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Background & aims: Coronavirus disease 2019 (COVID-19) may associate with clinical manifestations,
ranging from alterations in smell and taste to severe respiratory distress requiring intensive care, that
might associate with weight loss and malnutrition. We aimed to assess the incidence of unintentional
weight loss and malnutrition in COVID-19 survivors.
Methods: In this post-hoc analysis of a prospective observational cohort study, we enrolled all adult (age
�18 years) patients with a confirmed diagnosis of COVID-19 who had been discharged home from either
a medical ward or the Emergency Department of San Raffaele University Hospital, and were re-evaluated
after remission at the Outpatient COVID-19 Follow-Up Clinic of the same Institution from April 7, 2020, to
May 11, 2020. Demographic, anthropometric, clinical and biochemical parameters upon admission were
prospectively collected. At follow-up, anthropometrics, the mini nutritional assessment screening and a
visual analogue scale for appetite were assessed.
Results: A total of 213 patients were included in the analysis (33% females, median age 59.0 [49.5e67.9]
years, 70% overweight/obese upon initial assessment, 73% hospitalised). Sixty-one patients (29% of the
total, and 31% of hospitalised patients vs. 21% of patients managed at home, p ¼ 0.14) had lost >5% of
initial body weight (median weight loss 6.5 [5.0e9.0] kg, or 8.1 [6.1e10.9]%). Patients who lost weight
had greater systemic inflammation (C-reactive protein 62.9 [29.0e129.5] vs.48.7 [16.1e96.3] mg/dL;
p ¼ 0.02), impaired renal function (23.7% vs. 8.7% of patients; p ¼ 0.003) and longer disease duration (32
[27e41] vs. 24 [21e30] days; p ¼ 0.047) as compared with those who did not lose weight. At multivariate
logistic regression analysis, only disease duration independently predicted weight loss (OR 1.05 [1.01
e1.10] p ¼ 0.022).
Conclusions: COVID-19 might negatively impact body weight and nutritional status. In COVID-19 pa-
tients, nutritional evaluation, counselling and treatment should be implemented at initial assessment,
throughout the course of disease, and after clinical remission.
Clinicaltrials.gov registration: NCT04318366.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19), caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has spread
nte).
and Promotion of the Quality
ly.
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rapidly worldwide [1]. COVID-19 patients present primarily with
fever, dry cough, and fatigue or myalgia [2]. Clinical manifestations
vary widely, ranging from asymptomatic forms to e particularly in
older and/or polymorbid patients - acute respiratory distress syn-
drome (ARDS) requiring hospitalisation, assisted ventilation, and
intensive care unit (ICU) admission, with highmortality risk [3]. ICU
stay, polymorbidity, and older age are factors that associate with
high risk and incidence of malnutrition [4e7]. In patients with
severe COVID-19 hyperinflammation with massive release of
lism. All rights reserved.
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inflammatory cytokines [8,9], as well as use of mechanical venti-
lation, either non-invasive or invasive, and prolonged hospital stay
could further increase the risk of malnutrition.

Patientswithmild COVID-19managed at homemight also suffer
from malnutrition. Alterations of smell and taste, as well as fatigue
and lack of appetite, are reported as very prevalent symptoms in
COVID-19 patients [10] that could affect food intake. Confinement
at home and COVID-19 symptoms may limit the amount of physical
activity, leading to loss of lean mass [11]. These factors, on top of a
systemic inflammatory response, might result in malnutrition even
in non-hospitalised patients. However, no data are available on the
impact of COVID-19 on nutritional status.

We sought to evaluate the incidence of unintentional weight
loss and malnutrition in COVID-19 survivors who were either
hospitalised or managed at home and re-evaluated after clinical
remission.

