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Abstract

Background COVID-19 is associated with unintentional weight loss. Little is known on whether and how patients regain the
lost weight. We assessed changes in weight and abdominal adiposity over a three-month follow-up after discharge in
COVID-19 survivors.

Methods In this sub-study of a large prospective observational investigation, we collected data from individuals who had
been hospitalized for COVID-19 and re-evaluated at one (V1) and three (V2) months after discharge. Patient characteristics
upon admission and anthropometrics, waist circumference and hunger levels assessed during follow-up were analyzed across
BMI categories.

Results One-hundred-eighty-five COVID-19 survivors (71% male, median age 62.1 [54.3; 72.1] years, 80% with over-
weight/obesity) were included. Median BMI did not change from admission to V1 in normal weight subjects (—0.5 [—1.2;
0.6] kg/m?, p = 0.08), but significantly decreased in subjects with overweight (—0.8 [—1.8; 0.3] kg/m?, p <0.001) or obesity
(—1.38 [—3.4; —0.3] kg/m?, p <0.001; p <0.05 vs. normal weight or obesity). Median BMI did not change from V1 to V2 in
normal weight individuals (+0.26 [—0.34; 1.15] kg/m?, p = 0.12), but significantly increased in subjects with overweight
(+0.4 [0.0; 1.0] kg/m?, p<0.001) or obesity (+0.89 [0.0; 1.6] kg/m? p<0.001; p=0.01 vs. normal weight). Waist
circumference significantly increased from V1 to V2 in the whole group (p < 0.001), driven by the groups with overweight or
obesity. At multivariable regression analyses, male sex, hunger at V1 and initial weight loss predicted weight gain at V2.
Conclusions Patients with overweight or obesity hospitalized for COVID-19 exhibit rapid, wide weight fluctuations that may
worsen body composition (abdominal adiposity).

ClinicalTrials.gov registration NCT04318366.

Introduction

Unintentional weight loss and malnutrition have been
recently reported to be highly prevalent in COVID-19 sur-
vivors evaluated after clinical remission [1]. Specifically,
we found that more than 30% of patients, evaluated
~1 month after discharge from a hospital ward, had lost
more than 5% of baseline body weight, and more than half
were at risk of malnutrition [1]. Although body composition
was not evaluated, it is likely that the weight loss observed
in COVID-19 survivors was, at least in part, due to loss of
lean body mass caused by systemic inflammation, muscle
disuse and bed rest [2]. Unintentional weight loss, espe-
cially when associated with loss of fat-free mass, may
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negatively impact time to full recovery and patients’ health
status [3, 4].
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Of the numerous studies reporting the clinical con-
sequences of unintentional weight loss due to health con-
ditions, very few have assessed whether and how patients
regain the lost weight. It has been reported that weight regain
in patients with critical illness is mainly due to expansion in
the fat compartment [5, 6], whereas — to the best of our
knowledge - no studies are available on the patterns of
weight recovery in non-critical settings. Weight recovery
after weight loss is often characterized by a greater rate of fat
mass vs. lean mass recovery (a phenomenon sometimes
referred to as “preferential catch-up fat”) [7], with the
baseline percentage of body fat being a strong predictor of
fat regain [8]. This might be particularly relevant in COVID-
19 patients requiring hospital admission, as the majority
have overweight/obesity and increased visceral adiposity
[9, 10]. In these individuals, disproportionate regain in fat
mass after weight loss might further worsen body compo-
sition, functional status and cardiometabolic risk.

The aim of our study was to assess weight changes from
hospital admission to three months after discharge in
COVID-19 survivors across body mass index (BMI) cate-
gories, and to assess changes in abdominal adiposity, as
estimated by waist circumference, in this cohort.

Subjects and methods
Study design

This was a sub-study of the COVID-BioB study, a large
prospective observational investigation performed at San
Raffaele University Hospital, a tertiary health-care hospital in
Milan, Italy [11, 12]. 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 clinical protocols were previously published
[11, 12]. 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 admitted to and subsequently discharged home
from a COVID-19 medical ward of San Raffaele University
Hospital, and were re-evaluated one and three months after
remission at the Outpatient COVID-19 Follow-Up Clinic of
the same Institution from April 7, 2020, to October 6, 2020.
The study size was defined by the time-window of the study.
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, symp-
toms, 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 anthropometrics

(weight and height) recorded upon admission and at follow-
up, and waist circumference recorded at both the 1-month and
3-month visits were included in the analyses. Patients admit-
ted for other reasons and subsequently diagnosed with
superimposed SARS-CoV-2 infection were excluded.

