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Abstract

Introduction: Short-and long-term morbidity and mortality associated with Covid-19 dis-
ease remains high. Obesity is a recognized risk factor for symptomatic Covid-19, disease,
hospitalization, critical Covid-19 disease, and fatal organ dysfunctions. Whether obesity is
causally linked with mortality of critically ill Covid-19 patients is an unresolved question.

Methodology: This narrative review describes the prevalence of obesity in critical Co-
vid-19 disease, highlights the pathophysiologic mechanisms and clinical interplay linking
the two pandemics and critically appraises the epidemiologic data proving for or against the
existence of a survival benefit of obese ICU Covid-19 patients (obesity paradox).

Results: Most observational studies reported that obesity confers a survival advantage
among patients with critical Covid-19 disease (muti-organ failure), or organ failure associ-
ated with Covid-19 infection (acute respiratory distress syndrome or acute kidney injury).
However, few dose-response meta-analyses or analyses of nation-wide population studies
found a linear (J-shaped curve) or nearly linear (U-shaped curve) association between obe-
sity/overweight (measured by BMI) and risk of all-cause mortality of critically ill Covid-19
patients. Moreover, other cohort analyses found no association between BMI and all-cause
Covid-19 mortality. The spurious association of BMI and mortality risk cannot be explained
by proposed biologic mechanisms but is likely a consequence of clinical and methodological
limitations of observational studies.

Conclusions: There is no prove of an obesity paradox. Obesity should be considered a
negative prognostic factor for critically ill Covid-19 patients. More aggressive prevention
(hygienic measures, vaccination), timely recognition of progressive Covid-19 disease, and
early start of critical care dominant treatment patterns for organ dysfunctions should be
employed.

Keywords: Covid-19; Mortality; Obesity; Survival paradox.

Introduction quent waves [1-3]. Numerous factors have contributed to the

The ongoing Covid-19 pandemic created an unprecedented declining incidence of critical Covid-19 disease including the
health crisis worldwide. The WHO reported 760.360.956 con- introduction and widespread use of vaccines, high prevalence
firmed cases of Covid-19 resulting in 6.873.477 deaths as of 14 of infection-induced immunity, increased availability of effec-
March 2023. Compared to the first wave of the pandemic, Co- tive outpatient and specific in-hospital treatments and changes

vid-19 related morbidity and mortality improved during subse-  IN the case mix of the patients and in the load and shedding
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of variants of Covid-19. Nevertheless, Covid-19 was the third
leading cause of death in the USA during the height of the pan-
demic, surpassed only by cardiovascular diseases and cancer.

Covid-19 disease is a heterogeneous disorder regarding indi-
vidual susceptibility, risk factors, clinical manifestations, and pa-
tients” short and long-term prognosis. During the initial course
of the pandemic the Center for Disease Control and Prevention
listed obesity (BMI values above 30 kg/m?) among 12 condi-
tions with epidemiologic evidence of an increased risk for Co-
vid-19 disease. Nearly two thirds (63.5%) of more than 900,000
US hospitalizations due to Covid-19 were attributed to cardio-
metabolic disease [4]. Top risk factors were obesity and obesity
related conditions (chronic arterial hypertension, type 2 diabe-
tes mellitus, hyperlipidemia, chronic kidney disease).

Impact of obesity on the course of Covid-19 disease

The onset and progression of Covid-19 infection to a more
severe and critical stage depends on a broad spectrum of fac-
tors. Amongst them are individual susceptibility factors (older
age, male gender, genetic disposition, ethnicity), comorbidities,
medical treatments (immunosuppressants), characteristics of
the virus strain and vaccination status [5].

Numerous meta-analyses and large-scale nationwide data
analyses underline the increased risk for obese patients. They
were more susceptible to Covid-19 infection, more likely to be
hospitalized and more likely to progress to higher categories of
disease severity. In the subgroup of obese patients more poten-
tially fatal respiratory and extrapulmonary organ dysfunctions
were observed [6]. In the retrospective analyses by Lighter et
al. patients aged less than 60 years with obesity class 1 (BMI
30-34,9 kg /m?) or class 2-4 (BMI=35 kg/m?) were 1.8 or 3 times
more likely to be admitted to intensive critical care [7]. A sys-
tematic review of 75 studies revealed that obese individuals,
compared to people with normal weight, were 113% more
likely to be hospitalized, 74% more likely to be admitted to the
intensive care unit, and 46% more likely to die [8].