2. Materials and methods

2.1. Study design

This was a post-hoc analysis of data collected for the COVID-BioB
study, a large prospective observational investigation performed at
San Raffaele University Hospital, a tertiary health-care hospital in
Milan, Italy. The study protocol complies with the Declaration of
Helsinki, was approved by the Hospital Ethics Committee (protocol
no. 34/int/2020), and was registered on ClinicalTrials.gov
(NCT04318366). Full description of patient management and clin-
ical protocols were previously published (16). Signed informed
consent was obtained from all patients participating in this study.
We included adult (age �18 years) patients with a confirmed
diagnosis of COVID-19 who had been discharged home from either
a medical ward or the Emergency Department (ED) of San Raffaele
University Hospital, and were re-evaluated after remission at the
Outpatient COVID-19 Follow-Up Clinic of the same Institution from
April 7, 2020, to May 11, 2020 (Supplementary Fig. 1). Confirmed
COVID-19 was defined as positive real-time reverse-transcriptase
polymerase chain reaction (RT-PCR) from a nasal and/or throat
swab together with signs, symptoms, and/or radiological findings
suggestive of COVID-19 pneumonia. Remission was defined as two
negative RT-PCR from a nasal and/or throat swab performed 24 h
apart, and no symptoms. Only patients with available anthropo-
metrics (weight and height) recorded upon admission (to the ED or,
if not available and only for hospitalised patients, to the medical
ward) were included in the analyses. Patients admitted for other
reasons and subsequently diagnosed with superimposed SARS-
CoV-2 infection were excluded.

2.2. Data collection

Data were collected from medical chart review or directly by
patient interview and entered in a dedicated electronic case record
form (eCRF) specifically developed for the COVID-BioB study. Prior
to the analysis, data were cross-checked with medical charts and
verified by data managers and clinicians for accuracy. The
following variables were collected for all patients: age, sex, body
mass index (BMI, calculated as the ratio of weight in kilograms
[kg] divided by height in squared metres), PaO2/FiO2 (calculated as
the ratio between the arterial partial pressure of oxygen measured
on arterial blood gas analysis and the fraction of inspired oxygen),
plasma glucose (mg/dL), estimated glomerular filtration rate
(eGFR, as estimated by the CKD-EPI equation and expressed as ml/
min/1.73 m2), haemoglobin, lymphocyte and neutrophil counts
(x109/L), lactate dehydrogenase (LDH, U/L), and high-sensitivity C-
reactive protein (CRP, mg/dL) on ED admission, peak CRP during
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hospital stay, comorbidities (including history of hypertension,
diabetes mellitus, dyslipidaemia, ischaemic heart disease, and
active cancer) and clinical outcome (discharge from ED or hospital
ward, admission to ICU the during hospital stay). Measuring
weight and height on admission was not feasible due to the
workload for nurses and physicians during the peak of the
pandemic and the need for contact and airborne precautions in
the hospital. Therefore, weight and height on admission were self-
reported by patients. Height measured at the follow-up visit was
subsequently used to calculate baseline BMI for the present
analysis. Disease duration was defined as the time from the
diagnosis of SARS-Cov-2 infection by RT-PCR from a nasal and/or
throat swab to the time of remission (two negative RT-PCR from a
nasal and/or throat swab).

Follow-up outpatient visits were scheduled approximately 3
weeks after discharge, and included a complete internal medicine
assessment (collection of medical history, measurement of vital
signs, physical examination), and nutritional evaluation (body
weight measured to the nearest 0.1 kg using a balance beam scale,
height measured to the nearest 0.1 cm using a wall-mounted sta-
diometer, mini nutritional assessment [MNA] screening and
appetite assessment using a visual analogue scale [VAS] ranging
from 0 to 100 mm) [12,13]. Weight loss was defined as a reduction
>5% from initial body weight. At the follow-up visit patients un-
derwent a neurological assessment during which symptoms at
disease onset were recorded. Patients were also specifically ques-
tioned by the neurologist about whether they had experienced
taste and smell disturbances at disease onset.

