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Abstract
Background Patients with SARS-CoV-2 who present with gastrointestinal symptoms have a milder clinical course than those 
who do not. Risk factors for severe COVID-19 disease include increased adiposity and sarcopenia.
Aims To determine whether body composition risk factors are associated with worse outcomes among patients with gas-
trointestinal symptoms.
Methods This was a retrospective study of hospitalized patients with COVID-19 who underwent abdominal CT scan for 
clinical indications. Abdominal body composition measures including skeletal muscle index (SMI), intramuscular adipose 
tissue index (IMATI), visceral adipose tissue index (VATI), subcutaneous adipose tissue index (SATI), visceral-to-subcuta-
neous adipose tissue ratio (VAT/SAT ratio), and liver and spleen attenuation were collected. The association between body 
composition measurements and 30-day mortality was evaluated in patients with and without gastrointestinal symptoms at 
the time of positive SARS-CoV-2 test.
Results Abdominal CT scans of 190 patients with COVID-19 were evaluated. Gastrointestinal symptoms including nau-
sea, vomiting, diarrhea, or abdominal pain were present in 117 (62%). Among patients without gastrointestinal symptoms, 
those who died had greater IMATI (p = 0.049), less SMI (p = 0.010), and a trend toward a greater VAT/SAT ratio. Among 
patients with gastrointestinal symptoms, those who died had significantly greater IMATI (p = 0.025) but no differences in 
other measures.
Conclusions Among patients with COVID-19, those without gastrointestinal symptoms showed the expected associations 
between mortality and low SMI, high IMATI, and trend toward higher VAT/SAT ratio, but those with gastrointestinal symp-
toms did not. Future studies should explore the mechanisms for the altered disease course in patients with COVID-19 who 
present with gastrointestinal symptoms.
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Introduction

In coronavirus disease 2019 (COVID-19), obesity has 
emerged as a leading patient risk factor for severe clinical 
disease and mortality [1–4]. Among hospitalized patients 
with COVID-19, elevated body mass index (BMI) has 
been independently associated with increased risk for 
death or intubation [5].

BMI, which does not incorporate measures related to 
body fat and muscle stores, does not fully capture the 
increased health risks associated with adiposity. Adipose 
tissue distribution—specifically, increased visceral adi-
posity—is more closely associated with adverse clinical 
outcomes than BMI across multiple categories of disease, 
including stroke, heart disease, and cancer [6–8]. This 
relationship also appears to hold for visceral adiposity and 
outcomes related to sepsis, with a limited number of stud-
ies, suggesting that increased visceral adiposity is associ-
ated with a more severe COVID-19 clinical course [9, 10].

COVID-19 is primarily a respiratory illness, but gastro-
intestinal symptoms—such as nausea, vomiting, or change 
in bowel habits—appear in half of patients [11–13]. Severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 
which causes COVID-19, enters host cells via the ACE-2 
receptor, which is densely expressed on enteric epithelial 
cells and in the hepatobiliary system. The presence of gas-
trointestinal symptoms at disease onset has been associ-
ated with different disease course and disease severity than 
when such symptoms are absent [14–17]. Because patients 
with gastrointestinal symptoms seem to have a different 
phenotype of COVID-19, it is possible that risk factors for 
disease severity may vary between patients with or without 
gastrointestinal symptoms.

The primary aim of this study was to evaluate the rela-
tionship between body composition measures of obesity 
using abdominal computed tomography (CT) scans—
including skeletal muscle, intramuscular adipose tissue, 
visceral adipose tissue, subcutaneous adipose tissue, 
and hepatic steatosis—and clinical outcomes related to 
COVID-19, and to determine whether this relationship dif-
fered based on the presence or absence of gastrointestinal 
symptoms.

Methods

Patient Population

We performed a retrospective cohort study using data 
from the electronic medical record at New York Pres-
byterian-Columbia University Irving Medical Center. 

Adults > = 18 years of age were considered for the study 
if they were hospitalized for COVID-19 from March 6, 
2020 (the start of the COVID-19 pandemic at our institu-
tion), to May 1, 2020. Patients were included if they had a 
positive SARS-CoV-2 test during or within 72 h before an 
inpatient admission and had an abdominal CT scan per-
formed within 30 days before or after the SARS-CoV-2 
test. If patients were tested more than once, the first posi-
tive SARS-CoV-2 test was used. This study was approved 
by the Columbia University Medical Center Institutional 
Review Board.