Up to one third of hospitalized high-risk patients contracted
critical Covid-19 disease. These patients very often presented
with multiple organ failure which portends a poor prognosis
[9]. The most common form of organ failure was the Acute Re-
spiratory Distress Syndrome (ARDS) in up to three quarters of
ICU Covid 19 patients. The need for mechanical ventilation is
a known mayor risk factor. During the pandemic, non-invasive
respiratory support modalities were used with increasing fre-
quency. Two thirds of the critically ill patients with Covid-19 re-
quired vasopressors for cardiogenic or septic shock and about
20-30% needed renal replacement therapy [10-14].

A recent meta-analysis estimated the case fatality rate for
mechanically ventilated Covid-19 patients to be approximately
45% [15]. Covid-19 acute kidney injury severe enough to ne-
cessitate renal replacement therapy was associated with hos-
pital mortality over 60% [10]. Obese ICU patients needed more
and longer organ support therapies, and higher BMI categories
were associated with higher in -hospital mortality [16].

Obesity prevalence and Covid-19 death rates

Epidemiological studies found an association between
pooled obesity prevalence rates and progressively increasing
Covid-19 disease severity. This association was stronger in ICU
patients compared to pooled obesity prevalence rates in the
background general population [17-19].

The Covid-19 death rates were more than 10-times higher
in countries such as USA, United Kingdom or Mexico with an
overweight/obesity prevalence rate of more than 50% of adults
compared to countries such as Vietnam, Japan or Bangladesh
where fewer than 10% of the general population are over-
weight/obese [8].

The Covid-19 pandemic disproportionally affected racial
groups and ethnic minorities with higher rates of death in Afri-
can American, Native American, and Latino communities. These
disparities of Covid-19 outcomes may arise both from high
prevalence of chronic cardio-metabolic conditions and from
lower access to healthcare [20].

Potential mechanisms linking obesity and critical Covid-19
disease

Currently, the mechanisms responsible for the greater risk
of obese patients for potentially fatal critical Covid-19 disease
are largely unknown. However, experience from other viral
infections like influenza point to potential mechanisms in Co-
vid-19 disease. The higher expression of angiotensin-converting
enzyme 2, a functional receptor for Covid-19 invasion in adi-
pose tissue, may lead to prolonged viral shedding and exposure
in patients with obesity. It may be a critical factor increasing
the susceptibility to and the risk of progression of Covid-19 to
critical illness. Obesity driven low grade systemic inflamma-
tion, aberrant cytokine activation, decreased adiponectin and
increased leptin secretion, may result in dysfunction of innate
and adaptive immunity, and metabolic and cardiac dysfunc-
tion. Aggravation of endothelial dysfunction in obese Covid-19
patients may impair organ perfusion and cause a procoagulant
state resulting in both macro- and microvascular thrombotic
events. Obese people are more likely to have chronic diseases
that may be an additional risk factor for Covid-19 severity such
as diabetes, heart disease, or kidney disease. Obesity-induced
changes of the mechanical properties of the lungs and chest
wall predispose obese patients to respiratory failure in the case
of pulmonary infections. Other proposed mechanisms are vita-
min D deficiency induced immune dysregulation and the bidi-
rectional effects of organ dysfunction on the function of other
organs (organ cross-talk) [21-23].

Obesity paradox and critical Covid-19 disease

In the general population the association between obesity
and premature mortality is well-known. Among certain ICU
cohorts of patients with a variety of chronic diseases, observa-
tional studies suggest that obesity confers a survival advantage,
termed obesity paradox. However, it is important to note that
in all studies reporting a survival benefit of obesity in critical
illness, the obesity paradox has been discovered using statisti-
cal analyses of non-randomized cohorts. Observational studies
reveal potential associations, but they do not prove causality.
The debatable evidence for the existence of an obesity paradox
in critically ill patients conjured the notion that overweight or
even obesity was protective by some unknown biological mech-
anisms. Even though the concept seems reasonable, the daily
practice of intensivists caring for critically ill patients challeng-
es the idea. Moreover, the conflicting results of observational
analyses did not result in a revision of intensive care support
recommendations for obese patients [24,25].

