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The COVID-19 pandemics has created unprecedented challenges and threats to patients and healthcare
systems worldwide. Acute respiratory complications that require intensive care unit (ICU) management
are a major cause of morbidity and mortality in COVID-19 patients. Among other important risk factors
for severe COVID-19 outcomes, obesity has emerged along with undernutrition-malnutrition as a strong
predictor of disease risk and severity. Obesity-related excessive body fat may lead to respiratory,
metabolic and immune derangements potentially favoring the onset of COVID-19 complications. In
addition, patients with obesity may be at risk for loss of skeletal muscle mass, reflecting a state of hidden
malnutrition with a strong negative health impact in all clinical settings. Also importantly, obesity is
commonly associated with micronutrient deficiencies that directly influence immune function and
infection risk. Finally, the pandemic-related lockdown, deleterious lifestyle changes and other numerous
psychosocial consequences may worsen eating behaviors, sedentarity, body weight regulation, ulti-
mately leading to further increments of obesity-associated metabolic complications with loss of skeletal
muscle mass and higher non-communicable disease risk. Therefore, prevention, diagnosis and treatment
of malnutrition and micronutrient deficiencies should be routinely included in the management of
COVID-19 patients in the presence of obesity; lockdown-induced health risks should also be specifically
monitored and prevented in this population. In the current document, the European Society for Clinical
Nutrition and Metabolism (ESPEN) aims at providing clinical practice guidance for nutritional manage-
ment of COVID-19 patients with obesity in various clinical settings.
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1. Introduction

1.1. COVID-19 and malnutrition

COVID-19 is a primarily respiratory disease caused by SARS-CoV-
2 infection that can spread from upper to lower airways, leading to
respiratory insufficiency requiring respiratory support and intensive
care, where it may be fatal [1e5]. Patient groups with pre-existing
comorbidities ranging from diabetes and cardiovascular disease to
cancer and chronic organ failures, as well as older age, are burdened
with higher risk for complications and COVID-19 mortality [1e5].
Importantly, both older age and pre-existing chronic diseases in
polymorbid individuals are per se associated with high risk and
prevalence of undernutrition (which will be hereafter referred to as
MALNUTRITION, to align with the utilization of this term in clinical
practice as supported by clinical nutrition Societies) [6,7], due to
catabolic derangements, low food intake and low physical activity
whose various combinations result in loss of body and skeletal
musclemass andmuscle function [6e8]. In COVID-19, infectionwith
related inflammation and potential organ failure with systemic
complications and immobilization may further contribute to
enhance muscle loss and malnutrition risk. Also notably, malnutri-
tion is an independent major cause of morbidity and mortality in
most disease conditions, throughmechanisms including high risk of
infections or superinfection [9], caused by its deleterious impact on
immune function [10] as well as respiratory and cardiac muscle
function [11,12]. Malnutrition with loss of skeletal muscle mass may
also directly lead to poor quality of life, disability and morbidities
long after discharge also in disease survivors [6e8,13e15]. Consis-
tent with these concepts, in the past several months evidence has
demonstrated: 1) a high prevalence of malnutrition in COVID-19
patient cohorts at hospital admission [16e22], thereby confirming
a likely high risk of infection in malnourished individuals; 2) a
negative impact of malnutrition on COVID-19 prognosis [16e19,
21e23], thereby confirming the potential negative impact of
malnutrition to enhance COVID-19 severity; 3) a negative impact of
COVID-19 on bodyweight in both hospitalized and non-hospitalized
patients [24], thereby confirming the potential negative impact of
COVID-19 on nutritional status.

1.2. Obesity and COVID-19: an additional risk factor with
nutritional implications

In addition to polymorbid and older adults, robust evidence has
shown that persons with obesity are also at high risk for severe
disease and reduced survival in COVID-19 [25e30]. Obesity-
induced metabolic derangements causally associated with adi-
pose tissue and systemic inflammation [such as hypertension, in-
sulin resistance, hyperglycemia and type 2 diabetes that are
commonly clustered in the metabolic syndrome (MS)] have been
also reported to worsen COVID-19 severity and prognosis [31e33].
Pre-existing activation of systemic and tissue inflammation may
also contribute to impaired immune function while enhancing or-
gan damage [34]. One common feature in individuals highly sus-
ceptible to suffer from a more severe form of COVID-19 is the
presence of a chronic low-grade inflammatory state, that has also
been associated to alterations of the gut microbiota (dysbiosis).
Studies in small patient cohorts have reported that the baseline gut
microbiome was associated with COVID-19 severity; for example
Faecalibacterium prausnitzii, that plays a role in control of inflam-
mation, is lowered in obese patients and is inversely correlated
with COVID-19 disease severity [35].

Although the development of obesity with fat mass accumula-
tion is commonly associated with variable increments of skeletal
muscle mass, obese individuals with metabolic complications,
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comorbidities and older age are also at high risk for loss of skeletal
muscle mass and function, thereby developing a double burden of
overnutrition and malnutrition [36]. Metabolic derangements pri-
marily associated with excess fat, leading to obesity-associated
insulin resistance and diabetes, may specifically lead to muscle
anabolic resistance and catabolism, which may conversely directly
impair muscle mass preservation [37]. Under these conditions,
decreased muscle protein synthesis may result from lower activa-
tion of the translation initiation signaling pathways in response to
insulin [38], in conjunction with a low-grade inflammation state,
muscle disuse [39], and commonly a higher muscle lipid ectopic
deposition [40]. Recent data have indeed indicated that the high
intramuscular fat deposition that may characterize MS in persons
with obesity independently predicts critical illness in patients with
SARS-CoV-2 infection [41]. Also importantly, obesity is a strong risk
factor for many diseases and for chronic and acute organ failures
[42], with additional independent negative impact on muscle mass
and nutritional status [43e46]. It should be further pointed out that
obesity is commonly associated with micronutrient deficiencies
that enhance the malnutrition burden, with negative impact on
skeletal muscle metabolism and immune function [47,48], leading
to higher risk of infection and potentially loss of skeletal muscle
mass. Finally, persons with obesity may be particularly exposed to
the consequences of deleterious lifestyle changes during
pandemic-related lockdowns that may worsen body weight and
composition, leading to further increments of obesity-associated
non-communicable disease risk [49].

Altogether, immune dysfunction, adipose tissue inflammation
and insulin resistance-inducedmetabolic alterations, comorbidities
and organ failures including respiratory dysfunction with
obstructive sleep apnea may be converging mechanisms that
potentially contribute to the severity of COVID-19 in persons with
obesity. Malnutrition and particularly low skeletal muscle mass
should be considered as an additional factor contributing to the
severity of disease, particularly in patients at high nutritional risk,
such as older adults and polymorbid individuals, but this appears to
have been so far neglected [36]. Obesity is defined by WHO as the
presence of excess body fat with negative impact on health [50]. In
clinical practice, obesity is however commonly defined by body
mass index (BMI) above 30 kg/m2 or 27 kg/m2 for Caucasian or East
Asian populations, respectively. Important limitations of BMI-based
diagnosis include lack of information on 1) potential changes in
body composition with relative changes in body fat and skeletal
muscle mass, which limit the ability to identify malnutrition in this
setting and 2) body fat distribution, with particular regard to
visceral abdominal fat which is known to increase the risk of
developing metabolic complications and non-communicable dis-
ease [51,52].While keeping inmind that BMI-diagnosed obesity per
se has indeed emerged as a risk factor for SARS-CoV-2 infection and
COVID-19 complications, persons with obesity represent a highly
heterogeneous patient group also with respect to potential nutri-
tional needs.

Early after the onset of the COVID-19 pandemic, the European
Society for Clinical Nutrition and Metabolism (ESPEN) has pub-
lished a paper in collaboration with experts from the World Health
Organization-Europe to provide concise statements and guidance
on nutritional management of COVID-19 patients, with particular
focus on those with pre-existing conditions associated with
malnutrition risk and on those in the intensive care unit (ICU) [53].
In the current paper, we aim at providing additional statements and
guidance, specifically for the prevention, diagnosis and treatment
of malnutrition and micronutrient deficiencies in the management
of COVID-19 patients in the presence of obesity. Commonmetabolic
complications of obesity such as MS and type 2 diabetes mellitus
(T2DM), that have emerged as strong independent risk factors for
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poor COVID-19 outcomes [31e33] and may be affected by nutri-
tional treatment will be also discussed. As there are no compre-
hensive studies on nutrition management in COVID-19 in persons
with obesity, the following statements will largely be based on the
best available knowledge and clinical experience. Lockdown-
induced health risks with increased prevalence of unhealthy
eating patterns and sedentarity, whichmay induce changes in body
composition through fat gain and muscle loss, are also considered
and addressed, although we will not detail recommendations on
lifestyle and pharmacological approaches that may be largely
referred to a large body of evidence and existing guidelines. In
particular, we will discuss in different sections: the impact of life-
style changes on nutritional status during lockdown and social
restriction conditions; nutritional management of persons with
obesity for prevention of SAR-CoV2 infection and potential poor
COVID-19 outcomes; nutritional management of persons with
obesity and COVID-19 at home, in the non-ICU and in the ICU
hospital setting; and nutritional management of persons with
obesity during recovery from COVID-19.