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, BMI (calculated as the
ratio of weight in kilograms [kg] divided by height in
squared meters), PaO,/FiO, (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 m?) and high-sensitivity C-reac-
tive protein (CRP, mg/dL) on admission to the ED,
comorbidities (including history of hypertension, diabetes
mellitus, dyslipidaemia, ischemic heart disease, and active
malignancy), length of stay and need of admission to the
ICU. 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 visits was subsequently
used to calculate baseline BMI for the present analysis.

The first follow-up outpatient visit was scheduled
~1 month after discharge and the second visit 3 months
after discharge. Both included a complete internal medi-
cine assessment (collection of medical history, measure-
ment 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 stadiometer, waist cir-
cumference measurements taken around the abdomen at
the level of the umbilicus). Abdominal obesity was defined
as a waist circumference >88 cm in women and 2102 cm in
men. Hunger was assessed using a visual analog scale
[VAS] ranging from 0 to 100 mm [13]. Patients were
considered to be weight stable if changes in body weight
since the previous assessment were <2% [14, 15].

Statistical analysis

Descriptive statistics were obtained for all study variables.
Continuous variables were expressed as medians [257-75"
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percentile]. Categorical variables were summarized as
counts and percentages. Fisher exact test or y” test and the
Wilcoxon signed-rank test or the Kruskal-Wallis test were
employed to determine the statistical significance of dif-
ferences in proportions and medians, respectively. All sta-
tistical tests were two-sided. A p value of <0.05 was
considered statistically significant. Correlations were ana-
lyzed using the Spearman rank correlation analysis. Uni-
variable and multivariable logistic regression analyses were
used to estimate the odds ratios (ORs) of weight gain with
95% confidence intervals (CIs). Demographic and clinical
characteristics potentially associated with weight gain from
1 to 3 months were tested in univariable models. All vari-
ables that emerged as predictors (p <0.05) at univariable
analysis were used as covariates in the multivariable model.
Missing data were not imputed. Statistical analysis was
conducted using IBM SPSS Statistics IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM Corp.).

Results
Study subjects

A total of 185 patients were included in the present analysis.
Most patients were males (71%), median age was 62.1
[54.3; 72.1] years. Patient characteristics and laboratory
results upon hospital admission are summarized in Table 1.
Median BMI upon admission was 27.1 [25.5; 31.4] kg/mz.
The majority (80%) of patients had overweight or obesity;
the remainder had a BMI within the normal range (Table 1).
Median time from hospital admission or discharge to the
first follow-up outpatient visit (V1) was 43 [31; 62] and 25
[20;38] days, respectively. Median time from discharge or
V1 to the second follow-up outpatient visit (V2) was 89 [79;
101] and 60 [58; 65] days, respectively.

Table 2 depicts patient characteristics according to BMI
category upon admission. The three groups were similar with
regard to age, sex, race and comorbidities, with the exception
of malignancy, which was more common in normal weight
subjects; patients with obesity had a lower PaO,/FiO, as
compared to the normal weight group. No other statistically
significant differences were found in laboratory results, length
of stay or in the proportion of patients requiring admission to
the ICU (Table 2). The timing of follow-up visits did not
differ across BMI categories. Differences in BMI across
groups were maintained during follow-up (p <0.001 for all
comparisons).

Changes in body weight and body mass index

Overall, median percent weight change from hospital
admission to V1 was —3.0 [-7.2; 0.9]%. Most patients

SPRINGER NATURE

Table 1 Patient characteristics upon admission.

All 185 Missing
Age, years 62.1 (54.3; 72.1) -
Male, n (%) 132 (71.4) -
Race, n (%)
White 179 (96.8)
Asian 3 (1.6) -
Black 3 (1.6)
Hypertension, n (%) 86 (46.5) -
Coronary artery disease, n (%) 11 (5.9) -
Diabetes Mellitus, n (%) 28 (15.1) -
COPD, n (%) 9 (4.9) -
CKD, n (%) 9 4.9) -
Malignancy, n (%) 6 (3.2) -
BMI, kg/m? 27.7 (25.5; 31.4) -
BMI category, n (%)
Underweight 0 -
Normal weight 37 (20.0)
Overweight 81 (43.8)
Obesity 67 (36.2)
PaO,/FiO, ratio 281.0 (238.1; 319;0) 30
CRP, mg/dl 71.8 (28.7; 122.5) 1
Plasma glucose (mg/dL) 108.5 (99.0; 125.0) 7
AST, U/L 46.0 (32.0; 62.0) 4
ALT, U/L 40.0 (25.5; 62.0) 4
eGFR (mL/min/1.73 m%) 69.4 (41.6; 89.5) 1

