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EuropePMC. Data on visceral fat area (VTA), subcutaneous fat area (SFA), and total fat area (TFA) were
collected. The outcome of interest was severe COVID-19. We used a REML random-effects model to pool
the mean differences and odds ratio (OR).
Results: There were 5 studies comprising of 539 patients. Patients with severe COVID-19 have a higher
VTA (mean difference 41.7 cm? [27.0, 56.4], p < 0.001; I?: 0%) and TFA (mean difference 64.6 cm? [26.2,
103.1], p = 0.001; I?: 0%). There was no significant difference in terms of SFA between patients with
severe and non-severe COVID-19 (mean difference 9.3 cm? [-4.9, 23.4], p = 0.199; I%: 1.2%). Pooled ORs
showed that VTA was associated with severe COVID-19 (OR 1.9 [1.1, 2.2], p = 0.002; I*: 49.3%).
Conclusion: Visceral adiposity was associated with increased COVID-19 severity, while subcutaneous
adiposity was not.
Prospero id: CRD42020215876.
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and multiple-organ failure [2]. Early identification of high-risk
patients is crucial because prolonged hospitalization is associated
with poor prognosis.

The increasing prevalence of obesity is a major public health
issue that has been declared as a global pandemic. Obesity is a
widely known risk factor for cardiometabolic events and has been
associated with increased severity of COVID-19 [3]. Besides defi-
ciency or under-nutrition, excess or over-nutrition may alter the
immune response to infection. Distribution of body fat may have a
significant impact on the immune system. Lipids can be stored
within skeletal muscle, known as intramuscular fat (IMF), when
visceral and subcutaneous fat storage capacity is exceeded [4].
Defective immunity and a proinflammatory state due to excess fat
accumulation are thought to place these individuals at a higher risk
of contracting severe COVID-19 [3,5—7]. Although body mass index
(BMI) is widely used as an indicator of body fat, it cannot distin-
guish visceral from subcutaneous fat [8]. BMI has previously been
shown to increase mortality and severity in patients with COVID-19
[9—11], but the pooled effect estimate was heterogeneous [3].
Computed Tomography (CT) facilitates visceral and subcutaneous
fat tissue quantification. This systematic review and meta-analysis
aimed to investigate the association between visceral adiposity,
subcutaneous fat, and severe COVID-19.

2. Material and methods

This study followed the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) and Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) reporting guidelines.
This study is registered in the PROSPERO database
(CRD42020215876).

2.1. Eligibility criteria

The inclusion criteria for this study was 1) observational studies/
research letters that report patients with COVID-19, 2) information
on visceral fat area (VTA), subcutaneous fat area (SFA), and total fat
area (TFA) 3) grouped based on COVID-19 severity, intensive care
unit (ICU) admission, or the need for mechanical intubation/
ventilation. These study's exclusion criteria were 1) preprint arti-
cles, 2) abstract-only publications, 3) editorial/commentaries, 4)
review articles, 5) non-research letters, 6) case reports, 7) non-
human studies, and 8) non-English language articles. Preprints
were excluded because of varying credibility [12].

2.2. Search strategy and study selection

We performed systematic literature search using the databases:
PubMed, Embase, and EuropePMC with search terms “Visceral Fat
Area” OR “Visceral Adipose Tissue” AND “COVID-19” OR “SARS-
CoV-2" OR “2019-NcoV” AND “Mortality” OR “Death” OR “Severity”
OR “ICU Admission” OR “Intubation” OR “Mechanical Ventilation”
OR “Shock”. Two independent authors performed the literature
search. The duplicates were removed by manual screening after
initial search and the title/abstracts were then screened for po-
tential relevance. The full-texts of the potential articles were then
assessed based on the inclusion and exclusion criteria. Initially, the
literature search was up until 22 October 2020. The search was later
updated, involving articles up until 7 December 2020.

2.3. Data extraction
Two independent authors conducted data extraction using

standardized extraction forms that included author, year, study
design, age, gender, body mass index, cardiovascular diseases,
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diabetes mellitus, hypertension, VTA, SFA, TFA, and the outcome of
interest. The parameter for visceral adiposity in this study was VTA.

The outcome of interest was severe COVID-19, defined as pa-
tients that fulfil at least one of the following criteria 1) Report of the
WHO-China Joint Mission on Coronavirus Disease 2019 Criteria
[13], 2) disease progression, 3) ICU admission, and 4) the need for
mechanical intubation/ventilation. Non-severe COVID-19 was
defined as patients that did not fulfill any of the four criteria. The
mean difference in VTA, SFA, TFA between severe and non-severe
group was reported in mean difference (cm?). The effect estimate
for the association between VTA and severity was reported in odds
ratio (OR), the most stringent adjustment was included in the
meta-analysis. The included studies' quality and risk of bias were
assessed using the Newcastle—Ottawa Scale (NOS).