2. Nutritional management of persons with obesity in the
COVID-19 pandemic

a) Negative impact of lifestyle changes on nutritional status during
lockdown and social restriction conditions

1. In order to reduce the risk of fat gain with muscle mass

loss, persons with obesity undergoing lockdown con-
ditions and social restrictions should be encouraged to
maintain healthy eating patterns and physical activity.
Lifestyle changes during lockdown and social restriction
conditions are conducive to negative consequences on
nutritional status in persons with obesity. Negative life-
style changes may include unhealthy eating patterns and
behaviors as well as reduced physical activity. Reduced
access to healthcare services and psychological conse-
quences of social isolation may contribute to establish
negative lifestyle changes. Most importantly, such
changes may directly lead to negative changes in body
composition with fat gain and muscle loss, resulting in
malnutrition or sarcopenic obesity, particularly in persons
with obesity and older age or polymorbidity.
Eating Behavior - Public health recommendations and
governmental measures during the COVID-19 pandemic
have resulted in numerous restrictions on daily living,
including social distancing, isolation and home confine-
ment. The impact of these restrictions and related stress
on health behaviors and lifestyles at home is huge. In the
“Effects of home Confinement on multiple Lifestyle Be-
haviors during the COVID-19 outbreak (ECLB-COVID19)”,
a large international electronic survey involving 1046
respondents, food consumption and meal patterns (the
type of food, eating out of control, snacks between meals,
number of main meals) were more unhealthy during
confinement, with only alcohol binge drinking decreasing
significantly [54]. A systematic review including 128,292
subjects from 34 Countries worldwide investigated
changes in specific dietary habits (snacking, fast-foods,
ordered food) and alcohol consumption during the
COVID-19 lockdown period [55]. It has to be noted that
despite considerable heterogeneity in the definition of
“snacks” (including desserts, candy, chips, nuts, crackers,
popcorns, etc.), most of such food items are rich in calo-
ries and poor in nutrients [55]. In the above review [55],
although snacking behavior remained unchanged during
lockdowns for the majority of the population, an
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increased consumption of both salty and sugar snacks
was reported for 18.9e45.1% of individuals. These nega-
tive changes that are influenced by internal and external
factors, such as reduced foods availability, may affect the
general population but may bear more negative conse-
quences for people living with obesity. Increased episodes
of secret eating or binge eating, and high frequency of
snacking have been reported in patients within the
Obesity UK support groups associatedwith lower physical
activity during lockdown [56,57]. In a study including
only persons with obesity, one third of participants re-
ported an increase in daily snack consumption during
lockdown [58]. This finding may suggest that for persons
with obesity control of snacking behavior may be com-
plex under lockdown and social confinement conditions.
Physical Activity - Also from the ECLB-COVID19 survey,
home confinement had a negative effect on physical ac-
tivity levels and daily sitting time increased from 5 to 8 h
per day [59]. A systematic review has reported that
physical activity, assessed by means of questionnaires,
decreased during the COVID-19 pandemic in many
studies, although a few reports also found an increase
[59]. The determinants of changes in physical activity
have not yet been clarified but the decrease in physical
activity are likely to be directly related to lockdown
conditions, with limited ability to exercise outdoors, and a
deterioratedmental health. A decrease in physical activity
has been shown especially in young and active men
[60,61] but also in people with obesity and other chronic
diseases [62]. One study showed that being overweight or
the perception of weight increase was associated with an
OR of 1.8 and 2.0 of decrease in physical activity, respec-
tively [63]. A low physical activity level during the COVID-
19 pandemics was also associated with a low quality of
life [57]. Conversely, it has been demonstrated that the
physical active individuals, whether older [64] or young
[61], experience a better well-being. In view of these
findings, it appears essential to promote physical activity
in persons with obesity, not only for potential control of
body weight, body composition and metabolic compli-
cations but also for quality of life.
Several papers have published recommendations
regarding physical activity, in order to maintain health,
avoid functional limitations and improve immune func-
tion [65] but also to improve the sleep and limit psy-
chological stress [66]. While the modalities (frequencies,
intensity, type, duration) differ, they all advocate the
combination of endurance and resistance exercise. The
WHO for instance recommends 150 min of moderate to
intensity or 75 min of vigorous intensity per week [67]. In
case of lockdown, potential strategies to promote physical
activity during confinement could be videos, live work-
outs through physical exercise classes on TV or internet or
exercise apps. Although none of the recommendations
focus specifically on persons with obesity, there is no
reason to modify recommendations of physical activity in
this group in the period of COVID-19 pandemics, and
persons with obesity should stay as physically active as
possible.
Weight Changes - A systematic review and meta-
analysis, including 59,711 subjects from 32 countries
investigated the impact of the first lockdown period
(MarcheMay 2020) on bodyweight (BW) and on BMI. The
authors found that increments in BW should be consid-
ered an alarming negative effect of lockdown, as they
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might lead to a higher prevalence of overweight, obesity
and related health-risks [68]. In a study including only
obese subjects, more than one third reported an increase
in their body weight during/after lockdown [69]. This
finding is consistent with enhanced unhealthy eating
patterns and sedentarity, indicating that this group may
find it more difficult to control BW during a lockdown.
Another study reported that persons with obesity were
among those experiencing the largest weight variability
during quarantine [70]. Finally, a large study including
people with BMI of all ranges showed that those who
gained weight during the confinement were also those
with the largest decrease in physical activity [71]. No
studies have reported effects of lockdown-related weight
changes on body composition and on muscle mass and
function. It is however likely that body weight changes in
persons with obesity may also affect body composition by
favoring fat gain and muscle loss, particularly in those
with older age and polymorbidity. Studies should be
performed to directly test this hypothesis.
Healthcare Access - Other factors with potential negative
impact on persons with obesity during COVID-19-related
lockdowns and social restrictions may include social de-
terminants of health, access to care, weight bias, and
obesity stigma [72e74]. Intersecting vulnerabilities such
as socio-economic status, ethnicity, language, gender,
immigration status, and past experiences of weight bias
and obesity stigma may prevent persons with obesity
from accessing COVID-19 information and health care
services. The isolation of people living with obesity during
the COVID-19 pandemic has been further exacerbated by
the reduction of the contacts with weight-management
services during the lockdown. In particular during the
first wave of the epidemic in Europe, the shortage of
health care professionals (HCPs) in the ICUs and medical
wards dedicated to the care of COVID-19 adult patients,
caused by the rapid increase in the number of cases,
required the diversion of HCPs from other services to
COVID-19-dedicated ones. This shift heavily affected
obesity medical services. According to a survey conducted
by the European Association for the Study of Obesity in
their affiliated centers (COMs), 61% of the responding
centers had their staff directly involved in treating COVID-
19 patients and diverted away from routine work at the
obesity clinic. These figures suggest a substantial reduc-
tion in the number of HCPs available for obesity care
[75,76]. This lack of appropriate in-person contacts has
been partly compensated by an increase in the use of
telemedicine and online consultations and support
[75,76].
In summary, the difficulty in maintaining a healthy life-
style in persons with obesity may be increased by
confinement and isolation imposed by the COVID-19
pandemic, including reduced availability of continuous
obesity care. Patients with obesity should be encouraged
to retain healthy eating patterns and behaviors even in
these difficult conditions and helped by implementing
online consultations and contacts.
b) Estimate of energy and protein requirements in obesity

