Chamorro-Pareja, N.; Kokkinidis, D.G.; Kaur, S.; Kladas,
M.; Sperling, J.; et al. Obesity, Inflammation, and Mortality in COVID-19: An Observational Study from the Public Health Care
System of New York City. J. Clin. Med. 2022, 11, 622. [CrossRef]

52. Al-Salameh, A.; Lanoix, J.P.; Bennis, Y.; Andrejak, C.; Brochot, E.; Deschasse, G.; Dupont, H.; Goeb, V.; Jaureguy, M.; Lion, S.; et al.
The association between body mass index class and coronavirus disease 2019 outcomes. Int. J. Obes. 2021, 45, 700–705. [CrossRef]

53. Cai, H.; Yang, L.; Lu, Y.; Zhang, S.; Ye, C.; Zhang, X.; Yu, G.; Gu, J.; Lian, J.; Hao, S.; et al. High body mass index is a significant
risk factor for the progression and prognosis of imported COVID-19: A multicenter, retrospective cohort study. BMC Infect. Dis.
2021, 21, 147. [CrossRef]

54. Jayanama, K.; Srichatrapimuk, S.; Thammavaranucupt, K.; Kirdlarp, S.; Suppadungsuk, S.; Wongsinin, T.; Nanthatanti, N.;
Phusanti, S.; Pitidhammabhorn, D.; Sungkanuparph, S. The association between body mass index and severity of Coronavirus
Disease 2019 (COVID-19): A cohort study. PLoS ONE 2021, 16, e0247023. [CrossRef]

55. Le Guen, C.L.; King, N.A.; Zhao, H.; Renza-Stingone, E.P.; Gerhard, G.S.; Soans, R.S. COVID-19 patients with obesity at risk
for worse outcomes despite younger age and fewer inflammatory derangements. Surg. Obes. Relat. Dis. 2021, 17, 1722–1730.
[CrossRef]

56. Lucar, J.; Wingler, M.J.B.; Cretella, D.A.; Ward, L.M.; Sims Gomillia, C.E.; Chamberlain, N.; Shimose, L.A.; Brock, J.B.; Harvey, J.;
Wilhelm, A.; et al. Epidemiology, Clinical Features, and Outcomes of Hospitalized Adults with COVID-19: Early Experience from
an Academic Medical Center in Mississippi. South Med. J. 2021, 114, 144–149. [CrossRef]

57. Ninomiya, T.; Otsubo, K.; Hoshino, T.; Shimokawa, M.; Nakazawa, M.; Sato, Y.; Mikumo, H.; Kawakami, S.; Mizusaki, S.; Mori, Y.;
et al. Risk factors for disease progression in Japanese patients with COVID-19 with no or mild symptoms on admission. BMC
Infect. Dis. 2021, 21, 850. [CrossRef]

58. Okauchi, Y.; Matsuno, K.; Nishida, T.; Sawada, K.; Kawasaki, A.; Ito, N.; Morimura, O.; Otani, Y.; Yokoe, M.; Abe, K.; et al. Obesity,
glucose intolerance, advanced age, and lymphocytopenia are independent risk factors for oxygen requirement in Japanese
patients with Coronavirus disease 2019 (COVID-19). Endocr. J. 2021, 68, 849–856. [CrossRef] [PubMed]

59. Ye, P.; Pang, R.; Li, L.; Li, H.R.; Liu, S.L.; Zhao, L. Both Underweight and Obesity Are Associated with an Increased Risk of
Coronavirus Disease 2019 (COVID-19) Severity. Front. Nutr. 2021, 8, 649422. [CrossRef] [PubMed]

60. Kaeuffer, C.; Le Hyaric, C.; Fabacher, T.; Mootien, J.; Dervieux, B.; Ruch, Y.; Hugerot, A.; Zhu, Y.J.; Pointurier, V.; Clere-Jehl, R.;
et al. Clinical characteristics and risk factors associated with severe COVID-19: Prospective analysis of 1.045 hospitalised cases in
North-Eastern France, March 2020. Euro Surveill. 2020, 25, 2000895. [CrossRef]

61. Mostaghim, A.; Sinha, P.; Bielick, C.; Knudsen, S.; Beeram, I.; White, L.F.; Apovian, C.; Sagar, M.; Hochberg, N.S. Clinical outcomes
and inflammatory marker levels in patients with COVID-19 and obesity at an inner-city safety net hospital. PLoS ONE 2020, 15,
e0243888. [CrossRef] [PubMed]

