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ARTICLE INFO ABSTRACT

While substantial evidence points towards obesity and associated cardiometabolic disorders being a major factor
for poor outcomes in SARS-CoV?2 infections (COVID-19), the complexity of the interplay between these two pan-
demics is becoming apparent. Indeed, as previously defined, this interaction between obesity and COVID-19 rep-
resents a ‘syndemic’ that requires both current and ongoing attention. At a mechanistic level the chronic
inflammatory environment of obesity predisposes to life threatening events such as cytokine storm and en-
hanced coagulopathy. Obesity and its management are affected by diverse factors manifested at societal, educa-
tional, racial, and nutritional levels. A multidisciplinary approach is required to manage obese and type 2 diabetic
patients, not only during the current COVID-19 crisis, but to decrease the growing burden of cardiometabolic dis-
ease and associated cardiovascular complications impacting future viral pandemics. Further, this syndemic has
highlighted disparities in healthcare which need to be addressed to achieve equality in health outcomes in pa-
tients infected with COVID-19.

© 2020 Elsevier Inc. All rights reserved.

The current COVID-19 pandemic resulting from exposure to the RNA
virus, SARS-CoV2, is a major cause of morbidity and mortality on a
global scale. By the beginning of October 2020 there was more than
34,000,000 cases and over 1,000,000 deaths worldwide, with these
numbers continuing to increase. Although initial emphasis was placed
on its effects on the respiratory system it is now clear that COVID-19
is a systemic, multi-system disorder (Fig. 1). An apparent universal find-
ing is that several chronic cardiometabolic disease states are associated
with an increased predilection for adverse SARS-CoV2 infection out-
comes. In particular, these conditions include diabetes, hypertension,
cardiovascular disease (CVD) and chronic renal disease [1-9]. All of
these chronic diseases are more common in males and in aging popula-
tions which are also populations with poorer outcomes in patients
contracting SARS-CoV2 infection [10]. These observations suggest that
there may be a common underlying denominator that predisposes to
poorer outcomes in these populations. An integral underlying condition
that links these disease states is obesity. To this point, increased adipose
tissue mass, especially when deposited centrally, is a major risk factor
for cardiometabolic abnormalities including insulin resistance, dyslipid-
emia, hypertension and systemic inflammation, which ultimately lead
to diabetes, exacerbated hypertension, cardiovascular disease, NASH
and chronic kidney disease [11-14].
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Indeed, early reports from China and Italy indicated that obesity,
even at relatively mild levels, predisposes to increased morbidity and
mortality in patients with SARS-CoV2 infection [1,15], as was also re-
ported in those with influenza A (HIN1) disease [16]. This relationship
between obesity and poorer outcomes in COVID-19 infection has now
been seen in a number of countries including the US, France, Spain
and Mexico [15,17,18]. For example, increased risk for a poor Covid-19
outcome was seen at a BMI > 24.0 in a report from Shenzhen, China -
a BMI that would be considered ‘normal’ in many societies, indicating
that increasing risk starts with even high normal BMI and the risk in-
creases progressively with increasing degrees of obesity. Subsequently,
a number of early meta- analyses of studies from wide geographical re-
gions have confirmed the impact of obesity on COVID-19 outcomes and
have provided a more accurate effect estimate of the association.
Further, the presence of obesity may shift the severity of COVID-19 in-
fection and increased mortality to younger populations [19-21]. How-
ever, an important question is whether obesity is the root cause of the
problem and/or whether its association with other cardiometabolic
entities with the severity of COVID-19 infection and outcomes are
independent.

A recent study reported in Metabolism [22] provided novel insights
regarding the role of obesity and associated disorders in promoting poor
outcomes in SARS-CoV?2 infected patients. Obesity was identified as a
critical underlying cause of poor outcome in a specific cohort of 200 in-
fected Covid-19 patients in the Bronx borough in New York City. The
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Fig. 1. Obesity is a contributor to poor outcomes in COVID-19. While obesity is a common factor in several comorbidities that have been implicated as risk factors for morbidity and
mortality associated with COVID-19 infection, complex interactions exist not only at the cellular level but as relates to the multifactorial issues underlying fat distribution. This
schematic has drawn on ideas presented in recent publications [35,38,67]. GIT - gastrointestinal tract; NAFLD - non alcohol fatty liver disease.

patient population in the Bronx cohort, unlike prior reported homoge-
neous COVID-19 populations, was largely of African American and
Hispanic (approximately 85%) makeup. This ethnic breakdown is consid-
erably different from an earlier study of a wider New York City area where
these groups approximated some 50% of COVID-19 patients [23]. Impor-
tantly, the report from the Bronx included patients representing under-
served and economically disadvantaged minorities; thus, revealing the
outcomes of COVID-19 in this vulnerable population where there is a pau-
city of information. Another strength of this study was the use of multi-
variable models to statistically dissect pathways of variables associated
with the outcomes of interest and that severe obesity, assessed as a BMI
of 35 kg/m? or greater, was treated as a dichotomous, as well as a contin-
uous variable in this analysis. Thus, the authors were able to show that
obesity is an independent predictor of poorer outcome with COVID-19 in-
fections in this vulnerable population. This approach adjusted for associ-
ated diseases such as diabetes, age, hypertension and cardiovascular
disease and thus excluded them as significant confounders in this associ-
ation indicating that obesity is at the root cause of the problem.

