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COVID-19: Lessons on malnutrition, nutritional care and public health
from the ESPEN-WHO Europe call for papers

SUMMARY

Keywords: With prolonged pandemic conditions, and emerging evidence but persisting low awareness of the
COVID-19 importance of nutritional derangements, ESPEN has promoted in close collaboration with World Health
Sars-CoV-2

Organization-Europe a call for papers on all aspects relating COVID-19 and nutrition as well as nutritional
care, in the Society Journals Clinical Nutrition and Clinical Nutrition ESPEN. Although more COVID-
related papers are being submitted and continue to be evaluated, ESPEN and WHO present the cur-
rent editorial to summarize the many published findings supporting major interactions between
nutritional status and COVID-19. These include 1) high risk of developing the disease and high risk of
severe disease in the presence of pre-existing undernutrition (malnutrition) including micronutrient
deficiencies; 2) high risk of developing malnutrition during the course of COVID-19, with substantial
impact on long-term sequelae and risk of long COVID; 3) persons with obesity are also prone to develop
or worsen malnutrition and its negative consequences during the course of COVID-19; 4) malnutrition
screening and implementation of nutritional care may improve disease outcomes; 5) social and public
health determinants contribute to the interaction between nutritional status and COVID-19, including
negative impact of lockdown and social limitations on nutrition quality and nutritional status. We believe
the evidence supports the need to consider COVID-19 as (also) a case of malnutrition-enhanced disease
and disease-related malnutrition, with added risk for persons both with and without obesity. Similarities
with many other disease conditions further support recommendations to implement standard nutri-
tional screening and care in COVID-19 patients, and they underscore the relevance of appropriate
nutritional and lifestyle prevention policies to limit infection risk and mitigate the negative health
impact of acute pandemic bouts.

© 2022 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

The COVID-19 pandemic continues to impose substantial
global threats for individual health and public health systems. A
strong association between nutritional derangements and
COVID-19 has been hypothesized very early in the pandemic
course, with potential substantial impact of malnutrition on infec-
tion risk, disease severity and outcome. ESPEN has therefore
rapidly issued guidance documents for nutritional management
of COVID-19 patients, at the onset of the pandemic and later in
2021 to focus on the emerging nutritional risk in COVID-19 pa-
tients with obesity [1,2]. With prolonged pandemic conditions
and emerging evidence, but persisting low awareness of the
importance of nutritional derangements, ESPEN has promoted in
close collaboration with World Health Organization (WHO)-
Europe a call for papers on all aspects relating COVID-19 and
nutrition as well as nutritional care, in the Society Journals Clinical
Nutrition and Clinical Nutrition ESPEN. ESPEN and WHO-Europe
present the current paper to summarize the many findings pub-
lished as a result of this call in ESPEN journals. In particular, the
paper was prepared by collecting and summarizing all original

https://doi.org/10.1016/j.clnu.2022.07.033

articles accepted and published in the ESPEN journals Clinical
Nutrition and Clinical Nutrition ESPEN on the topic of COVID-19
until April 2022. Due to the nature of this work, that is not a formal
systematic review, there were no explicitly defined inclusion and
exclusion criteria related to study type, exposure, outcome and
population group. A comprehensive review of papers published
in other journals was also outside the scope of the current work,
which is focused on the ESPEN-WHO Europe call for papers. The
authors then identified five main topics under which published
papers were sub-divided, based on authors judgment, into
general fields of interaction between disease and nutritional sta-
tus: 1) negative impact of pre-existing undernutrition (hereafter
indicated as malnutrition according to clinical terminology in
the clinical nutrition community) and micronutrient deficiencies
on COVID-19 risk and severity; 2) COVID-19-related malnutrition
as a case of disease-related malnutrition (DRM), and its potential
involvement in the more recently-defined long COVID; 3) associ-
ation between obesity and malnutrition in COVID-19 and their
clinical impact; 4) initial evidence supporting implementation of
nutritional treatment to improve COVID-19 outcomes; 5) lifestyle
and public health nutritional implications.