2.4. Statistical analysis

The meta-analysis of studies was performed using STATA
version 16. Continuous variables such as VTA, SFA, and TFA were
pooled using the restricted maximum likelihood (REML) method
and reported as mean differences and standard deviations (SDs)
between the severe COVID-19 and non-severe COVID-19 groups.
We used REML method for pooling of OR from the individual
studies, it was reported along its 95% confidence intervals (CI).
Random-effects model was used for analysis regardless of hetero-
geneity. P-values <0.05 were considered as significant. Regression-
based Egger's test was used to assess small-study effects.

3. Results
3.1. Baseline characteristics and study selection

Out of 118 total articles from the initial databases search, 22
were excluded because of duplicates. The remaining articles
(n = 96) underwent title and abstract screening, of which 83 arti-
cles were excluded based on the exclusion criteria. Finally, from 13
studies remaining, 3 were excluded because of no data on visceral
adiposity, 3 were review articles, 1 report thickness (not area), and
1 reported visceral fat by CT density. Five studies comprising of 539
patients were included in the systematic review and meta-analysis
[4,14—16]. Fig. 1 depicts the PRISMA diagram. The baseline char-
acteristics of the included studies are displayed in Table 1. Assess-
ment using NOS indicates a low-moderate risk of bias among the
included studies [Table 1].

3.2. Adiposity and severe COVID-19

Patients with severe COVID-19 have a higher VTA (mean dif-
ference 41.7 cm? [27.0, 56.4], p < 0.001; I: 0%, p = 0.897) [Fig. 2]
and TFA (mean difference 64.6 cm? [26.2, 103.1], p = 0.001; I: 0%,
p = 0.362) [Fig. 3] than the patients with non-severe COVID-19.
There was no significant difference in terms of SFA between pa-
tients with severe and non-severe COVID-19 (mean difference
9.3 cm? [-4.9, 23.4], p = 0.199; I%: 1.2%, p = 0.276) [Fig. 4]. Pooled
ORs showed that VTA was associated with severe COVID-19 (OR 1.9
[1.1, 2.2], p = 0.002; I?: 49.3%, p = 0.117) [Fig. 5].

Regression-based Egger's test showed no indication of small-
study effects for the mean difference of VTA (p = 0.688), SFA
(p = 0.259), and TFA (p = 0.277) between the two groups. There
was no indication of small-study effects for the association between
VTA and severe COVID-19.
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Fig. 1. Study flowchart.

Table 1

Baseline characteristics of the included studies.
Author Design Samples  Age Male BMI Diabetes Hypertension Outcome of Interest NOS
Chandrana 2020 RC 51 67.9 vs 57.3 100 vs 67.5 27.6 vs 29.8 NR NR Mechanical Ventilation 6
Favre 2020 RC 165 65.8vs 63.6 81 vs 60 27.2vs 25.5 NR NR Severe COVID-19 8
Petersen 2020 (&) 30 65.6 60 26.8 vs 26.1 83 50 ICU Care 8
Watanabe 2020 RC 150 70.8 vs 62.1 65.7 vs 64.3 NR 8.6 vs 18.2 34.3 vs 46.1 Intubation 9
Yang 2020 RC 143 67 vs 65 60 vs 43.9 24.8 vs 23 222vs 184 51.1 vs 30.6 Critical Illness (ARDS/sepsis with 8

organ dysfunction)

BMI: Body Mass Index, CS: Cross-Sectional, RC: Retrospective Cohort, NOS: Newcastle—Ottawa Scale, NR: Not Reported.

4. Discussion

Meta-analysis showed that higher VTA and TFA, but not SFA, was
associated with increased COVID-19 severity with low heteroge-
neity. Which indicates that visceral, rather than subcutaneous lipid
deposition, was associated with the severity of COVID-19 illness,
similar to the finding in individual studies [4,17].