Criticalillness syndromes, like critical Covid-19 disease, aren’t
characterized by histologic features, genetic mutations, micro-
biological cultures, or serologic tests, but rather, by collections
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of signs and symptoms of organ dysfunction that together paint
the picture of a clinically recognizable entity. Critical Covid-19
disease is not only heterogeneous per se but also in its tem-
poral progression through different discernible phases. More-
over, there is tremendous heterogeneity in the host response
to Covid-19 from one individual to the next. This situation is
aggravated by wide variations across observational studies re-
garding the diagnosis of Covid-19 illness severity and criteria to
identify patients requiring intensive care. These heterogeneities
clearly resonate the day-to-day experience of physicians caring
for critically ill patients with Covid 19 who exhibit substantial
variation in their clinical courses and outcomes.

Studies analyzing the association of BMI and mortality of
obese critically ill Covid-19 patients reported remarkable incon-
sistencies.

Dose response meta-analyses found a strong positive dose
-dependent nonlinear (J-shaped or U shaped) relationship be-
tween BMI categories (ranging from underweight to obesity
Class Ill) and in-hospital mortality of patients with critical Co-
vid-19 disease [26,27,19,28-31]. These dose-response curves
indicated that both underweight and overweight or obesity was
associated with a higher mortality rate than normal weight (J-
shaped curve). This observation was also found in those with
BMI values near the junction from normal weight to overweight
(26 /27 kg/m?). These dose-response analyses clearly reject the
concept of an obesity paradox for ICU Covid-19 patients. There
is a grey zone regarding patients who are just above the thresh-
old between normal weight and overweight. Slight overweight
does not necessarily indicate an increased health risk in the
general population. Two systematic reviews concluded that the
existence of an obesity paradox cannot be confirmed for this
subgroup of individuals [18,32].

Nationwide observational cohort studies, register analysis
single center cohort analyses or meta-analyses reported that
obesity did not affect hospital mortality of critically ill Covid-19
patients [33-36].

Other studies found that Covid-19 patients admitted to the
ICU with moderate obesity (BMI 30-39 kg/m?) had a lower
risk of death than normal weight individuals [37], particularly
among those critically ill patients with Covid-19 disease who
were less than 45 years old [36].

The exact mechanisms for the puzzling paradox remain un-
clear. Controversial explanations for the existence of an obesity
paradox in critical Covid-19 disease ranged from true survival
benefit by increased stamina in obese critically ill patients to
fake statistics.

Hypothesis 1: The obesity paradox is a real survival benefit:
biological mechanisms

Numerous potential biological mechanisms that may con-
tribute to a better prognosis of ICU patients with Covid-19 dis-
ease include the following [38-41]:

a) High energy stores and a better nutritional status of obese
Covid-19 patients could counteract catabolic stress and energy
consuming situations (ARDS, sepsis, AKI) and withstand the drop
in calorie intake that usually occurs when critically ill patients
are admitted to the ICU. Protein and calorie malnutrition as well
as involuntary weight loss may result in immunodeficiencies as-
sociated with the higher risk of severe bacterial infections.

b) Hypertension secondary to activation of the renin-angio-
tensin-aldosterone system and sympathetic nervous system is
common in obese patients. This may have protective hemody-
namic effects and reduce the need for fluid and vasopressor
support during circulatory failure.

c¢) The chronic inflammatory pre-conditioning and the anti-
inflammatory immune profile of obese patients may provide
resistance to critical illness. Obese patients are at high risk for
thromboembolisms and receive more aggressive heparin pro-
phylaxis which inhibits both systemic inflammation and lethal
thrombotic events.

d) Higher levels of circulating lipids in obese Covid-19 pa-
tients may result in more effective binding of endotoxins, there-
by removing an important inflammatory trigger and providing
an additional explanation for the survival benefit of obese pa-
tients with critical Covid-19 disease.

e) High serum adiponectin has been associated with weight
loss, low skeletal muscle mass, low muscle density, and poor
physical functioning. By contrast obesity is associated with low
circulating adiponectin levels.

None of the proposed biological mechanisms could convinc-
ingly explain the large inconsistency of data obtained by obser-
vational studies. Measurements of circulating levels of various
inflammatory cytokines, including the anti-inflammatory media-
tors interleukin 18 and interleukin 1-receptor antagonist in criti-
cally ill Covid-19 patients, found no differences between obese
and nonobese ICU patients. The presence of circulating endo-
toxin has been reported in critically ill Covid-19 patients, but the
clinical relevance of this phenomenon remained unclear [40].
Moreover, a prospective observational study from the Nether-
lands explored adipocytokine plasma concentrations and clini-
cal outcomes of Covid-19 patients. The authors concluded that
it is unlikely that BMlI-related adipocytokines or differences in
inflammatory response were associated with clinical outcomes
[42]. There is a need for more prospective studies assessing the
association of potential biologic factors and outcome of obese
critically ill patients.

