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This narrative review summarizes recent reports to provide an updated understanding of the multiorgan
effects of SARS-CoV-2 infection in obese individuals. A PubMed search of 528 primary articles was
performed, with inclusion based on novelty, relevance and redundancy. Obesity confers an increased risk
for hospitalization, intensive care unit admission, severe pneumonia, intubation and acute kidney injury in
COVID-19 patients. Obesity is also associated with higher levels of inflammatory and thrombotic markers.
However, the associations between obesity and mortality or cardiac injury in COVID-19 patients remain
unclear. Obesity is a risk factor for several respiratory and nonrespiratory COVID-19 complications. Future
work is needed to further explore these relationships and optimize the management of obese COVID-19
patients.
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Background

The initial cases of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), were first reported in Wuhan, China, and have since grown into a global pandemic. As of 5
September 2021, globally there were more than 220 million total confirmed cases of SARS-CoV-2 infection
and over 4.7 million COVID-related deaths [1]. Emerging evidence suggests that obesity and aspects of impaired
metabolic health such as hyperglycemia, hypertension, subclinical inflammation and various comorbidities, such
as diabetes and cardiovascular disease, are associated with a high risk of developing severe COVID-19 [2,3]. Given
the obesity epidemic in the USA, there has been particular interest in research focusing on the mechanisms of
SARS-CoV-2 infection in obese individuals as well as their health outcomes.

There are several potential mechanisms for the increased susceptibility of obese individuals to COVID-19
infection and subsequent complications. SARS-CoV-2 infects human cells in the lung and other tissues by binding to
angiotensin-converting enzyme 2 (ACE2) receptors present on the plasma membrane [4]. ACE2 receptor expression
is increased in adipose tissue compared with that in the lung; thus, obese individuals with more adipose tissue have
increased ACE2 receptor expression, which facilitates the entry of SARS-CoV-2 into adipocytes [5]. As a result,
adipose tissue serves as a reservoir for the virus, and may facilitate its spread to surrounding organs [6,7). Additionally,
a recent study by Shin ez a/. (8 found that the cell surface GRP78, which is highly expressed in adipocytes, facilitates
the binding and accumulation of SARS-CoV-2 in ACE2-expressing cells. The overexpression of GRP78 was found
to be associated with hyperinsulinemia in adipocytes, mediated by stress-responsive transcription factor XBP-1s.
This study highlights the role of GRP78 as a binding partner of the SARS-CoV-2 spike protein and ACE2, which
may contribute to the pathogenesis of severe progression and severe outcomes of COVID-19 in obese patients. Of
note, metabolically healthy obesity exists and is not associated with a large increase in cardiometabolic risk [9,10].
This may be explained by the body fat distribution and adipocyte biology or function in the specific white adipose
tissue fat depots of these individuals. Future &
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Given their increased susceptibility to SARS-CoV-2 infection, it is critical to understand the outcomes and
complications of infection in obese individuals. There has been extensive work examining the association between
obesity and the severity of COVID-19 or respiratory complications. Compared with general obesity, abdominal
or visceral obesity may contribute more to the clinical deterioration associated with SARS-CoV-2 infection via
compromised pulmonary function (decreased diaphragmatic excursion), impaired immune function and chronic
inflammation [11]. Several studies suggest that obesity is strongly associated with an increased risk for hospitalization,
intensive care unit (ICU) admission, and the need for invasive mechanical ventilation (IMV) [12-14]. The relationship
between obesity and mortality or nonrespiratory complications such as renal or cardiovascular function, however,
are less clear. As a result, this review aims to synthesize existing literature on obesity and COVID-19 complications in
order to provide an updated view of the multiorgan effects of SARS-CoV-2 infection in obese patients. Specifically,
we aim to highlight the following COVID-19 outcomes: hospitalization and ICU admission, mortality, pneumonia
and acute respiratory distress syndrome (ARDS), IMV, inflammation and vascular effects, kidney injury and cardiac
injury.

Hospitalization & ICU admission

Numerous studies have found that obesity is associated with a higher risk of hospitalization in COVID-19 patients,
and that this relationship is nonlinear, whereby the risk for hospitalization increases with higher BMI [15-20].
Obesity is also associated with a faster time to hospitalization in patients with community-managed COVID-19
pneumonia. Table 1 lists studies as well as their characteristics, outcome, main findings and limitations.

Steinberg ez al. (15] conducted a retrospective cohort study with 210 younger adult patients (18—45 years old) who
tested positive for SARS-CoV-2 between March and April 2020. Admission was significantly associated with a
BMI over 30 kg/m? (odds ratio [OR]: 2.61; 95% CI: 1.49-4.58; p = .0008). The authors concluded that obesity
is an independent risk factor for hospitalization in young obese patients with COVID-19. Limitations include the
small sample size and the fact that comorbidities that may have impacted the clinical course of COVID-19 were
not taken into consideration. Additionally, Singh ez 4l (18] conducted a retrospective cohort study with a large
nationally representative database of 41,513 adult COVID-19 patients in the USA and found that patients with
any degree of obesity (BMI >30 kg/m?) had a significantly higher risk of hospitalization compared with patients
without obesity.