0261-5614/© 2022 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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2. Negative impact of pre-existing malnutrition and
micronutrient deficiencies on COVID-19 risk and severity

COVID-19 is a respiratory disease caused by SARS-CoV-2 infec-
tion that can lead to respiratory insufficiency with potentially fatal
complications [3—7]. Patient groups with pre-existing comorbid-
ities as well as older age have been soon recognized to have higher
risk for severe disease and mortality [3—7]. Also importantly, both
older age and polymorbidity are per se associated with high risk
and prevalence of malnutrition [8,9] due to combined catabolic de-
rangements, low food intake and low physical activity, resulting in
loss of body and skeletal muscle mass and function [8—10]. Malnu-
trition is conversely an independent cause of morbidity and mortal-
ity in most disease conditions, through mechanisms including
negative impact on immune function and high risk of infections
or superinfection [11,12] as well as respiratory and cardiac muscle
dysfunction [13,14]. Micronutrient deficiencies are also common
in high-risk and older individuals, and they are well-recognized
risk factors for immune dysfunction and consequent infection risk
[2]. Malnutrition characterized by loss of skeletal muscle mass
may also notably worsen quality of life, disability and morbidities
in disease survivors long after infection resolution and hospital
discharge [8—10,15—17].

2.1. Malnutrition: prevalence

Consistent with these concepts, evidence has emerged that risk
of malnutrition, and malnutrition per se, are highly prevalent in
COVID-19 patients in various clinical settings [18—24], fully consis-
tent with high risk of COVID-19 infection in malnourished individ-
uals. The ESPEN-WHO Europe call has contributed to further
establish and expand available information. Malnutrition was
confirmed to be common in both non-ICU and ICU hospitalized co-
horts and in various age groups, with combined prevalence of
malnutrition and malnutrition risk consistently above 40%
[24—30], with a systematic review of 27 studies identifying average
prevalence at 49% [31]. The recent GLIM approach for malnutrition
diagnosis was also employed, and detected malnutrition with com-
parable prevalence [29,32], while reports from several Countries
and world regions confirmed the global negative role of malnutri-
tion in the COVID-19 pandemic [29,32].

2.2. Malnutrition: negative clinical impact

Similar to virtually any other disease condition [10], malnutri-
tion risk and malnutrition per se were associated with higher dis-
ease severity and worse outcomes in early reports on COVID-19
[18—21,23,24,27]. Several studies published in the ESPEN-WHO
Europe call have further confirmed and dissected this association.
In non-ICU patients with COVID-19, poor nutritional state was
associated with higher mortality in a systematic review [31] and
with higher risk of transfer to ICU from hospital wards [30] as
well as longer length of hospital stay [30,33], active complications
at discharge [34], and ultimately negative outcomes and mortality
in several studies and databases [29,30,34,35]. Specifically in geri-
atric settings, malnutrition risk at admission predicted hospital
length of stay [27] while MNA-assessed malnutrition also pre-
dicted in-hospital mortality in a large population cohort [36].
Despite ongoing discussions on its suitability for assessment of
nutritional status in ICU, the NUTRIC score also predicted mortality
in critically ill patients [24,37]. Independently of other nutritional
parameters, self-reported reduction of food intake before admis-
sion, and physician judgment of expected low food intake after
admission were also reported to predict admission to ICU and mor-
tality in non-ICU patients [38]. This finding is notably consistent
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with observations that recent pre-admission weight-loss is an in-
dependent risk factor for mortality in all-cause hospitalized pa-
tients from the nDay database [39].

2.3. Malnutrition: role of muscle mass

Besides changes in body mass, altered body composition with
selective reduction in skeletal muscle mass has clearly emerged
as a major determinant of malnutrition-induced acute and chronic
complications, particularly in disease-related malnutrition [10].
New evidence from the ESPEN-WHO Europe call has unveiled
that altered body composition per se, with low measured or esti-
mated muscle and lean body mass, are also predictors of poor clin-
ical outcomes in COVID-19. In non-ICU patients [40] phase-angle
measured with bioelectrical impedance, a surrogate of lean body
mass, was associated with 90-day mortality as well as longer hos-
pital stay and inflammation markers, such as low albumin and
elevated C-reactive protein. Phase angle also predicted COVID-19
severity with a composite score of morbidity, ICU admission and
mortality in a mixed non-ICU and ICU population [41,42]. In several
studies, low muscle mass measured by thoracic CT scans in hospi-
talized COVID-19 patients was associated with clinical parameters
ranging from risk of ICU admission to successful ventilator wean-
ing, length of stay and in-hospital mortality [43]. Consistent with
these findings, a meta-analysis of nine studies confirmed associa-
tions between low skeletal muscle mass and COVID-19 severity
and mortality [44]. Low muscle quality, particularly myosteatosis
with high muscle lipid content, is an additional component of sar-
copenia closely associated with malnutrition and potentially low
muscle mass [10]. CT-assessed thoracic myosteatosis was accord-
ingly also independently associated with negative ICU outcomes
[43] or with transition to severe disease [45] in ICU patient cohorts.