COPD Chronic Obstructive Pulmonary Disease, CKD Chronic Kidney
Disease, BMI Body Mass Index, PaO,/FiO; 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,
AST aspartate aminotransferase, ALT alanine aminotransferase, eGFR
estimated glomerular filtration rate, calculated using the CKD-EPI
equation.

(57.8%) experienced a weight loss >2%, and 25.4%
remained weight stable. The proportion of patients with a
weight loss >5% was 35.1%. Median BMI did not change
significantly from baseline to V1 in normal weight subjects
(23.8 [22.1; 24.2] vs. 22.9 [21.4; 24.1] kg/m?, percent change
—1.9 [-5.0; 24]%; p=0.08), whereas it significantly
decreased in subjects with overweight (27.0 [26.2; 28.1] vs.
26.2 [25.2; 28.1] kg/mz, percent change —2.8 [—6.9; 1.1]%;
p <0.001) or obesity (32.7 [31.1; 35.8] vs. 31.6 [29.7; 33.4]
kg/mz, percent change —4.1 [—10.5; 0.9]%; p <0.001). The
magnitude of absolute BMI reduction from baseline to V1
was significantly greater in subjects with obesity as compared
with normal weight or overweight subjects (Fig. 1A). When
considering percent changes in BMI, the difference was also
significant (p = 0.011). The proportion of patients who lost
more than 2% of initial weight was 47, 53 and 67.2% in the
normal weight, overweight and obesity group, respectively
(p for trend 0.044).
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Table 2 Comparison of patients with normal weight, overweight or obesity upon admission.
Normal weight Overweight Obesity P
(n=36, 19.5%) (n=282, 44.3%) (n=167, 36.2%)
BMI, kg/m? 23.8 (22.1; 24.2) 27.0 (26.2; 28.1) 32.7 (31.1; 35.8) 0.032
Age, years 66.6 (53.1; 75.5) 59.8 (53.1; 69.3) 63.6 (55.9; 74.3) 0.415
Female, n (%) 15 (41.7) 21 (25.6) 17 (25.4) 0.157
Race, n (%) 0.422
White 35 (34.8) 80 (79.3) 64 (64.8)
Asian 1(2.8) 0 (0) 2 (3.0
Black 0 (0.6) 2 (2.4) 1(1.5)
Hypertension, n (%) 15 (41.7) 33 (40.2) 38 (56.7) 0.109
Coronary artery disease, 1.8 7 (4.9) 3 (4.5) 0.377
n (%)
Diabetes Mellitus, n (%) 3(8.3) 11 (13.4) 14 (20.9) 0.200
COPD, n (%) 2 (5.6) 4 (4.9) 3 (4.5) 0.971
CKD, n (%) 2 (5.6) 224 5(7.5) 0.342
Malignancy, n (%) 38.3) 327 0 (0) 0.038
Pa0,/FiO; ratio 307.1 (260.4; 324.8) 290.5 (246.4; 330.0) 269.0 (177.4; 325.8)* 0.025
CRP, mg/dl 61.3 (20.6; 120.3) 71.8 (32.1; 120.2) 76.1 (28.8; 139.9) 0.447
Plasma glucose (mg/dL) 109.0 (96.0; 72.0) 107.5 (100.0; 121.3) 109.0 (98.5; 126.0) 0.770
AST, U/L 47.0 (31.0; 72.0) 46.0 (35.0; 63.0) 46.0 (30.0; 76.0) 0.957
ALT, U/L 40.0 (24.0; 59.0) 39.0 (26.0; 61.0) 41.0 (25.0; 65.0) 0.963
eGFR (mL/min/1.73 m?) 72.4 (38.1; 89.4) 88.6 (41.2; 89.3) 69.4 (49.9; 89.7) 0.782
Admission to ICU, n (%) 1(2.8) 8 (8.4) 10 (14.9) 0.150
Length of stay (days) 10.0 (6.0; 21.8) 13.5 (7.0; 25.3) 15.0 (10.0; 28.0) 0.052
BMI at 1 month 22.9 (21.4; 24.1) 26.2 (25.2; 27.5) 31.6 (29.7; 33.4) <0.001
WC at 1 month 89.5 (80.3; 93.8) 99.0 (92.8; 103.0) 109.0 (103.0; 114.0) <0.001
BMI at 3 months 23.3 (21.9; 24.4) 26.7 (25.3; 27.8) 32.4 (30.8; 34.3) <0.001
WC at 3 months 88.5 (82.5; 97.5) 100.0 (94.0; 104.0) 110.0 (104.0; 116.0) <0.001
Days from 44.5 (31.0; 44.5) 44.5 (29.0; 57.0) 42.0 (32.0; 66.0) 0.894
admission to V1
Days from 29.0 (20.3; 40.0) 25.5 (29.0; 38.5) 24.0 (20.0; 36.0) 0.303
discharge to V1
Days from V1 to V2 61.5 (59.3; 70.0) 60.0 (57.8; 63.0) 61.0 (59.0; 65.0) 0.116