Kompaniyets ez al. [19] found that among 148,494 adults with COVID-19 at US hospitals between March
and December 2020, BMI was a risk factor for hospitalization, forming a J-shaped nonlinear curve. The risk for
hospitalization was lowest among patients with a BMI of 24.2 kg/m?, defined as a healthy weight, and increased
markedly with higher BMIs. This dose-response relationship was pronounced for patients over 65 years old,
consistent with previous studies [16,17]. A recent study by Cottini ez a/. [20] found that obesity was associated with
a higher hospitalization risk and a shorter interval from infection to hospitalization in patients in Bergamo, Italy
with community-managed COVID-19 pneumonia. Obese patients were more likely to require hospitalization than
nonobese patients (hazard ratio [HR]: 5.83; 95% CI: 3.91-8.71). The findings in this study may not translate to
other ethnic and racial groups, and deserve additional investigation.

Interestingly, Kerrigan e al. (311 demonstrated that cardiorespiratory fitness can attenuate the impact of risk
factors for COVID-19-related hospitalization. In 246 patients who were tested positive for SARS-CoV-2, obesity
was not associated with an increased hospital risk, contradicting the findings of previous studies. However, when
cardiorespiratory fitness was introduced via a clinically indicated exercise stress test (between January 2016 and
February 2020), obesity had a paradoxical protective effect. This may be explained by the cohort composition
of this study, which mainly consisted of patients physically able to perform exercise stress tests on a treadmill.
Additionally, more fit individuals may have had a higher BMI due to increased muscle mass, rather than increased
adipose tissue, highlighting a limitation of using BMI as a sole measure of obesity. Indeed, although BMI is well
suited for population-based studies, BMI is only an estimate of adiposity and is unable to account for body fat
distribution or distinguish between lean muscle versus fat mass [29,31].

Several studies have also shown that obesity is a risk factor for ICU admission [19,21,22,24,28,32,33]. A meta-
analysis published early in the COVID-19 pandemic found that obesity was associated with a 39% increased risk
of developing critical illness, which included ICU admission [34]. Further, Hajifathalian ¢z a/. (32) performed a
retrospective review of 770 adult patients with COVID-19 between March and April 2020 at two hospitals in New
York City. Obese patients (BMI >30 kg/m?) had nearly twice the risk of critical illness leading to ICU admission
compared with normal weight patients after adjusting for confounders such as age, race and troponin level (risk
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ratio (RR): 1.76; p: 0.001). Although another study by Sattar ez a/. (35 found a higher risk of ICU admission
specifically in obese patients <60 years old, Hajifathalian ez 4/. (32] found this association to hold for all age groups.
However, as Hajifathalian ez /. did not include a control group, these findings require external validation to ensure
generalizability to other populations.

Though obese patients appear to have a higher risk of ICU admission, recent studies disagree on whether this also
applies to overweight individuals [21,24]. Al-Salameh ez a/. [24] retrospectively assessed 433 patients with COVID-19
from Amiens University Hospital in France, and found that overweight status — and not only obesity — is associated
with ICU admission. Relative to patients with BMI <25 kg/m?, patients who were overweight or obese had a higher
risk of being admitted to the ICU, with ORs (95% CI) of 3.16 (1.29-8.06) and 3.05 (1.25-7.82), respectively. It
is important to note that several patients were missing BMI data, which may have affected the observed patterns.
However, these results conflict with a study by Motaib ez a/. 21), which found that being overweight was not
associated with ICU admission. The authors assessed 107 patients with confirmed COVID-19 between March
and May 2020, and found that only obesity was associated with ICU admission (OR: 9.11; 95% CI: 1.49-55.84),
though the results are limited by the small sample size. Future studies are needed to clarify the relationship between
overweight status and ICU admission.

Mortality

There is conflicting evidence regarding whether obesity is associated with a higher risk of COVID-19-related
mortality. Ullah ez al. (36) conducted a retrospective cohort study of 176 patients with confirmed COVID-19
between March and May 2020. Patients with higher BMIs had a higher risk of in-hospital mortality (OR: 3.2; 95%
CI: 1.3-8.2; p = 0.01) after adjusting for medication use and baseline comorbidities. Cottini et a/. [20] also found
that obese patients with BMI >30 kg/m? had a higher risk of mortality (p < 0.05) and time-to-death (p = 0.184)
compared with normal weight patients (BMI: 18.5-24.9 kg/m?).

Further, Kompaniyets ez a/. (19] found that BMI was associated with mortality in a dose-dependent manner both
for all ages and split into age <65 years or >65 years. The J-shaped mortality versus BMI curve suggests that obese
patients of all ages with BMI ranging from 30-34.9 kg/m? (adjusted RR 1.08; 95% CI: 1.02-1.14) to >45 kg/m?
(adjusted RR: 1.61; 95% CI: 1.47—1.76) have higher risk of mortality compared with patients who are underweight
(<18.5 kg/m?) or normal weight (18.5-24.9 kg/m?). After adjusting for other underlying comorbidities with a
sensitivity analysis, the authors found weaker associations between BMI and severe COVID-19-associated illness.
This finding may be due to the inclusion of intermediate variables in the relationship between BMI and COVID-19
outcome, such as cardiovascular disease, hypertension, diabetes and cancers. Despite the large sample size, 28% of
patients across the 238 included hospitals were missing height or weight information, precluding inclusion in the
study. A recent study by Huang ez a/. (37] suggests that this J-shaped relationship — which highlights an association
between overweight (20-25 kg/m?) and lower mortality — may be attributable to issues with reverse causation and
the presence of confounders.