2.4. Micronutrient deficiencies: prevalence and impact

Several vitamins (vitamin A, Bg, B3, folate, C, D, E) and trace el-
ements (Zinc, Selenium, Copper) are known to play important roles
in regulating both innate and adaptive immune responses, with pu-
tative negative roles of micronutrient deficiencies to enhance sus-
ceptibility to infectious diseases including, but not limited to,
viral respiratory tract infections [46]. Vitamin D is the most
commonly measured micronutrient, and vitamin D deficiencies
are common in many high-risk conditions including older age
and obesity [2], being associated with viral infections including
influenza. An early association between lower plasma vitamin D
and risk of Sars-CoV2 infection was reported early in the course
of the pandemic [47], and studies from the ESPEN-WHO Europe
call have addressed and expanded this concept. Most reports
confirmed the association between vitamin D deficiency and
COVID-19 infection in the general population both in Europe and
Asia [48], as well as in hospitalized patients with COVID-19
[49,50], with highest prevalence in older patient groups with
obesity [51,52]. Low 250H vitamin D was reported in ICU patients
with COVID-19 and associated with higher systemic inflammation
markers in one study [53,54]. Another study further suggested
that lower 250H vitamin D may predict risk of death, particularly
in older COVID-19 ICU patients [55]. The association between low
250H vitamin D and poor clinical outcomes was however not
confirmed in a larger study that actually suggested a paradoxical
association between high 250H vitamin D and mortality [56].
Inconsistent findings could at least in part be explained by hetero-
geneous measurements, since another ICU study reported no clin-
ical impact of low 250H vitamin D but higher disease severity and
need for mechanical ventilation in patients with low 1,250H di-
hydroxylated form [57]. In additional studies, deficient zinc and
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iron status were also reported to be common in patients with
COVID-19 [26,49,58]. Hypozincemia was reported in early disease
stages and associated with risk of hospitalization [58], whereas
low iron status was associated with severe disease in hospitalized
patients [59].

Altogether the above-summarized reports provide strong sup-
port for a causal link between malnutrition, micronutrient defi-
ciencies and risk of COVID-19 infection and severity (Fig. 1).

3. COVID-19: a case of disease-related malnutrition (DRM) -
impact on long covid

The ESPEN guidelines on definitions and terminology in clinical
nutrition define DRM as a “specific type of malnutrition caused by a
concomitant disease”. Inflammation is common in most acute and
chronic disease conditions, representing a key determinant of DRM
[10,11,16]. While factors triggering inflammation may vary in
different diseases, metabolic and nutritional consequences of the
inflammatory response are common and include skeletal muscle
catabolism with muscle loss as well as anorexia and reduced food
intake. Reduced physical activity or bedrest may also contribute
to muscle catabolism. The same ESPEN guideline also generally
defined two levels of inflammation intensity, with milder inflam-
matory response being more common in chronic disease and stron-
ger inflammation in acute disease- or injury-related malnutrition
[10].

COVID-19 is an acute infectious disease with potentially strong
inflammatory response also at systemic level [60]. In addition,
gastrointestinal symptoms, ageusia and anosmia are common and
may contribute to reduce food intake. Pre-existing comorbidities
may also occur, particularly in older patients, thereby synergisti-
cally enhancing catabolic responses. The combined catabolic
impact of inflammation, bedrest and lack of spontaneous food
intake may be strongest in intensive care COVID-19 patients [16].
Again the ESPEN terminology guideline [10] indicates that high
pro-inflammatory cytokines, increased stress hormones as well as
treatment, resistance to insulin, bed rest and no or reduced food
intake “pave the way for a fast decline of body energy and nutrient
stores”.

Evidence of malnutrition ensuing or being exacerbated during
the course of COVID-19 has accumulated in the past two years and
the ESPEN-WHO Europe call to action has contributed to clarify
nutritional defects and their clinical consequences. Importantly,
acute impairment of nutritional state may have prolonged conse-
quences on patient health, by favoring the onset of complications
and comorbidities and by impairing functional status, thereby
directly causing and sustaining the long-term clinical picture that
is currently defined as “long COVID”. COVID-induced malnutrition,
with potential muscle loss and sarcopenia, may indeed directly
contribute to major symptoms of long COVID such as fatigue and
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weakness, which may delay recovery and cause prolonged disability
in a large fraction of COVID patients following acute infection.