Gastrointestinal Symptoms

The presence or absence of gastrointestinal symptoms was 
evaluated at the time of positive SARS-CoV-2 test based on 
manual review of provider documentation at the time the 
respective test was performed. Gastrointestinal symptoms 
could include nausea or vomiting, abdominal pain, or new 
onset diarrhea or constipation. Respiratory signs/symptoms 
included cough, shortness of breath, or hypoxia.

Clinical Outcomes

Pertinent clinical outcomes, including admission to an inten-
sive care unit, death, discharge to a hospice facility, and final 
hospital disposition, were ascertained from the electronic 
medical record, which interfaces with the national social 
security death index. The primary outcome of interest was 
death or discharge to hospice within 30 days after positive 
SARS-CoV-2 test. Secondary outcomes were admission to 
ICU within 30 days and a pooled outcome of admission to 
ICU or death/hospice within 30 days.

Abdominal CT Scans

Patients were included in the study only if an analyzable 
CT scan was available within 30 days of their first positive 
SARS-CoV-2 test. CT scans could be performed for any 
indication and could be performed before or after COVID-
19 was diagnosed, provided they fell within the 30-day 
time frame. For example, a CT scan performed when a 
patient presented to the emergency department for diarrhea 
and was diagnosed with COVID-19 and an outpatient CT 
scan performed to stage malignancy weeks prior to pres-
entation for COVID-19 would both meet criteria for the 
study, provided both scans were analyzable and fell with 
the 30-day window of COVID-19 diagnosis. To evaluate 
indications for CT scans, provider documentation imme-
diately prior to the scan was reviewed. CT scan indica-
tions were classified as: suspected abdominal, intestinal, or 
hepatobiliary pathology; as part of multi-organ evaluation 
of fever or sepsis, often performed in combination with CT 
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scan of the chest; suspected retroperitoneal hemorrhage; 
cancer diagnosis, staging, or surveillance; suspected geni-
tourinary pathology such as for hematuria or suspected 
kidney stone; gastrointestinal bleeding; or other. If more 
than one abdominal CT scan was available, the scan clos-
est to the date of SARS-CoV-2 test was used.

Body Composition Measurements

Body composition measurements for skeletal muscle (SM) 
tissue area, intramuscular adipose tissue (IMAT) area, vis-
ceral adipose tissue (VAT) area, and subcutaneous adipose 
tissue (SAT) area were taken on a single axial CT slice 
at the L3 vertebral level, using TomoVision sliceOmatic 
version 5.0 software (Quebec, Canada). All included CT 
scans were protocoled with standard slice thickness of 
2.5–3.0 mm. The L3 vertebral level was selected due to 
prior evidence that this location provides the most accurate 
single-slice estimates of visceral adiposity [18–21]. Seg-
mentation of muscle and adipose tissue compartments was 
performed according to the software specifications and as 
previously described, using tissue demarcation thresholds 
of 29 to 150 Hounsfield units (HU) for SM, − 190 to − 30 
HU for IMAT, − 150 to − 50 HU for VAT, and − 190 to 
− 30 HU for SAT [22, 23]. All measures were normalized 
to height, to generate SM Index, IMAT Index, VAT Index, 
and SAT Index, respectively. VAT/SAT ratio was calcu-
lated by dividing non-normalized VAT area by SAT area.

The presence of hepatic steatosis was determined based 
on the measurement of liver and spleen attenuation from 
non-contrast CT scans as previously described [24, 25]. 
Liver and spleen attenuation in HU was calculated on 
a single axial CT slice using regions of interest (ROIs) 
between 80 and 100  mm2 in area, with two ROIs placed in 
the right lobe of the liver anteriorly and one ROI placed in 
the spleen. Absolute liver attenuation was defined as aver-
age attenuation of both right liver lobe ROIs; lower abso-
lute liver attenuation is consistent with increased hepatic 
steatosis. Liver-to-spleen attenuation ratio was calculated 
by dividing the absolute liver attenuation by the spleen 
attenuation; hepatic steatosis was defined as liver/spleen 
attenuation ratio less than 1.

All scans were analyzed by a single reader (SS). A 
random selection of 19 scans (10% of the study popula-
tion) were analyzed by a second reader (YRN) and dem-
onstrated high inter-reader reliability, with intraclass 
correlations above 90% for all measures (Supplementary 
Table 1). SAT was excluded if any of the subcutaneous 
tissue was outside the field of the scan. Index measures 
were excluded if patient height was not available in the 
electronic medical record.