However, some recent studies suggest that obesity does not increase the risk for COVID-19-related mortality.
Goyal ez al. 271 did not find an association between BMI and in-hospital mortality for 1687 hospitalized patients
with COVID-19 at two hospitals in New York City. Specifically, overweight status with BMI 25-29.9 kg/m?*
(adjusted HR [aHR]: 0.75; 95% CI: 0.56-1.00), mild to moderate obesity with BMI 30-39.9 kg/m? (aHR:
0.98; 95% CI: 0.70-1.36), and morbid obesity with BMI >40 kg/m? (aHR: 1.41; 95% CI: 0.74—2.70) were not
associated with increased mortality risk compared with reference BMI (18.5-24.9 kg/m?). Wu et al. [22] performed
a retrospective cohort study of 1091 patients at two hospitals in Wuhan, China between January and March 2020,
and found that neither overweight status (BMI: 23-25 kg/m?) nor obesity (>25 kg/m?) — defined according to
WHO recommendations for Asian populations — were found to be significantly associated with mortality compared
with normal weight patients (BMI: 18.5-23 kg/m?) (3s]. Similarly, Nyabera et 4/. [23] found that out of 290 patients
older than 65 years admitted to a New York City hospital with COVID-19 between February and April 2020
(reference BMI: 18.5-30 kg/m?), BMI was not significantly associated with mortality in ranges from less than
18.5 kg/m? (OR: 0.48; 95% CI: 0.11-2.06; p = 0.32) to over 40 kg/m? (OR: 0.50; 95% CI: 0.13-1.85; p = 0.30).

One recent study provided evidence for a possible obesity paradox for COVID-19 patients in the ICU. Dana
et al. 139) performed a retrospective cohort study of 222 ICU patients at a hospital in Nancy, France from February
to April 2020. Interestingly, patients with moderate obesity of BMI 30-39.9 kg/m? had the lowest in-hospital
mortality rate of 13.8%, compared with 17.6% for normal weight (BMI: 18.5-24.9 kg/mz), 21.7% for overweight
(BMI: 25-29.9 kg/m?) and 50% for severe obesity (BMI: >40 kg/m?). A multivariable logistic regression revealed
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there was a significantly higher mortality risk among COVID-19 patients who were normal weight or overweight
(OR: 3.64; 95% CI: 1.38-9.60) or severely obese (OR: 10.45; 95% CI: 2.45-41.09) compared with patients who
were moderately obese. This lends support toward a possible obesity paradox for COVID-19 mortality with ICU
patients, but more studies are necessary to corroborate these findings.

Pneumonia & ARDS

Obesity increases the risk for developing severe pneumonia in patients with COVID-19 [22,26,40,41]. Cai ez al. [40]
performed a study of 383 COVID-19 adult patients admitted to a hospital in Shenzhen, China between January
and February 2020. Patients who were overweight (24.0-27.9 kg/m?) or obese (>28 kg/m?) had 1.86- and 2.42-
fold higher odds, respectively, of developing severe pneumonia. Additionally, overweight men (OR: 1.96; 95% CI:
0.78-4.98) and obese men (OR: 5.70; 95% CI: 1.83— 17.76) had higher risk than overweight women (OR: 1.51;
95% CI: 0.57-4.01) and obese women (OR: 0.71; 95% CI: 0.07-7.30) for developing severe pneumonia. Overall,
obese patients were more likely to progress to severe pneumonia due to COVID-19 infection and to exhibit typical
symptoms of upper respiratory tract infection. These findings are consistent with previous studies demonstrating
that excessive weight gain may increase the risk of developing community-acquired pneumonia [25,30].

Several possible explanations exist for an increased risk of severe COVID-19 pneumonia in the obese patient
population, such as altered respiratory mechanisms, reduced forced vital capacity, increased airway resistance and
inability to exchange gas effectively [4,22,41,42]. Furthermore, given the increased abdominal pressure on the thorax,
the lungs have reduced capacity to expand, leading to ventilation-perfusion mismatch and hypoxemia. Obese
patients may also exhibit a pro-inflammatory state as part of metabolic syndrome or a delayed /weakened immune
response, thereby facilitating SARS-CoV-2 infection and contributing to lung injury.

ARDS is one of the many possible outcomes of severe COVID-19-induced pneumonia [22,26,41,43]. There is
conflicting evidence regarding whether obesity is associated with ARDS in the context of COVID-19 [22,26]. Wu
et al. 22] found a linear relationship between BMI and likelihood of ARDS (p < 0.0001), where obese patients had
increased risk of developing ARDS (HR: 3.15; 95% CI: 1.69-5.88) compared with normal weight patients [22].
However, Nakeshbandi ez a/. [43] examined 684 COVID-19 hospitalized patients between March and April 2020 in
New York City and did not find an association between obesity and ARDS. Given these discrepancies, future work
is needed to clarify the relationship between obesity and ARDS as an outcome of severe COVID-19 pneumonia.

