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Background. Obesity has been linked to severe clinical outcomes among people who are hospitalized with coronavirus disease 
2019 (COVID-19). We tested the hypothesis that visceral adipose tissue (VAT) is associated with severe outcomes in patients hospi-
talized with COVID-19, independent of body mass index (BMI).

Methods. We analyzed data from the Massachusetts General Hospital COVID-19 Data Registry, which included patients ad-
mitted with polymerase chain reaction–confirmed severe acute respiratory syndrome coronavirus 2 infection from March 11 to May 
4, 2020. We used a validated, fully automated artificial intelligence (AI) algorithm to quantify VAT from computed tomography (CT) 
scans during or before the hospital admission. VAT quantification took an average of 2 ± 0.5 seconds per patient. We dichotomized 
VAT as high and low at a threshold of ≥100 cm2 and used Kaplan-Meier curves and Cox proportional hazards regression to assess 
the relationship between VAT and death or intubation over 28 days, adjusting for age, sex, race, BMI, and diabetes status.

Results. A total of 378 participants had CT imaging. Kaplan-Meier curves showed that participants with high VAT had a 
greater risk of the outcome compared with those with low VAT (P < .005), especially in those with BMI <30 kg/m2 (P < .005). In 
multivariable models, the adjusted hazard ratio (aHR) for high vs low VAT was unchanged (aHR, 1.97; 95% CI, 1.24–3.09), whereas 
BMI was no longer significant (aHR for obese vs normal BMI, 1.14; 95% CI, 0.71–1.82).

Conclusions. High VAT is associated with a greater risk of severe disease or death in COVID-19 and can offer more precise in-
formation to risk-stratify individuals beyond BMI. AI offers a promising approach to routinely ascertain VAT and improve clinical 
risk prediction in COVID-19.

Keywords.  artificial intelligence; COVID-19 disease; visceral adiposity.

People with obesity who become infected with the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) have a 
greater risk of severe clinical outcomes [1–3]. In the United 
States, over 160 million Americans are overweight or obese 
and over 500 000 individuals have died of coronavirus disease 
2019 (COVID-19) since the start of the pandemic. However, 
clinical outcomes due to this infection are not uniformly worse 

among those who have obesity, and the mechanisms that link 
body habitus and clinical outcomes in people with COVID-19 
remain poorly understood.

While body mass index is a convenient measure to obtain in 
clinical practice, it is widely recognized as a remarkably hetero-
geneous parameter for assessing metabolic health [4]. As such, 
people with similar body mass index (BMI) measurements have 
shown meaningfully different levels of health risk, in part due to 
the fact that BMI is not a reliable measure of total body or central 
abdominal fat mass and does not well capture wide variation in 
visceral adipose tissue (VAT) distribution between individuals 
[4]. There is a growing body of evidence that VAT may be an 
important conduit for the health risk associated with obesity. 
Macrophages have been shown to infiltrate the hypertrophied 
adipocytes that are characteristic of excess VAT; this is believed 
to result in increased inflammatory cytokines including both 
tumor necrosis factor–α and interleukin-6 in this tissue [4]. 
Given this, VAT has been proposed as 1 factor that may help to 
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elucidate the relationship between body weight and COVID-
19 disease severity [5, 6]. While VAT measurement is usually 
manually assessed by a radiologist and thus time-consuming 
to perform, artificial intelligence (AI) algorithms offer a novel 
approach to measuring VAT quickly and accurately in patients 
who have recently had computed tomography (CT) imaging 
performed, regardless of indication [7]. Moreover, segmenta-
tion of the tissue compartments from a single cross-sectional 
slice at 1 lumbar vertebra can well approximate VAT and subcu-
taneous adipose tissue (SAT), both of which can be ascertained 
in seconds using AI algorithms [8, 9].

In this study, we tested the hypotheses that VAT is associ-
ated with severe outcomes in patients who are hospitalized 
with COVID-19 and is a stronger predictor of such outcomes 
than BMI in adjusted models including both indicators. We as-
sessed VAT using a fully automated end-to-end AI algorithm 
that provides this measure from the CT scans of patients who 
were hospitalized at Massachusetts General Hospital (MGH) 
with COVID-19 disease during the first surge of the 2020 pan-
demic. We then used the VAT measure and survival analysis to 
test hypotheses linking high VAT and poor clinical outcomes 
over 28 days from hospitalization for COVID-19.