3.1. COVID-19 causes malnutrition

Several studies reported high prevalence of moderate to severe
weight loss (>5 or 10% of body weight) during the course of COVID-
19 in non-ICU [61—-66] and ICU hospitalized patients [63,67,68],
with malnutrition prevalence at discharge reaching >80% in ICU
survivors [67]. One study also reported 21% prevalence of weight
loss above 5% also in non-hospitalized patients [69]. Also impor-
tant, one study investigated changes in body composition
measured by body impedance analysis in a small non-ICU patient
cohort [70], reporting stable body fat and water but significant
reduction in phase angle during two-week hospital stays. Causes
of negative energy balance appeared to include lower food intake
also before admission [65,71], gastrointestinal symptoms with
reduced appetite, feeling of gastric and abdominal fullness, altered
taste and smell [66,71]. Higher inflammation as assessed by C-reac-
tive protein was also reported in weight-losing compared to
weight-stable individuals [69]. In post-intubation ICU patients,
but also in the non-ICU setting, a high prevalence of dysphagia
was reported [64,72]. Also relevant for ICU patients, marked and
prolonged hyper-metabolism was consistently described by
different authors through indirect calorimetry [73—76]; from a
methodological standpoint, poor predictive value of common equa-
tions to estimate energy expenditure was reported by one group
[75]. A pilot study also addressed the issue of use of protective
masks while implementing indirect calorimetry [77] suggesting su-
perimposable results with or without protective device. In full
agreement with the above observations, increased prevalence of
malnutrition according to GLIM criteria was documented during
hospital stay from 18 to 79% in one study, with 55% characterized
as severe [68], and up to 80% malnutrition prevalence was reported
at discharge from ICU also in another study [67].

3.2. COVID-19-INDUCED malnutrition: clinical impact and long
CoVID

COVID-19-induced impairment of nutritional status was associ-
ated with negative impact on patient clinical outcomes. Weight loss
was associated with longer disease duration and hospital stay
[63,64,69] as well as risk of ICU transfer [66]. Impaired functional
status was reported at discharge based on Barthel score in a non-
ICU group [64] and lower mobility and ability to perform usual
daily activities were observed at discharge in 70% of ICU patients
[67]. A few studies documented follow-up of nutritional parame-
ters for up to six months. Low appetite and gastro-intestinal com-
plaints were reported in approximately one third of patients up
to 5 months after discharge with parallel continuing weight loss
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Fig. 1. Schematic representation of the potential causal link between malnutrition and Covid-19.
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in 28% of patients [66]. Malnutrition according to GLIM criteria was
also reported to be persistently high with more than 50% preva-
lence and approximately one third severe cases three months after
ICU discharge [68]. Impaired functional status was also not
completely recovered six months after discharge in a general hos-
pital cohort particularly in the presence of in-hospital dysphagia
[64].

Taken together, the above summarized reports provide support
for COVID-19 infection as a strong risk factor for the deterioration of
the nutritional status and the development of malnutrition (Fig. 2).

4. Obesity and malnutrition in COVID-19 and their clinical
impact

Early evidence from COVID-19 cohorts has shown that persons
with obesity are at high risk for severe disease and mortality
[78—83]. Obesity-induced metabolic derangements including hy-
pertension, insulin resistance and hyperglycemia and the metabolic
syndrome (MS) have been reported to worsen COVID-19 severity
and prognosis and may partly explain obesity-associated clinical
risk [84—86]. Pre-existing systemic and tissue low-grade inflamma-
tion may also contribute to impaired immune function in persons
with obesity with enhanced risk for organ damage and failure in
the presence of COVID-19 [87]. From the nutritional standpoint,
obesity with metabolic complications, comorbidities and older
age also increased risk for loss of skeletal muscle mass and function,
which may lead to a double burden of over-nutrition and malnutri-
tion [88—92]. Also importantly, obesity is a strong risk factor for
many diseases and for chronic and acute organ failures [93—95],
with additional independent negative impact on muscle mass and
nutritional status [96—99]. It should be further pointed out that
obesity is commonly associated with micronutrient deficiencies
that may negatively affect both skeletal muscle protein metabolism
and immune function [100,101], thereby enhancing risk of infection
and loss of skeletal muscle mass. The concept of the double burden
of obesity and malnutrition is still underappreciated, but efforts are
being made to enhance awareness on this topic. The recent GLIM
criteria for malnutrition diagnosis allow for practical detection of
malnutrition when involuntary weight loss or low muscle mass
are observed at any level of body mass index (BMI), provided that
low food intake or disease are also present (GLIM). Most impor-
tantly, when malnutrition or malnutrition risk are detected, nutri-
tional care should be implemented also in persons with obesity.
ESPEN has issued in 2021 a guidance paper for nutritional manage-
ment of persons with obesity and COVID-19 endorsed by the ESPEN
Council, suggesting malnutrition screening for all patients with
obesity and risk factors for malnutrition and muscle loss, with
particular regard to comorbidities and older age [1].