Energy - measurement of energy requirements should
be ideally based on accurate measurements of energy
expenditure (EE), including both its basal and activity-
related components [77]. This implies the use of indirect
calorimetry as gold standard for basal EE [77] while
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accurate recording of activity EE is difficult, particularly in
outpatient settings. In non-obese individuals, equations
based on actual body weight with correction for height,
age and gender are therefore often used as surrogates [77].
Recommendations for calorie and protein intake may also
be directly based on measured body weight in clinical
practice in several disease conditions [6,7,14,78]. However,
this approach may not be appropriate for persons with
obesity, when excess body weight overwhelmingly in-
cludes relatively low-energy consuming fat tissue.
Although discrepancies remain in available literature, in
the absence of indirect calorimetry HarriseBenedict
equations introduced over 100 years ago may provide a
reasonably accurate estimate of EE in persons with obesity
[77,79]. For weight-based recommendations, the discrep-
ancy between actual and ideal body weight (IBW: Men
50 þ [0.91 � (height in centimeters � 152.4)]; Women
45.5 þ [0.91 � (height in centimeters � 152.4)]) may
however lead to substantial overestimation of energy re-
quirements. From the perspective of prevention and
treatment of malnutrition in obesity, it should be kept in
mind that the use of IBW ignores the energy expenditure
of excess bodymass, whichmay also include not negligible
lean components. Literature approaches have varied in
recommendations for weight-based calorie requirements
for persons with obesity particularly in the ICU [14,80,81].
A potential approach to use actual body weight with
prescription of fewer calories for BMIs up to 50 kg/m2, and
reverting to IBW and higher calorie per kg IBW for higher
BMI values has been proposed, particularly for the ICU
setting [80e82]. In its most recent ICU guidelines, ESPEN
suggested the pragmatic utilization of Adjusted Body
Weight [ABW: IBW þ 25% Excess Body Weight] to calcu-
late energy and protein requirements [14]. This approach
may allow for a more physiological consideration of actual
energy expenditure from the predominant fat but also the
lean components of Excess Body Weight. In addition it
may allow a more gradual adjustment of calorie delivery
across large BMI ranges.
Protein - protein requirements should ideally be based on
accurate estimates of skeletal muscle mass [6], i.e. the
major protein reservoir in the body whose preservation
should be a major goal of nutritional care in obesity.
Techniques assessing body composition estimate muscle
mass but they are not commonly available for outpatient
evaluation. Nitrogen balance may also accurately assess
protein losses and therefore protein needs [14], but this
approach is also not available for outpatients and is
cumbersome in routine hospital practice. Protein re-
quirements are therefore commonly expressed as gram
per kg body weight per day in non-obese individuals.
Similar to the estimation of energy needs, this approach
may result in substantial overestimation of protein re-
quirements in persons with obesity [83]. For practical
purposes, when more accurate assessments of muscle
mass are not available, calculating total protein re-
quirements based on grams per kg ABW may also be
suggested in obesity [14]. ABW may allow to take into
account the lean and skeletal muscle fraction of excess
body weight, that could be approximately estimated at
10% [6]. In disease situations with high risk of muscle loss
and in malnourished individuals, this approach may
therefore contribute to deliver appropriate protein doses
to stimulate skeletal muscle anabolism.
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c) Nutritional management of persons with obesity for prevention
of SARS-CoV-2 infection and potential poor COVID-19 outcomes
(Fig. 1)
Fig. 1. A
ment in
SARS-Co
indicati
differen
MNA).
2. Persons with both obesity and additional risk factors
for bothmalnutrition and severe SARS-CoV-2 infection,
such as obese older adults and obese patients with
polymorbidity, should be screened for malnutrition
risk by using validated tools, followed by malnutrition
diagnosis and assessment if at risk.
Poor nutritional status and malnutrition increase the risk
of developing viral respiratory infections including
influenza, and they are risk factors for poor outcomes
including mortality [84e88]. High prevalence of malnu-
trition at hospital admission has clearly emerged also in
various ICU and non-ICU COVID-19 patient cohorts
[16e22]. Malnutrition risk reached 77% in some studies,
with higher prevalence in ICU patients [20], where
established malnutrition was reported in up to 50% of
patients [20], consistent with the concept that malnutri-
tion may be a pre-existing risk factor for COVID-19
infection. Although no studies specifically aimed at
investigating the prevalence of malnutrition risk in per-
sons with obesity and COVID-19, in one report of hospi-
talized COVID-19 patients with average BMI 28,8 kg/m2

[16] malnutrition defined by weight loss or high nutri-
tional risk index from plasma biomarkers were also often
present, with 38 and 83% prevalence respectively [16].
Malnutrition is also a major risk factor for negative out-
comes in most disease conditions, particularly in groups
such as older adults and polymorbid patients, in which
malnutrition is a common consequence of multifactorial
derangements in energy balance and enhanced muscle
catabolism [6,7,14,78]. Malnutrition was accordingly also
associated with disease severity and poor outcomes,
including mortality, in available literature [16e19,21,22],
also in an overweight COVID-19 cohort [16].
Based on the GLIM global malnutrition diagnostic criteria
[89e91], involuntary weight loss or low skeletal muscle
mass indicate the presence of malnutrition indepen-
dently of BMI, when associated with reduced food intake
or inflammation and disease burden. Non-volitional
weight loss [92,93] is also independently reported to
lgorythm for malnutrition risk screening, malnutrition diagnosis and assess-
persons with obesity. The algorythm may apply both for 1) prevention of
V-2 infection with potential poor COVID-19 outcomes and 2) identification of
ons for nutritional treatment in patients with established COVID-19. (*Consider
t cut-off points in Caucasian and East Asian people, **e.g. GLIM criteria, SGA,
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exert a negative impact on patient prognosis. In the large
cohort of the ESPEN nutritionDay survey in hospitalized
patients, self-reported weight loss prior to hospitalization
was notably associated with one-month mortality, with
superimposable negative impact in both non-obese and
obese patients [92]. In persons with obesity, altered body
composition with low fat-free mass [sarcopenic obesity
[94]] is associated with reduced survival compared to
higher fat-free mass in chronic disease conditions,
including chronic kidney disease and cancer [44,95,96].
Particularly in older adults, but potentially at any age, low
skeletal muscle mass as well as function are associated
with higher risk of frailty [97], which in turn is an
important predictor or poor outcomes in the presence of
acute diseases and hospitalization including respiratory
viral infections [98]. It is therefore of utmost importance
to screen for malnutrition all persons with obesity at risk
for SARS-CoV-2 infection with poor outcomes, with
particular regard to those with older age and poly-
morbidity. Validated tools such as MUST can be used
(https://www.bapen.org.uk/screening-andmust/must-
calculator). Such screening can be performed by non-
nutrition specialists and could therefore be widely
implemented to allow for identification of high-risk in-
dividuals. At-risk individuals should then undergo diag-
nostic assessment using validated tools. As mentioned
above, the GLIM criteria for simple malnutrition diagnosis
have been recently published in a consensus paper by all
major global clinical nutrition Societies [89]. Studies have
provided initial support for validity and applicability of
the GLIM diagnostic approach [99,100]. Available vali-
dated tools for comprehensive nutritional assessment to
diagnose malnutrition in the outpatient setting also
include SGA [8] and MNA for geriatric populations [7].

3. Persons with both obesity and malnutrition should be
advised to optimize their nutritional status, ideally by
the support of experienced healthcare professionals.
Oral nutritional supplements should be considered
when dietary intake is unable to meet nutritional
targets.
Persons with obesity and malnutrition should be ideally
referred to experienced professionals such as dietitian,
clinical nutritionist or medical specialists for clinical
nutrition and obesity, for full nutritional assessment and
diet optimization due to risk of developing obesity-
related severe forms of the disease [25e30] with a po-
tential malnutrition-induced synergistic negative impact
on outcomes [16e22]. Given the prominent role of loss of
skeletal muscle mass in obesity-associated malnutrition
[89], ensuring adequate dietary protein is a primary goal
of intervention, along with muscle strength exercises as
applicable. The following general guidance is suggested
for nutritional management of outpatient persons with
obesity and malnutrition:
i. Protein requirements: >1 g/kg Adjusted Body
Weight (ABW)·day

Recently published ESPEN guidelines for both older
adults and polymorbid individuals recommend a di-
etary intake of at least 1 g of protein/kg body
weight$day for the general, non-obese geriatric and
polymorbid population [6,7]. Even higher protein
intake has been recommended for other patient
groups with malnutrition in various disease settings
such as chronic liver disease [78]. Based on the above
considerations on use of body weight for dietary

https://www.bapen.org.uk/screening-andmust/must-calculator
https://www.bapen.org.uk/screening-andmust/must-calculator
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prescriptions in the presence of obesity, we suggest
the use of ABWas a reasonable approach in calculating
protein requirements for persons with obesity and
malnutrition [14], and the dose of 1 g/kg ABW$day in
the absence of advanced chronic kidney disease in
conservative treatment [101]. High quality studies on
this topic are advocated as a clinical research priority
to collect direct evidence.

ii. Calorie requirements: 25 kcal/kg ABW·day UNLESS
WEIGHT LOSS INDICATED
In persons with obesity, ESPEN geriatrics guidelines
recommend that weight-loss programmes be consid-
ered only when clear indications are established, based
on risk-benefit assessment and in the presence of
weight-related health problems [7]. Any dietary inter-
vention should aim at a slow, gradual weight loss to
minimize loss of skeletal muscle mass, using balanced
dietswith limited calorie deficits up to 500 calories/day
from measured or estimated requirements [7]. We
suggest extending this approach also to persons with
obesity and malnutrition at risk of SARS-CoV-2 infec-
tion with poor outcomes, thereby limiting weight-loss
interventions to patients with health problems caused
by excess weight, after careful individual risk-benefit
evaluation. Particular consideration should be given
to the risk of inducing or aggravating loss of skeletal
muscle mass and its clinical consequences; supervision
and re-assessment of nutritional status by expert
nutrition healthcare professionals should be imple-
mented. ABW is suggested for calculation of calorie
requirements, with initial indication for 25 kcal/kg
ABW$day.
Calorie quality - besides quantity, quality of dietary
carbohydrate and fat is of well-recognized pivotal
importance in dietary management of obesity and its
complications in outpatient settings [102,103]. Detailed
discussion of this well-established topic is beyond the
scope of the current work. Implementation of dietary
recommendations from established obesity guidelines
should be sought with appropriate amounts of com-
plex carbohydrates and dietary fiber, as well as limi-
tation of saturated fat and cholesterol with higher
dietary content of mono- and polyunsaturated fatty
acids [102,103]. Dietary patterns and habits leading to
higher intake of quality nutrients such as those char-
acterizing a traditional Mediterranean diet should be
also considered for long-term improvement of meta-
bolic and nutritional risk [104,105].
ONS - oral nutritional supplements (ONS) should be
considered when dietary intake is not sufficient to
meet calorie and protein targets also for persons with
obesity with malnutrition, particularly older adults
and polymorbid individuals [6,7,78] (see: Statement 9
and comments).