62. World Health Organization (WHO). Obesity: Preventing and Managing the Global Epidemic; Report of a WHO Consultation, Geneva,
3–5 June 1997; (WHO/NUT/98.1); World Health Organization: Geneva, Switzerland, 1998.

https://doi.org/10.24171/j.phrp.2021.0012
https://doi.org/10.1371/journal.pone.0253640
https://doi.org/10.20960/nh.03469
https://doi.org/10.20960/nh.03749
https://www.ncbi.nlm.nih.gov/pubmed/34538061
https://doi.org/10.1016/j.orcp.2020.12.004
https://www.ncbi.nlm.nih.gov/pubmed/33390322
https://doi.org/10.1016/j.orcp.2021.05.001
https://doi.org/10.1111/cob.12414
https://doi.org/10.7326/M20-3214
https://www.ncbi.nlm.nih.gov/pubmed/32726151
https://doi.org/10.1097/MD.0000000000022766
https://www.ncbi.nlm.nih.gov/pubmed/33120785
https://doi.org/10.1590/1806-9282.20221271
https://doi.org/10.3390/jcm11030622
https://doi.org/10.1038/s41366-020-00721-1
https://doi.org/10.1186/s12879-021-05818-0
https://doi.org/10.1371/journal.pone.0247023
https://doi.org/10.1016/j.soard.2021.06.006
https://doi.org/10.14423/SMJ.0000000000001222
https://doi.org/10.1186/s12879-021-06574-x
https://doi.org/10.1507/endocrj.EJ20-0784
https://www.ncbi.nlm.nih.gov/pubmed/33762519
https://doi.org/10.3389/fnut.2021.649422
https://www.ncbi.nlm.nih.gov/pubmed/34692741
https://doi.org/10.2807/1560-7917.ES.2020.25.48.2000895
https://doi.org/10.1371/journal.pone.0243888
https://www.ncbi.nlm.nih.gov/pubmed/33326480


Nutrients 2024, 16, 543 16 of 17

63. Drafting Committee of Chinese Consensus on Overweight/Obesity Medical Nutrition Therapy. Chinese consensus on over-
weight/obesity medical nutrition theray. Chin. J. Diabetes Mellit. 2016, 8, 525–540.

64. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef] [PubMed]

65. Zapater, P.; Novalbos, J.; Gallego-Sandín, S.; Hernández, F.T.; Abad-Santos, F. Gender differences in angiotensin-converting
enzyme (ACE) activity and inhibition by enalaprilat in healthy volunteers. J. Cardiovasc. Pharmacol. 2004, 43, 737–744. [CrossRef]
[PubMed]

66. Zhang, J.J.; Dong, X.; Cao, Y.Y.; Yuan, Y.D.; Yang, Y.B.; Yan, Y.Q.; Akdis, C.A.; Gao, Y.D. Clinical characteristics of 140 patients
infected with SARS-CoV-2 in Wuhan, China. Allergy 2020, 75, 1730–1741. [CrossRef] [PubMed]

67. López-Ortega, O.; Moreno-Corona, N.C.; Cruz-Holguin, V.J.; Garcia-Gonzalez, L.D.; Helguera-Repetto, A.C.; Romero-Valdovinos,
M.; Arevalo-Romero, H.; Cedillo-Barron, L.; León-Juárez, M. The Immune Response in Adipocytes and Their Susceptibility to
Infection: A Possible Relationship with Infectobesity. Int. J. Mol. Sci. 2022, 23, 6154. [CrossRef]

68. Brandão, S.C.S.; Godoi, E.T.A.M.; Cordeiro, L.H.O.; Bezerra, C.S.; Ramos, J.O.X.; Arruda, G.F.A.; Lins, E.M. COVID-19 and obesity:
The meeting of two pandemics. Arch. Endocrinol. Metab. 2021, 65, 3–13. [CrossRef]

69. World Obesity Federation (WOF). World Obesity Atlas; World Obesity Federation: London, UK, 2023; Available online:
https://pt.worldobesityday.org/assets/downloads/World_Obesity_Atlas_2023_Report.pdf (accessed on 6 January 2024).