Excessive BMI is closely related to abdominal circumference and
fat (VTA, SFA, and TFA) in the human body. Body composition not
only reflects nutritional status and body fatness but also has a
significant effect on inflammatory response and metabolic activity
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[4]. Obesity profoundly increases the risk of many conditions,
including insulin resistance, type 2 diabetes mellitus, dyslipidemia,
hypertension, cerebrovascular disease and cardiovascular disease,
which are significant risk factors for worsening outcomes in COVID-
19 [18—24]. Individuals with obesity are prone to respiratory in-
fections due to blunted innate and adaptive immunity and reduced
protection from influenza vaccination [25,26]. Obesity indepen-
dently enhances the risk of developing severe courses of COVID-19
[3,5]. Excess fat buildup makes individuals more likely to develop
low-grade, chronic, inflammation, such as in people with comor-
bidities, which puts them at risk for infections [3].
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Visceral Fat Area (cm2)

Severe Non-Severe Mean Diff. (cm2) Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chandrana 2020 11 2406 101.2 40 2002 1172 —— 88— — 40.40[ -35.75, 116.55] 3.74
Favre 2020 (Nice Cohort) 15 2399 86.9 31 175.8 128.7 — 8 — 64.10[ -8.04, 136.24] 4.16
Favre 2020 (Paris Cohort) 38 125.6 75.8 81 976 835 —— 28.00[ -3.27, 59.27] 22.16
Petersen 2020 13 1116 5833 17 70 282 —— 4160[ 12.07, 71.13] 24.86
Watanabe 2020 35 173.4 956 115 1335 776 —— 39.90[ 8.84, 70.96] 22.47
Yang 2020 45 1319 1065 98 789 77.7 —— 53.00[ 22.04, 83.96] 22.62
Overall > 41.67[ 26.95 56.40]
Heterogeneity: 7 = 0.00, I* = 0.00%, H* = 1.00
Test of 6, = 6 Q(5) = 1.63, p = 0.90
Testof 6 =0:z=5.55, p=0.00

50 0 50 100 150
Random-effects REML model
Fig. 2. Mean difference in visceral fat area between severe and non-severe COVID-19.
Total Fat Area (cm2)
Severe Non-Severe Mean Diff. (cm2) Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chandrana 2020 11 4202 1347 40 4319 1921 ———=»—— -11.70 [ -133.05, 109.65] 10.02
Petersen 2020 13 223 1155 17 135 61.8 —— 88.00[ 23.82, 152.18] 35.82
Watanabe 2020 35 328.44 148.67 115 2652 134.6 —— 63.24[ 11.04, 115.44] 54.16
Overall . 64.60[ 26.19, 103.01]
Heterogeneity: ° = 0.00, I* = 0.00%, H* = 1.00
Test of 6, = 6;: Q(2) =2.03, p=0.36
Test of 6 =0:z=3.30, p=0.00
00 0 100 200
Random-effects REML model
Fig. 3. Mean difference in subcutaneous fat area between severe and non-severe COVID-19.
Subcutaneous Fat Area (cm2)

Severe Non-Severe Mean Diff. (cm2) Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chandrana 2020 11 179.6 56 40 2317 1366 ——®—— -52.10[ -135.15, 30.95] 2.88
Favre 2020 (Nice Cohort) 15 2194 1124 31 2303 4.9 —a— -10.90[ -50.06, 28.26] 12.85
Favre 2020 (Paris Cohort) 38 1342 758 81 1195 86.1 —i— 1470 [ -17.28, 46.68] 19.18
Petersen 2020 13 90 657 17 562 338 —— 33.80[ -2.33, 69.93] 15.07
Watanabe 2020 35 155 939 115 131.8 81.8 —l— 2320[ -8.86, 55.26] 19.08
Yang 2020 45 108.2 53.7 98 1088 77.6 —— -0.60[ -25.66, 24.46] 30.94
Overall <> 9.26[ -4.85, 23.36]
Heterogeneity: t° = 3.96, I = 1.21%, H* = 1.01
Testof 6;=6: Q(5) =6.32,p=0.28
Testof 6=0:z=1.29,p=0.20

4150 100 50 0 50

Random-effects REML model

Fig. 4. Mean difference in total fat area between severe and non-severe COVID-19.

The renin-angiotensin-aldosterone system (RAAS), which
plays a significant role in COVID-19 pathophysiology, is chroni-
cally activated in individuals with obesity and excessive lipid
accumulation. This condition interferes blood pressure regulation
and insulin signaling in peripheral tissues, as well as predisposes
the individual to experience a variety of dysfunctions [27]. Recent
evidence suggests that the novel coronavirus may exacerbate
hyperglycemia by infecting and killing B-cells [28]. In patients
with obesity, where white adipose tissue (WAT) is aggravated and
brown adipose tissue (BAT) is reduced in size and activation, the
likelihood of comorbidities is greatly enhanced. The angiotensin-
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converting enzyme 2 (ACE2) expressed in adipocytes is crucial for
the homeostasis of glucose and lipid metabolism, therefore, high
ACE2 expression in fat tissue may increase the susceptibility and
accessibility of COVID-19 to the tissue. Also, several medications
used to treat coexisting disorders (e.g., hypertension, diabetes
mellitus, dyslipidemia) can upregulate ACE2 expression and
consequently increase viral uptake [27,29]. However, the mea-
surement of ORs were also based on different comparison,
although all of them compared high visceral adiposity versus low
visceral adiposity; the magnitude leads to inconsistency of the
pooled effect estimate.
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Visceral Fat Tissue