*p <0.05 vs. normal weight.

Median percent weight change from V1 to V2 was +1.5
[0.0; 4.4]%. Overall, nearly half (47.6%) of patients gained
more than 2% of V1 weight, and 43.8% remained weight
stable. Median BMI did not change significantly from V1 to
V2 in normal weight individuals (22.9 [21.4; 24.1] vs. 23.3
[21.9; 24.4] kg/m?, percent change +1.1 [—1.5; 4.51%; p =
0.12), whereas it significantly increased in subjects with
overweight (26.2 [25.2; 27.4] vs. 26.7 [25.3; 27.8] kg/mz,
percent change +1.7 [0.0; 4.0]1%; p <0.001) or obesity (31.6
[29.7; 33.4] vs. 32.3 [30.8; 34.3] kg/mz, percent change +2.6
[0.0; 4.9]%; p <0.001). The absolute BMI gain between the
first and second follow-up visit was significantly greater in
subjects with obesity as compared with normal weight sub-
jects (Fig. 1B). When considering percent changes in BMI,
this difference was borderline significant (p =0.051). The
proportion of patients who gained more than 2% of weight

since V1 was 33, 48 and 55% in the normal weight, over-
weight and obesity group, respectively (p for trend 0.245).

Changes in BMI from hospital admission to the last follow-
up visit were similar across groups (p=0.119) (Fig. 1C).
Within-group differences in BMI from admission to the last
follow-up were not significant in individuals with normal
weight or overweight, whereas in subjects with obesity BMI
at the last follow-up was still significantly lower than baseline
(p =0.003).

Hunger

Hunger levels significantly decreased from one to three
months in COVID-19 survivors with normal weight or
overweight, whereas no significant change was observed in

those with obesity (Fig. 2).
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Fig. 1 Changes in BMI. BMI changes from hospital admission to V1

(A), from V1 to V2 (B) and from hospital admission to V2 (C). BMI
Body Mass Index, OB Obesity, OW Overweight, NW Normal Weight.

Abdominal obesity

Waist circumference was higher in the obesity group as
compared to the overweight and normal weight groups
(109.0 [103.0; 114.0] cm vs. 99.0 [92.8; 103.0] vs. 89.5
[80.3; 93.8] cm, respectively; p<0.001). Waist cir-
cumference significantly increased from V1 to V2 in the
whole group (p < 0.001). This observation was mainly driven
by changes in the overweight and obesity groups (Fig. 3).
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Median increase in waist circumference tended to be larger
with increasing BMI (4-0.5 [—1.0; 5.0], +1.0 [-0.3; 3.0] and
+3.0 [0.0; 0.6] cm in subjects with normal weight, over-
weight and obesity, respectively; p for trend 0.079), and
significantly correlated with percent weight change from V1
to V2 (Spearman’s rho 0.49, p <0.001).

Abdominal obesity was found in 114 (61.6%) of patients
at V1. The prevalence raised to 68.1% at three months (p =
n.s.). The percentage of subjects with abdominal obesity
increased with increasing BMI category, both at the first and
at the second follow-up visit (Fig. 4). Of note, abdominal
obesity was present in 25 and 31% of patients of normal
weight at V1 and V2, respectively.