Co‑variables

Patient clinical characteristics were extracted from the elec-
tronic medical record, including age, sex, race/ethnicity, 
body mass index (BMI), height, and the presence of spe-
cific medical comorbidities (hypertension, diabetes mellitus, 
or chronic liver disease) based on ICD codes. Laboratory 
values—including white blood cell (WBC) count, platelet 
count, aspartate transaminase (AST), alanine transaminase 
(ALT), total bilirubin, erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), ferritin, international normalized 
ratio (INR), D-dimer, lactate dehydrogenase (LDH), creatine 
phosphokinase (CPK), high-sensitivity troponin-T, lactate, 
and interleukin-6 (IL-6)—were extracted, and peak value for 
each laboratory measure in the time frame between 3 days 
prior to 14 days after SARS-CoV-2 test was included in the 
study.

Statistical Analyses

Continuous variables were summarized using medians, and 
categorical variables were summarized using proportions. 
Continuous variables were compared using rank-sum tests, 
and categorical variables were compared using Fisher’s 
exact tests. For validation of CT scan measurements, intra-
class correlations were calculated using a two-way random 
effects model. Statistical calculations were performed using 
STATA version 16 (College Station, TX).

Results

Study Population

A total of 190 inpatients with COVID-19 were included in 
the study. Of these, 117 (62%) presented with gastrointesti-
nal symptoms at the time of positive SARS-CoV-2 test (Sup-
plementary Table 2). The median time between abdominal 
CT scan and SARS-CoV-2 test was zero days among patients 
with gastrointestinal symptoms (i.e., scan was performed 
on the same day as the test) and 7 days in patients without 
gastrointestinal symptoms. The most common indications 
for CT scan were suspicion for intestinal, hepatobiliary, or 
abdominal compartment pathology, as part of a multi-organ 
evaluation of fever/sepsis, or evaluation for retroperitoneal 
hemorrhage (Supplementary Table 3).

Gastrointestinal Symptoms

Clinical characteristics of study participants based on the 
presence or absence of gastrointestinal symptoms at pres-
entation are shown in Table 1. There were no differences in 
age, sex, race/ethnicity, body mass index (BMI), or presence 
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of respiratory symptoms between the two groups. While 
there were no statistically significant differences in the 
presence of major medical comorbidities in the two groups, 
there was a trend toward higher prevalence of diabetes mel-
litus among patients with gastrointestinal symptoms (47% 
versus 33% of patients without gastrointestinal symptoms; 
p = 0.06).

Clinical Outcomes

Of the 190 study patients, 46 (24%) were admitted to the 
ICU and 31 (16%) died or were discharged to hospice within 
30 days after first positive SARS-CoV-2 test. Patients with 
gastrointestinal symptoms were significantly less likely to be 
admitted to the ICU, but rate of death or discharge to hos-
pice within 30 days did not differ between those with versus 
without gastrointestinal symptoms (Fig. 1).

Body Composition Measures

Body composition parameters and metrics of hepatic stea-
tosis were measured from abdominal CT scans (Fig. 2). 
SAT was excluded in 30 patients because the tissue area 
exceeded the boundaries of the scan, and SM and IMAT 
were excluded for one patient in whom segmentation of 
these compartments was not possible due to poor image 
quality (Supplementary Fig. 1). There were no significant 

differences in skeletal muscle index (SMI), intramuscu-
lar adipose tissue index (IMATI), visceral adipose tissue 
index (VATI), subcutaneous adipose tissue index (SATI), 
or VAT/SAT ratio between those with and without gas-
trointestinal symptoms. Although absolute liver attenu-
ation did not differ significantly between those with and 
without gastrointestinal symptoms, hepatic steatosis based 
on liver-to-spleen attenuation ratio was present in signifi-
cantly fewer patients with gastrointestinal symptoms com-
pared to patients without (23% versus 38% of patients, 
respectively; p = 0.04).