The ESPEN WHO Europe call has enhanced available evidence
for a negative clinical impact of concomitant malnutrition in pa-
tients with obesity and COVID-19. Indeed, several studies on the

COVID-19
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prevalence of malnutrition and micronutrient deficiencies reported
on clinical cohorts with overall average BMI in the overweight and
obesity range, that were also affected by malnutrition or malnutri-
tion risk [25,32—34,37,51]. These findings confirm that malnutri-
tion is also a risk factor for infection and severe COVID-19 in
persons with obesity. Also important, most studies on COVID-19-
induced malnutrition similarly include overweight and obese sub-
groups, representing up to more than 90% of the study cohort
[63,64,66—68], confirming that persons with obesity are prone to
the negative nutritional impact of COVID-19. Moreover, studies on
altered body composition showing a specific negative impact on
lean body mass also reported on patient groups with average BMI
in the obesity range [41,70], supporting the concept that loss of
skeletal muscle mass may be the most prominent feature of malnu-
trition in persons with obesity. Additional papers reported on nega-
tive outcomes in COVID-19 patients with obesity and metabolic
syndrome or elevated inflammation markers, that may also impair
nutritional status [102—104]. Patients with high visceral adiposity,
also a major risk factor for inflammation and low muscle mass,
were found to also have higher risk for severe COVID-19 in a sys-
tematic review and meta-analysis [105].

Taken together, these findings provided strong support for a
close nutritional screening and assessment of COVID-19 patients
with overweight and obesity for early detection of malnutrition
which may enhance obesity-associated risk of poor COVID-19 out-
comes and requires nutritional treatment (Fig. 3).

5. Nutritional treatment to improve COVID-19 outcomes:
benefits and hurdles

As malnutrition has been gradually established as both a conse-
quence of COVID-19 infection and a risk factor for COVID-19 infec-
tion and severity in the past two years, studies on the clinical
impact of nutritional treatment to improve COVID-19 outcomes
are less numerous. Evidence is however increasingly available to
indicate beneficial clinical effects of medical nutrition.

5.1. Benefits: acute setting (hospital and ICU)

Several papers on from the ESPEN-WHO Europe call for COVID-
19 papers have reported on the impact medical nutrition in critically
ill patients that are at highest nutritional risk. Earlier implementa-
tion of nutritional care within 48 h of ICU admission was associated
with survival in two studies [26,106]. In another study [71], ICU pa-
tients reaching satisfactory caloric intake through any route simi-
larly had lower mortality compared to those not reaching
nutritional targets. In a Brazilian ICU cohort, protein provision above
0.8 g/Ideal Body Weight/day was also associated with lower mortal-
ity [107]. A protective impact was also reported in a mixed cohort of
non-ICU and ICU patients [108] for reaching overall adequacy of cal-
orie and protein provision at 25 kcal and 1.2-1.5 g per kg/day,

Risk Factors:
- Anorexia

‘NLONG COVID

- Inflammation
- { Physical activity

Fig. 2. Schematic representation of the link between Covid-19 and malnutrition development.
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Fig. 3. Schematic representation of the proposed nutritional screening and treatment algorithm in Covid-19 patients.

respectively. Conversely, in a study from the United States, intoler-
ance to enteral nutrition in ICU was associated with nutritional com-
plications including higher risk of malnutrition, higher risk of organ
failure and overall mortality [109]. Also in the ICU setting [110],
parenteral nutrition in patients receiving non-invasive ventilation
was per se associated with lower odds of oxygen escalation. Consis-
tent with high prevalence of malnutrition in COVID-19 patients with
overweight and obesity, and with high risk of developing malnutri-
tion during the course of COVID-19 [2], most of the above reports on
nutritional treatment included large subgroups of patients with
overweight and obesity.