Exercise - various guidelines recommend physical activ-
ity and exercise programmes for patients at risk or with
malnutrition, in order to promote anabolic nutrient uti-
lization and reduce catabolic derangements associated
with aging and disease [6,7,14,78]. We suggest that
physical activity and exercise should be recommended to
all persons with obesity andmalnutrition at risk for SARS-
CoV-2 infection with poor outcomes, particularly in older
adults and in the presence of polymorbidity and meta-
bolic complications, in order to prevent further skeletal
muscle loss and promote muscle mass and function
6

[6,7,106]. Besides its beneficial impact on nutritional and
metabolic status, regular physical activity is reported to
be associated with lower severity and symptomatology of
upper respiratory tract infections other than SARS-COV2
when performed at moderate intensity [107] although
with higher severity if performed at high intensity and for
a prolonged time [108]. By analogy to these findings, we
hypothesize that this may be true in case of SARS-COV2
infection. Indeed, regular physical activity leads to anti-
inflammatory responses that may protect against severe
outcome of COVID-19 [109]. A population study found
that besides smoking, physical inactivity (along with
obesity) was a risk factors for COVID-19 serious enough to
require hospitalization. The combination of smoking,
inactivity and the addition of alcohol consumption led to
a 4 times higher risk or hospitalization, after adjustments
for age, sex, education, and cardiovascular risk factors and
diseases [110]. Potential health- and performance status-
related contraindications or limitations for exercise
should be assessed before the initiation of activity or ex-
ercise programmes, and individualized recommendations
should be provided as much as possible with regard to
exercise type, frequency, intensity and duration by
experienced healthcare professionals [7].

4. Since persons with obesity are also at risk for micro-
nutrient deficiencies, particularly in the presence of
malnutrition, daily dietary allowance of vitamins and
other micronutrients should be ensured.
Micronutrient deficiencies and infectious disease risk -
Micronutrients, including several vitamins (vitamin A, B6,
B12, folate, C, D, E) and trace elements (Zinc, Selenium,
Copper), play important roles in the immune system
supporting the innate and adaptive immune response,
and thus their deficiencies could increase the suscepti-
bility to infectious diseases [111]. Besides, vitamin A, C
and D play an important role modulating the inflamma-
tory response. A link between selenium deficiency and
human diseasewas first demonstrated by the discovery in
China that the etiology of Keshan disease involved both
Coxsackievirus infection and a low intake of the micro-
nutrient selenium [112]. Vitamin D deficiency has been
also associated with a number of different viral diseases
including influenza, HIV and hepatitis C, while other
studies questioned such a relation for influenza. A sys-
tematic review and meta-analysis on acute respiratory
tract infections reported a modest protective effect of
vitamin D supplementation compared with placebo [113].
Although not all reports agree [114], several studies from
different countries suggest a possible correlation between
vitamin D deficiency and susceptibility to SARS-CoV-2
infection. A meta-analysis including 10 articles with
361.934 participants showed that vitamin D deficiency or
insufficiencywas associatedwith increased risk of COVID-
19, although significant heterogeneity and publication
bias were noted [115]. In another meta-analysis that
included 27 selected articles, vitamin D deficiency was
not associated with a higher chance of infection by
COVID-19.
Micronutrient deficiencies in obesity - Obesity is a risk
factor for micronutrient deficiencies due to multiple fac-
tors that can include: consumption of unhealthy foods,
increased needs due to the low-grade chronic inflamma-
tory state and increased oxidative stress, and decreased
intestinal absorption in patients with bariatric surgery,
among other reasons [47,48]. Common micronutrient
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deficiencies may be even more frequent in persons with
obesity and malnutrition or in patients with sarcopenic
obesity [6,7,116]. Studies have revealed reduced serum
zinc levels in up to 28% of obese individuals prior to bar-
iatric surgery and in 36e51% of patients, afterwards [117].
The use of drugs for obesity comorbidities, such us hypo-
tensive drugs (thiazides, ACE inhibitors and ARA-II drugs)
and statins, can affect zinc balance, worsening zinc ho-
meostasis in already mild zincedeficient individuals [117].
A recent systematic review confirmed both that mean
concentrations of selenium in blood/serum were lower in
the obese compared with non-obese adult subjects and
that mean blood GPX activity was decreased in obese in-
dividuals [118]. Obesity associates inversely with both B12
and folate levels, and directly with homocysteine levels
[119e121]. Vitamin D deficiency is also more prevalent in
individuals living with overweight and obesity compared
with individuals of normal weight, with some research
suggesting that deficiency prevalence is 25e35% in these
groups [122]. Multiple factors are considered to lead
to obesity-associated vitamin D deficiency, including
reduced synthesis from sunlight exposure, sequestering of
vitamin D in excess adipocyte cells, impaired activation
in the body due to fatty liver, altered parathyroid hormone
concentrations and signaling, and lifestyle factors. In
addition, pharmacological agents such as antibiotics, anti-
inflammatory agents, antihypertensive medications,
endocrine drugs, and herbal medications commonly taken
in response to weight related comorbidities can affect
sunlight synthesis of vitamin D3 and reduce serum 25(OH)
D concentrations available for activation in the body.
In conclusion, micronutrients play an important role in
the defense against infections, enhancing immunity and
modulating the inflammatory response. As micronutrient
deficiencies are more frequent in persons with obesity
and malnutrition, nutritional assessment should include
micronutrient status according to practical possibilities.
At least recommended dietary allowances (RDA) e di-
etary reference intakes (DRI) should be covered by diet,
and additional supplementation may be necessary in case
of proven deficiency.

5. Sincemetabolic complications of obesity are associated
with COVID-19 severity, persons with obesity at risk of
SARS-CoV-2 infection with poor outcomes (such as
those with older age and polymorbidity) should be
checked for metabolic complications, including mea-
surement of plasma lipid profile, plasma glucose, blood
pressure as well as waist circumference for metabolic
syndrome (MS) and T2DM.

6. Persons with obesity at risk of SARS-CoV-2 infection
and poor outcomes withMS or T2DM should be advised
by healthcare professionals including experienced
nutrition teams to optimize their cardiometabolic risk
profile.
MS and T2DM are common complications of obesity
that underlie a large fraction of obesity-associated car-
diovascular risk [42]. Their prevalence and incidence
notably increase with age and are causally associated
with obesity- and aging-related muscle-catabolic de-
rangements, including systemic inflammation and insulin
resistance [123]. Consistent with this concept, skeletal
muscle mass reduction has been reported in both MS and
T2DM, particularly in aging individuals and in the pres-
ence of disease conditions [123e128]. Both MS and T2DM,
as well as hyperglycemia in individuals with no previous
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diagnosis of T2DM, have been notably reported to have a
negative impact on COVID-19 outcomes upon hospitali-
zation [31e33,129]. In addition and also importantly, car-
diovascular risk factors may contribute to COVID-19
mortality by increasing cardiovascular complications that
in turn represent a significant component of COVID-19
associated mortality [130].
Based on these observations, we suggest that persons
with obesity and MS or T2DM are advised to undergo not
only nutritional screening for malnutrition, but also full
evaluation of MS-associated cardiometabolic risk profile.
Metabolic syndrome components, as well as glucose
control for persons with T2DM, should be optimized to
minimize risk of poor outcomes and complications in the
presence of COVID-19. To this aim, persons with obesity
and metabolic complications should continue regular
metabolic evaluation during the COVID-19 pandemic, also
using telemedicine toolswhenever possible. Discussion of
the pharmacological treatment of MS components and
T2DM is beyond the scope of this work, except for glucose
monitoring in hospitalized patients receiving medical
nutrition treatment that will be discussed below. Dietary
approach to MS and T2DM also cannot be described in
detail; we suggest that adequate protein (1 g/kg ABW$-
day) and daily allowances of micronutrient intake should
be secured in persons with obesity and MS or T2DM with
malnutrition risk or established malnutrition, in the
absence of advanced chronic kidney disease undergoing
conservative treatment. Dietary patterns providing low
glycemic index foods, higher amounts of unsaturated fat,
dietary fibers and antioxidant and anti-inflammatory
compounds such as a traditional MD should be imple-
mented as much as possible [102,104,105]. Particularly in
the presence of malnutrition, and in general in older or
polymorbid patients, any weight loss programme with
moderate calorie restriction to reduce insulin resistance
and metabolic derangements should be carefully consid-
ered against the risk of further loss of skeletal muscle
mass [7]. Under such conditions weight loss may poten-
tially lead to worse outcomes in general and in case of
SARS-CoV-2 infection, and should be only implemented
with supervision and monitoring from expert nutrition
healthcare professionals.
d) Nutritional management of persons with obesity and COVID-19
(Figs. 1 and 2)
Home setting
7. Persons with obesity diagnosed with COVID-19 under-

going home care and quarantine, particularly but not
limited to obese older adults and with polymorbidity,
should be checked for malnutrition risk and advised
on potential needs for nutritional optimization by
experienced personnel; telemedicine tools should be
implemented as much as possible.