METHODS

Data Source

This study used data from the MGH COVID-19 Data Registry 
[10, 11]. The registry included all patients who presented to 
care, defined as the first contact with the health care system 
for evaluation of COVID-19 symptoms, and were subsequently 
hospitalized at MGH between March 11 and May 4, 2020. 
All participants in the registry had PCR-confirmed SARS-
CoV-2 infection. The data in the registry were collected in 2 
ways. First, a manual chart review was performed to assess key 
aspects of the patient’s medical history and details of the hos-
pitalization including the main outcomes of interest at 28 days 
after presentation to care [11]. This manual chart review also 
identified comorbidities of interest in this study including his-
tory of coronary artery disease or myocardial infarction (CAD 
or MI), history of congestive heart failure (CHF), history of 
diabetes, history of renal disease, and history of chronic ob-
structive pulmonary disease (COPD). This chart review was 
undertaken by physicians, research nurses, and a team of re-
search assistants trained in a standard operating procedure for 
data extraction. In addition, height, weight, and BMI, as well as 
key laboratory values that were measured and recorded during 
the index hospitalization, were obtained electronically through 
the Enterprise Data Warehouse (EDW), a repository that was 
derived from the Epic electronic medical records system. There 
were no missing height or weight values in this sample. Imaging 
data of CT exams performed during or before the hospitali-
zation for any indication that were used to ascertain the VAT 

measures were also obtained from hospital picture archive and 
communication system (PACS). This research was approved by 
the Massachusetts General Brigham Institutional Review Board 
protocol 2020P000829.

BMI was calculated as the weight in kilograms divided by the 
square of height in meters. BMI categories were defined using 
standard thresholds of <18.5  kg/m2 for underweight, 18.5–
24.9 kg/m2 for normal weight, 25.0–29.9 kg/m2 for overweight, 
and ≥30.0 kg/m2 for obese. Diabetes was defined by meeting at 
least 1 of the following criteria: (1) medical history of diabetes 
documented in the medical record and manually retrieved on 
chart review, (2) HbA1c ≥6.5% during the index hospitalization, 
or (3) random blood glucose ≥200 mg/dL at admission to the 
hospital and supportive history by chart review. For those cases 
in which only the third diagnostic criterion was met, a detailed 
chart review was performed by 2 board-certified endocrinolo-
gists; this procedure has been described in detail previously. 
Of note, registry participants with active malignancy were ex-
cluded from this study. Demographic and clinical characteris-
tics were defined as previously described [10, 11].

Ascertaining VAT and SAT Using an AI-Based Body Composition Detector

Body composition measures such as VAT can be ascertained 
from a single axial CT or magnetic resonance imaging (MRI) 
slice [8]. We used a previously validated, fully automated AI 
algorithm to quantify VAT from CT scans [9]. In brief, this 
application is written in Tensorflow 1.13 and uses an end-to-
end 2-stage artificial neural network that first localizes a single 
axial slice at the L1 vertebral body level and then quantifies 
VAT in that specific slice in cm2. We chose the L1 vertebral 
body as it is routinely included in both CT scans of the chest 
and CT exams of the abdomen/pelvis and has an excellent 
correlation with overall VAT in prior studies (0.986) [8, 12]. 
Moreover, the validation of the AI algorithm itself showed ex-
cellent agreement with manual measurement by a radiologist. 
We used this AI algorithm to measure VAT in all patients with 
either a CT scan of the chest or a CT scan of the abdomen/
pelvis that had been performed during the index hospitaliza-
tion within a median (interquartile range) of 17 (4–25) months 
before the index hospitalization date. If both exam types were 
available, we chose the one that was temporally closest to the 
index hospitalization.