It should be pointed out that evidence on potential beneficial ef-
fects of micronutrient supplementation is less conclusive. With re-
gard to oral supplements, a systematic review of 12 randomized
controlled trials on use of dietary herbal supplements to increase
micronutrient provision [111] showed that high risk of bias makes
it difficult to interpret results; the authors conclude that some
promising effects were suggested in improving recovery, and zinc
supplements could lead to faster recovery from olfactory dysfunc-
tion. A meta-analysis focusing on vitamin C, vitamin D and zinc re-
ported beneficial effects of vitamin D supplementation in reducing
risk of intubation during COVID-19 illness, whereas no significant
impact was detected for vitamin C and zinc on mortality, intubation
risk and length of hospital stay [112].

5.2. Benefits: post discharge

Evidence of nutritional derangements and high risk of malnutri-
tion following COVID-19 infection strongly support continuing
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nutritional follow-up and treatment for several months after infec-
tion resolution, to potentially prevent or treat nutritional compo-
nents of long COVID. Very few reports are however available on
sustained nutritional treatment in this setting. In the setting of
the ESPEN-WHO call for papers, one study from Italy in non-ICU pa-
tients reporting post-COVID fatigue investigated the impact of a
commercial oral supplement including vitamins, minerals, amino
acids and plant extracts [113]. Questionnaire-based improvements
of quality of life, fatigue and global health status were reported af-
ter 14 and 28 days [113]. Another study described the effects of a
multidisciplinary rehabilitation program for patients discharged
from acute COVID hospitals in northern Italy after worsening of
nutritional status [62]. 61% of patients had developed malnutrition
during hospitalization according to GLIM criteria, despite average
BMI in the overweight range [62]. Four-week interventions
including diet optimization (27—30 kcal and 1—-1.3 g protein per
kg/day) and controlled aerobic and resistance exercise were re-
ported to improve body composition with increased phase angle
and muscle strength [62]. Further studies are clearly needed to
assess the potential positive clinical impact of rigorous comprehen-
sive nutritional intervention programmes on nutritional sequelae
of COVID-19.

5.3. Hurdles: awareness

Since the start of the pandemic, ESPEN and other scientific So-
cieties have issued guidance papers on implementation of nutri-
tional care for prevention and treatment of malnutrition in
patients with COVID-19 [1,2], aimed at reducing morbidity and
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mortality as well as infection risk particularly in high-risk pa-
tients with older age and pre-existing comorbidities [1,2]. ESPEN
also specifically addressed the issue of obesity [2], with largely
similar recommendations. Guidance for pediatric patients is
also available [114] for specific needs of this age group [115].
Despite early availability of guidance documents, several hurdles
may however impair implementation of nutritional care in
routine clinical practice. Low awareness of the negative impact
of malnutrition and the importance of nutritional care in virtually
any acute disease conditions is a pre-existing hurdle [116—120].
Even in tertiary care centers, inadequate implementation of nutri-
tional care in patients with COVID-19 has been documented
when compared to malnutrition prevalence [28,67]. In surveys
from South-East Asia, limitations were confirmed in implementa-
tion of nutrition guidelines in COVID-19 patients, with reasons
including lack of confidence as well as budget limitations [121].
Similarly, insufficient knowledge of nutrition management was
self-reported by ICU personnel in a Swiss survey [122]. Impor-
tantly, low adherence to nutritional guidelines was associated
with negative clinical outcomes including higher length of stay
in ICU and mortality [121]. On the other hand, studies reporting
adequate implementation of nutritional care in ICU to reach
nutritional targets also reported good access to healthcare profes-
sionals such as nutritionists and dietitians [123—126]. The ESPEN-
WHO Europe call for papers on COVID-19 therefore also contrib-
utes to highlight the need for action to increase awareness on the
importance of nutritional care in this setting, both for healthcare
professionals and policy-makers.