Regardless of pre-existing nutritional derangements,
COVID-19 may cause or worsen systemic inflammation
while leading to reduced physical activity or immobili-
zation, thereby resulting in involuntary weight loss with
reduction of skeletal muscle mass. Gastrointestinal
symptoms may also occur with diarrhea and vomiting
which may reduce food assimilation [1e5]. Ageusia and
anorexia may further reduce food intake [1e5]. Persons
with obesity and COVID-19 disease undergoing home
quarantine, particularly but not limited to those with risk
factors for poor outcomes such as older adults and those
with polymorbidity, should therefore undergo



Fig. 2. Algorythm of nutritional treatment in persons with obesity with COVID-19 and
malnutrition or at risk of malnutrition. (*Algorythm potentially applicable for both
HOME and HOSPITAL care; EN (or PN when needed) to be initiated in most cases in the
hospital setting for practical reasons). ONS: Oral Nutritional Supplements, EN: Enteral
Nutrition, PN: Parenteral Nutrition, ABW: Adjusted Body Weight, RDA: Recommended
Daily Allowances.
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malnutrition screening. In the presence of malnutrition
risk or full-blown malnutrition, we suggest that guidance
for persons with obesity at risk for COVID-19 may be also
applied for nutritional management of those with COVID-
19 and undergoing home care and quarantine. Since
COVID-19 is an acute intercurrent catabolic condition, and
potential COVID-19-induced weight loss is likely to
include substantial proportions of lean mass and skeletal
muscle, balanced calorie and adequate protein intake
should be implemented, as follows:

i. Protein: >1 g/kg ABW·day
ii. Calorie: 25 kcal/kg ABW·day

Calorie targets may be revised in case of weight gain in the
absence of fluid retention, especially in the presence of
metabolic complications, with the goal to maintain stable
body weight while preventing muscle loss. Daily micro-
nutrient dietary allowance should also be secured. Use of
ONS should be considered as described below (Statements
9e10) if dietary intake is insufficient to meet nutritional
targets. Physical activity may be encouraged, compatible
with health conditions and the quarantine environment.
Organization of healthcare services and allocation of
adequate resources obviously represent difficult challenges in
times of the pandemic. Provision of nutritional screening,
diagnosis, assessment as well as continuation of chronic
nutritional care also in the home setting pose huge organi-
zation and logistical problems [131e136]. Various papers
addressing these issues emphasize the importance of tele-
medicine implementation, based on the logical assumption
that lack of nutritional evaluation and care due to limited
access to in-person evaluation will cause negative health ef-
fects and potentially increase COVID-19 infections and com-
plications. Algorythms for malnutrition risk screening have
been recently proposed, also including nutritional advice in
case of positive testing [134], although no specific tools have
been proposed for persons with obesity. For persons with
obesity, optimized nutritional care should be associated with
continuing management of potential metabolic complica-
tions, that should also involve telemedicine approaches;
initial reports are available for hyperglycemia and T2DM [137]
and their implementation is being discussed.
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Non-ICU hospital setting
8. Persons with obesity hospitalized for COVID-19, partic-

ularly those at highest risk of poor outcomes due to older
age and comorbidities, should be screened for malnu-
trition by using validated tools such as NRS-2002
As summarized above, emerging evidence shows that the
prevalence of nutritional risk or full-blown malnutrition is
high at hospital admission in COVID-19 patients [16e22].
Studies also reported high prevalence of malnutrition in
patients with BMI in the overweight or obese range [16,138].
The NUTRICOV study reported a malnutrition prevalence of
almost 40% based on GLIM criteria in a population with
average BMI in the overweight range [138]. In the same
study, self-reported dysgeusia, dysphagia, anorexia, and
>50% decrease of oral food intake were reported to occur at
least one week before hospitalization in up to 60% of
malnourished individuals [138]. In order to identify malnu-
trition risk, persons with obesity hospitalized for COVID-19
should therefore be screened upon admission using vali-
dated tools, and those with positive screening should un-
dergo diagnostic assessment. NRS 2002 is a simple validated
screening tool preferred in hospital settings (https://www.
mdcalc.com/nutrition-riskscreening-2002-nrs-2002). The
GLIM criteria can also be used in hospitalized patients for
malnutrition diagnosis after positive risk screening [89].
Additional tools are available for full nutritional diagnostic
assessment including SGA, MNA for geriatric populations [7]
or Nutric Score for ICU, which has also shown predictive
value for negative outcomes in COVID-19 patients in this
setting [22].

9. Persons with obesity hospitalized for COVID-19 with
malnutrition should undergo nutritional and dietary
assessment by an experienced professional and should
receive dietary counseling for diet optimization as well as
oral nutritional supplements when needed.

10. Enteral nutrition (EN) should be started in persons with
obesity hospitalized for COVID-19 when oral intake
including ONS is not sufficient to meet nutritional tar-
gets. If EN is contraindicated or not sufficient to meet
targets, parenteral nutrition (PN) can be considered.
For hospitalized COVID-19 patients, higher disease severity
compared to those undergoing home care and quarantine
may imply more intense catabolic inflammatory responses,
lower spontaneous food intake and sustained immobiliza-
tion, with overall higher risk for weight and muscle loss.
One study has indeed provided direct evidence that weight
loss is common in both hospitalized and non-hospitalized
COVID-19 patients, with negative impact on outcome in
terms of length-of-stay in the hospital group [24]. In addi-
tion, muscle damage has been reported in subgroups of
hospitalized COVID-19 patients, associated with severe
disease course and higher pro-inflammatory mediators, as
well as plasma biochemical markers such as elevated crea-
tine kinase that directly reflect skeletal muscle injury and
potential loss of tissue mass and function [139]. Medical
nutrition treatment should therefore be implemented in
hospitalized persons with obesity and malnutrition with
COVID-19. Early start within 24e48 h from admission
should be also sought, since early compared to late nutrition
support in the course of hospital stay may provide protec-
tion from infectious complications [140,141] and reduce
sarcopenia, particularly when associated with in-hospital
rehabilitation for various disease conditions [142].
We suggest that previous recommendations for patient
groups at high-risk of malnutrition, such as older adults and

https://www.mdcalc.com/nutrition-riskscreening-2002-nrs-2002
https://www.mdcalc.com/nutrition-riskscreening-2002-nrs-2002
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polymorbid patients, are also applicable to malnourished
hospitalized persons with obesity and COVID-19 with
respect to calorie and protein requirements. For persons
with compromised nutritional status and suspicion for long-
standing malnutrition, nutritional treatment should reach
targets gradually in order to prevent refeeding syndrome.

i. Protein requirements: >1 g/kg ABW·day
ii. Calorie requirements: 25 kcal/kg ABW·day

For calorie requirements we further suggest that, in the
presence of highly catabolic stimuli provided by COVID-19
infection and hospitalization, body weight loss should not
be sought and should be instead prevented, due to high risk
of profound muscle mass depletion
Also for persons with obesity, we suggest that general
guidance on use of medical nutrition should be applicable to
the context of COVID-19 infection [6,7,53]. The oral route
should be always chosen when possible. ONS provide
energy-dense alternatives to regular meals and may be
specifically enriched to meet targets in terms of protein as
well as micronutrients (vitamins and trace elements) whose
daily estimated requirements should be regularly provided.
Several large meta-analyses and systematic reviews have
provided evidence for positive impact of ONS treatment on
nutritional status with preservation of muscle mass, quality
of life, readmissions and in selected studies reduced mor-
tality was also demonstrated [143]. Also based on existing
literature and one large systematic review [144], daily target
intakes from ONS should be 400 calorie and 30 g protein.
Monitoring of treatment should be performed after
continuation for at least one month, while more frequent
evaluationwas advised when compliance is questioned (e.g.
weekly). Importantly, nutritional treatment should continue
also after discharge from the hospital with individualized
nutritional plans, in order to prevent or limit the likely
further worsening of nutritional status, which may result
from pre-existing derangements and acute disease- and
hospitalization-induced catabolic stimuli.
EN should be implemented when nutritional needs cannot
be met by the oral route while monitoring for EN-related
potential complications [6,7]. There are no limitations to
the use of enteral or parenteral nutrition based on patient
age or diagnosis, in the presence of reasonable expectation
to improve nutritional status.