Intubation/IMV
Obesity is associated with a greater risk of intubation in COVID-19 patients [17,18,20,28,43-45]. Frank er al. [44]
conducted a retrospective cohort study of 305 hospitalized COVID-19 patients admitted between March and
April 2020. Obese patients had a 2.3-fold increased risk of intubation or death (95% CI: 1.2-4.3) compared with
normal weight individuals. Patients with a higher BMI also had more respiratory distress on initial presentation,
characterized by dyspnea, requirement for supplemental oxygen and high respiratory rate, which is consistent with
prior studies [46,47]. Although this study includes a small sample size from a single geographic region, the results
were supported by those of Anderson ez al. [17], who studied a retrospective cohort of 2466 hospitalized COVID-19
patients in New York City. In this study, obese patients were found to have a higher risk of intubation or death
independent of age, sex, race/ethnicity or comorbidities. Patients with class I obesity (>40 kg/m?) had the highest
risk (HR: 1.6; 95% CI: 1.1-2.1). Of note, the association between obesity and intubation was only observed in
adults under age 65, suggesting that the prevalence of this outcome may differ between younger and older adults.
Several other studies similarly show that obesity is associated with an increased need for IMV [12,15,22,26,36,41,46].
Simonnet et al. [46) conducted a retrospective cohort study of 124 consecutive COVID-19 patients admitted to
the ICU in a single French medical center between February and April 2020. The proportion of patients requiring
IMV increased gradually with BMI, and was highest in patients with a BMI over 35 kg/m?, reaching 90% even
after adjusting for confounders such as age, diabetes and hypertension. A study by Monteiro ¢t al. [12] further
supports these findings. In a retrospective observational cohort study of 112 patients with COVID-19 admitted
between March and April 2020, obesity was associated with IMV after adjusting for age, sex and comorbidities by
multivariable analysis (OR: 5.82; 95% CI: 1.74-19.48). Goyal ¢t al. [27) found that obesity was an independent
risk factor for respiratory failure and may explain the widespread use of IMV in the USA with patients experiencing
severe COVID-19 infection.
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Table 2. Selected studies on rarer COVID-19 complications.

Study (year) Country Sample size (n =) Defined obesity Defined comparator Rare COVID-19 complication

Hendren et al. (2020) USA 8519 WHO criteriat 18.5-24.9 kg/m? Dialysis, venous thromboembolism,
cardiac events

Jayanama et al. (2021) Thailand 147 >25.0 kg/m? 18.5-22.9 kg/m? AKI

McNeill et al. (2021) USA 781 BMI >30 kg/m? BMI <30 kg/m? Inflammatory markers: CRP, ESR,
IL-6, D-dimer, ferritin

Nakeshbandi et al. (2020) USA 684 BMI >30 kg/m? BMI 18.50-24.99 kg/m? AKI, acute cardiac injury

Onder et al. (2020) Italy 3694 Not available Not available Acute renal failure, shock

Ullah et al. (2021) USA 176 WHO criteriat BMI 18.5-24.9 kg/m? Dialysis

Zhang et al. (2020) China 53 >28.0 kg/m? 18.5-23.9 kg/m? Cardiac injury, coagulation activity

Ref.
[25]

[20]
[26]

[27]
[25]
[29]
[30]

TWHO criteria: underweight (<18.5 kg/m2), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), class 1 obesity (30-34.9 kg/m2), class 2 obesity (35-39.9 kg/m?2) and

class 3 obesity (=40 kg/m?).
AKI: Acute kidney injury; ARDS: Acute respiratory distress syndrome; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.

Inflammation & vascular effects

In addition to the well-known respiratory complications of COVID-19, several other complications involving
various organ systems have been reported in obese patients, including inflammation, thrombosis and shock. Table 2
highlights recent studies examining these and other rarer, less characterized COVID-19 complications. Obese
patients are known to have higher levels of inflammatory and thrombotic markers including C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), peripheral venous blood lymphocyte levels, IL-6 and D-dimer. These
effects are exacerbated in the setting of COVID-19, leading to severe disease and death [13,14,48,49].

McNeill ez al. [49] performed a retrospective observational study of 781 hospitalized COVID-19 patients admitted
between February and April 2020 to Massachusetts General Hospital. Obese patients with a BMI over 30 kg/m?
had significantly elevated peak CRP (147 vs 127 mg/l; p < 0.001), ESR (62 vs 52 mm/h; p = 0.002) and
D-dimer (1785 vs 1570 ng/ml; p = 0.004). CRP and ESR are key indices of inflammation, while D-dimer is an
indicator of fibrinolysis, coagulation and thrombosis. These associations remained significant after adjusting for
age, sex, smoking history and comorbidities such as hypertension (HTN), diabetes mellitus type 2 (DM2), liver
disease, kidney disease and pulmonary disease. However, in this study, inflammatory markers were not recorded at
set intervals. Mechanistic studies are necessary to better understand the relationship of inflammation and clinical
severity of COVID-19 in the obese patient population.