Table 1  Clinical characteristics 
among 190 patients hospitalized 
for COVID-19 based on the 
presence of gastrointestinal (GI) 
symptoms

GI symptoms (n = 117) No GI symptoms (n = 73) P value

Age, median (IQR) 66 (52–76) 64 (51–74) 0.599
Sex, n (%) 0.918
 Female 52 (44.4) 33 (45.2)
 Male 65 (55.6) 40 (54.8)

Race/ethnicity, n (%) 0.281
 White 13 (11.1) 15 (20.5)
 Black non-Hispanic 22 (18.8) 10 (13.7)
 Hispanic 60 (51.3) 33 (45.2)
 Other 22 (18.8) 15 (20.5)

BMI, median (IQR) 26.1 (22.7–30.1) 26.4 (22.6–30.4) 0.930
BMI category, n (%) 0.517
 Underweight (BMI < 18.5) 4 (3.4) 2 (2.7)
 Normal weight (BMI 18.5–24.9) 43 (36.8) 26 (35.6)
 Overweight (BMI 25–29.9) 36 (30.8) 20 (27.4)
 Class I obesity (BMI 30–34.9) 18 (15.4) 13 (17.8)
 Class II obesity (BMI 35–39.9) 5 (4.3) 8 (11.0)
 Class III obesity (BMI > = 40.0) 11 (9.4) 4 (5.5)

Medical comorbidities, n (%)
 Hypertension 78 (66.7) 43 (58.9) 0.279
 Diabetes mellitus 55 (47.0) 24 (32.9) 0.055
 Chronic liver disease 9 (7.7) 10 (13.7) 0.398

Respiratory symptoms, n (%) 71 (60.7) 52 (71.2) 0.139

Fig. 1  Clinical outcomes based on the presence or absence of gastro-
intestinal symptoms
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Relationship Between Body Composition 
and Clinical Outcomes Based on the Presence 
of Gastrointestinal Symptoms

Body composition measures in patients who did or did not 
meet the primary clinical outcome of death or discharge to 
hospice within 30 days are shown in Table 2. Among all 
patients either with or without gastrointestinal symptoms, 
those who died had a significantly higher IMATI compared 
to those who did not die. Only among patients without gas-
trointestinal symptoms was SMI associated with mortal-
ity: SMI was 42.7 (IQR 35.0–50.4) among those who died 
compared to 32.3 (IQR 30.1–41.5) among those who did 
not die (Table 2). Among patients without gastrointestinal 
symptoms, there was a nonsignificant trend toward elevated 
VAT/SAT ratio in those who died, which was not seen in 
patients with gastrointestinal symptoms. No other measures 
differed with respect to clinical outcomes comparing those 
with versus those without gastrointestinal symptoms.

Fig. 2  Representative abdominal CT scan with segmentation of 
skeletal muscle, intramuscular adipose, visceral adipose, and subcu-
taneous adipose tissue compartments. Red: skeletal muscle. Green: 
intramuscular adipose tissue. Blue: visceral adipose tissue. Pink: 
subcutaneous adipose tissue 

Table 2  Body composition 
measurements among 117 
patients with GI symptoms 
and 73 patients with no GI 
symptoms based on death/
hospice at 30 days

Statistically significant values are given in bold
Index measures (SMI, IMATI, VATI, and SATI) were normalized to patient height

Overall (n = 190) Death/hospice at 
30 days (n = 31)

No death/hospice at 
30 days (n = 159)

P value

Body composition, median (IQR)
SMI
 GI symptoms 44.9 (35.8) 42.7 (35.0–50.4) 45.5 (35.9–57.7) 0.394
 No GI symptoms 43.8 (31.5–57.0) 32.3 (30.1–41.5) 46.0 (34.5–59.4) 0.010

IMATI
 GI symptoms 2.26 (1.28–4.47) 3.55 (2.16–5.78) 2.08 (1.20–4.13) 0.025
 No GI symptoms 2.65 (1.72–4.28) 3.72 (2.65–4.77) 2.43 (1.61–4.28) 0.049

VATI
 GI symptoms 53.9 (35.1–79.1) 50.7 (26.2–83.3) 54.7 (35.4–75.8) 0.754
 No GI symptoms 50.1 (27.4–73.5) 39.8 (22.0–54.9) 50.8 (31.0–78.2) 0.221

SATI
 GI symptoms 69.5 (43.2–88.7) 58.1 (44.7–82.1) 71.6 (41.6–90.3) 0.529
 No GI symptoms 68.0 (49.9–89.8) 68.6 (28.6–81.9) 68.0 (51.7–92.4) 0.276