11. Hospitalized persons with obesity with COVID-19 should
be ensured their recommended daily allowance of vita-
mins and micronutrients with oral diet or medical
nutrition treatments.
The negative impact of vitamin and micronutrient de-
ficiencies on general risk of viral infections has been dis-
cussed in comments to Statement 3. We will now discuss
available evidence on their impact on disease severity and
outcomes as well as available studies investigating their
potential therapeutic utilization in COVID-19 patients.
Micronutrient deficiencies and infectious disease
severitye In general, low circulating levels or low intakes of
micronutrients such as vitamins A, D, E, B6 and B12, zinc and
selenium have been associated with adverse clinical out-
comes during viral infections [111]. For instance, vitamin A
deficiency is involved in measles and diarrhea, and measles
can become severe in vitamin A deficient children [145].
Vitamin A supplementation also may offer some protection
against the complications of other life-threatening in-
fections, including malaria, HIV, viral pneumonia caused by
an avian coronavirus, influenza A, rotavirus, and Newcastle
disease virus [48]. The increased knowledge about the role
9

of zinc in viral immunity has resulted in clinical studies,
showing therapeutic effect of zinc supplementation in viral
infections like common cold and herpes simplex. Episodes
of acute diarrhea were characterized by shorter duration
and less severity in zinc-supplemented groups. Other
studies indicate that the incidence of acute lower respira-
tory tract infections andmalariamay also be reduced by zinc
supplementation [117,145]. Presently, zinc is recommended
by WHO as firsteline treatment, with oral rehydration so-
lution, for acute gastroenteritis in children. Also the defi-
ciency of selenium may increase the severity of HIV and
hepatitis C infections and hemolytic anemias [145].
Micronutrients as treatment for COVID-19: experimental
models - Regarding the COVID-19 pandemic, several
micronutrients have been tested to combat SARS-CoV-2
infection in vitro and in animal models. A significant
portion of the SARS-Cov-2 genome codes for a main poly-
peptide protease (Mpro), a key enzyme for viral replication
and thus an attractive target for potential anti-viral drugs.
Vitamin B12 is a potent inhibitor of Mpro and it potentially
inhibits the non-structural coronavirus protein12 (an RNA-
dependent-RNA polymerase that is also vital for viral repli-
cation) [146]. A selenium derivative, ebselen, also inhibits
Mpro and has demonstrated strong antiviral activity in cell-
based assays [147]. Furthermore, the vitamin A derivate
isotretinoin may interfere with the cellular uptake of SARS-
CoV-2 and its lung-directed pathogenicity by inhibiting the
ACE2, the SARS-CoV-2 receptor [48]. Besides immune-
enhancing and anti-inflammatory properties, vitamin D
also interferes with the renin-angiotensin pathway. Xu et al.
demonstrated that calcitriol is able to upregulate ACE2 and
downregulate renin and angiotensin II in the lung tissue of
rats exposed to lipopolysaccharide as a model of ARDS [148].
In this scenario, recent studies have suggested that vitamin D
can act by targeting ACE2 down-regulation in SARS-CoV-2
infection, which could be a potential therapeutic approach
to COVID-19 and induced ARDS [149]. However, further
studies must be performed to understand the impact of ACE2
modulation for COVID-19.
Micronutrients as treatment for COVID-19: initial clinical
studies - Based on experimental findings, and lack of specific
antiviral treatment for COVID-19, several micronutrients
have been tested alone or in combinationwith other drugs in
patients with SARS-Cov2 infection, in the context of clinical
practice and in some clinical studies. Most of these studies
have been of very low scientific quality, and without differ-
entiation between correcting micronutrient deficiencies, or
administration as a supplemental dose. As an example, high
dose oral supplementation of zinc salts was reported to
reduce respiratory clinical symptoms of COVID-19 in a series
of four patients without any adverse effect [150]. Conversely,
a prospective study did not find a significant correlation
between zinc supplementation and reduced COVID-19-
related mortality [151]. In a retrospective study Zhang et al.
found a positive correlation between selenium status and the
cure rate from COVID-19, and the authors suggested a posi-
tive clinical impact of higher selenium intake and selenium
status [152]. Two studies point to defective one-carbon
metabolism and poor COVID-19 outcomes. In the first
study a combination of vitamin D, magnesium and vitamin
B12 lead to significantly lower odds of need of oxygen therapy
and/or intensive care support [153]. In the second one, lower
folate levels were consistently associated with increasing
stages of COVID-19 severity [154]. Interestingly, in the latter
study higher levels of vitamin B12 were associated with
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increased severity of COVID-19, even though the authors did
not publish multivariable analyses nor did they statistically
explore potential interaction between folate and B12. Vitamin
C, alone or in combinations with other nutraceuticals (cur-
cumin and glycyrrhizic acid, quercetin), has been extensively
used in COVID-19 patients with promising results on the
inflammatory response, in observational studies and clinical
cases reports [155e157]. High-dose intravenous vitamin C in
moderately to severely ill COVID-19 patients was reported to
improve the oxygenation index with all patients eventually
cured and discharged [158]. In COVID-19 patients in need of
high-dose oxygen treatment 1 g of vitamin C intravenously
was reported to reduce anti-inflammatory markers such as
D-dimer and ferritin. However, this study had a small num-
ber of participants, had a short three-day duration and did
not investigate the effects of using vitamin C alone [159].
Vitamin D has attracted most interest among micronutrients
for treatment of COVID-19. Vitamin D deficiency was re-
ported to increase hospitalization andmortality from COVID-
19 [160] and Vitamin D deficiency has been reported in a
small cohort of COVID-19 ICU patients, indirectly confirming
a link between low Vitamin D and risk of severe disease
[161]. Few studies analyzed the efficacy of vitamin D treat-
ment in improving COVID-19 outcomes. As previously
mentioned, Tan et al. conducted a small-cohort observational
study to evaluate the effect of vitamin D and vitamin B12,
with magnesium in combination on clinical outcomes. In
multivariate analysis (after separately adjusting for age or
hypertension), intervention retained a protective effect
[153]. In a randomized open-label, double-masked clinical
pilot trial treatment with calcifediol (25(OH)D) reduced
required admission to ICU [162]. In support of this finding, in
a prospective cohort study in nursing homes among resi-
dents with suspected or diagnosed COVID-19 the non-
vitamin D arm had higher mortality [163].

- In summary, micronutrient deficiencies may lead to worse
outcomes of several viral infectious diseases and a worse
outcome of COVID-19 has been observed in studies in pa-
tients with micronutrient deficiencies (especially vitamin
D). Therefore, we suggest the need to cover RDA/DRI needs
in all hospitalized patients with COVID-19, particularly in
persons with obesity due to high risk of deficiency, with
additional regard to those with malnutrition or with older
age and polymorbidity. The added value of micronutrient
supplementation above RDA/DRI in patients with COVID-19
is not clear so far, andwe needmore studies to define its role
in the clinical outcome of these patients. In patients diag-
nosed with micronutrient deficiencies through direct mea-
surement of their plasma concentration, supplementation
can be considered.

12. Hospitalized persons with obesity with COVID-19 should
be checked for metabolic complications including mea-
surement of blood glucose, plasma lipid profile, blood
pressure as well as waist circumference.

13. Hospitalized persons with obesity with COVID-19 with
MS or T2DM should be offered medical and nutritional
treatment by experienced professionals to optimize their
cardiometabolic risk profile.
In addition to the following comments to Statements 12e13
also see Statements 5e6.
Measurement of blood pressure, blood glucose and plasma
lipid profile is commonly part of routine work-up for all
hospitalized patients. For hospitalized COVID-19 patients
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with and without malnutrition, screening for these param-
eters is of additional value since they represent additional
risk factors for worse COVID-19 outcomes [31e33,129,130].
Also in the hospital setting for COVID-19 infection, due to
higher risk of metabolic syndrome and type 2 diabetes, it is
important that persons with obesity as well as overweight
undergo both nutritional screening for malnutrition and
evaluation of MS-associated cardiometabolic risk factors,
including waist circumference. Control and ideally optimi-
zation ofmetabolic syndrome componentsmay contribute to
minimize risk of poor COVID-19 outcomes and complications
[31e33,129,130], and it should therefore be pursued through
pharmacological and nutritional approaches as described for
Statement 6.
Use of disease-specific formula - Nutritional support can
cause or exacerbate hyperglycemia, especially in persons
with obesity that are at higher risk of insulin resistance or
T2DM. Since hyperglycemia is associated with severe COVID-
19 and poor outcomes also in non-critically ill COVID-19
patients [32,129,130], monitoring blood glucose and
limiting its elevations and fluctuations is an important target
in the context of nutritional care. In the medical nutrition
setting, nutritional enteral formula for people with diabetes
(Diabetes-Specific Formula: DSF) are available, aiming at
limiting glycemic peaks and variability. Systematic reviews
and meta-analyses in non-critically ill patients have indi-
cated that DSF may improve hyperglycemia and glucose
excursions in patients with T2DM [164,165]. It should be
pointed out that no demonstration of improved hard out-
comes, including mortality, is available, and that evidence
does not include sufficient rigorous randomized controlled
studies [164,165]. Improvement of hyperglycemia may
however potentially improve outcomes in COVID-19 patients
[32,129,130]. We therefore suggest that DSF may be consid-
ered for enteral nutrition in persons with obesity and hy-
perglycemia, particularly when blood glucose control is poor
(e.g. majority of values above 180e200 mg/dl) and after in-
dividual evaluation. Further randomized controlled studies
are advocated to identify optimal formula composition to
control blood glucose and improve outcomes in various
disease conditions. Also notably, regarding quality of dietary
fat, PUFA have well-recognized action on inflammation and
coagulation and higher intake of omega 3 might be sug-
gested, but evidence of their clinical impact in various clinical
settings is still incomplete [6,7,14].
e) Nutritional management of persons with obesity and COVID-19
in the intensive care unit (ICU) (Fig. 3)
A large body of evidence has demonstrated that patients
with COVID-19 with any degree of obesity had a signifi-
cantly higher risk of hospitalization and admission to ICU,
mechanical ventilation or death compared to patients
without obesity [25,26,28e30,166]. Most studies identi-
fied severe obesity as an independent risk factor for dis-
ease severity and the need for invasive ventilation.
Interestingly, bariatric surgery with subsequent weight
loss and improvement of metabolic abnormalities was
associated with lower need of hospitalization and ICU
admission, lower rate of intubation and dialysis than pa-
tients with obesity who became infected with SARS-CoV-
2 [166]. An upregulation and greater release of inflam-
matory cytokines such as interleukin (IL)-6 could explain
this phenomenon. It has also been suggested that adipose
tissue in people with obesity may act as a reservoir for
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more extensive viral spread and increased shedding
[167]. We provide here statements based on the recent
ESPEN guidelines on nutritional therapy in the ICU [14] at
the different stages guided by the patient condition.
Pre intubation period
14. In non-intubated ICU patients with obesity and COVID-19,