70. Coelho, M.; Oliveira, T.; Fernandes, R. Biochemistry of adipose tissue: An endocrine organ. Arch. Med. Sci. 2013, 9, 191–200.
[CrossRef]

71. Bolsoni-Lopes, A.; Furieri, L.B.; Alonso-Vale, M.I.C. Obesity and COVID-19: A reflection on the relationship between pandemics.
Rev. Gaúcha Enferm. 2021, 42, e20200216. [CrossRef] [PubMed]

72. Rottoli, M.; Bernante, P.; Belvedere, A.; Balsamo, F.; Garelli, S.; Giannella, M.; Cascavilla, A.; Tedeschi, S.; Ianniruberto, S.; Rosselli
Del Turco, E.; et al. How important is obesity as a risk factor for respiratory failure, intensive care admission and death in
hospitalised COVID-19 patients? Results from a single Italian centre. Eur. J. Endocrinol. 2020, 183, 389–397. [CrossRef]

73. Petrilli, C.M.; Jones, S.A.; Yang, J.; Rajagopalan, H.; O’Donnell, L.; Chernyak, Y.; Tobin, K.A.; Cerfolio, R.J.; Francois, F.; Horwitz,
L.I. Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York
City: Prospective cohort study. BMJ 2020, 369, m1966. [CrossRef]

74. Gao, F.; Zheng, K.I.; Wang, X.B.; Sun, Q.F.; Pan, K.H.; Wang, T.Y.; Chen, Y.P.; Targher, G.; Byrne, C.D.; George, J.; et al. Obesity Is a
Risk Factor for Greater COVID-19 Severity. Diabetes Care 2020, 43, e72–e74. [CrossRef]

75. Paravidino, V.B.; Leite, T.H.; Mediano, M.F.F.; Sichieri, R.; Azevedo e Silva, G.; Cravo, V.; Balduino, A.; Salgueiro, E.; Besen, B.A.;
Moreira, R.D.; et al. Association between obesity and COVID-19 mortality and length of stay in intensive care unit patients in
Brazil: A retrospective cohort study. Sci. Rep. 2022, 12, 13737. [CrossRef]

76. Kompaniyets, L.; Pennington, A.F.; Goodman, A.B.; Rosenblum, H.G.; Belay, B.; Ko, J.Y.; Chevinsky, J.R.; Schieber, L.Z.; Summers,
A.D.; Lavery, A.M.; et al. Underlying Medical Conditions and Severe Illness Among 540,667 Adults Hospitalized With COVID-19,
March 2020-March 2021. Prev. Chronic Dis. 2021, 18, E66. [CrossRef]

77. Shariq, O.A.; McKenzie, T.J. Obesity-related hypertension: A review of pathophysiology, management, and the role of metabolic
surgery. Gland Surg. 2020, 9, 80–93. [CrossRef] [PubMed]

78. Watanabe, M.; Tozzi, R.; Risi, R.; Tuccinardi, D.; Mariani, S.; Basciani, S.; Spera, G.; Lubrano, C.; Gnessi, L. Beneficial effects of
the ketogenic diet on nonalcoholic fatty liver disease: A comprehensive review of the literature. Obes. Rev. 2020, 21, e13024.
[CrossRef]

79. Peng, M.; He, J.; Xue, Y.; Yang, X.; Liu, S.; Gong, Z. Role of Hypertension on the Severity of COVID-19: A Review. J. Cardiovasc.
Pharmacol. 2021, 78, e648–e655. [CrossRef]

80. Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA 2020, 323, 1061–1069. [CrossRef]
[PubMed]

81. Bailly, L.; Fabre, R.; Courjon, J.; Carles, M.; Dellamonica, J.; Pradier, C. Obesity, diabetes, hypertension and severe outcomes
among inpatients with coronavirus disease 2019: A nationwide study. Clin. Microbiol. Infect. 2022, 28, 114–123. [CrossRef]
[PubMed]

82. Guo, W.; Li, M.; Dong, Y.; Zhou, H.; Zhang, Z.; Tian, C.; Qin, R.; Wang, H.; Shen, Y.; Du, K.; et al. Diabetes is a risk factor for the
progression and prognosis of COVID-19. Diabetes Metab. Res. Rev. 2020, 36, e3319. [CrossRef]