2.3. Statistical analysis

Descriptive statistics were obtained for all study variables.
Continuous variables were expressed as medians [25th e 75th
percentile]. Categorical variables were summarised as counts and
percentages. Fisher exact test or c2 test and ManneWhitney U tests
were employed to determine the statistical significance of differ-
ences in proportions and medians, respectively. All statistical tests
were two-sided. A p-value of <0.05 was considered statistically
significant. Univariate and multivariate logistic regression analyses
were used to estimate adjusted odds ratios (ORs) of weight loss
with 95% confidence intervals (CIs) in the whole group and in the
subgroup of hospitalised patients. Subgroup analysis was not per-
formed for non-hospitalised patients due to the relatively small
number of subjects in this group. Demographic and clinical char-
acteristics potentially associated with weight loss were tested in
univariate models. All variables that emerged as predictors
(p < 0.05) at univariate analysis were used as covariates in the
multivariate model. Sex and age were retained in the model
regardless of their p value at univariate analysis to control for their
effect. Missing data were not imputed. Statistical analysis was
conducted using IBM SPSS Statistics (IBM SPSS Statistics for Win-
dows, Version 22.0. Armonk, NY: IBM Corp.).

3. Results

A total of 213 patients were included in the present analysis
(Supplementary Fig. 1). Approximately one third of patients were
females (33.3%), and median age was 59.0 [49.5e67.9] years. Me-
dian disease duration, as estimated by the time from diagnosis to
negative swab, was 30 [25e38] days. Patient characteristics upon
admission to the ED are summarized in Table 1.

Median BMI upon initial admission was 27.1 [24.7e31.0] kg/m2

with approximately 70% of patients having overweight or obesity.
Only four patients (2%) were underweight. Most patients (73%)
had been hospitalised and subsequently discharged from a

http://ClinicalTrials.gov


Table 1
Patient characteristics upon admission to the Emergency Department (whole population and comparison between patients managed at home and hospitalised patients).

All
213

Hospitalised
73.2% (156)

Non-Hospitalised
26.8% (57)

p value Missing

Age, yrs 59.0 (49.5e67.9) 61 (53e69) 51 (40e60) <0.001 e

Female, % (n.) 33.3% (71) 28.8% (45) 45.6% (26) 0.022 e

Race, % (n.)
White 97.7% (208) 98.7% (154) 94.7% (54) 0.010 e

Asian 0.9% (2) 1.3% (2) 0% (0)
Black 1.4% (3) 0% (0) 5.3% (3)

Hypertension, % (n.) 36.0% (76) 40.0% (62) 25.0% (14) 0.045 2
Coronary artery disease, % (n.) 6.6% (14) 6.4% (10) 7.1% (4) 1.0 2
Diabetes Mellitus, % (n.) 11.4% (24) 12.9% (20) 7.1% (4) 0.245 2
COPD, % (n.) 2.4% (5) 3.2% (5) 0% (0) 0.328 2
CKD, % (n.) 2.4% (5) 3.2% (5) 0% (0) 0.328 2
Malignancy, % (n.) 1.4% (3) 1.3% (2) 1.8% (1) 1.0 2
BMI, kg/m2 27.1 (24.7e31.0) 27.9 (25.1e31.5) 25.7 (24.2e30.4) 0.025 e

BMI category, % (n.)
Underweight 1.9% (4) 1.9% (3) 1.8% (1) 0.10 e

Normal weight 27.7% (59) 23.1% (36) 40.4% (23)*
Overweight 40.8% (87) 44.2% (69) 31.6% (18)
Obesity 29.6% (63) 30.8% (48) 26.3% (15)

Hyposmia, % (n.) 38.1% (67) 37.4% (49) 40.0% (18) 0.757 37b

Hypogeusia, % (n.) 43.2% (76) 45.0% (59) 29.8% (17) 0.396 37b

Fevera, % (n.) 45.2% (90) 50.0% (72) 32.7% (18) 0.029 14
SpO2, % 95 (92e97) 94 (91e96) 97 (96e98) <0.001 7
PaO2/FiO2 ratio 314 (270e360) 300 (252e333) 377 (342e420) <0.001 28b

CRP, mg/dl 49.3 (19.9e99.9) 62.4 (31.0e115.2) 14.3 (4.8e46.2) <0.001 5
LDH, U/L 328 (260e412) 360 (281e430) 256 (211e324) <0.001 28b

Hb, g/dL 14.1 (12.9e15.2) 14.1 (12.8e15.2) 14.05 (12.3e15.2) 0.82 1
Lym, 109/L 1.0 (0.7e1.3) 1.0 (0.7e1.3) 1.2 (1.0e1.6) <0.01 15
Neu, 109/L 4.1 (3.2e6.2) 4.5 (3.5e6.8) 3.5 (2.6e4.4) <0.001 25b