ONS or EN treatment should be implemented if indicated
to reach protein and energy targets; PN should be
considered if oral end enteral treatment are contra-
indicated or insufficient to reach targets.
Patients with severe obesity treated by high flow nasal
cannula oxygen therapy may experience difficulties to
ingest oral food. The approach to severe respiratory failure
has evolved during the past year from an early intubation
strategy; High-Flow Nasal Cannulae (HFNC) oxygen therapy
has been administeredmuch longer and the exact timing for
intubation has been debated, with recent proposals for
decision-support algorithms [168,169]. If the oral/enteral
route is limited by risk of aspiration, it could be advised to
prescribe parenteral nutrition in the population not reach-
ing energy-protein target. EN may be challenging during
non-invasive respiratory support as pointed out in our
previous statements [53]. However, a new mask device
allowing introduction of a nasogastric tube has been tested
successfully and may be considered to allow administration
of enteral nutrition during NIV [170]. High rates of failure for
NIV have been unfortunately overall described in persons
with obesity with COVID-19-induced respiratory failure
[171]. Some centers succeed to prone despite the high
weight and body mass and there are no contraindications to
pronation due to obesity per se; patients however
frequently need mechanical ventilation after intubation.
Intubated patients

15. In intubated ICU patients with obesity and COVID-19, EN
should be started to gradually reach energy targets while
rythm of nutritional treatment in critically ill obese patients with COVID-19. (*Reac
piratory failure or acidosis). ONS: Oral Nutritional Supplements, EN: Enteral Nutrition
.
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securing high-protein delivery. The prone position does
not represent per se a limitation or contraindication for
EN also in persons with obesity.

16. Due to high risk of loss of skeletal muscle mass with
consequent malnutrition and disabilities, persons with
obesity should be provided opportunities for mobiliza-
tion and/or controlled physical activity during ICU stay to
optimize anabolic effects of nutritional treatment and
reduce muscle protein catabolism.
Clinical features, ventilatory management, and outcome of
ARDS caused by COVID-19 seem to be comparable to those
caused by other conditions [172]. However, obesity and
mainly excess visceral adipose tissue are independent risk
factors for ICU admission when compared to those not
admitted to ICU [25,26,28e30]. Severe hypoxemia and hy-
percapnia are contraindications to medical nutritional sup-
port. When the patient is stabilized with acceptable
oxygenation (PaO2> 60 mmHg) and ventilation (pH> 7.2),
nutritional support can be started and based on ESPEN
guidelines on nutrition in the ICU [14]. Progressive enteral
feeding should be started, even if prone position is required
[173]. The prone position being one of the most frequent
approaches used to improve oxygenation, ICU teamsmay be
reluctant to administer enteral nutrition due to concerns for
regurgitation and vomiting. Reigner et al. showed that
prone position is not increasing risks of aspiration and
should allow safe enteral feeding [174]. To prevent risks of
regurgitation, the bed should be placed in a Trendelenburg
position of maximum 30�, prokinetic agents may be used,
and close monitoring of gastric residual volume should be
performed. PN may be utilized in patients who cannot
receive EN or are unable to reach their nutrition goals by the
end of the first week. Parenteral nutrition is also used in case
of severe diarrhea. The increasing utilization of extra
corporeal membrane oxygenation (ECMO) in persons with
h targets gradually, $ Contraindicated if: 1) shock or hemodynamic instability; 2)
, PN: Parenteral Nutrition, ABW: Adjusted Body Weight, RDA: Recommended Daily
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obesity is not a contraindication to the use of enteral feeding
that has been found to be safe. However, in patients in shock
or severe gastrointestinal dysfunction, enteral feeding
should not be administered [175]. The 2019 ESPEN guide-
lines recommend early EN if possible in patients treated
with ECMO [14].
Calorie-protein targets -Defining energy and protein targets
in persons with obesity and COVID-19 may be challenging
also in the ICU, since, as discussed, actual body weight in
persons with obesity may lead to substantial overestimation
of energy and protein requirements. The effects of lockdowns
and deleterious lifestyle changes, as well as acute disease per
se, may lead to further alterations in body composition in
persons with obesity, with loss of skeletal muscle mass and
concomitant further fat accumulation, thereby resulting in
malnutrition and sarcopenic obesity. Ideal definition of en-
ergy requirements in ICU should be based on direct mea-
surement by indirect calorimetry. Indirect calorimetry could
be performed with precautions despite the COVID 19 re-
strictions, and recommendations have been proposed to this
regard [176]. A longitudinal study [177] assessed resting en-
ergy expenditure in COVID 19 patients over more than 3
weeks. Interestingly, measured REE was higher than indi-
cated by predictive equations, and it increased even more
after 10e14 days of ICU stay, thereby potentially challenging
the concept of REE decrease after the early acute phase of the
disease. In the absence of indirect calorimetry and when
predictive equations need to be used, we suggest to extend
the recommendations provided in the 2019 ESPEN ICU
Guidelines also to persons with obesity with COVID-19 in the
ICU, with moderate hypocaloric feeding up to 70% of esti-
mated needs for the first 3e7 days of ICU stay [14], in order to
avoid overfeeding and its associated metabolic and clinical
risks during the hyper-acute ICU phase. 20 kcal/kg ABW$day
may represent an approximated reasonable estimate for
initial calorie provision. Calories may be gradually increased
up to estimated isocaloric needs of approximately 25 kcal/kg
ABW$day after the first week, following individual evaluation
based on clinical and hemodynamic conditions, as well as
metabolic status and complications. A recent study notably
provided initial direct evidence for the positive impact of
preventing early caloric deficit to improve clinical outcomes
in mechanically ventilated COVID-19 patients including
overweight and obese BMI levels [178].
Optimal protein targets should be also ideally guided by ni-
trogen excretion measurement [14]. In the absence of this
information, protein recommendations provided in the
ESPEN ICU guidelines should be followed, to provide at least
1.3 g/kg ABW$day. Similar to non-ICU settings, mobilization
and physical activity when possible should be implemented
with structured individualized protocols aimed at enhancing
protein anabolism [14,179].
Calorie quality, formula and blood glucose control -
Nutrition formula for ICU patients should provide high cal-
orie density (1.5 kcal/ml) and high protein content. A large
fraction of persons with obesity in the ICU may present with
pre-existingmetabolic syndrome or T2DM, or develop severe
insulin resistance and stress hyperglycemia during the
course of COVID-19 [14]. In addition, administration of
beneficially proven dexamethasone has been accepted in
most centers to treat pneumonia [180], but it may lead to, or
contribute to, severe glucose intolerance. Strict glucose
control protocols with insulin treatment should be imple-
mented avoiding severe hyperglycemia (above 180e200 mg/
dl) and hypoglycemia, as well as glucose variability, e.g.
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aiming at keeping more than 80% of glucose measurements
in the proposed target (for instance 100e180 mg/dl). Algo-
rythms have been recently proposed specifically for glucose
control and stabilization in critically ill patients with COVID-
19, based on s.c. or i.v. insulin administration according to
glucose measurements, suggesting that action be taken to
improve glycemia when blood glucose exceeds 200 mg/dl
[181]. In the same study, the authors propose 180 mg/dl as
acceptable blood glucose threshold with targeted values
between 150 and 180 mg/dl, and up to 200 mg/dl for labile
glycemic control [181]. Similar insulin treatment protocols
could be considered for glucose control in patients under-
going medical nutrition to limit hyperglycemia. It should
kept in mind that glucose variability and particularly hypo-
glycemia are also dangerous andwere associatedwith higher
mortality also in COVID-19 patients [129] and should there-
fore be prevented. There is no sufficient evidence to recom-
mend a disease-specific formula higher in fat content and
lower in slower digesting carbohydrates in ICU settings.
Research in this field is a strong priority.
Post-intubation

