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Background: Undernutrition has been previously identified as a
deleterious factor in acute infections. In covid-19 infection, obesity
is a risk-factor of severe evolution, but initial undernutrition has
not been evaluated yet.
Methods: We retrospectively analyzed correlation between nutri-
tional status at admission and severe outcomes (intensive care unit
admission, invasive mechanical ventilation requirement and
death) of patients hospitalized for confirmed covid-19 infection.
Results: Risk of intensive care unit admission and invasive
mechanical ventilation requirement was not significantly different
between undernutrition and normoweight sub-groups, but
increased in excessive weight sub-group (ODDR (IC 95%) 1.048
(1.011-1.086), p ¼ 0.011). Risk of death was the same in all sub-
groups.
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Conclusion: Undernutrition didn't appear as a factor of severe
outcomes in covid-19 infection.

© 2022 The Authors. Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an

open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Known risk factors of severe coronavirus disease 2019 (COVID-19) identified to date include: male
gender, older age, obesity, hypertension, diabetes mellitus, and cardiovascular diseases [1].

Regarding acute infections and specifically COVID-19 infection, obesity has been confirmed as a risk
factor for ICU admission (ICU) and the need for invasive mechanical ventilation (IMV) [2]. However,
until now, undernutritionwas investigated only in terms of consequences of COVID-19, but not as a risk
factor per se [3,4].

We aimed to assess whether malnutrition could be a risk factor for severe COVID-19 infection
defined by at least one of the following criteria: ICU admission, IMV need, or death. At admission,
according to the Global Leadership Initiative of Malnutrition (GLIM), a low Body Mass Index (BMI)
was the nutritional phenotype criteria to classify the patients as undernourished.
Materials and methods

This observational longitudinal case-control study included 660 participants with PCR-
confirmed COVID-19 infection from the database NOSO-COR of 4 university hospitals in France,
between February 1st and April 10th 2020. All participants provided written informed consent.

Diagnosis of malnutrition according to the GLIM criteria requires at least one etiologic criterion
among reduced food intake or assimilation, inflammation or disease burden and at least one pheno-
typic criterion among involuntary weight loss, low BMI and reduced muscle mass [5]. In our study,
etiologic criterion of malnutrition was fulfilled due to COVID-19 induced inflammation. Moreover,
reduced food intake or assimilation: the other etiologic criterion was also respected in most cases due
to COVID-19 illness progression (nausea, vomiting, diarrhea, anosmia, dysgeusia). Phenotypic criteria
were assessed using BMI. Nutritional status sub-groups defined by the GLIM classification were:
underweight (UW) for patients with a BMI < 20 kg/m2 if < 70 years old and < 22 for those > 70 years
old [5], excessive weight (EW) for patients with BMI > 25 kg/m2 and normal weight (NW). To
determine the specific impact of the virus, a non COVID-19 control group included 177 patients
hospitalized in the same ICU, during the same period the previous year (2019).

The statistical analysis was performed using IBM SPSS Statistics 19. All results were expressed as
mean ±mean standard error (MSE) for continuous variables and frequency (percentage) for categorical
variables. A student t-test or Mann-Whitney U-test was used for the comparison of continuous
variables and the chi-squared was used for the comparison of the categorical variables. Associations
between BMI or patients characteristics (such as age, sex or medical history) and the need for IMV or
death occurrence have been assessed by using univariate andmultivariate logistic regression as well as
a Kaplan-Meier survey for the impact of the BMI on the ICU duration. A p-value level <0.05 was
considered significant.
Results

At admission, out of 660 hospitalized COVID-19 patients, 127 (18.5%) were UW and 364 (55.1%) EW.
The admission in ICU concerned 166 (25.2%) patients. UW patients were less prevalent than

NW (n ¼ 16 (9.6%) vs n ¼ 43 (25.9%), p ¼ 0.014), and EW (n ¼ 16 (9.6%) vs n ¼ 107 (64.5%), p < 0.001)
(Fig. 1-a).
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Figure 1. Description of severe outcomes for patients hospitalized for COVID-19 infection according to their nutritional status. UW:
underweightpatients;NW:normoweight;EW:Excessiveweight; ICUþ: admission to intensivecareunit; ICU-:noadmissionto intensivecare
unit; IMVþ: Invasive mechanical ventilation requirement; IMV-: no invasive mechanical ventilation requirement; Deathþ: dead patients.
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IMV was required for 86 (13%) patients, and 145 (21.9%) patients died. There was no significant
difference between UW and NW subgroups. However, IMV and death were significantly less prev-
alent in the UWgroup compared to the EW group (p¼ 0.002 and p¼ 0.017 respectively) (Fig.1-b and
1-c).