Hypothesis 1: The obesity paradox is a real survival benefit.
Clinical factors

It is generally believed that obese patients infected with Co-
vid-19 are more ill or in need for closer monitoring than non-
obese patients with comparable Covid-19 illness severity. This
concept favors more timely hospitalization, earlier ICU admis-
sion and start of organ support in these patients. However, this
hypothesis is not supported by data from a recent large-scale
study. In this study disease activity scores were similar between
ICU Covid-19 patients with different BMI categories [40].

The influence of age and comorbidities was analyzed by Tar-
tof and coworkers [43]. The risk of death from Covid 19 criti-
cal disease was most striking among obese patients aged 60 or
younger compared to older obese patients with a higher bur-
den of comorbid diseases. This observation suggests that obe-
sity is a more profound risk factor for worse outcomes than age.

Finally, limited epidemiological data suggested that metabol-
ically unhealthy versus metabolically healthy obese individuals
had a higher risk of worse outcomes of critical Covid-19 disease.
However, this cohort study with Asian patients lacks general-
izability. The metabolically healthy state may transition to the
metabolically unhealthy state in a crisis such as Covid-19 dis-
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ease [44,45]. Currently, there are no available data on the num-
bers of metabolically healthy and unhealthy obese COVID-19
patients.

Hypothesis 2: Obesity paradox and critical Covid-19 disease
is a statistical aberrancy.

There are no prospective randomized trials assessing the
causality of the relationship between obesity and worse short-
term prognosis of critically ill Covid 19 patients. The assumed
positive correlation between BMI and survival of ICU Covid-19
patients is subject to numerous methodological limitations and
the clinical heterogeneity in epidemiological studies.

Epidemiological studies are prone to confounding and sev-
eral sources of bias. Factors contributing to the divergent re-
sults in the literature are the significant heterogeneity in study
design and patients” characteristics, in sample size and lack of
stratified statistical analyses, and in the time and method of
BMI assessment. Most studies did not control for confounders
or adjust for variability (age, sex, and race/ethnicity) and direc-
tion of the association of BMI and mortality risk of critically ill
Covid-19 patients. These methodological limitations of obser-
vational research are aggravated when a heterogeneous clinical
syndrome such as critical Covid-19 disease is analyzed.

The failure to control properly for known and unknown con-
founders is probably the most recognized limitation of obser-
vational studies assessing the association of body mass index
and mortality of patients with critical Covid-19 disease. Small
retrospective cohort analyses often failed to account for poten-
tial confounders such as comorbidities, socioeconomic status,
and physical activity. Many large-scale studies failed to collect
or extract all data from medical records or administrative data
bases. Classic examples of confounding in the obesity Covid-19
mortality association are smoking and pre-existing conditions
that cause unintended weight loss including chronic infections,
cancer, advanced chronic kidney disease, heart failure, neuro-
logical or mood disorders. Smokers tend to have a lower BMI,
but a higher risk for critical Covid-19 disease [46,47]. Smoking
remains a strong confounder, even after typical adjustments for
smoking status (smokers, ex-smokers, or non-smokers) and du-
ration of exposure to cigarettes (pack years).

A second potential bias producing an underestimation of the
mortality risk of obesity has been referred to as “reverse causa-
tion.” Patient populations included in studies assessing the sur-
vival benefit of obesity in critically ill Covid-19 patients are a mix
of individuals with normal weight and those who lost weight
either by loss of appetite or increased metabolic demands. A
disproportionate number of weight loss individuals in the ref-
erence group may attenuate the obesity associated mortality
from critical Covid-19 disease.

The problem of collider bias has major implications for many
studies of Covid-19 disease risk and severity. A collider is most
simply defined as a variable affected both by exposure and by
outcome. This selection induces a false association or even re-
versed association between exposure (BMI) and outcome (mor-
tality). The impact of collider bias may increase the confounding
bias of smoking. The collider stratification bias has been used
to explain the non-existence of the obesity paradox in critical
illness including critical Covid-19 disease [48,49,25].