Odds Ratio Weight

Study with 95% CI (%)
Favre 2020 (Combined Cohort) | 297[ 1.57, 5.62] 23.20
Petersen 2020 —— 1.37[ 1.03, 1.82] 41.59
Watanabe 2020 i 247[ 1.02, 6.00] 15.26
Yang 2020 L 1.94[ 0.94, 4.01] 19.95
Overall e 1.92[ 1.27, 2.91]
Heterogeneity: ©° = 0.09, I = 49.33%, H* = 1.97
Testof 6, =6, Q(3) =5.90, p=0.12
Testof 6 =0:z=3.10, p=0.00

1 2 4

Random-effects REML model

Fig. 5. Visceral fat area and risk of severe COVID-19.

However, BMI is an indirect measurement of adiposity, and
cannot measure fat distribution or body composition in the human
body [4]. Our meta-analysis indicates that visceral fat is a more
accurate indicator of prognosis than subcutaneous fat, hence, a
distinction is needed. The use of CT-derived quantification of
visceral and subcutaneous fat tissue enables a more comprehensive
approach in differentiating the fat compartments in the body.
Visceral fat is widely recognized as an independent risk factor for
cardiometabolic outcomes in the general population. The current
study provides a potential explanation for heterogeneous associa-
tion between BMI and severity/mortality in patients with COVID-19
[3], because BMI does not represent visceral fat. A cross-sectional
image of CT scans at the level of the third lumbar vertebra (L3) is
currently the most widely used method of measuring distribution
of adipose tissue and skeletal muscle, while a single slice and waist
circumference obtained at the level of the umbilicus (around L4 or
L5) are highly correlated to the total visceral fat volume [4,16]. In
addition to VTA and TFA, the use of CT-based upper abdominal
circumference may indicate the need for ICU treatment and/or
mechanical ventilation in patients with COVID-19 thereby
providing a means to predict prognosis in obese patients, although
it may result in increased costs [16,17]. Furthermore, abdominal
obesity can significantly alter lung function by decreasing exercise
capacity and complementing airway resistance, resulting in
breathing difficulties which are exacerbated in supine position due
to diminished diaphragmatic excursion [3,4].

Additionally, the lack of physical activity is also a concern people
with excessive BMI and/or adipose tissue. Exercise is good for
boosting the immunity (when done in moderation), reduced
physical activity regardless of insulin resistance will impair the
immune response against pathogens [30]. Individuals with exces-
sive adiposity typically have a proinflammatory state characterized
by high leptin, a proinflammatory adipokine, and low adiponectin,
an anti-inflammatory adipokine secreted by subcutaneous adipo-
cytes, which adversely affects the immune system and contributes
to the development of obesity-related complications [31]. Adipo-
cyte hypoxia and dysfunction due to low-grade inflammation
stimulate the recruitment of immune cells, including B-cells, T-
cells, and macrophages, but also the release of proinflammatory
cytokines, including interleukin (IL)- 1B, IL-6, IL-8, CRP, and tumor
necrosis factor-o. (TNF-a), which are mainly secreted by visceral
adipocytes [32,33]. This condition causes an auto-regenerating
inflammation in a cytokine storm, which is thought to play a role
in the pathophysiology of COVID-19-associated complications [3,4].
Damaged immunity leads to insufficient macrophage activation
and clearance mechanisms, prolonged viral shedding and
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increasing the likelihood of spreading the coronavirus to others and
enhancing the likelihood of a cytokine storm. Also, reduced inter-
feron generation in these individuals allows for greater viral RNA
replication, leading to higher virulence of viral strains [3].

Unfortunately, there is only one study that adequately reported
the association between visceral adiposity and mortality; in which
patients with high visceral adiposity has higher mortality rate
(15.3% vs 5.6%) [4]. Thus, further studies addressing the mortality
rate in patients with high visceral adiposity are needed.

5. Conclusion

Visceral adiposity was associated with increased COVID-19
severity, while subcutaneous adiposity was not. Thus, patients
with higher VTA and TFA should be monitored more intensively for
possible complications.
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