Several recent papers in Metabolism (one a meta-analysis of 16
studies including nearly 110,000 infected patients [24]; a similar meta-
analysis of 45, 650 patients [25]; and the other a regional study) have
now strengthened the observed relationship between obesity and ad-
verse COVID-19 outcomes/severity. Further, these analyses suggest a rel-
atively linear relationship between BMI and COVID-19 severity such that
patients classified as overweight also show an increased risk for a poor
outcome or death. In the study of Du this relationship was again shown
to be independent of a number of other comorbidities [24].

An additional consideration relates to the contribution of body com-
position and specific fat depots vs. overall obesity. In this regard, two re-
cent brief retrospective studies [26,27] have reported that increased
visceral fat, determined using CT scans, is predictive of the severity of
COVID-19 infection as defined by the need for admission to intensive
care units and mechanical ventilation. Further, increased visceral fat was
more predictive of a severe outcome than was increased subcutaneous
fat. Importantly, visceral fat accumulation is more closely associated to in-
flammatory disorders including the cardiometabolic syndrome and type
2 diabetes [28]. Both studies further provided evidence for the utility of
CT scans routinely taken in the context of care to assess lung involvement
also provide abdominal fat information in hospitalized COVID-19 patients

were superior to BMI, particularly in aging populations where body com-
position changes markedly. Another study reported that the presence of
fatty liver (metabolic associated fatty liver disease), another condition as-
sociated with excess body and visceral fat as determined by CT scans, was
associated with a more severe clinical course for Covid-19 infection [29].
In this study obesity was defined as BMI >25 kg/m? perhaps indicating
the importance of fat deposition in the liver as well as abdominal adipos-
ity as opposed to BMI, per se. Also, important to consider, body fat distri-
bution for a given BMI is also impacted by other factors including sex and
race. Relevant to this, using data from the UK Biobank, a population-based
cohort study, Zhu et al. [30] examined the relationship between a calcu-
lated polygenic risk score for obesity and COVID-19 severity. A higher
risk score for BMI was associated with COVID-19 outcome perhaps indi-
cating a role for genetic predisposition for obesity and poor outcome
[30]. While future research will be required to identify specific genetic
mechanisms, this could conceivably lead to a more personalized medicine
approach for prevention or treatment.

It has further been suggested that SARS-CoV2 infection may impact
adipose tissue specifically associated with cardiovascular structures, spe-
cifically epicardial and perivascular fat [31-33]. Increased adipose tissue
in theses organs has been associated with inflammation, immune cell ac-
tivation and cardiovascular disorders. Specific involvement of these fat
depots in the course of COVID-19 infection requires further study.

An important question regarding the mechanism(s) by which obe-
sity predicts a poor outcome in heterogeneous COVID-19 populations
including minority patients, as well as in more homogeneous popula-
tions from China, Italy and Spain. Suggested impacting factors have in-
cluded an increased susceptibility to infection; mechanical factors
impairing ventilation (obesity hypoventilation syndrome and obstruc-
tive sleep apnea), particularly when intubation is required [34,35];
obesity-related abnormalities in coagulation, fibrinolysis, inflammation,
oxidative stress and disturbances in microcirculatory function [36-38].
In this regard, obesity represents a state of adipose tissue and systemic
inflammation [39,40] (Fig. 1).

Metabolic changes in adipose tissue in the setting of obesity include
expansion of inflammatory immune cell populations, increased secre-
tion of inflammatory molecules and hormones including tumor necrosis
factor «, interleukin 6, angiotensinogen, angiotensin II, aldosterone,
leptin, resistin, and monocyte chemoattractant protein-1, and reduced
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secretion of the anti-inflammatory molecule adiponectin. This adipose
tissue-induced inflammatory state is evidenced by increased levels of
interleukin 6 and other inflammatory cytokines seen with coronavirus
infections including SARS-CoV, MERS-CoV and SARS-CoV2 [41]. Ele-
vated circulating levels of these inflammatory cytokines likely impairs
vascular insulin metabolic signaling and associated nitric oxide medi-
ated smooth muscle cell relaxation. There is increased recruitment
and activation of pro-inflammatory immune cells into the vasculature,
which then contribute to development of increased vascular permeabil-
ity which enhances the ability of the virus to invade tissues such as the
heart, vasculature, kidney and gut. Thus, the “inflammatory storm” seen
with this disease may be coupled with an overactive immune system
that exists in obesity.