Exposures, Outcomes, and Statistical Analysis

Our primary exposure of interest was cross-sectional VAT 
area, which we dichotomized as high and low at a threshold 
of ≥100 cm2 based on prior literature demonstrating a mean-
ingful increased risk of metabolic derangements above this 
threshold [13–15]. The primary outcome of interest in the 
study was need for intubation or death within 28 days after 
presentation to care. We first compared the demographic and 
health characteristics of those patients in the registry who 
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had a relevant clinical imaging study to those for whom no 
applicable imaging study was conducted during the period of 
interest to assess for selection bias. Next, we compared differ-
ences in the demographic and clinical characteristics of the 
analytic sample among those with high vs low visceral fat. 
Then, we depicted differences in time to death or intubation 
over 28 days among those with high vs low visceral fat using 
Kaplan-Meier curves and log-rank testing. We performed this 
analysis first in the full sample and then stratified for those 
who were in the normal or overweight BMI category and sep-
arately for those who were in the obese BMI category. We 
conducted a score test for proportional hazards assumptions. 
Then, we fit adjusted Cox proportional hazards models to 
estimate the hazard of 28-day death or intubation including 
VAT, adjusted for age, sex, race, and diabetes diagnosis in the 
models. We provide these models with and without adjust-
ment for BMI. We also provided a separate model with ad-
justment for BMI but without VAT included. A P value <.05 
in the BMI-adjusted test of the association of visceral fat with 
COVID-19 outcomes indicated statistical significance. In 
the supplementary analyses, we examined these same rela-
tionships in registry participants with and without imaging 
and separately conducted a stratified analysis among those 
who had imaging performed before vs during the hospitali-
zation. Finally, in the Supplementary Data, we also provided 
an analysis in which VAT was categorized in quintiles and 
displayed the adjusted hazard ratio of VAT over a range of 
alternative thresholds with respect to the outcome of interest, 
as a further empirical assessment of the chosen threshold. 

Confidence intervals for the latter analysis were obtained via 
bootstrapping (1000×).

RESULTS

The MGH COVID-19 Data Registry included 866 individ-
uals, among whom 410 (47.3%) had an abdominal or chest CT 
imaging study available during or before the hospitalization. 
Among these, 32 (7.8%) were excluded due to the presence of 
active malignancy, leaving a final sample of 378 registry parti-
cipants for this analysis. A  total of 268 of 378 (70.9%) people 
had a CT of the abdomen and pelvis, while 110 (29.1%) people 
had a CT scan of the chest available. One hundred ninety-eight 
studies (52%) were performed during the hospitalization, and 
180 studies (48%) were performed before the hospitalization. 
The total time to execute the analysis of an individual CT scan 
using the algorithm was 2  ± 0.5 seconds on a standard CPU 
desktop computer within our hospital system.

There were several differences in demographic and health 
characteristics of those participants for whom imaging data was 
available compared with those participants who did not have im-
aging data. Individuals with available imaging were older, more 
likely to be male, and had a higher number of comorbidities, 
including diabetes and a history of CAD or MI, but the distribu-
tion of BMI and other demographic and health characteristics 
did not differ between these groups (Supplementary Table 1). 
Participants who had a VAT ≥100 cm2 had higher rates of dia-
betes and renal disease and a higher C-reactive protein (CRP) 
on admission compared with those with a VAT ≤100 cm2. (Table 
1) There were no significant differences in the rates of other key 

Table 1. Demographic and Health Characteristics of 378 COVID-19 Registry Participants, Overall and by VAT Group

Overall (n = 378) VAT <100 cm2 (n = 115) VAT ≥100 cm2 (n = 263) P Value (Between 2 Subgroups)