VAT/SAT ratio
 GI symptoms 0.73 (0.43–1.20) 0.72 (0.48–1.77) 0.75 (0.43–1.14) 0.498

 No GI symptoms 0.65 (0.41–0.94) 0.80 (0.41–1.06) 0.64 (0.41–0.83) 0.419
Hepatic steatosis
Liver/spleen attenuation ratio < 1, no. (%)
 GI symptoms 27 (23.1) 5 (45.5) 22 (64.7) 0.257
 No GI symptoms 17 (37.8) 3 (37.5) 14 (37.8) 0.986

Liver attenuation (HU), median (IQR)
 GI symptoms 56.4 (47.6–64.0) 60.5 (54.2–62.9) 54.6 (45.9–68.8) 0.649
 No GI symptoms 57.2 (53.2–64.3) 56.5 (48.8–62.8) 60.1 (53.2–64.3) 0.694
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Inflammatory Markers

Associations between body composition and serologic 
measurements, which provide additional information about 
disease severity, were evaluated in patients with and with-
out gastrointestinal symptoms. Patients with gastrointesti-
nal symptoms had significantly lower peak levels of WBC, 
ESR, transaminases (AST and ALT), D-dimer, LDH, and 
high-sensitivity troponin-T compared to patients without 
gastrointestinal symptoms (Table 3). 

Discussion

Obesity—typically measured by BMI—is a risk factor for 
severe disease and poor clinical outcomes in patients with 
COVID-19 [1, 2, 4, 26]. Prior studies suggest that patients 
with prominent gastrointestinal symptoms at the time of 
COVID-19 diagnosis have better outcomes compared to 
patients who present with isolated respiratory symptoms 
[14–17]. The intersection of obesity and gastrointestinal 
symptoms in COVID-19 was the focus of this retrospective 
cohort study of 190 patients with COVID-19 who underwent 
abdominal CT scan for clinical indications. The study find-
ings support the conclusion that gastrointestinal symptoms 
at the time of COVID-19 diagnosis mark a fundamentally 
different and milder clinical course, with lower rates of 
ICU admission and less aberrant laboratory values seen in 
patients with gastrointestinal symptoms. Less clear is the 
relationship between standard measures of body composi-
tion and adverse outcomes in COVID-19. High intramuscu-
lar adipose tissue index (IMATI, a measure of the fat content 

within muscle) was associated with death among all patients, 
with and without gastrointestinal symptoms. On the other 
hand, low skeletal muscle index (SMI, a measure of skeletal 
muscle mass) was only associated with death among those 
without gastrointestinal symptoms. Surprisingly, other com-
mon measures of body composition—including the visceral 
adipose tissue index (VATI, representing the amount of vis-
ceral fat), which has been linked with systemic inflamma-
tion—were not associated with death. This remained true 
even when the VATI was corrected for subcutaneous adipose 
tissue (VAT/SAT ratio) and was true regardless of the pres-
ence or absence of gastrointestinal symptoms.

A limited number of prior studies have evaluated cross-
sectional adiposity in patients with COVID-19, and several 
have identified an association between increased VAT or 
VAT/SAT ratio and ICU admission or need for mechanical 
ventilation [27–33]. Only one of these investigated IMATI 
and found a relationship between IMATI and COVID-19 
outcomes. Low muscle mass and intramuscular adiposity are 
associated with poor clinical outcomes in other diseases. For 
example, high IMAT content, low SM mass, and high VAT/
SAT ratio are associated with mortality following liver trans-
plantation and with risk of death or delisting prior to lung 
transplantation [34, 35]. Among patients with liver disease, 
reduced SM mass is associated with increased severity of 
liver injury, increased rate of complications such as infec-
tions or encephalopathy, and increased mortality [36–38]. 
In the context of sepsis and critical illness, higher IMAT 
content and lower SM mass are associated with increased 
ICU mortality and overall 30-day mortality [39]. Our results 
are consistent with these findings related to muscle mass/
adiposity, but differ with respect to visceral fat.