Adipose tissue has also been suggested to act as reservoir for the
SARS-CoV?2 virus, contributing to viral shedding and associated amplifi-
cation of cytokine production [35]. This, however, requires further in-
vestigation as visceral fat samples from a small number (n = 4)
COVID-19 positive patients undergoing abdominal surgery were nega-
tive for viral RNA as detected by quantitative PCR [42]. Of additional im-
portance to the relationship between obesity and COVID-19 infection is
the involvement of the renin angiotensin Il aldosterone system (RAAS).
Obesity is associated with systemic and fat tissue RAAS activation with
elevated aldosterone levels, which contribute to inflammation [43].
while ACE2 has been identified as the receptor for cellular uptake of
SARS-CoV2 [44] and is expressed in adipose tissue [35]. While a prelim-
inary study has reported increased ACE2 mRNA expression in visceral
compared to subcutaneous adipose tissue (Favre, under review) further
studies are required to determine whether ACE2 protein is upregulated
with visceral adiposity, particularly in the context of SARS-CoV-2 infec-
tion. Related to this, a further study has reported that following weight
loss, mRNA expression for ACE2 in subcutaneous adipose tissue de-
creased in a cohort of non-COVID patients (n = 143; BMI > 27 kg/m?)
[45]. Interestingly, subjects showing the greatest decrease in ACE2
mRNA showed a higher degree of skeletal muscle insulin resistance,
suggesting a relationship between ACE2 and insulin sensitivity [45].
The relevance of these finding to SARS-CoV2 infection, however, re-
quires further study. Regardless of the exact cellular mechanisms, obe-
sity and the associated systemic inflammatory state may be a common
denominator underlying the poorer outcomes in patients with underly-
ing diabetes, hypertension and CVD, especially in minorities with a high
prevalence of these disorders. To this point, COVID-19 has been de-
scribed as a modern day example of Virchow's Triad (damage to the vas-
cular wall, stasis/impaired flow and hypercoagulation) exacerbated by
obesity and associated metabolic abnormalities [38] (Fig. 1).

Suboptimal diet is a known cause of the cardiometabolic syndrome,
diabetes and CVD with quality of diet being affected by race, ethnicity,
and socioeconomic status [46]. Nutritional status further impacts im-
mune function and levels of systemic inflammation [47]. As a result of
such information, the issue of maintaining an appropriate nutritional
diet during the COVID-19 pandemic has been raised and is of particular
importance given the COVID-19 pandemic converges with the obesity
pandemic to create a syndemic. In particular, the benefit of a Mediterra-
nean Diet (MD) rich in fruits, vegetables, cereals, legumes, fish and
monounsaturated/polyunsaturated fatty acids has been advocated. Im-
portantly, consumption of a MD has been linked to having cardiovascu-
lar and general health benefits including through decreasing levels of
obesity and exerting favorable effects on components of the cardiomet-
abolic syndrome. Mechanistically the benefits of a MD may result from
lower energy density, higher fiber intake, reduced intake of saturated
fats and improved antioxidant defense mechanisms. Even in areas
where it may be expensive to buy fruits and vegetables or other more
expensive components of the MD, consumption of less costly dried
fruits such as raisins/ which have anti-oxidative and inflammatory ac-
tivities [48], could potentially benefit or prevent severe infections
[49,50]. Relevant to the outcome severity for COVID-19 infection such
diets have been reported to decrease systemic inflammation and
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blood coagulation [51]. Further, a MD has been shown to exert
beneficial effects in those with the cardiometabolic syndrome [52] and
diabetes [53,54]. In order to assess the benefits of a MD in those with
COVID-19 studies have been initiated during lockdown periods in
both Spain (COVIDiet Study [55]) and Italy (EHLC-COVID19) [56]. Im-
portantly, the Italian study also assesses lifestyle habits in terms of
smoking, sleep quality, physical activity and shopping choices. While
both studies indicate there is good short-term adherence to the MD
they further seek to describe long term adherence and impact on
chronic disease including susceptibility and outcomes to COVID-19. As
inexpensive diets high in refined carbohydrates, especially those con-
taining high amounts of fructose corn syrup, promote obesity and type
2 diabetes [57,58] consideration should also be given to restricting
their intake or possibly following vegetarian/plant-based diets which
have been shown to have beneficial effects on obesity and CV health
[59].