VAT, mean ± SD 195 ± 107 63 ± 26 204 ± 80 <.01

Age, mean ± SD, y 63.3 ± 17.8 62.2 ± 18.5 63.8 ± 16.0 .41

Male, % 61.7 37.2 72.2 <.01

Race or ethnicity, % .04

White 33.7 28.7 35.9  

Hispanic 24.1 21.7 25.2

Black 9.0 15.7 9.0

Other 33.2 33.9 29.9

BMI, % <.01

Normal 23.7 44.4 15.6  

Overweight 33.2 32.2 33.2

Obese 43.1 23.4 51.2

Diabetes 43.0 33.9 47.0 .02

CAD or MI 21.8 20.9 22.1 .78

COPD/asthma 26.8 28.7 26.0 .58

CHF 14.6 17.4 13.4 .30

Renal disease 23.7 18.4 26.0 .11

ESR, mean ± SD 40.9 ± 27.1 37.5 ± 24.3 42.4 ± 28.1 .13

CRP, mean ± SD 89.1 ± 80.8 70.3 ± 70.8 97.5 ± 83.7 <.01

Abbreviations: BMI, body mass index; CAD, coronary artery disease; MI, myocardial infarction; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CRP, C-reactive 
protein; ESR, erythrocyte sedimentation rate; MI, myocardial infarction; VAT, visceral adipose tissue.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab275#supplementary-data
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comorbidities, including CAD or MI and COPD, stratified by 
this VAT threshold. We found that the distribution of VAT dif-
fered significantly between those with a normal or overweight 
BMI compared with those with obesity (P < .0001) (Figure 1). 
Specifically, the median VAT was greater among those in the 
BMI group with obesity compared with those in the normal 
or overweight BMI group (Figure 1). Exemplary VAT on body 
composition imaging by BMI status and gender is shown in 
Figure 3. In Supplementary Figure 1, we also display the dif-
ferences in the relationship between BMI and VAT by sex [16].

There were 114 (38%) intubations and 54 (18%) deaths 
among 249 people by 28  days in the high-VAT group, com-
pared with 15 (19%) intubations and 7 (9%) deaths among 129 
people by 28 days in the low-VAT group. Kaplan-Meier curves 
from the total study sample showed statistically significant dif-
ferences in the risk of death or intubation over 28 days by VAT 
group (Figure 2). Those with high VAT had a greater risk of 
death or intubation over 28 days compared with those with low 
VAT (P < .001). When stratifying the analysis into 2 groups de-
fined by BMI (normal or overweight compared with obese), this 

same relationship was preserved among those who were normal 
or overweight (P < .005). The differences were similar in magni-
tude but did not reach statistical significance in the group with 
obesity (P = .08). In Cox proportional hazards regression ana-
lyses, individuals with high VAT had an adjusted hazard ratio of 
2.00 (95% CI, 1.32–3.02) of death or intubation at 28 days when 
adjusting for age, sex, race, and diabetes. Following additional 
adjustment for BMI, the adjusted hazard ratio for high VAT was 
unchanged at 1.97 (95% CI, 1.24–3.09) (Table 2). In a model 
with BMI but without VAT, the adjusted hazard ratio for obese 
vs normal BMI category was 1.57 (95% CI, 1.02–2.40); once 
VAT was included in the model, this declined to an adjusted 
hazard ratio of 1.14 (95% CI, 0.71–1.82). Our supplementary 
analyses revealed no clear dose–response effect in the relation-
ship between quintile of VAT and death or intubation within 
30 days (Supplementary Figure 2). Furthermore, a considera-
tion of alternative dichotomous thresholds empirically rein-
forced the choice to use 100 cm2, as depicted in Supplementary 
Figure 3.

DISCUSSION

We found that patients hospitalized with COVID-19 who had 
high VAT (≥100 cm2) as ascertained by an AI algorithm from 
chest or abdominal CT scans had twice the risk of dying or 
being intubated within 28  days of admission than those with 
low VAT. This risk persisted after adjusting models for BMI, 
suggesting that VAT may have a stronger and more precise 
relationship with severe COVID-19. This finding reflects the 
hypothesized biological significance of VAT as a more precise 
measure of differences in adipose tissue distribution and the 
health risk associated with obesity than BMI. These data sup-
port the possible use of VAT to risk-stratify hospitalized indi-
viduals with COVID-19 for severe clinical outcomes. Moreover, 
the AI algorithm used could be used by clinical teams to as-
certain this measure quickly and automatically from imaging 
studies performed for other indications.
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Figure 1. Visceral fat distribution, overall and by BMI category. ****P < .0001. 
Abbreviation: BMI, body mass index.
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These findings are important for several reasons. First, there 
is an ample body of literature regarding risk prediction for se-
vere COVID-19 outcomes that has not regularly included VAT 
as a consideration, though it may offer a more precise approx-
imation of the metabolic risk associated with obesity when 
compared with BMI [11, 17]. This study provides evidence that 
measurement of VAT in hospitalized patients could be used to 
improve COVID-19 risk prediction. Second, as has been sug-
gested previously, VAT may serve as a distinct driver of poor 
outcomes in COVID-19. The underlying mechanism to explain 
this relationship is not clear but may include the angiotensin-
converting enzyme 2 (ACE-2) receptor as a possible link. This 
receptor facilitates cellular entry of SARS-CoV-2 and has been 
shown to have high expression in VAT [18, 19]. Additionally, as 
detailed preciously, VAT is metabolically active and secretes a 
variety of adipokines and pro-inflammatory cytokines that are 
hypothesized to play a role in severe COVID-19 [4]. As such, 
VAT may serve as a pro-inflammatory reservoir that could con-
tribute to increased severity of COVID-19 among individuals 
with high VAT [20].