Recent studies suggest that obesity may also be associated with greater risk of venous thromboembolism in
patients hospitalized with COVID-19. Hendren ez a/. (50] performed a retrospective analysis of COVID-19 patient
data from 7606 patients at 88 US hospitals enrolled in the American Heart Association’s COVID-19 Cardiovascular
Disease Registry, with data collected through July 2020. Multivariate Cox models demonstrated that hospitalized
COVID-19 patients with class II obesity (BMI: 35.0-39.9 kg/m?) had higher risk of deep vein thrombosis (DVT)
or pulmonary embolism (PE) (adjusted HR: 1.91; 95% CI: 1.22-2.98) after adjusting for age, sex, race/ethnicity
and comorbidities such as CVD, HTN, DM2 and CKD. Interestingly, this effect was not observed for patients
with class I (BMI 30-34.9 kg/m?) or class III (BMI >40 kg/m?) obesity.

Shock is another complication of COVID-19 that may be exacerbated by obesity. Onder ez a/. 51] analyzed the
medical charts of 3694 patients who died from COVID-19 from a national surveillance system from the Italian
National Institute of Health, with data including up to July 2020. They found that shock was associated with
obesity in patients who died from COVID-19 (OR: 1.54; 95% CI: 1.19-1.99). This effect was more pronounced
in patients under age 60 (OR: 2.37; 95% CI: 1.29-4.36). Of note, BMI data were not available from the database
for this study, and surviving COVID-19 patients were not included, potentially limiting the generalizability of
results.

Acute kidney injury

Obesity is associated with albuminuria, kidney disease and decreased glomerular filtration rate [51]. The chronic
inflammatory state in obese individuals can trigger inflammatory cascades that precipitate acute kidney failure
(AKI) 51). The deposition of ectopic fat in organs including the liver and kidney has also been linked to reduced
organ function and increased clinical severity of COVID-19 [521. Current research on obesity and renal outcomes in
COVID-19 patients suggests that obesity increases the risk for AKI and dialysis [33,41,50,51]. Onder ez 4/. [51] found
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that obesity was significantly associated with increased risk of experiencing AKI (OR: 1.33; 95% CI: 1.04-1.71),
and this effect was more pronounced in patients under age 60 (OR: 2.00; 95% CI: 1.29-4.36).

Jayanama ez 4/. (33] also found that obesity was associated with AKI in their cohort study of 147 adult COVID-19
patients from Thailand. Obese COVID-19 patients had a higher rate of AKI after adjusting for age, sex, diabetes,
hypertension and dyslipidemia. The pathogenesis underlying AKI in obese COVID-19 patients may involve various
mechanisms including prerenal azotemia, acute tubular necrosis, direct viral injury, thrombotic microangiopathy
and obesity-related inflammation [53]. Additionally, several outcomes such as pneumonia, ARDS and IMV — which
may result from COVID-19 infection — may predispose patients to AKI. Consistent with this, several studies have
also demonstrated that obese COVID-19 patients are at an increased risk for dialysis [41,50].

Cardiac injury

Obesity has been linked to cardiac and metabolic diseases such as diabetes and hypertension [33,50,54,55]. Additionally,
obesity has been shown to increase the risk of cardiovascular influenza-related complications, leading to increased
mortality risk following viral infection [14]. There is conflicting evidence regarding whether there is an association
between obesity and cardiac injury in COVID-19 patients [14,17,43,50].

Zhang et al. (14] characterized COVID-19 mortality risk in a young obese patient population 14—45 years old.
Compared with survivors, deceased patients had a higher BMI (OR: 1.354; 95% CI: 1.075-1.704; p = 0.010) and
higher levels of high-sensitive cardiac troponin I, a cardiac injury biomarker (OR: 1.420; 95% CI: 1.112-1.814;
p = 0.005). N-terminal probrain natriuretic peptide, another indicator of myocardial damage, was also elevated in
deceased patients (OR: 147.5; p = 0.008). Based on these findings, enhanced cardiac injury may be a potential
mechanism by which obesity confers higher mortality risk in young COVID-19 patients.

Conversely, there are conflicting studies in the literature that have found that BMI is not associated with cardiac
injury in COVID-19 [17,43,50). Hendren ez /. (50 found that among 7,606 patients, BMI was not a risk factor for
major adverse cardiac events such as heart failure or myocardial infarction even after adjusting for age. Anderson
et al. (17) and Nakeshbandi ez al. 143 assessed troponin levels as a marker of cardiac injury, and also did not find an
association between obesity and cardiac injury in COVID-19 patients. The discrepancies in findings may be due
to differences in the cardiac injury biomarkers that were assessed. Future work is needed to clarify the relationship
between obesity and cardiac injury in COVID-19 patients.