17. Oral nutrition should be reintroduced to reach nutri-
tional targets after extubation. When post-extubation
dysphagia is present, texture-adapted food should be
administered or EN should be considered when swal-
lowing is unsafe with aspiration risk.
After extubation, dysphagia is of major concern with
particularly high prevalence in older adults and following
prolonged intubation that may be common in COVID-19
patients [53]. Severe dysphagia is reported to be associ-
ated with worse outcomes in terms of pneumonia, need for
reintubation and mortality [53]. No direct evidence
regarding post-extubation dysphagia in COVID-19 patients
is however yet available. The European Society of Swal-
lowing Disorders [182] provided considerations related to
the COVID-19 pandemic: “Assessment and treatment of
patients with oropharyngeal dysphagia should be provided,
while at the same time balancing risk of oropharyngeal
complications with that of infection of patients and
healthcare professionals involved in their management.
Assessment and management of oropharyngeal dysphagia
is a high-risk situation as it must be considered an aerosol-
generating procedure. Personal protective equipment (PPE)
should be used. Elective, non-urgent assessment may be
temporarily postponed and patients are triaged to decide
whether dysphagia assessment is necessary; instrumental
assessment of swallowing is performed only if processing of
the instruments can be guaranteed and clinical assessment
has not provided enough diagnostic information for treat-
ment prescription. Telepractice is encouraged and
compensatory treatments are recommended”. For extuba-
tion in the post COVID-19 period, standard tests can be
recommended including instrumental dysphagia diagnostic
aerosol generation procedures. In practice, remote evalua-
tion should be performed. Two-meter distance should be
maintained and reflex cough testing should be avoided.
Videofluoroscopy and other instrumentations should be
avoided and test food should be self-administered by the
patient. In case of dysphagia a diet with suitable texture
should be provided, and when aspiration risk is present EN
should be started [173]. If EN is not possible (e.g. if swal-
lowing rehabilitation may require removal of the feeding
tube), temporary PN may be considered. In case of trache-
ostomy, fractional, enriched feeding with oral nutritional
supplements should be used. If energy and protein needs
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are not covered (<70% of the needs), supplemental PN may
be also considered to meet energy and protein targets [173].
f) Nutritional management of persons with obesity during re-
covery from COVID-19 (Fig. 4)

18. Due to high risk of loss of skeletal muscle mass with

ensuing malnutrition, sarcopenia and disabilities,
persons with obesity recovering from COVID-19
should be checked for malnutrition and followed-up
with dietary counseling by experienced pro-
fessionals, particularly in the presence of older age,
polymorbidity or previous ICU stay.

19. Due to high risk of loss of skeletal muscle mass with
ensuing malnutrition and sarcopenia, persons with
obesity recovering from COVID-19 should be encour-
aged to perform safe and adequate physical activity
including exercise programmes, particularly in the
presence of older age, comorbidities or previous ICU
stay, ideally within individualized programmes
established by experienced professionals.
There is increasing awareness that persons recovering
from COVID-19 may present numerous clinical sequelae
ranging from fatigue and weakness to psychological
distress [183,184]. The term “long COVID” or “post
COVID” has been proposed to define persistence of
complaints and symptoms following negativization of
viral testing [185,186]. Among other general symptoms,
the high prevalence of fatigue and weakness directly
suggests involvement of negative changes in skeletal
muscle mass and function [183,184]. Persistent, residual
alterations in taste and smell may also interfere with
food intake [131,133]. These complaints importantly are
reported not only in persons recovering from severe
COVID-19 disease and ICU stays, but also in non-ICU and
non-hospitalized patients [183,184]. The above com-
bined observations are fully consistent with a negative
impact of COVID-19 on nutritional status that may spe-
cifically involve disease-induced lean tissue and skeletal
Algorythm of nutritional monitoring and treatment for COVID-19 patients
recovery and after hospital discharge. ONS: Oral Nutritional Supplements, EN:
Nutrition, PN: Parenteral Nutrition, ABW: Adjusted Body Weight, RDA: Rec-
ded Daily Allowances.
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muscle catabolism [53]. In addition, for ICU survivors the
emerging long COVID syndrome is also in full agreement
with the well-established concept that weakness and
fatigue may persist for several months after ICU
discharge, due to multifactorial issues, described as ICU-
acquired weakness (ICUAW) or chronical critical illness
[187]. In particular, one study demonstrated COVID-19
induced weight loss at discharge in both hospitalized
and non-hospitalized patients, although no information
was available on skeletal muscle and body composition
[24]. In another report, reduced skeletal muscle strength
and performance were found following COVID-19 in a
patient cohort with average BMI in the overweight range
[188]. In elderly polymorbid patients high risk of severe
frailty, including impaired mobility and potential poor
nutritional status, was reported following hospitalization
for COVID-19 in sub-acute setting [189].
Although no studies are specifically available on long
COVID symptoms including fatigue and weakness in the
obesity setting, persons with obesity recovering from
COVID-19 should continue to be monitored for malnu-
trition risk and nutritional status, particularly in the
presence of reported fatigue and weakness and in high-
risk groups such as older adults and polymorbid in-
dividuals. Malnutrition risk should be checked at
discharge in hospitalized patients, and upon recovery
from positive testing on patients quarantined at home. In
patients with malnutrition, adequate dietary intake of
protein and calorie should be ensured, with use of ONS
when nutritional targets cannot be reached through
fortified diet. In the absence of clinical indication for
weight loss, in the presence of malnutrition risk or overt
malnutrition we suggest calorie provision of 25 kcal/kg
ABW$day with >1 g/kg ABW$day protein. In the absence
of malnutrition with fatigue and weakness, protein pro-
vision>1 g/kg ABW$day protein should be ensured along
with physical activity and exercise appropriate for gen-
eral conditions and after exclusion of any contraindica-
tions. The impact of a physical exercise program after a
COVID-19 disease has not yet been studied. A recent re-
view suggests that peoplewho recover frommild COVID-
19 should probably slowly and progressively resume to
pre-COVID physical activity once they are asymptomatic,
in order to recover their physical fitness [109]. In general,
physical activity and individualized exercise programs
including both aerobic and resistance modalities should
be introduced or resumed ideally with supervision and
monitored by experienced professionals in terms of type,
intensity and duration in persons with obesity recov-
ering from COVID-19. In case of cardiac or respiratory
symptoms arising during physical activity, cardiac in-
vestigations may be indicated before increasing the in-
tensity of physical activity.
Besides the use of tele-monitoring and telemedicine
tools for nutritional screening and assessment, the use of
tele-rehabilitation programmes is also important in or-
der to implement guided physical activity not only for
people with established disabilities but also potentially
to provide metabolic and nutritional benefits in the
presence of nutritional risk or malnutrition [190e192].

20. Persons with obesity recovering from COVID-19,
particularly in the presence of older age or poly-
morbidity should resume (or start) multiprofessional
support for appropriate treatment and nutritional
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management of obesity and related comorbidities and
metabolic complications as soon as possible.
As a complex chronic condition posing severe health
threats and often burdened by severe comorbidities
[50,103], obesity requires sustained management by
multiprofessional team approach. Persons with obesity
recovering from SARS-CoV-2 infection should resume
regular checks by the obesity team in charge also using
telemedicine tools, in order to reassess treatment goals,
metabolic profile and comorbidities status. Any need for
changes in dietary and lifestyle goals as well as need and
indications for pharmacological treatment should be
monitored and reassessed, also in the light of potential
catabolic bouts during the course of COVID-19 with
worsening of nutritional status, and worsening or new
onset of malnutrition. Harmonizing nutritional treat-
ment goals should be a priority.
3. Conclusions

Obesity has a negative impact on SARS-CoV-2 infection and
severity of COVID-19 disease. Multifactorial obesity- and adiposity-
associated metabolic derangements may causally contribute to this
relationship. Since malnutrition has emerged in the past year as an
important risk factor for infection and poor outcomes of COVID-19,
we have here discussed the importance of raising awareness on
preventing and treatingmalnutrition in at risk persons with obesity.
Particular care should be placed to screen, prevent and treat
malnutrition in persons with obesity and older age, as well as those
with polymorbidity in both outpatient and hospitalized settings,
with specific indications for ICU. The role of nutritional screening
and care should also be emphasized in the emerging challenge of
long-term COVID-19 sequelae. Metabolic complications of obesity
that are also reported to be independently associatedwith COVID-19
severity and poor outcomes should also be screened, and alterations
should be minimized. Particular attention should be finally paid to
the negative lifestyle changes potentially induced by lockdowns and
general restrictions during the pandemic, which may worsen
obesity, its metabolic complications and the general obesity-
associated non-communicable disease risk, with potential nega-
tive impact both in the short- and long-term.
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