5.4. Hurdles: practical COVID-related issues

The onset of the COVID-19 pandemic and pandemic waves at
different times around the world have also posed huge practical
hurdles to implementation of nutritional care, as priorities and re-
sources for healthcare systems had to shift towards COVID-19.
Negative consequences included limitation of workforce, need
for changes in hospital organization and limited physical access
to patients for examination and monitoring. The ESPEN-WHO
Europe call for papers has also allowed to collect reports on poten-
tial approaches to mitigate practical hurdles to nutritional care.
Simplified organization of nutrition protocols for ICU healthcare
providers to COVID-19 patient has been proposed and imple-
mented [122], with higher adherence to nutritional targets re-
ported in a subsequent study in the same setting [127]. Reports
on re-organizations of nutrition support activities, and the specific
role of different professional components of the nutritional team
have been also provided [128]. Limited or no patient contact has
been also addressed both in the hospital and home care settings.
Recommendations have been proposed for remote evaluation of
the anthropometric component of nutritional assessment in
ambulatory settings [129], and a pilot study reported good perfor-
mance of an abridged format of Subjective Global Assessment
without physical examination [130]. Results of the latter study
appeared to support the use of the abridged format, with good
comparison in detection of malnutrition with the complete form
[130]. A remote nutritional screening tool suitable for app imple-
mentation has been also proposed [131]. The ESPEN Special Inter-
est group for Home Artificial Nutrition issued early during the
pandemic a position paper with considerations on the potentially
problematic topic of management of home parenteral nutrition in
the setting of pandemic-related limitations [132], with additional
statements coming from a network of home nutrition centers in
Poland [133]. Altogether, the above reports have started to provide
guidance and practical examples for effective implementation of
nutritional care in COVID-19 patients.
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6. Lifestyle and public health nutritional implications

The COVID-19 pandemic also created fundamental challenges
through profound limitations in social interactions with potential
negative impact on individual lifestyle habits and nutrition. Vari-
able reduction of economic activities with loss of income may
have also directly and negatively affected food quality and security;
to this regard the pandemic also exacerbated or unveiled social and
regional inequalities in terms of food habits and access to balanced
and adequate nutrition. The ESPEN-WHO Europe call for papers
also addressed these topics, and several studies have been pub-
lished on these important issues.

6.1. Lifestyle

Measures to limit the spread of the COVID-19 pandemic have
included strong limitations to usual activities and social confine-
ment, up to general lockdowns. Changes in dietary habits and their
impact on body weight have been investigated in original studies
and systematic reviews. Different patterns of dietary changes
have been reported, indicating heterogeneous responses to lock-
downs in the general population. In a large sample of >22.000 UK
adults, 64% of participants reported no modifications in nutrition
quantity [134], whereas two alternative minority trajectories
emerged, with reductions or increments in food intake. Other
studies reported a majority of individuals with overall increasing
food intake [135,136]. Interestingly, emotional eating defined as
food consumption in response to stress was reported to be higher
under lockdown conditions in one survey, with more common
emotional eating in persons with obesity and overweight [137]. A
systematic review of 32 studies also reported increments in snack-
ing and alcohol consumption (10—51%) [ 138], and number of snacks
also increased in an Iranian cohort in all body weight categories
[135]. A sizable fraction of studied populations (15—41%) intrigu-
ingly reported reduced consumption of fast food and ordered
food, with a counterintuitive adaptation to lockdown conditions
that could favor consumption of more healthy home-prepared
meals, also suggested by a subsequent report [138]. Also interest-
ingly, an urban household survey suggested that consumption of
fresh, minimally processed food is associated with lower preva-
lence of anxiety or depression compared to ultra-processed food
[139]. More studies are needed to further investigate the potential
role of healthy food consumption to prevent nutritional and mental
negative consequences during lockdown conditions. Body weight
changes during lockdowns were investigated in a systematic re-
view of 36 studies that reported an overall trend for increments
(11-72%) although this was accompanied by a sizable fraction of
the overall population reporting weight loss (7—52% in different
studies) [ 140]. Interestingly, the only study from this review report-
ing overall weight loss was characterized by older age >60 [141],
suggesting a potential negative impact of aging on weight mainte-
nance during the COVID-19 pandemic. Another study in older
adults did not report lockdown-induced BMI changes, but it
confirmed a reduction in physical activity, associated with wors-
ening of mental health parameters [142]. Changes in body compo-
sition should be directly investigated in future studies, since
reduction of physical activity during lockdowns could favor reduc-
tion in muscle mass and function, with ensuing malnutrition and
sarcopenia [143]. Since low physical activity also potentially affects
intestinal transit and bowel rhythm, these parameters were inves-
tigated in a specific survey in an adult cohort; while a majority of
responders reported adequate transit, approximately one quarter
reported altered rhythm with either faster or slower transit [144].
Patients with eating disorders (ED) represent an additional at-risk
group with potential more profound negative impact of lockdown
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conditions on eating behavior patterns. A meta-analysis focusing
on this patient group confirmed a high risk of worsening of ED
symptoms and mental health, with potential negative impact on
nutritional status during the pandemic [145]. The impact of lock-
downs was also studied on additional behavioral and lifestyle com-
ponents. One report from Peru found increments in body weight in
a cohort of young university students [146], and this change was
associated with reduced physical activity, light exposure and sleep
duration. Other studies however suggested that changes in sleep
duration may vary in different populations with reported no
change or increase in up to 90% of participants in a study from
Turkey [137].