The obesity paradox has also been termed BMI paradox [50].
Undoubtedly, BMI is the most generally used measure of body
fatness in epidemiologic studies. However, BMI is only a surro-

gate measure for excess fat because it measures excess weight
rather than excess fat. It does not provide any indication of the
fat distribution (abdominal) among individuals. Moreover, the
use of BMI to identify obesity has a high specificity, but low
sensitivity suggesting the under-detection of excess adipose tis-
sue. This may attenuate the obesity -mortality association. The
validity of BMI is low in older adults (on average more body fat
than younger adults for an equivalent BMI), women (on aver-
age greater amounts of total body fat than men with the same
BMI) or muscular individuals (high BMI due to increased muscle
mass). Thus, the BMI in these patients’ subpopulations may be
misleading.

Cohort studies assessing the mortality of critical Covid-19
disease included only patients with recorded height and weight
information. The results of their analyses may not be represen-
tative of the entire patient population with critical Covid-19
disease. A nation-wide US population analysis found that 28%
of hospitalized Covid-19 patients were missing BMI data [19].
Missing data on BMI can bias and distort the exposure- out-
come relation of interest. Missing data are also problematic if
they decrease the statistical power by effectively decreasing the
sample size of small cohort analyses.

The time of BMI measurements varied widely across studies
with critical Covid-19 patients (pre diagnosis of Covid-19-, peri-
hospitalization, at admission to the ICU). Of clinical relevance,
patients with critical Covid-19 disease are likely to experience
significant fluctuations in body weight during the disease. This
includes true loss of body weight, as well as alterations in body
fluid volume state after resuscitation of patients with hypoten-
sion /shock or during oligo-anuric AKI. One-time measurements
of BMI may not reflect the correct BMI category. Estimations of
body height or weight of ICU patients by anthropometric for-
mulas, morphometric measures or by visual judgement without
use of bed scales are incorrect [51]. Repeated measurements
of BMI are infrequently performed, and the BMlI is rarely docu-
mented in ICU patients [52].

Reports including non-BMI measures of body weight are
scarce, but their data corroborate the association of obesity
and mortality risk of patients with critical Covid-19 disease. An-
thropometric measures such as waist circumference, waist-to-
hip-ratio, and waist-to-height-ratio were each associated with a
greater risk of death from critical Covid-19 disease [53,54].

Using electronic health records from approximately 1.5 mil-
lion individuals, a population-based cohort study [55] report-
ed differences in age and sex adjusted ethnicity -specific BMI
cutoffs for obesity-associated type 2 diabetes in Whites, South
Asians, Blacks and Arabs. The authors recommended a revision
of current ethnic specific BMI cutoffs to prevent obesity-associ-
ated complications in non-white populations.

Meta-analyses summarizing existing evidence for the exis-
tence of an obesity paradox of critical Covid-19 disease report-
ed mixed results. The results and quality of meta-analyses may
be limited by incomplete sets of published studies, inclusion
of studies with small sizes, or lack of control for confounding.
These factors may contribute to erroneous interferences.

Finally, most observational studies exploring the existence of
a survival benefit were performed during the first wave of the
Covid-19 pandemic. Large database analyses showed that over
time (wave 1 to 3) the severity of critical Covid-19 disease de-
creased, as defined by less mechanical ventilation, lower need
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for vasopressor agents and renal replacement therapies. Even
so, the risk for in-hospital mortality remained high (24%) [3].

Conclusion

The epidemiologic phenomenon “obesity paradox” in criti-
cal Covid-19 disease is explained by the heterogeneity of clini-
cal studies and their numerous limitations. The high mortality
of obese Covid-19 patients underscores the need for optimal
vaccination, timely intensive care management as obesity class
increases.

Declarations

Funding: The authors declare that there was no funding for
this review.

Conflict of interest: The authors declare that they have no
conflict of interest.

Ethics committee: This narrative review is based on previ-
ously based studies and does not contain any study with partici-
pants performed by any of the authors.

Consent: Not applicable.

Author’s contribution: All named authors meet the Interna-
tional Committee of Medical Journal Editors criteria for this arti-
cle and take responsibility of the work and have given approval
for the final version for the article to be published.

References
1. Horwitz LI, Jones SA, Cerfolio RJ, Francois F, Greco J, et al. Trends
in COVID-19 Risk-Adjusted Mortality Rates. J Hosp Med. 2021;

16: 90-92.

2. Loza A, Wong-Chew RM, Jiménez-Corona ME, Zéarate S, Lépez S,
et al. Two-year follow-up of the COVID-19 pandemic in Mexico.
Front Public Health. 2022; 10: 1050673.