83. Ma, R.C.W.; Holt, R.I.G. COVID-19 and diabetes. Diabetes Med. 2020, 37, 723–725. [CrossRef]
84. da Silva, A.D.C.; Cibien, S.T.; Carnielli-Queiroz, L.; de Araújo, D.C.S.A.; Ayres, L.R.; Borges, B.J.P.; do Bem, D.A.M.G. Impacts of

diabetes mellitus on COVID-19: A literature review. Rev. Bras. Pesq. Saúde 2022, 24, 144–155.
85. Singh, A.K.; Gupta, R.; Ghosh, A.; Misra, A. Diabetes in COVID-19: Prevalence, pathophysiology, prognosis and practical

considerations. Diabetes Metab. Syndr. 2020, 14, 303–310. [CrossRef]
86. Singh, A.K.; Khunti, K. COVID-19 and Diabetes. Annu. Rev. Med. 2022, 73, 129–147. [CrossRef] [PubMed]
87. Ssentongo, P.; Zhang, Y.; Witmer, L.; Chinchilli, V.M.; Ba, D.M. Association of COVID-19 with diabetes: A systematic review and

meta-analysis. Sci. Rep. 2022, 12, 20191. [CrossRef] [PubMed]
88. Kumar, A.; Arora, A.; Sharma, P.; Anikhindi, S.A.; Bansal, N.; Singla, V.; Khare, S.; Srivastava, A. Is diabetes mellitus associated

with mortality and severity of COVID-19? A meta-analysis. Diabetes Metab. Syndr. 2020, 14, 535–545. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/pubmed/31986264
https://doi.org/10.1097/00005344-200405000-00018
https://www.ncbi.nlm.nih.gov/pubmed/15071363
https://doi.org/10.1111/all.14238
https://www.ncbi.nlm.nih.gov/pubmed/32077115
https://doi.org/10.3390/ijms23116154
https://doi.org/10.20945/2359-3997000000318
https://pt.worldobesityday.org/assets/downloads/World_Obesity_Atlas_2023_Report.pdf
https://doi.org/10.5114/aoms.2013.33181
https://doi.org/10.1590/1983-1447.2021.20200216
https://www.ncbi.nlm.nih.gov/pubmed/33787725
https://doi.org/10.1530/EJE-20-0541
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.2337/dc20-0682
https://doi.org/10.1038/s41598-022-17197-w
https://doi.org/10.5888/pcd18.210123
https://doi.org/10.21037/gs.2019.12.03
https://www.ncbi.nlm.nih.gov/pubmed/32206601
https://doi.org/10.1111/obr.13024
https://doi.org/10.1097/FJC.0000000000001116
https://doi.org/10.1001/jama.2020.1585
https://www.ncbi.nlm.nih.gov/pubmed/32031570
https://doi.org/10.1016/j.cmi.2021.09.010
https://www.ncbi.nlm.nih.gov/pubmed/34537362
https://doi.org/10.1002/dmrr.3319
https://doi.org/10.1111/dme.14300
https://doi.org/10.1016/j.dsx.2020.04.004
https://doi.org/10.1146/annurev-med-042220-011857
https://www.ncbi.nlm.nih.gov/pubmed/34379444
https://doi.org/10.1038/s41598-022-24185-7
https://www.ncbi.nlm.nih.gov/pubmed/36418912
https://doi.org/10.1016/j.dsx.2020.04.044
https://www.ncbi.nlm.nih.gov/pubmed/32408118


Nutrients 2024, 16, 543 17 of 17

89. Almeida-Pititto, B.; Dualib, P.M.; Zajdenverg, L.; Dantas, J.R.; de Souza, F.D.; Rodacki, M.; Bertoluci, M.C. Severity and mortality
of COVID-19 in patients with diabetes, hypertension and cardiovascular disease: A meta-analysis. Diabetol. Metab. Syndr. 2020,
12, 75. [CrossRef] [PubMed]

90. Severin, R.; Arena, R.; Lavie, C.J.; Bond, S.; Phillips, S.A. Respiratory Muscle Performance Screening for Infectious Disease
Management Following COVID-19: A Highly Pressurized Situation. Am. J. Med. 2020, 133, 1025–1032. [CrossRef] [PubMed]

91. de Sant’Anna, M., Jr.; Carvalhal, R.F.; de Oliveira, F.d.F.B.; Zin, W.A.; Lopes, A.J.; Lugon, J.R.; Guimarães, F.S. Respiratory
mechanics of patients with morbid obesity. J. Bras. Pneumol. 2019, 45, e20180311.