Conclusion & future perspective

The present COVID-19 pandemic has been, and continues to be, a severe cause of disease and death worldwide.
It has disproportionately affected patients with various comorbidities that worsen the course of the disease, one
of which is obesity. Especially given the high prevalence of obesity in the USA and globally, it is important to
continue investigating the impact of obesity on COVID-19 severity, mortality and complications — especially
the less-studied inflammatory, vascular, renal and cardiac complications in addition to respiratory effects. Despite
this, the findings suggest that multidisciplinary care, often delivered in tertiary care referral medical centers, is
required to optimize management of these patients with respect to these complications in order to prevent lasting
organ damage, prolonged hospitalization or death as a result of COVID-19 infection. Finally, continuing research
is necessary to fully characterize the impact that increased BMI has on these various obese subgroups regarding
outcomes and complications, with the ultimate goal of optimizing care of the obese COVID-19 patient during
acute and chronic exacerbations. This work will enable a greater understanding of the pathogenic mechanisms
underlying COVID-19 as well as its specific respiratory and nonrespiratory mechanisms — ultimately to inform best
practices in management to minimize morbidity and mortality, as well as in the development of targeted diagnostics
and therapeutics to address the most significant manifestations of COVID-19 and other coronavirus diseases in
patients with obesity.
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Executive summary

COVID-19 obesity complications  Review

e In addition to the well-characterized respiratory complications of COVID-19, there are several nonrespiratory
manifestations of COVID-19 that may be exacerbated in obese patients.

e BMI is nonlinearly associated with increased risk of hospitalization, faster time to hospitalization and increased
risk of intensive care unit admission in patients with COVID-19.

e There is conflicting evidence regarding whether obesity is associated with increased COVID-19 mortality, but an
obesity paradox is unlikely.

e Obesity is associated with increased risk of severe pneumonia as well as the need for invasive mechanical
ventilation in COVID-19 patients, but it is unclear if obese COVID-19 patients have an increased risk of acute
respiratory distress syndrome.

e COVID-19 patients with obesity are more likely to have increased inflammatory markers, risk of thrombosis and
risk of shock.

e Obesity is associated with acute kidney injury and the need for dialysis in the setting of COVID-19.

e It is unclear whether obese patients with COVID-19 have increased markers of cardiac injury or increased risk of
major cardiac events.

References

Papers of special note have been highlighted as:  of interest; ®e of considerable interest

1.
2.

10.

11.

13.

14.

16.

COVID-19 Map [Internet]. Johns Hopkins Coronavirus Resource Center. https://coronavirus.jhu.edu/map.html

Williamson EJ, Walker AJ, Bhaskaran K ez a/. Factors associated with COVID-19-related death using OpenSAFELY. Nazure 584(7821),
430-436 (2020).

Stefan N, Birkenfeld AL, Schulze MB. Global pandemics interconnected — obesity, impaired metabolic health and COVID-19. Naz. Rev.
Endocrinol. 17(3), 135-149 (2021).

Sanchis-Gomar F, Lavie CJ, Mehra MR, Henry BM, Lippi G. Obesity and outcomes in COVID-19: when an epidemic and pandemic
collide. Mayo Clin. Proc. 95(7), 1445-1453 (2020).

JiaX, Yin C, Lu S ez al. Two things about COVID-19 might need attention (2020).
https://www.preprints.org/manuscript/202002.0315/v1

Kruglikov IL, Scherer PE. The role of adipocytes and adipocyte-like cells in the severity of COVID-19 infections. Obesity 28(7),
1187-1190 (2020).

Bourgeois C, Gorwood ], Barrail-Tran A et al. Specific biological features of adipose tissue, and their impact on HIV persistence. Front.
Microbiol. 10, 2837 (2019).

Shin J, Toyoda S, Nishitani S ez a/. Possible involvement of adipose tissue in patients with older age, obesity, and diabetes with
coronavirus SARS-CoV-2 infection (COVID-19) via GRP78 (BIP/HSPAS5): significance of hyperinsulinemia management in
COVID-19. Diabetes 69(Suppl. 1), 1094-P (2020).

Stefan N, Hiring H-U, Schulze M. Metabolically healthy obesity: the low-hanging fruit in obesity treatment? Lancet Diabetes Endocrinol.
6(3), 249-258 (2018).

Stefan N. Causes, consequences, and treatment of metabolically unhealthy fat distribution. Lancet Diabetes Endocrinol. 8(7), 616-627
(2020).

Sanchis-Gomar F, Lavie CJ, Neeland IJ, Lippi G. Does abdominal obesity influence immunological response to SARS-CoV-2
infection? Expert Rev. Endocrinol. Metab. 16(6), 271-272 (2021).

Monteiro AC, Suri R, Emeruwa IO ez 4/. Obesity and smoking as risk factors for invasive mechanical ventilation in COVID-19: a
retrospective, observational cohort study. PLoS One 15(12), €0238552 (2020).

Kang Z, Luo S, Gui Y ¢# al. Obesity is a potential risk factor contributing to clinical manifestations of COVID-19. Inz. J. Obes. 2005
44(12), 2479-2485 (2020).

One of few studies assessing the relationship between obesity and inflammatory markers, lymphocyte levels and pathological
changes in the lung in the context of COVID-19 infection.

Zhang F, Xiong Y, Wei Y ez al. Obesity predisposes to the risk of higher mortality in young COVID-19 patients. /. Med. Virol. 92(11),
2536-2542 (2020).