Taken together, the above reports from the ESPEN-WHO Europe
call for papers contribute to identify potential negative changes in
eating behavior that may enhance the risk to develop or worsen
overweight and obesity, with potential for associated reduction in
muscle mass that should be specifically investigated.

6.2. Public health nutrition

Nutrition patterns and diet quality, as well as levels of food
security may on one hand influence the risk of developing
severe infections including COVID-19 by modulating nutritional
state and immune function. On the other hand, the COVID-19
pandemic may worsen economic conditions, individual income
and food security with synergistic impact on infection risk.
Selected reports from the ESPEN-WHO Europe call have
addressed these important issues. One study analyzed the impact
of food supply available in 170 different Countries from Food and
Agriculture Organization of the United Nations data on rates of
recovery from COVID-19 [147]. The study demonstrated that re-
covery rates were highest in countries stratified as having eradi-
cated hunger, and lowest in those with moderate or high global
hunger index [147], although the potential impact of healthcare
quality and accessibility should also be considered since this is
a relevant potential factor that could affect study results. Major
benefits from individual nutrients were attributed to animal-
derived food while sources of immune-modulating micronu-
trients were also beneficial [147]. The potential relevance of
habitual dietary patterns was further suggested in a study from
South Korea showing that population groups stratified as having
high risk to develop COVID-19 also had higher risk of having
nutritional deficiencies, with particular regard to multiple vita-
mins [148]. On the other hand, higher adherence to diet rich in
antioxidants, anti-inflammatory and micronutrients such as the
Mediterranean diet was associated with lower risk to develop
COVID-19 in a Spanish cohort [149]. Two additional studies
addressed the impact of COVID-19 on food security. In one report
from Jordan using a web-based validated questionnaire, 60% of
participants were identified as having severe or moderate food
insecurity, associated with reduced monthly income and number
of family members [150]. In another paper, a systematic review
was performed on the impact of COVID-19 on food systems and
security [151]. Findings from 35 studies confirmed adverse effects
of the pandemic that were modulated by timing, intensity and
duration of social restrictions as well as by existence of social
and government safety nets [151]. Inequalities in negative impact
also emerged along lines of female gender, age and low socio-
economic status without stable employment [151]. Concern for
high risk categories was further expressed in additional papers
focusing on high risk of food insecurity in children [152] and
on pregnant women with diabetes mellitus [153].

Overall, the above reports from the ESPEN-WHO call contrib-
uted to confirm the extended COVID-19 challenge for public health
through potentially deleterious changes in lifestyle and food
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security, with a strong risk for enhancement of inequalities within
and among countries and world regions.

7. Conclusions

ESPEN and WHO Europe have strongly supported the collection
of scientific evidence on the role of nutrition and nutritional care to
effectively address the challenges and consequences of the COVID-
19 pandemic. At the time of submission of this paper more than
260.000 publications are retrievable in PubMed using COVID as
keyword. The total number of publications is however substantially
lower (5705 - approximately 2%) when COVID and nutrition are
both used for publications search. When COVID and malnutrition
are used for publications search, only 898 publications are retrieved
(less than 0.4%). We are pleased to offer more than 120 publications
in ESPEN journals on these important topics and hope that these
findings will contribute to enhance awareness on the importance
of nutrition in prevention, treatment and post-infection care of
COVID-19. As we join the universal hope that the impact of the
COVID-19 pandemic will decline as soon as possible through vacci-
nations and potential new treatments, we believe and advocate
that optimal nutritional care may provide important contributions
to reach this goal.
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