Plasma glucose (mg/dL) 103 (93e114) 106 (96e117) 98 (87e110) <0.01 5
AST, U/L 41 (29e56) 44 (32e61) 29 (23e46) <0.001 2
ALT, U/L 36 (23e54) 38 (23e57) 29 (21e49) 0.059 2
eGFR < 60 mL/min/1.73m2 27 (12.9) 25 (16.3) 2 (3.6) 0.015 4

*Denotes significant difference (p < 0.05) vs. the corresponding category in the hospitalised group.
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CKD, Chronic Kidney Disease; BMI, Body Mass Index; SpO2, peripheral oxygen saturation; PaO2/FiO2 ratio, ratio
between the arterial partial pressure of oxygen measured on arterial blood gas analysis and the fraction of inspired oxygen; CRP, C-Reactive Protein; LDH, lactate dehy-
drogenase; Hb Haemoglobin; Lym, absolute lymphocyte count; Neu, absolute neutrophil count; AST, aspartate aminotransferase; ALT, alanine aminotransferase; eGFR,
estimated glomerular filtration rate, calculated using the CKD-EPI equation.

a Tympanic temperature �38.0 �C.
b Variables with >10% missing values: hyposmia and hypogeusia (16% and 21.1% missing in the hospitalised and non-hospitalised group, respectively), PaO2/FiO2 ratio

(14.7% and 8.8% missing in the hospitalised and non-hospitalised group, respectively), LDH (12.8% and 14.0% missing in the hospitalised and non-hospitalised group,
respectively) and absolute neutrophil count (13.5% and 7.0% missing in the hospitalised and non-hospitalised group, respectively). For each categorical variable, percentages
were calculated on the number of patients with complete data (valid percentage).
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hospital ward. Of these, 5 (3.2%) had been admitted to ICU during
the hospital stay. The proportion of males was significantly greater
among hospitalised patients (c2: 5.28, p ¼ 0.022), who were also
significantly older (ManneWhitney's U: 6484, p < 0.001) and
heavier (ManneWhitney's U: 5.338, p ¼ 0.025) than those dis-
charged from the ED and managed at home (Table 1). As expected,
hospitalised patients had more severe disease upon presentation
(Table 1), being more frequently febrile (c2: 4.79, p ¼ 0.029) and
having a worse respiratory function (ManneWhitney's U: 1345.5
and 688.5 for SpO2 and PaO2/FiO2 ratio, respectively, p < 0.001 for
both) and more altered biochemical markers of disease activity
(ManneWhitney's U: 6733.5, 4952.5, 2874 and 4771.5 for CRP,
LDH, absolute lymphocyte and neutrophil counts, respectively,
p < 0.01 for all; Table 1). Renal function was also worse in hospi-
talised patients, with a significantly greater proportion of subjects
having CKD stage 3 or worse (c2: 5.94, p ¼ 0.015; Table 1). There
were significantly more normal-weight individuals in the group
managed at home (c2: 6.22, p ¼ 0.013; Table 1), whereas the
proportion of those with overweight/obesity was higher among
hospitalised patients (c2: 5.86, p ¼ 0.015 for overweight/obesity
combined). Having overweight/obesity was associated with 2-fold
increased risk of being admitted to hospital compared with being
under-/normal-weight (odds ratio [OR] 2.18, 95% confidence in-
terval [CI] 1.15e4.13; p ¼ 0.017). However, overweight/obesity was
2422
not associated with an increased risk of being admitted to ICU
(p ¼ 0.997).