One fundamental innovation of this study is the AI algorithm 
that was applied to ascertain VAT in a fully automated fashion 
and with a precise and well-validated 2-dimensional measure 
of this value. This is particularly unique, as many studies use 
a 1-dimensional “VAT thickness” that is measured manually 
by a radiologist and lacks validation in the body composition 
literature. This AI algorithm has been applied and validated 
in several independent data sets and can facilitate opportun-
istic collection of both VAT and SAT from routine clinical im-
aging studies. Given that many hospitalized patients with severe 
COVID-19 have a CT scan of the chest or abdomen performed 
as part of their clinical workup, it would be possible to adapt 
this technology and automate collection of this measure using 
this publicly available algorithm. If performed in this way, the 

role of VAT in driving outcomes could be better understood 
and used to enhance prediction of risk for severe outcomes in 
real time.

This finding is largely consistent with 3 smaller studies from 
China and Europe that have suggested that adipose tissue dis-
tribution may be associated with outcomes in COVID-19 dis-
ease. The first study to explore this relationship consisted of a 
single-center cohort of 143 patients with confirmed COVID-
19 who were hospitalized in Wuhan, China, between January 
and March 2020. These individuals all had abdominal CT scans 
from which radiologists manually measured VAT and several 
other measures of adipose tissue distribution [15]. The rate of 
critical illness was almost double in people with higher VAT in 

Female Male

Normal/overweight
Visceral fat: >190 cm2

Normal/overweight
Visceral fat: < 100 cm2

Obese
Visceral fat: < 100 cm2

Obese
Visceral fat: 250–260 cm2

Figure 3. Exemplary visceral fat body compositons by BMI status and gender. 
Abbreviation: BMI, body mass index.

Table 2. Multivariate Adjusted Hazard Ratio for Death or Intubation Within 28 Days From Hospitalization

VAT Only BMI + VAT BMI Only

aHR + 95% CI aHR + 95% CI aHR + 95% CI

VAT ≥100 cm2 2.00 (1.32–3.02) 1.97 (1.24–3.09) —

Age, y  1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01)

Male 1.21 (0.85–1.72) 1.22 (0.85–1.76) 1.51 (1.07–2.13)

Diabetes 1.27 (0.93–1.74) 1.20 (0.87–1.66) 1.21 (0.88–1.67)

BMI

Normal — Reference Reference

Overweight — 0.76 (0.47–1.21) 0.95 (0.61–1.49)

Obese — 1.14 (0.71–1.82) 1.57 (1.02–2.40)

Race

White Reference Reference Reference

Hispanic 1.05 (0.67–1.63) 1.07 (0.69–1.68) 1.09 (0.70–1.70)

Black 1.88 (1.08–3.27) 1.95 (1.11–3.40) 1.67 (0.97–2.90)

Other 1.05 (0.71–1.54) 1.03 (0.70–1.52) 1.01 (0.68–1.49) 