Table 3  Two-week peak 
laboratory values based on 
the presence or absence of 
gastrointestinal symptoms

Statistically significant values are given in bold
*Where values are missing, corrected sample size shown within each cell

14-day peak value, median (IQR)* GI symptoms (n = 117) No GI symptoms (n = 73) P value

WBC (n = 186) 10.1 (7.1–15.8) 13.8 (8.9–24.8) < 0.01
Platelets (n = 186) 277 (209–418) 325 (228–453) 0.31
AST (n = 184) 55 (28–85) 83.5 (39–166) < 0.01
ALT (n = 184) 35 (24–77) 53 (31–108) 0.01
Total bilirubin (n = 184) 0.6 (0.4–1.0) 0.7 (0.5–1.3) 0.26
ESR (n = 166) 77 (48–112) 95 (60–130) 0.04
CRP (n = 173) 127.1 (62.9–245.5) 160.8 (47.2–297.3) 0.19
Ferritin (n = 169) 812 (329–1677) 998 (383–2068) 0.42
INR (n = 172) 1.2 (1.1–1.4) 1.3 (1.2–1.6) 0.05
D-Dimer (n = 150) 2.7 (1.2–5.6) 3.0 (2.1–13.1) 0.04
LDH (n = 169) 378 (267–540) 468 (353–816) < 0.01
CPK (n = 149) 142 (65–387) 191 (74–578) 0.23
High-sensitivity troponin-T (n = 165) 24 (12–70) 53 (20–156) < 0.01
Lactate (n = 127) 2.4 (1.8–3.5) 2.9 (2.2–3.9) 0.08
IL-6 (n = 136) 38 (8–90) 58 (12–158) 0.30
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The finding that VATI, a more accurate measure of obe-
sity than BMI, was not associated with death in patients with 
COVID-19 is surprising. First, it is possible that the associa-
tion between BMI and poor clinical outcomes in COVID-19 
is unrelated to adipose tissue distribution; while an associa-
tion between VAT and disease severity has been identified 
in prior studies, these studies used small sample sizes and 
varying metrics of adiposity quantification. Second, the gut 
microbiome is altered among patients with COVID-19, and 
the presence of gastrointestinal symptoms may reflect intes-
tinal differences in SARS-CoV-2 viral load within the bowel 
[40–44]. If this is the case, the relationship between sarcope-
nia (muscle mass and intramuscular adiposity) and clinical 
outcomes in COVID-19 may be related to a microbiome-
mediated “gut-muscle axis” [45]. Skeletal muscle wasting 
is mediated in part by inflammatory cytokines, including 
tumor necrosis factor (TNF)-α and nuclear factor (NF)-κB 
[46]. In our study, subjects with gastrointestinal symptoms 
had lower serologic inflammatory markers and did not show 
the expected association between SM index and mortality. It 
is possible that the physiology represented by the presence 
of gastrointestinal symptoms involves a reduced inflamma-
tory response to COVID-19. Finally, it must be recognized 
that patients who underwent abdominal CT scans during 
the height of the COVID-19 pandemic—when access to 
imaging, even in the hospital, was highly limited—reflect a 
unique patient population.

Our study has limitations. While the majority of abdomi-
nal CT scans in our study were performed at the time of ini-
tial COVID-19 diagnosis, some scans were performed ear-
lier or later within the included timeframe, and it is possible 
that body composition measures differed based on timing 
of CT scan during the disease course. SAT measurements 
were excluded if the patient’s SAT extended past the scan 
window, so we were unable to evaluate SATI and VAT/SAT 
ratio in patients with the highest SAT. Finally, it is possible 
that patients who underwent abdominal CT scans were dis-
similar from patients in the general population of hospital-
ized patients with COVID-19, limiting generalizability of 
our findings. There are also study strengths. To our knowl-
edge, ours is the largest study to date of body composition 
measures in patients with COVID-19. Body composition 
measurements were taken according to established, validated 
methods, and inter-reader consistency was confirmed, dem-
onstrating reliability. These measures provide more accurate, 
specific information about body composition than BMI and 
may be less variable over the course of illness than measured 
weights.

Our findings are consistent with prior reports that 
patients with COVID-19 and gastrointestinal symptoms 
have improved outcomes compared to patients without gas-
trointestinal symptoms; whether the effect of adiposity dif-
fers based on gastrointestinal symptoms, and how this may 

impact outcomes, was less clear. Specifically, patients with-
out gastrointestinal symptoms showed the expected asso-
ciations between mortality and low SMI, high IMATI, and 
trend toward high VAT/SAT ratio, but this pattern was not 
observed in patients with gastrointestinal symptoms. Future 
studies are needed to elucidate the mechanisms underlying 
the altered disease course in patients with COVID-19 who 
present with gastrointestinal symptoms.
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