Median time from discharge to the follow-up outpatient visit
was 23 [23e30] days (26.5 [23.0e33.2] and 22.0 [19.0e28.0] days
for hospitalised and non-hospitalised patients, respectively; Man-
neWhitney's U: 3311.5, p < 0.001). Median length of stay (LoS) for
hospitalised patients was 8.0 [5.3e12.0] days. Median BMI at
follow-up was 26.3 kg/m2 [23.56e30.0]. Median percent weight
change from initial admission to follow-up was �2.3 [-5.6 e 0.0] %
in the whole cohort. Based on the MNA screening tool, one-
hundred sixteen (54.7%) and 14 (6.6%) patients were at risk of
malnutrition or malnourished, respectively. The proportion of pa-
tients hospitalised was significantly greater among those at risk of
malnutrition versus those with normal nutritional status (82.8% vs.
61.0%, respectively; c2: 11.77, p ¼ 0.001), but not significantly
different from that in malnourished patients (64.3%; c2: 0.055,
p ¼ 0.81), likely due to the relatively small number of patients in
this category. All patients admitted to ICU were in the group at risk
of malnutrition (4.3% of the total).

Sixty-one patients (29% of the total, and 31% of hospitalised
patients vs. 21% of patientsmanaged at home, c2: 2.19, p¼ 0.14) had
lost >5% of initial bodyweight (medianweight loss 6.5 [5.0e9.0] kg,
or 8.1 [6.1e10.9]%), with a median reduction of 2.3 [1.7e3.2] BMI
points. The percentage of patients who lost >10% of initial body
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weight was similar between hospitalised and non-hospitalised
patients (9.6% vs. 5.3%, Fisher's exact test: p ¼ 0.41).

In order to identify factors associated with weight loss, we
compared patients who did (WL) or did not (nWL) lose weight. No
difference was found between the two groups with respect to age,
sex, pre-existing comorbidities and most of the biochemical pa-
rameters upon admission (Table 2). CRP levels on admission
(ManneWhitney's U: 5155, p ¼ 0.02) were significantly higher in
the WL group, where a significantly greater proportion of patients
with reduced renal functionwas also observed (c2: 8.54, p¼ 0.003;
Table 2). Median disease duration was longer in patients who lost
weight (ManneWhitney's U: 5443.5, p ¼ 0.047, Fig. 1A). Similarly,
among hospitalised patients, those who lost weight had a signifi-
cantly longer LoS (ManneWhitney's U: 3400, p¼ 0.006; Fig.1B). No
difference was found in appetite VAS scores (55 [41e70] vs. 55
[40e78] mm in patients with or without weight loss, respectively;
ManneWhitney's U: 2059, p ¼ 0.89) at the follow-up visit.

At multivariate logistic regression analysis including the whole
cohort, only disease duration was identified as an independent
predictor of weight loss (OR 1.05 [1.01e1.10]; Wald 5.29, p ¼ 0.022)
(Supplementary Table 1). At multivariate logistic regression anal-
ysis including only hospitalised patients, LoS was the only
Table 2
Comparison between patients with or without weight loss.

Weight loss
28.6% (61)

Age, yrs 59.7 (51.0e69.0)
Female, % (n.) 34.4% (21)
Race, % (n.)
White 100% (61)
Asian 0% (0)
Black 0% (0)

Hypertension, % (n.) 36.7% (22)
Coronary artery disease, % (n.) 10.0% (6)
Diabetes mellitus, % (n.) 10.0% (6)
COPD, % (n.) 3.3% (2)
CKD, % (n.) 5.0% (3)
Malignancy, % (n.) 1.7% (1)
BMI, kg/m2 27.5 (25.6e32.2)
BMI category, % (n.)
Underweight 0% (0)
Normal weight 21.3% (13)
Overweight 47.5% (29)
Obesity 31.1% (19)

Hyposmia, % (n.) 40.4% (21)
Hypogeusia, % (n.) 46.2% (24)
Fevera, % (n.) 41.8% (23)
SpO2, % 95 (91e96)
PaO2/FiO2 ratio 307 (273e347)
CRP, mg/dl 62.9 (29.0e129.5)
Peak CRP, mg/dL 104.2 (57.0e184.6)
LDH, U/L 340 (275e459)
Hb, g/dL 14.0 (12.7e15.3)
Lym, 109/L 0.7 (1.0e1.3)
Neu, 109/L 4.5 (3.4e7.1)
Plasma glucose (mg/dL) 104 (91e124)
AST, U/L 43 (30e64)
ALT, U/L 39 (23e57)
eGFR < 60 mL/min/1.73m2 14 (23.7)
Hospitalisation, % (n.) 80.3% (49)
ICU, % (n.) 8.2% (5)