One of very few studies seeking to understand the relationship between obesity and cardiac injury or coagulation activity in the
setting of COVID-19.

Steinberg E, Wright E, Kushner B. In young adults with COVID-19, obesity is associated with adverse outcomes. West. J. Emerg. Med.
21(4), 752755 (2020).

Tartof SY, Qian L, Hong V ez al. Obesity and mortality among patients diagnosed with COVID-19: results from an integrated health
care organization. Ann. Intern. Med. 173(10), 773-781 (2020).

future science group

10.2217/cer-2021-0237


https://coronavirus.jhu.edu/map.html
https://www.preprints.org/manuscript/202002.0315/v1

Review Liu, Lee, Lui, White & Samuels

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Anderson MR, Geleris ], Anderson DR e al. Body mass index and risk for intubation or death in SARS-CoV-2 infection: a retrospective
cohort study. Ann. Intern. Med. 173(10), 782-790 (2020).

Singh S, Bilal M, Pakhchanian H, Raiker R, Kochhar GS, Thompson CC. Impact of obesity on outcomes of patients with coronavirus
disease 2019 in the United States: a multicenter electronic health records network study. Gastroenterology 159(6), 2221-2225 (2020).

Kompaniyets L, Goodman AB, Belay B ¢z a/. Body mass index and risk for COVID-19-related hospitalization, intensive care unit
admission, invasive mechanical ventilation, and death — United States, March—-December 2020. Morb. Mortal. Wkly Rep. 70(10),
355-361 (2021).

Demonstrates a dose-dependent, J-shaped relationship between BMI and hospitalization, intensive care unit admission and
mortality. Patients were extracted from a large nationwide database of 148,494 US adults with COVID-19.

Cottini M, Lombardi C, Berti A, Primary Care Physicians, ATS Province of Bergamo, Italy. Obesity is a major risk factor for
hospitalization in community-managed COVID-19 pneumonia. Mayo Clin. Proc. 96(4), 921-931 (2021).

Motaib I, Zbiri S, Elamari S, Dini N, Chadli A, El Kettani C. Obesity and disease severity among patients with COVID-19. Cureus
13(2), e13165 (2021).

Wu X, Li C, Chen S et al. Association of body mass index with severity and mortality of COVID-19 pneumonia: a two-center,
retrospective cohort study from Wuhan, China. Aging 13(6), 7767-7780 (2021).

Nyabera A, Lakhdar S, Li M, Trandafirescu T, Ouedraogo Tall S. The association between BMI and inpatient mortality outcomes in
older adults with COVID-19. Cureus 12(10), e11183 (2020).

Al-Salameh A, Lanoix J-P, Bennis Y ez al. The association between body mass index class and coronavirus disease 2019 outcomes. /nt. /.
Obes. 2005 45(3), 700-705 (2021).

Louie JK, Acosta M, Samuel MC et a/. A novel risk factor for a novel virus: obesity and 2009 pandemic influenza A (HIN1). Clin. Infect.
Dis. 52(3), 301-312 (2011).

Wang J, Zhu L, Liu L ez al. Overweight and obesity are risk factors of severe illness in patients with COVID-19. Obes. Silver Spring Md.
28(11), 2049-2055 (2020).

Goyal P, Ringel JB, Rajan M ez al. Obesity and COVID-19 in New York City: a retrospective cohort study. Ann. Intern. Med. 173(10),

855-858 (2020).

Demonstrates that obesity is a risk factor for respiratory failure and explains how this may contribute to greater use of invasive

mechanical ventilation. The study included a relatively large sample size of 1687 patients in New York.

Suresh S, Siddiqui M, Abu Ghanimeh M et a/. Association of obesity with illness severity in hospitalized patients with COVID-19: a
retrospective cohort study. Obes. Res. Clin. Pract. 15(2), 172-176 (2021).

Lavie CJ, Sanchis-Gomar F, Arena R. In reply — cardiorespiratory fitness attenuates the impact of risk factors associated with COVID-19
hospitalization. Mayo Clin. Proc. 96(3), 823-824 (2021).

Morgan OW, Bramley A, Fowlkes A et 2. Morbid obesity as a risk factor for hospitalization and death due to 2009 pandemic influenza A
(HIN1) disease. PLoS One 5(3), €9694 (2010).

Kerrigan DJ, Brawner CA, Ehrman JK, Keteyian S. Cardiorespiratory fitness attenuates the impact of risk factors associated with

COVID-19 hospitalization. Mayo Clin. Proc. 96(3), 822-823 (2021).

Hajifathalian K, Kumar S, Newberry C ez al. Obesity is associated with worse outcomes in COVID-19: analysis of early data from New
York City. Obes. Silver Spring Md. 28(9), 1606-1612 (2020).

Jayanama K, Srichatrapimuk S, Thammavaranucupt K ¢z a/. The association between body mass index and severity of Coronavirus
Disease 2019 (COVID-19): a cohort study. PLoS One 16(2), €0247023 (2021).

Suggests that COVID-19 patients with higher BMI may have greater risk of acute kidney injury, in addition to higher rates of
pneumonia.