After adjustment for age, sex and comorbidities, the risk of severe COVID-19 outcomes increased
significantly with age and male gender, but not with underweight. ICU admission risk was not
significantly different between the UW and NW sub-groups, but increased for EW (ODDR (IC 95%)
1.048 (1.011e1.086), p ¼ 0.011). IMV requirement was the same for the UW and NW subgroups, but
doubled for obese subjects. Concerning length of stay in ICU, there was no statistically significant
difference between the three nutritional subgroups with a mean length of stay in ICU of 14.5(±11.8),
13.5 (±11.11) and 13.3 (±10.6) days for UW, NWand EWrespectively. Risk of deathwas the same for all
sub-groups.

Compared to the ICU control group, UW COVID-19 patients had the same prevalence and the same
risk of IMV and death. However, EW COVID-19 patients had a higher IMV needs (107 (64.8%) vs 92
(52.0%), p ¼ 0.016), and had an increased risk of death (p ¼ 0.003).

Discussion

Previous studies showed that COVID-19 infection can potentially lead to malnutrition, and a higher
risk of malnutrition may worsen the evolution of patients with viral pneumonia [6]. In addition, our
data suggest that pre-existing malnutrition, based on GLIM criteria, does not affect the prognosis of
patients hospitalized for SARS-COV2 infection.

Our study is one of very few studies to evaluate malnutrition as a risk factor of severe forms of
COVID-19.We did notfind any association between pre-existingmalnutrition and severe COVID-19
outcomes. Our finding is supported by a previous study concluding that malnutrition was not
associated with the risk of transfer to ICU or death of COVID-19 patients [7,8]. On the other hand, a
retrospective study conducted in Wuhan, found that patients admitted in ICU for COVID-19 infection
had a significant lower BMI compared to patients in non-ICU unit [4,9]. Moreover, in ICU group, patient
with a highermNUTRIC score, score used for the evaluation of the risk ofmalnutrition, had a higher risk
of death. However, no patients included in this study had a BMI below 18.5. Finally, the mNUTRIC score
is not a diagnosis score but a score of risk of malnutrition and was done only for patients admitted in
ICU.

On the opposite, obesity is a well-known risk factor of severe evolution in SARS-Cov2. This differ-
ence could be the result of a chronic low-grade inflammation and increased inflammatory cytokines
produced by pro-inflammatory immune cells accumulating in adipose and impairing the host immune
response in obesity [10]. In addition, obesity is a metabolic disease associated with numerous un-
derlying risk factors for COVID-19, including hypertension, dyslipidaemia, type 2 diabetes (T2D) and
chronic kidney or liver disease which are all described to have deleterious effect during infection with
COVID-19 [11]. Resistance to insulin and hyperglycemia impair immune cell function directly or
indirectly via oxidants generation and glycation products. On the other hand, malnutrition and in
particular protein energymalnutrition (PEM) has been linked to immunosuppressive phenotype due to
decreased levels of adipokine and leptin [12]. Leptin has been shown to shift the immune response
from an anti-inflammatory profile to a more pro-inflammatory one validating the immunosuppressive
profile seen in leptin-deficient malnourished patients. Accordingly, malnutrition appears to counteract
severe complications brought on by the cytokine storm as the consequence of the infection by
SARS-Cov2 [12]. In stunting, another suggested protective mechanism is atrophy of primary lymphoid
organs, reducing T- and B-cell numbers, leading to leukopenia. This reduced number of immune cells
may acts as a protective factor against the “cytokine storm” described in the severe SARS and defined
by an exacerbated secretion of pro inflammatory cytokines associated with an overreaction of the
immune system [13].

Moreover, our study has some limitations. Firstly, BMI was the only phenotypic criterion used to
define the nutritional status for the GLIM screening; however, as underlined by recent statement, the
diagnosis of undernutrition cannot be limited to a “low” BMI [14]. Indeed, BMI is a highly individual
measure since the weight range corresponding to a “normal” BMI for a given person could allow a
12
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variability in weight up to 35%. Thereby, a recent loss of weight of 10%, could maintain a patient on a
“normal” BMI despite a proven malnutrition. On the contrary, a “low” BMI is not always a sign of
malnutrition since it does not consistently reflect body composition. On another side, some authors
differentiate the unintentional and intentional weight loss, which does not, seems to have the same
consequences according to gender and ethnicity. Further studies should discriminate between
standardized BMI and individual optimal weight. Secondly, there was a lack of specific biological
nutritional markers not performed in clinical routine during the pandemic; however, the strength of
our study is the use of GLIM criteria for the definition of malnutrition, known to be the most reliable
tool for nutritional status determination. Thirdly, we cannot rule out local ethical decisions to limit the
admission of the elderly and therefore possibly underweight patients to the ICU; however, mortality
rate was evaluated for the entire cohort.

Nevertheless, malnutrition as part of COVID-19morbidity requires essential nutritional measures to
alleviate its deleterious consequences. COVID-19 infection can potentially lead to malnutrition, and
malnutrition may worsen the evolution of patients with viral pneumonia [6].

In conclusion, malnutrition doesn't seem to be a risk factor for severe form of COVID-19.
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