Abbreviations: COPD Chronic Obstructive Pulmonary Disease; CKD Chronic Kidney Disea
between the arterial partial pressure of oxygen measured on arterial blood gas analysi
drogenase; Hb Haemoglobin; Lym, absolute lymphocyte count; Neu, absolute neutrop
estimated glomerular filtration rate, calculated using the CKD-EPI equation; ICU, intensi

a Tympanic temperature �38.0 �C.
b Variables with >10% missing values: hyposmia and hypogeusia (14.8% and 18.4% miss

11.2% missing in patients with or without weight loss, respectively), LDH (16.4% and
neutrophil count (9.8% and 12.5% missing in patients with or without weight loss, respec
patients with complete data (valid percentage).
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independent predictor of weight loss (OR 1.07; CI 95% [1.00e1.13];
Wald 4.57, p ¼ 0.03) (Supplementary Table 2).

4. Discussion

This is the first study to assess the impact of COVID-19 on body
weight and nutritional status in COVID-19 survivors either
managed at home or as inpatients. We found that weight loss and
risk of malnutrition were highly prevalent in COVID-19 patients
evaluated after clinical remission. Nearly 30% of patients lost more
than five per cent of baseline body weight, andmore than half were
at risk of malnutrition.

It is noteworthy that so many patients, independent of hospi-
talisation, had aweight loss >5%, i.e. the threshold used to diagnose
cancer cachexia [14]. As suggested by the European Society of
Enteral and Parenteral Nutrition (ESPEN), prevention, diagnosis and
treatment of malnutrition should be considered in the manage-
ment of COVID-19 patients to improve both short- and long-term
prognosis [8]. However, the few studies available so far have
focused on hospitalised patients and selected populations, such as
elderly or critically ill patients [15,16]. Our study expands the
knowledge of the impact of COVID-19 on nutritional status to a
No weight loss
71.4% (152)

p value Missing

57.5 (49.0e67.0) 0.66 e

32.9% (50) 0.83 e

96.7% (147) 0.18 e

1.3% (2)
2.0% (3)
35.8% (54) 0.90 2
5.3%(8) 0.22 2
11.9% (18) 0.69 2
2.0% (3) 0.62 2
1.4% (2) 0.14 2
1.3% (2) 1.0 2
27.1 (24.3e30.4) 0.207 e

2.6% (4) 0.18 e

30.3% (46)
38.2% (58)
28.9% (44)
37.1% (46) 0.68 37b

41.9% (52) 0.60 37b

46.5% (67) 0.55 14
95 (93e97) 0.09 7
324 (265e367) 0.56 28b

48.7 (16.1e96.3) 0.02 5
62.9 (41.3e144.5) 0.05 6
325 (254e401) 0.16 28b

14.2 (13.0e15.2) 0.47 1
0.8 (1.0e1.3) 0.71 15
3.9 (2.9e6.0) 0.09 25
103 (94e113) 0.501 5
39 (28e55) 0.34 2
34 (23e53) 0.49 2
13 (8.7) 0.003 4
70.4% (107) 0.139 e

e e e

se; BMI, Body Mass Index; SpO2 peripheral oxygen saturation; PaO2/FiO2 ratio: ratio
s and the fraction of inspired oxygen; CRP, C-Reactive Protein; LDH, lactate dehy-
hil count; AST. aspartate aminotransferase; ALT, alanine aminotransferase; eGFR
ve care unit.

ing in patients with or without weight loss, respectively), PaO2/FiO2 ratio (18.0% and
11.8% missing in patients with or without weight loss, respectively) and absolute
tively). For each categorical variable, percentages were calculated on the number of



Fig. 1. Disease duration (as estimated by the time from diagnosis to negative swab, all
patients [A]) and length of stay (hospitalised patients [B]) in patients who did not lose
weight and those who lost weight.
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broader population, with a wide range of ages and disease severity,
spanning from patients with mild disease managed at home to
inpatients with severe disease admitted to the ICU.We searched the
literature for data on weight loss and malnutrition in similar dis-
eases (i.e. Middle East respiratory syndrome [MERS] and SARS), but
could not find any published data for comparisonwith our findings.
Most published data on the effects of acute diseases on nutritional
status relate to critically ill patients. The inflammatory nature of
COVID-19 and the global spread of the disease provide a unique
opportunity to study the effects of acute inflammatory illness of a
wide range of severity on body weight and nutritional status.