Predictors of weight gain

At univariable logistic regression analysis including the
whole cohort, male sex, baseline BMI, hunger at 1 month,
abdominal obesity and percent weight loss from baseline to
1 month significantly predicted a weight gain >2% from V1
to V2 (Supplementary Table. 1). At multivariable logistic
regression analysis including baseline BMI (Model 1), male
sex (OR 2.58 [1.03; 6.44], p =0.042), hunger (OR 1.02
[1.00; 1.03], p =0.025) and weight change from hospital
admission to V1 (OR 1.10 [1.04;1.17] per 1% decrease in
weight from baseline, p =0.002) were identified as inde-
pendent predictors of weight gain (Supplementary Table 1).
When abdominal obesity was included (Model 2), only
hunger (OR 1.02 [1.00; 1.03], p=0.032) and weight
change from baseline to V1 (OR 1.09 [1.03; 1.16], p=
0.003) remained significant predictors of weight gain.

Discussion

This is the first study to assess patterns of weight change
and the prevalence of abdominal obesity after hospital
discharge in COVID-19 survivors, and possibly the first
study to report these outcomes in a cohort of patients hos-
pitalized for acute illness, either critical or non-critical.
Weight loss was highly prevalent in COVID-19 survivors
one month after hospital discharge. At three months after
discharge, nearly half of patients had gained more than 2%
of weight since the previous visit. Weight change patterns
differed across BMI categories. Patients with obesity
exhibited the largest weight fluctuations throughout the
study period, whereas patients with normal weight were
substantially weight stable and those with overweight
exhibited an intermediate pattern. Abdominal obesity, as
estimated by waist circumference, was present in most
patients, both at one (62%) and three months (68%) after
discharge. Consistent with the pattern of weigh regain
observed, waist circumference significantly increased
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Fig. 4 Abdominal obesity. Prevalence of abdominal obesity (as
defined as a waist circumference 288 cm in women and 2102 cm in
men) at one (V1) and three (V2) months after hospital discharge in
COVID-19 survivors with normal weight (NW), overweight (OW) or
obesity (OB). *p <0.05 vs. NW; #p <.05 vs. OW.

during follow-up, particularly in the overweight and obesity
groups (Fig. 3).

It is widely recognized that hospitalization associates
with inadequate nutritional intake and weight loss [16], and

that loss of muscle mass is seen at an accelerated rate in
catabolic illnesses, even with minimal weight loss [17].
COVID-19 has been postulated as a major cause of
cachexia and sarcopenia (i.e., the reduction of muscular
function in the presence of reduced muscle mass) due to
marked elevation in inflammatory cytokines and immobi-
lization [2], and is in fact associated with clinically sig-
nificant weight loss [1]. Recently, a small study that
included COVID-19 patients admitted to the ICU who
underwent sequential computed tomography scans con-
firmed that a reduction in both fat and lean body mass
occurs in patients without or with obesity, with the latter
experiencing a greater reduction in the erector spinae
muscle cross-sectional area [18]. Thus, it is likely that
subjects with overweight or obesity in our cohort lost a
significant amount of lean body mass. The finding that waist
circumference significantly increased in subjects with
overweight or obesity suggests an increase in abdominal
(and possibly visceral) adiposity in these patient categories,
with further worsening of body composition. This obser-
vation is in line with previous reports on ARDS survivors
indicating that the gain in body weight in the year following
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hospital discharge was mainly due to an increase in fat mass
[5, 6]. We could not find reports on weight trajectories
during and after acute, non-critical illness requiring hospital
admission. Studies on weight recovery in patients with
anorexia nervosa show that preferential trunk or visceral fat
regain may occur after severe depletion of nutritional status
[19, 20]. Increasing adiposity due to disproportional visceral
fat regain may have detrimental consequences on health
status, especially in overweight and obesity, which are often
associated with cardiometabolic abnormalities. As in a
vicious cycle, cardiometabolic risk factors may favor the
development and/or worsening of sarcopenia [21], which is
often overlooked in patients with obesity. More than half of
COVID-19 survivors in our cohort were older than 62
years. With aging, recovery of lean body mass may be
challenging, thus increasing the risk of developing sarco-
penia or sarcopenic obesity [22]. It should also be noticed
that the prevalence of abdominal obesity was very high in
our cohort, even among normal weight individuals.
Abdominal adiposity as assessed by waist circumference is
a strong and independent predictor of all-cause and cause-
specific mortality [23], even among normal-weight subjects
[24]. Our finding supports the association between visceral
adiposity and risk of COVID-19 [9] or critical COVID-19
[25, 26].