Abbreviations: aHR, adjusted hazard ratio; BMI, body mass index; VAT, visceral adipose tissue.
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this context, and in multivariate logistic regression models high 
VAT was associated with 2 times the odds of their severe disease 
end point. However, the sample represented a very small and 
select fraction of the total patients hospitalized with COVID-19 
at this institution during this period, and models did not ad-
just for BMI. These findings were reinforced by a second study 
of 144 patients who were consecutively admitted to the emer-
gency department (ED) of a public hospital in Bufalini, Cesena, 
Italy, between February and April of 2020. All of these patients 
were found to have PCR-confirmed SARS-CoV-2 infection [5]. 
Upper abdominal VAT was assessed on sagittal images from 
chest CTs in all study participants. The primary outcome of in-
terest in this study was admission to the ICU. Those who were 
admitted to the ICU had a 30% higher VAT (P < .001) and a 
30% lower SAT (P = .011), independent of age and sex. The 
latter findings were confirmed in similar studies in Rome, Italy, 
and a cohort of 30 patients in Berlin, Germany [20, 21].

Our study has several important limitations. First, the study 
utilized “opportunistic” imaging studies from people hospital-
ized with COVID-19 to estimate adipose distribution, and thus 
these parameters were only available in a subset of those hos-
pitalized with COVID-19 during the study period. This design 
introduces important questions about how the inclusion of im-
aging may introduce additional selection bias in the sample of 
interest in this manuscript. As described, those individuals who 
had a CT scan available during or within 2 years before their hos-
pitalization for COVID-19 were older, more likely to be male, 
and had a higher prevalence of several important comorbidities, 
namely diabetes, though the distribution of BMI was similar in 
the 2 groups. In a supplementary analysis, we explore the re-
lationship between BMI and diabetes among those with and 
without imaging. In these stratified Cox proportional hazards 
models (Supplementary Table 2), we find that the relationships 
between diabetes and “obese” BMI and the outcome of interest 
were slightly attenuated in those with imaging compared with 
those for whom imaging was not available, but overall these 
relationships did not differ substantially. Given the lack of im-
aging in 1 group, differences in the relationship between VAT 
and the outcomes could not be explored in this secondary anal-
ysis. This selection of higher-risk patients into the study likely 
limited power to detect differences in outcomes according to 
comorbidities known to associate with COVID risk, including 
those we previously identified. Second, the timing of imaging 
collection was a second source of heterogeneity that could also 
introduce selection effects. In a supplemental analysis strati-
fied by those with an imaging study and corresponding VAT 
measurement acquired during the index hospitalization and 
separately, those without a study and corresponding measure-
ment that preceded the hospitalization, we found that in both 
groups VAT was associated with severe disease, though the 
magnitude of the effect was greater among those who had the 
imaging study performed before admission. This difference in 

magnitude may indicate potential unmeasured confounding, 
for instance related to the health condition that prompted the 
imaging study preceding the index hospitalization, but the rela-
tionship between VAT and the outcomes was preserved in both 
groups and the small sample in each of the 2 groups after strat-
ification makes it difficult to determine with certainty the im-
portance of this potential limitation. Future research with larger 
cohorts should further interrogate these differences.

Beyond the potential limitations associated with selection 
bias, as detailed above, it is important to also state that these 
data were derived from a single center and thus may not be 
widely generalizable to other populations of individuals with 
COVID-19. Moreover, while we standardized data collection as 
much as possible through training of those performing chart re-
view, the assignment of comorbid diagnoses other than diabetes 
and high BMI may have been subject to some variability across 
chart reviewers. Finally, the utility of this parameter is inher-
ently dependent on the availability of a recent imaging study 
from which VAT may be measured and thus may be less widely 
used in people who do not routinely undergo imaging at pres-
entation with COVID-19, for instance younger people.

In conclusion, in this study we present robust evidence that 
VAT can be used to stratify patients hospitalized with COVID-
19 regarding their risk of severe disease or death and may be 
more precise and closely linked to poor outcomes than BMI. 
We have done this in the largest cohort and first US-based study 
of this relationship to date. We utilize an AI algorithm for as-
certainment of adipose tissue distribution that automates col-
lection of these data from routine clinical imaging studies. This 
approach is promising because it is potentially scalable for use 
in real-world clinical settings and could improve prediction of 
poor outcomes among people who require hospitalization for 
COVID-19.
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Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
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