Several mechanisms may contribute to weight loss and
malnutrition in COVID-19 patients. When comparing patients with
or without weight loss, we found that those who lost weight had
greater systemic inflammation (baseline CRP and, in hospitalised
patients, peak CRP values), worse renal function (proportion of
patients with an eGFR < 60 mL/min/1.73 m2), and longer disease
duration. Acute systemic inflammation deeply affects several
metabolic [17] and hypothalamic [18] pathways contributing to
anorexia and decreased food intake as well as elevation of resting
energy expenditure and increased muscle catabolism [19]. Of note,
2424
acute inflammatory events can trigger persistent neuro-
inflammatory responses in vulnerable individuals, which may
perpetuate inflammation and wasting even after the acute phase
[18,20]. Impaired renal function is an important risk factor for
malnutrition, the prevalence of protein-energy wasting increasing
with declining eGFR [21]. At multivariate analyses only disease
duration and - in hospitalised patients - length of stay were sig-
nificant independent predictors of weight loss, reflecting the
importance of disease severity and inflammation to weight loss. In
our cohort of COVID-19 patients, weight loss occurred in a relatively
short time (median disease duration: 32 [27e41] days). This is
consistent with previous studies showing that even short periods of
bed rest induce marked reductions in muscle protein synthesis
resulting in loss of skeletal muscle mass, both in middle-aged and
elderly individuals [22e24]. Furthermore, malnutrition is strongly
associated with loss of muscle mass and strength in both
community-dwelling and hospitalised individuals [25]. Although
we did not measure body composition, it is likely that the weight
loss observed in our cohort of COVID-19 patients was, at least in
part, due to loss of lean body mass caused by bed rest or muscle
disuse, both in hospitalised and non-hospitalised patients. This
could negatively impact time to full recovery and patients' health
status. It has been reported that patients with ARDS exhibit an
important weight loss at hospital discharge, approximately 18% of
their baseline body weight, mainly due to lean body mass loss [26].
Regain of body weight in the following year is mainly due to an
increase in fat mass [27], which may bear negative implications for
cardiovascular risk and functional status. These might be particu-
larly relevant to COVID-19 patients, given the high prevalence of
overweight and obesity reported here and in other studies [28,29].
Our findings support an association between obesity and risk of
hospital admission [30] but challenge the association between BMI
and critical illness, consistent with recent data on patients hospi-
talised with COVID-19 in New York City [29]. Previous studies
demonstrated that obesity is associated with increased risk of
ARDS, but lower risk of mortality [31]. This “obesity paradox” has
also been observed in patients with obesity hospitalised for
pneumonia in a non-ICU setting [32]. Pre-conditioning induced by
the low-grade chronic inflammation associated with obesity has
been postulated as a protective mechanism against further insults
to the lungs [33]. Increased availability of nutritional reserves
protecting obese subjects against hypercatabolism is another
possible explanation. This hypothesis is supported by the obser-
vation that early enteral nutrition in the ICU minimises or even
abolishes the survival disadvantage for under- and normal-weight
patients as compared with those in higher BMI categories [34] and
by the finding that recent weight loss has a negative impact on
mortality even in non-critically ill overweight and obese inpatients
[35]. This suggests that weight loss should not be allowed in the
hospital setting, even in patients with obesity. The fact that patients
with overweight/obesity lost a significant amount of weight and
developed or were at risk for malnutrition supports the ESPEN
recommendation that individuals with obesity should be screened
for malnutrition and receive nutritional counselling, as malnutri-
tion is defined not only by low body mass but also by unhealthy
body composition and skeletal muscle mass [8]. Sarcopenic obesity,
i.e. the coexistence of excess fat mass and sarcopenia, is a prevalent
and often underrecognized complication of obesity that may
associate with worse clinical outcomes [36].