Subjects with obesity experienced the greatest weight
fluctuations in our study. Individuals with obesity have
greater energy stores — both as fat and lean mass - as com-
pared with normal weight subjects. These are mobilized
during critical illness, possibly explaining the greater weight
loss and conferring a survival advantage vs. lean individuals
[27]. At multivariable regression analysis, weight loss from
baseline to the 1-month visit emerged as a significant pre-
dictor of subsequent weight gain. The likelihood of gaining
weight increased by 9-10% for every 1% of weight lost
from baseline. Consistently, the BMI gain from one to three
months was greater in subjects with obesity as compared
with lean subjects, who remained relatively weight stable
throughout the study period. In a systematic review and
meta-regression analysis of studies in which intentional
weight loss (25%) and subsequent weight regain (22%)
occurred, both the amount and the rate of weight loss were
significantly associated with weight regain [28]. The timing
of follow-up assessments did not differ among BMI cate-
gories in our study, suggesting that the amount rather than
the rate of weight loss influenced weight recovery. Other
predictors of weight gain during follow-up were male sex
and hunger. Male sex increased by more than twice the
likelihood of weight gain in the multivariable model
including baseline BMI. Male sex has been shown to
associate with unfavorable relative changes in lean mass as
compared with female sex over a single weight cycle
[29-31]. Thus, male patients with COVID-19 may not only
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be at risk of more severe disease [32], but also of worsening
body composition during recovery. Finally, for each unit
increase in hunger assessed at 1 month, the likelihood of
subsequent weight gain increased by 2%. Of note, while
subjects with normal weight or overweight had returned to
baseline BMI by three months after discharge and hunger
levels had significantly decreased during follow-up, in
individuals with obesity the BMI at three months was sig-
nificantly lower as compared to baseline and hunger levels
had not decreased. This is consistent with the evidence of a
biological drive to regain weight after weight loss in obesity
[33]. Weight loss after marked calorie restriction is asso-
ciated with increased hunger and a strongly increased reward
mechanism in response to food, in addition to other adaptive
endocrine responses that may lead to increased food intake
and weight regain [33, 34]. Recent evidence indicates that
adipose tissue characteristics may also be involved [35].

Our findings should be interpreted in light of the study
limitations. First, body composition was not analyzed and
waist circumference was not measured at baseline, although
differences in waist circumference across groups were
maintained during follow-up, suggesting that similar dif-
ferences were present at baseline. Further limits of our study
are the use of patient-reported weight upon admission and
the lack of body weight assessment at discharge, which may
have led to an underestimation of baseline BMI [36, 37] and
of the magnitude of weight fluctuations. The lack of
anthropometrics and body composition assessment during
hospital stay was due to the unprecedented workload for
healthcare professionals at the beginning of the pandemic,
and to the restrictions imposed by the need of isolating
patients to prevent viral spread. Finally, as most patients
included in the analysis were White, our findings may not
be generalized to other patient populations.

In conclusion, we report, for the first time to our
knowledge, weight trajectories since hospital admission and
changes in waist circumference during follow-up in
COVID-19 survivors. Several considerations stem from our
findings. First, COVID-19 requiring hospitalization is
associated with rapid and wide fluctuations in weight that
may worsen body composition (increased abdominal adip-
osity) in subjects with overweight or obesity. Fluctuations
in blood pressure, heart rate, glomerular filtration rate,
sympathetic activity, blood glucose and lipids that occur
during weight fluctuation could put an additional load on
the cardiovascular system [38]. Nutritional management
strategies [39, 40] should be implemented during hospita-
lization and after discharge to improve both short- and long-
term outcomes, and to reduce the risk of sarcopenia and
cardiometabolic alterations. Second, our findings support
the association between COVID-19 and visceral adiposity
previously reported [25, 26]. Very few data are available in
the literature on the association of abdominal adiposity and
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body composition on outcomes in patients hospitalized for
acute conditions, either critical or non-critical. Even less
data is available on the effect of critical and non-critical
acute illness on body weight and composition. Our study
contributes to filling this gap, and highlights the need for
addressing these points with larger, more sophisticated
studies. A better knowledge of the events occurring during
acute illness and in the recovery phase in people with
obesity might provide a better understanding of the patho-
physiology of obesity and help improve clinical care.
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