3. Naouri D, Vuagnat A, Beduneau G, Dres M, Pham T, et al. Trends
in clinical characteristics and outcomes of all critically ill COV-
ID-19 adult patients hospitalized in France between March 2020
and June 2021: A national database study. Ann Intensive Care.
2023; 13: 2.

4, O’Hearn M, Liu J, Cudhea F, Micha R, Mozaffarian D. Coronavirus
Disease 2019 Hospitalizations Attributable to Cardiometabolic
Conditions in the United States: A Comparative Risk Assessment
Analysis. ] Am Heart Assoc. 2021; 10: e019259.

5. Gao YD, Ding M, Dong X, Zhang JJ, Kursat Azkur A, et al. Risk
factors for severe and critically ill COVID-19 patients: A review.
Allergy. 2021; 76: 428-455.

6. Tamara A, Tahapary DL. Obesity as a predictor for a poor prog-
nosis of COVID-19: A systematic review. Diabetes Metab Syndr.
2020; 14: 655-659.

7. Lighter J, Phillips M, Hochman S, Sterling S, Johnson D, et al.
Obesity in Patients Younger Than 60 Years Is a Risk Factor for
COVID-19 Hospital Admission. Clin Infect Dis. 2020; 71: 896-897.

8. Popkin BM, Du S, Green WD, Beck MA, Algaith T, et al. Indi-
viduals with obesity and COVID-19: A global perspective on the
epidemiology and biological relationships. Obes Rev. 2020; 21:
el13128.

9. Ginestra JC, Mitchell OJL, Anesi GL, Christie JD. COVID-19 Critical
lliness: A Data-Driven Review. Annu Rev Med. 2022; 73: 95-111.

10. Gupta S, Coca SG, Chan L, Melamed ML, Brenner SK, et al. AKI
Treated with Renal Replacement Therapy in Critically lll Patients

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

with COVID-19. J Am Soc Nephrol. 2021; 32: 161-176.

Lowe R, Ferrari M, Nasim-Mohi M, Jackson A, Beecham R, et
al. Clinical characteristics and outcome of critically ill COVID-19
patients with acute kidney injury: a single centre cohort study.
BMC Nephrol. 2021; 22: 92.

Tan E, Song J, Deane AM, Plummer MP. Global Impact of Coro-
navirus Disease 2019 Infection Requiring Admission to the ICU:
A Systematic Review and Meta-analysis. Chest. 2021; 159: 524-
536.

Doher MP, Torres de Carvalho FR, Scherer PF, Matsui TN, Ammi-
rati AL, et al. Acute Kidney Injury and Renal Replacement Thera-
py in Critically Il COVID-19 Patients: Risk Factors and Outcomes:
A Single-Center Experience in Brazil. Blood Purif. 2021; 50: 520-
530.

Grasselli G, Scaravilli V, Mangioni D, Scudeller L, Alagna L, et al.
Hospital-Acquired Infections in Critically Ill Patients With CO-
VID-19. Chest. 2021; 160: 454-465.

Lim ZJ, Subramaniam A, Ponnapa Reddy M, Blecher G, Kadam U,
et al. Case Fatality Rates for Patients with COVID-19 Requiring
Invasive Mechanical Ventilation. A Meta-analysis. Am J Respir
Crit Care Med. 2021; 203: 54-66.

Plourde G, Fournier-Ross E, Tessier-Grenier H, Mullie LA, Chas-
sé M, et al. Association between obesity and hospital mortal-
ity in critical COVID-19: a retrospective cohort study. Int J Obes
(Lond). 2021; 45: 2617-2622.

Caussy C, Pattou F, Wallet F, Simon C, Chalopin S, et al. Prev-
alence of obesity among adult inpatients with COVID-19 in
France. Lancet Diabetes Endocrinol. 2020; 8: 562-564.

Helvaci N, Eyupoglu ND, Karabulut E, Yildiz BO. Prevalence of
Obesity and Its Impact on Outcome in Patients With COVID-19:
A Systematic Review and Meta-Analysis. Front Endocrinol (Laus-
anne). 2021; 12: 598249.

Kompaniyets L, Goodman AB, Belay B, Freedman DS, Sucosky
MS, et al. Body Mass Index and Risk for COVID-19-Related Hos-
pitalization, Intensive Care Unit Admission, Invasive Mechanical
Ventilation, and Death - United States, March-December 2020.
MMWR Morb Mortal Wkly Rep. 2021; 70: 355-361.