Other factors that were not specifically assessed but may have
contributed toweight loss and risk of malnutrition in our cohort are
medical treatments and mechanical ventilation in hospitalised
patients [37,38]. Emotions such as fear and sadness may reduce the
desire or motivation to eat [39]. In patients managed at home,
confinement may limit the access to food and/or the variety of food
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choices [40] which, as in a vicious cycle, is a source of frustration,
anxiety and anger [41], besides having direct implications for
nutrition. Surprisingly, we found no association between alter-
ations in smell and taste, which are known to increase malnutrition
risk in cancer patients [42] and are highly prevalent in COVID-19
[10].

Finally, it is noteworthy that patients who lost weight in our
cohort had not yet returned at the initial body weight at the follow-
up visit (a median of 23 [23e30] days since discharge). This high-
lights the need for nutritional evaluation and counselling/inter-
vention not only at diagnosis or for hospitalised patients, but also
for those managed at home and at follow-up, with a careful reas-
sessment to monitor weight changes and nutritional status.

Our findings should be interpreted in light of the limits of the
study design. Patients evaluated in our study were COVID-19 sur-
vivors. We did not include patients with worse outcomes, i.e. those
who died or were still hospitalised. It is plausible that the incidence
and prevalence of weight loss and the risk of malnutrition among
COVID-19 patients are even greater than reported here, reflecting a
heavier nutritional burden. Further limits of our study are the post-
hoc nature of our analysis and the use of patient-reported weight
upon admission. Large cohort studies suggest that self-reported
weight is slightly underestimated [43,44]. It is possible that we
underestimated baseline BMI and the amount of weight lost. We
did not assess body weight at hospital discharge nor body
composition. During a time of unprecedented workload for
healthcare professionals, and given the restrictions imposed by the
need of isolating patients to prevent viral spread, the assessment of
body weight and body composition was unfeasible. For the same
reason, some baseline data were not recorded and were missing for
the analyses. Information on taste and/or smell disturbances was
missing for 17.4% of patients because the neurological assessment
during which these symptoms were investigated was introduced
one week after the beginning of the outpatient follow-up clinic.
Nearly all patients with taste and/or smell disturbances at COVID-
19 onset reported full recovery of symptoms, but this information
was not systematically recorded. A further limitation is the lack of
repeat biochemical assessment at the follow-up visit. This is
because the follow-up evaluation at our Institution comprises a
general medical assessment including anthropometric measure-
ments and the MNA screening. Patients with specific needs are
referred to nutrition professionals for further assessment, and
laboratory testing is requested based on individual clinical needs.
At this time, we were not able to assess the recovery rate of
nutritional status in COVID-19 survivors. Some patients reported
partial regain of lost weight prior to the clinic visit, but most of
them were unable to provide detailed information on weight
changes. These data were not sufficient nor reliable for inclusion in
the analysis. The main scope of this first study was to describe the
incidence of unintentional weight loss and malnutrition in COVID-
19 survivors. Subsequent assessments of body weight and nutri-
tional status including biochemical parameters will help fill this
research gap. Further questions that remain open are � what
nutritional screening strategies should be implemented for patients
managed at home? � what kind of nutritional support/counselling
should be provided in the outpatient and inpatient setting, and for
the transition phase? � what are the consequences of COVID-19-
associated weight loss on patient recovery? � what are the effects
of COVID-19-associated weight loss on body composition?

In conclusion, we report, for the first time to our knowledge, a
very high incidence of weight loss and risk of malnutrition among
COVID-19 survivors, independent of hospitalisation. The associa-
tion of unintentional weight loss with worse clinical outcomes has
long been recognised [45e47]. Implementing nutritional manage-
ment strategies is crucial for hospitalised patients, particularly
2425
those in the ICU or with older age and polymorbidity [8,48].
However, our findings support the notion that even individuals
managing or recovering from COVID-19 symptoms at home should
receive counselling on how to maintain an adequate intake of cal-
ories, protein, and fluids [49]. Strategies such as using remote
nutritional screening tools recently developed for primary practise
[50] should be implemented to improve the nutritional manage-
ment of patients managed at home.
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