92. Michalakis, K.; Ilias, I. SARS-CoV-2 infection and obesity: Common inflammatory and metabolic aspects. Diabetes Metab. Syndr.
2020, 14, 469–471. [CrossRef] [PubMed]

93. Dietz, W.; Santos-Burgoa, C. Obesity and its implications for COVID-19 mortality. Obesity 2020, 28, 1005. [CrossRef]
94. Zhang, X.; Zheng, J.; Zhang, L.; Liu, Y.; Chen, G.P.; Zhang, H.P.; Wang, L.; Kang, Y.; Wood, L.G.; Wang, G. Systemic inflammation

mediates the detrimental effects of obesity on asthma control. Allergy Asthma Proc. 2018, 39, 43–50. [CrossRef]
95. Palaiodimos, L.; Kokkinidis, D.G.; Li, W.; Karamanis, D.; Ognibene, J.; Arora, S.; Southern, W.N.; Mantzoros, C.S. Severe obesity,

increasing age and male sex are independently associated with worse in-hospital outcomes, and higher in-hospital mortality, in a
cohort of patients with COVID-19 in the Bronx, New York. Metabolism 2020, 108, 154262. [CrossRef] [PubMed]

96. Simonnet, A.; Chetboun, M.; Poissy, J.; Raverdy, V.; Noulette, J.; Duhamel, A.; Labreuche, J.; Mathieu, D.; Pattou, F.; Jourdain,
M.; et al. High Prevalence of Obesity in Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) Requiring Invasive
Mechanical Ventilation. Obesity 2020, 28, 1195–1199. [CrossRef]

97. Dixon, A.E.; Peters, U. The effect of obesity on lung function. Expert. Rev. Respir. Med. 2018, 12, 755–767. [CrossRef]
98. Zhang, Y.; Murugesan, P.; Huang, K.; Cai, H. NADPH Oxidases and Oxidase Crosstalk in Cardiovascular Diseases: Novel

Therapeutic Targets. Nat. Rev. Cardiol. 2020, 17, 170–194. [CrossRef]
99. Malavazos, A.E.; Corsi Romanelli, M.M.; Bandera, F.; Iacobellis, G. Targeting the adipose tissue in COVID-19. Obesity 2020, 28,

1178–1179. [CrossRef] [PubMed]
100. Aksoy, H.; Karadag, A.S.; Wollina, U. Angiotensin II Receptors: Impact for COVID-19 Severity. Dermatol. Ther. 2020, 33, e13989.

[CrossRef] [PubMed]
101. Zhang, C.; Wu, Z.; Li, J.W.; Zhao, H.; Wang, G.Q. Cytokine Release Syndrome in Severe COVID-19: Interleukin-6 Receptor

Antagonist Tocilizumab may be the Key to Reduce mortality. Int. J. Antimicrob. Agents 2020, 55, 105954. [CrossRef]
102. Blokhin, I.O.; Lentz, S.R. Mechanisms of Thrombosis in Obesity. Curr. Opin. Hematol. 2013, 20, 437–444. [CrossRef]
103. Samad, F.; Ruf, W. Inflammation, obesity, and thrombosis. Blood 2013, 122, 3415–3422. [CrossRef]
104. Higham, A.; Singh, D. Increased ACE2 expression in bronchial epithelium of COPD patients who are overweight. Obesity 2020,

28, 1586–1589. [CrossRef]
105. Kruglikov, I.L.; Scherer, P.E. The Role of Adipocytes and Adipocyte-Like Cells in the Severity of COVID-19 Infections. Obesity

2020, 28, 1187–1190. [CrossRef]
106. Arulanandam, B.; Beladi, H.; Chakrabarti, A. Obesity and COVID-19 mortality are correlated. Sci. Rep. 2023, 13, 5895. [CrossRef]
107. Klang, E.; Kassim, G.; Soffer, S.; Freeman, R.; Levin, M.A.; Reich, D.L. Severe Obesity as an Independent Risk Factor for COVID-19

Mortality in Hospitalized Patients Younger than 50. Obesity 2020, 28, 1595–1599. [CrossRef]
108. Weidmann, M.D.; Ofori, K.; Rai, A.J. Laboratory Biomarkers in the Management of Patients With COVID-19. Am. J. Clin. Pathol.