The possible role of dietary supplements in COVID-19 prevention
and treatment has been raised in both the popular press and medical lit-
erature [60] and considerable interest has been directed towards a pos-
sible association between low vitamin D levels and poorer outcomes of
COVID-19 infection [61]. Interestingly, and relevant to the above discus-
sion, a recent studied showed that adherence to a MD both decreased
obesity and enhanced vitamin D levels [62]. As vitamin D deficiency
has been suggested to be common, particularly in people of African
American and Hispanic descent, it has been proposed that efforts should
be made to correct low vitamin D levels in communities at risk for
COVID-19 infection [63] until randomized clinical trials confirm its pro-
tective role or alternatively show that the observed associations might
be due to uncontrolled confounding by obesity or other factors. Collec-
tively, these observations also support the need to consider the role
played my micronutrients in healthy diets in reducing inflammation
and minimizing risk of infection.

Given the contribution of obesity and cardiometabolic comorbidities
to poor outcomes following COVID-19 infection, pharmacological treat-
ments should be prioritized towards body weight loss and decreasing
CVD risk factors. Consistent with this approach glucose lowering agents,
incretins and SGLT2 inhibitors represent potential therapeutic classes
meeting this aim [64,65]. Adequate preventative management of glyce-
mia and lipids, along with monitoring of blood pressure and physical ac-
tivity in patients with diabetes during the COVID-19 pandemic has
recently been highlighted [66].

Also, increasingly recognized is that the impact of obesity needs to
be considered beyond mechanistic interactions at a cellular and organ
level. Indeed, psychological and societal factors including ethnic differ-
ences, health and nutritional disparities [67-72] and weight stigma
[73] should be taken into consideration The impact of obesity in specific
ethnic/racial groups has been similarly observed in other Northern and
Central American minority communities including Native Americans
and people of Mexican/Hispanic descent. This represents a considerable
health and resource concern to these communities as the prevalence of
adult obesity in Mexico is approximately 40% in women and 27% in men.
Similarly, the prevalence of obesity (BMI > 30 kg/m?) in Native
Americans in the US is greater than 48% (https://minorityhealth.hhs.
gov/omh/browse.aspx?lvl=4&lvlid=40). The widespread finding of an
association between obesity, especially abdominal obesity, and COVID-
19 severity strengthens the likelihood of a causative relationship for
poor outcome in these minority populations and likely applies to other ra-
cial minorities showing poorer COVID-19 outcomes [72] (https://www.
ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/
deaths/articles/coronavirusrelateddeathsbyethnicgroup
englandandwales/2march2020to10april2020#ethnic-breakdown-of-
deaths-by-age-and-sex).

Recently, in the context of COVID-19 outcomes, the complex rela-
tionships between health disparities and obesity have been raised
[67,69,70]. Access to healthy foods, medical services, public health ini-
tiatives and nutritional education contribute to poor nutrition and
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obesity, particularly in disadvantaged communities. Such factors are
considered to favor the excess consumption of nutrient dense foods,
high in refined carbohydrates, that lead to obesity [74]. This situation
appears to be further complicated by socioeconomic factors, leading to
denser living and work environments that does not favor social distanc-
ing or the ability to ‘work from home’. Related to this, Townshend et al.
have provided a very interesting and important perspective on the rela-
tionship between obesity and the course of COVID-19 infection, empha-
sizing the impact of an obesity stigma in leading to health disparities
[73]. Accordingly, this stigma may be reflected in both a patient's reluc-
tance to seek healthcare, and poorer care as a result of a negative stereo-
type that healthcare providers may unwittingly apply to this population.
Both of these situations add to the mechanistic and social interactions
that occur between the obese state and poor COVID-19 infection out-
comes (Fig. 1).

In 2017 The Lancet expanded on the term Syndemics (as introduced
by Singer [75]), as “a conceptual framework for understanding diseases
or health conditions that arise in populations and that are exacerbated
by the social, economic, environmental, and political milieu in which a
population is immersed” [76]. It has become clear that the coexisting
COVID-19 pandemic and the growing obesity epidemic combine to fit
the definition of a syndemic and represent a global challenge requiring
research, public health, nutrition and educational approaches. This dire
situation is clearly exacerbated by reduced availability of affordable,
high quality nutrition [77].

In summary, recently published studies indicate that obesity and the
associated inflammatory state represent an independent risk factor for a
more severe clinical course during SARS-CoV2 infection. As recently
highlighted [78] assessment of COVID-19 patients in terms of anthropo-
metric and metabolic data should be considered an important compo-
nent of assessing patient risk for possible poor outcomes. Further, the
increasing prevalence of obesity and related cardiometabolic disorders
[79] will likely represent challenges to clinical management during
the ongoing COVID-19 pandemic and future pandemic viral exposures.
Preemptive approaches, at multiple levels, will be required to address
the complex problem of obesity including maintenance of healthy
weight, provision of access to affordable and nutritious foods, and atten-
tion to psychosocial issues in these patients (Fig. 1). Finally, vigilance
will need to paid to possible long-term medical consequences of
SARS-CoV2 infection in surviving obese patients.
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