Tai DBG, Shah A, Doubeni CA, Sia IG, Wieland ML. The Dispro-
portionate Impact of COVID-19 on Racial and Ethnic Minorities
in the United States. Clin Infect Dis. 2021; 72: 703-706.

Gammone MA, D’Orazio N. Review: Obesity and COVID-19: A
Detrimental Intersection. Front Endocrinol (Lausanne). 2021;
12:652639.

Korakas E, lkonomidis I, Kousathana F, Balampanis K, Kountouri
A, et al. Obesity and COVID-19: Immune and metabolic derange-
ment as a possible link to adverse clinical outcomes. Am J Physi-
ol Endocrinol Metab. 2020; 319: E105-e109.

Ritter A, Kreis NN, Louwen F, Yuan J. Obesity and COVID-19: Mo-
lecular Mechanisms Linking Both Pandemics. Int J Mol Sci. 2020;
21.

Audibert G, Bannay A, Ziegler O. Obesity paradox in ICU? A topic
of discussion, not a key issue! Int J Obes (Lond). 2022; 46: 1248-
1249.

Stovitz SD, Banack HR, Kaufman JS. Selection bias: The unseen
enemy is always the most fearsome. Int J Obes (Lond). 2022; 46:
1247.

Du Y, Lv Y, Zha W, Zhou N, Hong X. Association of body mass
index (BMI) with critical COVID-19 and in-hospital mortality: A
dose-response meta-analysis. Metabolism. 2021; 117: 154373.




MedDiscoveries LLC

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Huang HK, Bukhari K, Peng CC, Hung DP, Shih MC, et al. The J-
shaped relationship between body mass index and mortality in
patients with COVID-19: A dose-response meta-analysis. Diabe-
tes Obes Metab. 2021; 23: 1701-1709.

Mahamat-Saleh Y, Fiolet T, Rebeaud ME, Mulot M, Guihur A, et
al. Diabetes, hypertension, body mass index, smoking and COV-
ID-19-related mortality: A systematic review and meta-analysis
of observational studies. BMJ Open. 2021; 11: e052777.

Manolis AS, Manolis AA, Manolis TA, Apostolaki NE, Melita H.
COVID-19 infection and body weight: A deleterious liaison in a
J-curve relationship. Obes Res Clin Pract. 2021; 15: 523-535.

So M, Takahashi M, Miyamoto Y, Ishisaka Y, lwagami M, et al.
The effect of obesity on in-hospital mortality among patients
with COVID-19 receiving corticosteroids. Diabetes Metab Syndr.
2021; 16: 102373.

Pranata R, Lim MA, Huang |, Yonas E, Henrina J, et al. Visceral
adiposity, subcutaneous adiposity, and severe coronavirus dis-
ease-2019 (COVID-19): Systematic review and meta-analysis.
Clin Nutr ESPEN. 2021; 43: 163-168.

Vulturar DM, Crivii CB, Orasan OH, Palade E, Buzoianu AD, et al.
Obesity Impact on SARS-CoV-2 Infection: Pros and Cons “Obe-
sity Paradox”-A Systematic Review. J Clin Med. 2022; 11.

Biscarini S, Colaneri M, Ludovisi S, Seminari E, Pieri TC, et al. The
obesity paradox: Analysis from the SMAtteo COvid-19 REgistry
(SMACORE) cohort. Nutr Metab Cardiovasc Dis. 2020; 30: 1920-
1925.

Sezer H, Bulut Canbaz H, Yurdakul F, Ozserezli B, Yazici D. Is obe-
sity paradox valid for critically-ill COVID-19 patients with respira-
tory failure? Turk Thorac J. 2022; 23: 268-276.

Zhang X, Lewis AM, Moley JR, Brestoff JR. A systematic review
and meta-analysis of obesity and COVID-19 outcomes. Sci Rep.
2021; 11: 7193.

den Uil CA, Termorshuizen F, Rietdijk WIR, Sablerolles RSG, van
der Kuy HPM, et al. Age Moderates the Effect of Obesity on Mor-
tality Risk in Critically Ill Patients With COVID-19: A Nationwide
Observational Cohort Study. Crit Care Med. 2023.

Dana R, Bannay A, Bourst P, Ziegler C, Losser MR, et al. Obesity
and mortality in critically ill COVID-19 patients with respiratory
failure. Int J Obes (Lond). 2021; 45: 2028-2037.