Sharma A, Garg A, Rout A, Lavie CJ. Association of obesity with more critical illness in COVID-19. Mayo Clin. Proc. 95(9), 20402042
(2020).

Sattar N, Ho FK, Gill JM ez a/. BMI and future risk for COVID-19 infection and death across sex, age and ethnicity: preliminary
findings from UK Biobank. Diabetes Metab. Syndr. 14(5), 1149-1151 (2020).

Ullah W, Roomi S, Nadeem N ez 2/. Impact of body mass index on COVID-19-related in-hospital outcomes and mortality. /. Clin.
Med. Res. 13(4), 230-236 (2021).

Huang H-K, Bukhari K, Peng CC-H et a/. The J-shaped relationship between body mass index and mortality in patients with
COVID-19: a dose-response meta-analysis. Diabetes Obes. Metab. 23(7), 1701-1709 (2021).

WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention
strategies. Lancet 363(9403), 157-163 (2004).

Dana R, Bannay A, Bourst P ez a/. Obesity and mortality in critically ill COVID-19 patients with respiratory failure. /nt. J. Obes.
45,2028-2037 (2021).

Suggests a possible obesity paradox in COVID-19 mortality for intensive care unit patients.

10.2217/cer-2021-0237

J. Comp. Eff. Res. (Epub ahead of print) future science group



40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

COVID-19 obesity complications

Cai Q, Chen F, Fang L ez al. Obesity and COVID-19 severity in a designated hospital in Shenzhen, China. Social Science Research
Network, NY, USA. https://papers.ssrn.com/abstract=3556658

Lemyze M, Courageux N, Maladobry T ez 4/. Implications of obesity for the management of severe coronavirus disease 2019 pneumonia.
Crit. Care Med. 48(9), e761-e767 ( 2020).

Dietz W, Santos-Burgoa C. Obesity and its Implications for COVID-19 Mortality. Obesizy 28(6), 1005-1005 (2020).

Nakeshbandi M, Maini R, Daniel P ¢¢ a/. The impact of obesity on COVID-19 complications: a retrospective cohort study. Inz. J. Obes.
44(9), 1832-1837 (2020).

Frank RC, Mendez SR, Stevenson EK, Guseh ]S, Chung M, Silverman MG. Obesity and the risk of intubation or death in patients with
coronavirus disease 2019. Crit. Care Med. 48(11), e1097—e1101 (2020).

Singh R, Rathore SS, Khan H ez al. Association of obesity with COVID-19 severity and mortality: a systemic review and
meta-regression. medRxiv https://www.medrxiv.org/content/10.1101/2021.05.08.21256845v1

Simonnet A, Chetboun M, Poissy J ez al. High prevalence of obesity in severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
requiring invasive mechanical ventilation. Obes. Silver Spring Md. 28(7), 1195-1199 (2020).

Lighter J, Phillips M, Hochman S ez a/. Obesity in patients younger than 60 years is a risk factor for COVID-19 hospital admission.
Clin. Infect. Dis. 71(15), 896-897 (2020).

Pasquarelli-do-Nascimento G, Braz-de-Melo HA, Faria SS, Santos I de O, Kobinger GP, Magalhaes K. Hypercoagulopathy and adipose
tissue exacerbated inflammation may explain higher mortality in COVID-19 patients with obesity. Front. Endocrinol. 11, 530 (2020).

McNeill JN, Lau ES, Paniagua SM et al. The role of obesity in inflammatory markers in COVID-19 patients. Obes. Res. Clin. Pract.
15(1), 96-99 (2021).

Hendren NS, de Lemos JA, Ayers C ez al. Association of body mass index and age with morbidity and mortality in patients hospitalized
with COVID-19: results from the American Heart Association COVID-19 Cardiovascular Disease Registry. Circulation 143(2),
135-144 (2021).

One of few studies assessing the relationship between obesity and nonrespiratory outcomes such as dialysis, venous
thromboembolism and cardiac events in the setting of COVID-19.

Onder G, Palmieri L, Vanacore N, Giuliano M, Brusaferro S, Italian National Institute of Health COVID-19 Mortality Group.
Nonrespiratory complications and obesity in patients dying with COVID-19 in Italy. Obes. Silver Spring Md. 29(1), 20-23 (2021).
Deng M, Qi Y, Deng L ez al. Obesity as a potential predictor of disease severity in young COVID-19 patients: a retrospective study.
Obes. Silver Spring Md. 28(10), 1815-1825 (2020).

Batlle D, Soler MJ, Sparks MA ¢t al. Acute kidney injury in COVID-19: emerging evidence of a distinct pathophysiology. /. Am. Soc.
Nephrol. 31(7), 1380-1383 (2020).

Zhou F, Yu'T, Du R ¢t al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancer 395(10229), 1054-1062 (2020).

Mokdad AH, Ford ES, Bowman BA ez a/. Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001. JAMA 289(1),
76-79 (2003).

Review

future science group

10.2217/cer-2021-0237


https://papers.ssrn.com/abstract=3556658
https://www.medrxiv.org/content/10.1101/2021.05.08.21256845v1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