2021, 155, 333–342. [CrossRef]
109. Niraula, A.; Baral, N.; Lamsal, M.; Bataju, M.; Thapa, S. Potential role of biochemical markers in the prognosis of COVID-19

patients. SAGE Open Med. 2022, 10, 20503121221108613. [CrossRef] [PubMed]
110. Shenoy, M.T.; Mohanty, P.K.; Suganthy, K.; Manavalan, J.K.; Alexander, H. Utility of Biochemical Markers in Predicting Severe

COVID-19: Experience from a Tertiary Hospital in South India. EJIFCC 2022, 33, 131–144. [PubMed]
111. Spruit, M.A.; Holland, A.E.; Singh, S.J.; Tonia, T.; Wilson, K.C.; Troosters, T. COVID-19: Interim Guidance on Rehabilitation in the

Hospital and Post-Hospital Phase from a European Respiratory Society and American Thoracic Society-coordinated International
Task Force. Eur. Respir. J. 2020, 56, 2002197. [CrossRef] [PubMed]

112. Frota, A.X.; Vieira, M.C.; Soares, C.C.S.; da Silva, P.S.; da Silva, G.M.S.; de Mendes, F.S.N.S.; Mazzoli-Rocha, F.; Veloso, H.H.; da
Costa, A.D.; da Lamas, C.C.; et al. Functional capacity and rehabilitation strategies in COVID-19 patients: Current knowledge
and challenges. Rev. Soc. Bras. Med. Trop. 2021, 54, e07892020. [CrossRef] [PubMed]

113. Sordi, A.F.; Lemos, M.M.; de Souza Marques, D.C.; Ryal, J.J.; da Silva Lalucci, P.P.M.; Marques, M.G.; Amaro Camilo, M.L.;
De Paula Ramos, S.; Franzói De Moraes, S.M.; Valdés-Badilla, P.; et al. Effects of a multi-professional intervention on body
composition, physical fitness and biochemical markers in overweight COVID-19 survivors: A clinical trial. Front. Physiol. 2023,
14, 1219252. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13098-020-00586-4
https://www.ncbi.nlm.nih.gov/pubmed/32874207
https://doi.org/10.1016/j.amjmed.2020.04.003
https://www.ncbi.nlm.nih.gov/pubmed/32343947
https://doi.org/10.1016/j.dsx.2020.04.033
https://www.ncbi.nlm.nih.gov/pubmed/32387864
https://doi.org/10.1002/oby.22818
https://doi.org/10.2500/aap.2018.39.4096
https://doi.org/10.1016/j.metabol.2020.154262
https://www.ncbi.nlm.nih.gov/pubmed/32422233
https://doi.org/10.1002/oby.22831
https://doi.org/10.1080/17476348.2018.1506331
https://doi.org/10.1038/s41569-019-0260-8
https://doi.org/10.1002/oby.22844
https://www.ncbi.nlm.nih.gov/pubmed/32314871
https://doi.org/10.1111/dth.13989
https://www.ncbi.nlm.nih.gov/pubmed/32645228
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1097/MOH.0b013e3283634443
https://doi.org/10.1182/blood-2013-05-427708
https://doi.org/10.1002/oby.22907
https://doi.org/10.1002/oby.22856
https://doi.org/10.1038/s41598-023-33093-3
https://doi.org/10.1002/oby.22913
https://doi.org/10.1093/ajcp/aqaa205
https://doi.org/10.1177/20503121221108613
https://www.ncbi.nlm.nih.gov/pubmed/35832258
https://www.ncbi.nlm.nih.gov/pubmed/36313911
https://doi.org/10.1183/13993003.02197-2020
https://www.ncbi.nlm.nih.gov/pubmed/32817258
https://doi.org/10.1590/0037-8682-0789-2020
https://www.ncbi.nlm.nih.gov/pubmed/33533821
https://doi.org/10.3389/fphys.2023.1219252

	Introduction 
	Materials and Methods 
	Protocol and Registration 
	Inclusion and Exclusion Criteria 
	Search Strategy 
	Study Selection and Data Extraction 
	Methodological Quality Assessment 
	Data Extraction 

	Results 
	Study Selection 
	Methodological Quality Assessment 
	Study Characteristics 
	Sample Characteristics 
	Categorization by Nutritional Status and Use of Respiratory Support 
	Biochemical and Hematological Markers 

	Discussion 
	Conclusions 
	Practical Applications 
	References