Baker JF, Newman AB, Kanaya A, Leonard MB, Zemel B, et al.
The Adiponectin Paradox in the Elderly: Associations With Body
Composition, Physical Functioning, and Mortality. J Gerontol A
Biol Sci Med Sci. 2019; 74: 247-253.

Karampela I, Chrysanthopoulou E, Christodoulatos GS, Dalama-
ga M. Is There an Obesity Paradox in Critical lllness? Epidemi-
ologic and Metabolic Considerations. Curr Obes Rep. 2020; 9:
231-244.

Kooistra EJ, Brinkman S, van der Voort PHJ, de Keizer NF, Don-
gelmans DA, et al. Body Mass Index and Mortality in Coronavirus
Disease 2019 and Other Diseases: A Cohort Study in 35,506 ICU
Patients. Crit Care Med. 2022; 50: el1-e10.

Schiffl H. Obesity and the Survival of Critically Ill Patients with
Acute Kidney Injury: A Paradox within the Paradox? Kidney Dis
(Basel). 2020; 6: 13-21.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

de Nooijer AH, Kooistra EJ, Grondman |, Janssen NAF, Joosten
LAB, et al. Adipocytokine plasma concentrations reflect influ-
ence of inflammation but not body mass index (BMI) on clini-
cal outcomes of COVID-19 patients: A prospective observational
study from the Netherlands. Clin Obes. 2022: e12568.

Tartof SY, Murali SB, Malden DE. Obesity and Mortality Among
Patients Diagnosed With COVID-19. Ann Intern Med. 2021; 174:
887-888.

Kim NH, Kim KJ, Choi J, Kim SG. Metabolically unhealthy indi-
viduals, either with obesity or not, have a higher risk of critical
coronavirus disease 2019 outcomes than metabolically healthy
individuals without obesity. Metabolism. 2022; 128: 154894.

Sanoudou D, Hill MA, Belanger MJ, Arao K, Mantzoros CS. Edito-
rial: Obesity, metabolic phenotypes and COVID-19. Metabolism.
2022; 128: 155121.

Abali H, Kutbay Ozcelik H, Akkutuk Ongel E, Beyhan N, Tokgoz
Akyil F, et al. Prognostic predictors for mortality of patients with
COVID-19 in an intensive care unit. J Infect Dev Ctries. 2022; 16:
1555-1563.

Watase M, Masaki K, Chubachi S, Namkoong H, Tanaka H, et al.
Impact of accumulative smoking exposure and chronic obstruc-
tive pulmonary disease on COVID-19 outcomes: Report based
on findings from the Japan COVID-19 task force. Int J Infect Dis.
2022; 128:121-127.

Griffith GJ, Morris TT, Tudball MJ, Herbert A, Mancano G, et al.
Collider bias undermines our understanding of COVID-19 dis-
ease risk and severity. Nat Commun. 2020; 11: 5749.

Horita N, Kato S, Utsunomiya D. Collider bias and the obesity
paradox. Nutr Rev. 2023; 81: 231-232.

Antonopoulos AS, Oikonomou EK, Antoniades C, Tousoulis D.
From the BMI paradox to the obesity paradox: The obesity-mor-
tality association in coronary heart disease. Obes Rev. 2016; 17:
989-1000.

Darnis S, Fareau N, Corallo CE, Poole S, Dooley MJ, et al. Esti-
mation of body weight in hospitalized patients. Qjm. 2012; 105:
769-774.

McFall A, Peake SL, Williams PJ. Weight and height documenta-
tion: Does ICU measure up? Aust Crit Care. 2019; 32: 314-318.

Khalangot M, Sheichenko N, Gurianov V, Vlasenko V, Kurinna
Y, et al. Relationship between hyperglycemia, waist circumfer-
ence, and the course of COVID-19: Mortality risk assessment.
Exp Biol Med (Maywood). 2022; 247: 200-206.

Peters SAE, MacMahon S, Woodward M. Obesity as a risk factor
for COVID-19 mortality in women and men in the UK biobank:
Comparisons with influenza/pneumonia and coronary heart dis-
ease. Diabetes Obes Metab. 2021; 23: 258-262.

Caleyachetty R, Barber TM, Mohammed NI, Cappuccio FP, Hardy
R, et al. Ethnicity-specific BMI cutoffs for obesity based on type
2 diabetes risk in England: a population-based cohort study. Lan-
cet Diabetes Endocrinol. 2021; 9: 419-426.

Copyright © 2023 Lang SM. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.




