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Abstract

Obesity is a worldwide health crisis and poses significant challenges in critical care. Many studies suggest an ‘obesity

paradox’, in which obesity, defined by body mass index (BMI), is associated with better outcomes. However, the inability

of BMI to discriminate between fat and muscle or between visceral adipose tissue and subcutaneous adipose tissue,

limits its prediction of metabolic ill health. We suggest that the ‘obesity paradox’ may be more reflective of the limita-

tions of BMI than the protective effect of obesity.

We explore the biological processes leading to visceral fat accumulation, and the evidence linking it to outcomes in

critical illness. In the ‘spillover’ hypothesis of adipose tissue expansion, caloric excess and impaired expansion of storage

capacity in the subcutaneous adipose tissue lead to accumulation of visceral adipose tissue. This is associated with a

chronic inflammatory state, which is integral to the link between visceral adiposity, type 2 diabetes mellitus, and

ischaemic heart disease.

We review the current evidence on visceral adiposity and critical illness outcomes. In COVID-19, increased visceral

adipose tissue, irrespective of BMI, is associated with more severe disease. This is mirrored in acute pancreatitis, sug-

gesting visceral adiposity is linked to poorer outcomes in some hyperinflammatory conditions. We suggest that visceral

adiposity’s chronic inflammatory state may potentiate acute inflammation in conditions such as COVID-19 and acute

pancreatitis. Further work is required to investigate other critical illnesses, especially sepsis and acute respiratory

distress syndrome, in which current evidence is scarce. This may give further insights into pathophysiology and inform

tailored treatment and nutrition strategies based on body fat distribution.

Keywords: acute pancreatitis; body composition; body mass index; COVID-19; critical care outcomes; obesity; obesity

paradox; visceral adipose tissue
Obesity has been declared a global pandemic by the World

Health Organization, with an estimated worldwide prevalence

of 13%, which has increased markedly in the past 50 yr.1 The

prevalence of obesity is higher in high-income countries,

with 29.7% of adults in the UK classified as obese in 2016, up

from 11.2% in 1975.1 Rates of obesity in patients admitted to
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an intensive care unit (ICU) are ~20%, but vary between

countries.2 Obesity causes a number of pathophysiological,

physical, and pharmacological challenges in caring for the

critically ill, but its influence on their outcomes is less

clear.3,4 A number of meta-analyses of observational studies

investigating the relationship between obesity and outcomes
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in critical illness have found that patients who are overweight

or obese may have better outcomes than those of a normal

body mass index (BMI).5e7 This somewhat surprising finding

has been termed an ‘obesity paradox’. However, whether the

‘obesity paradox’ is a true phenomenon, or a methodological

artifact, remains a topic of debate.
The obesity paradox

Several pathophysiological mechanisms have been proposed

to explain the ‘obesity paradox’. Excess fat may act as a

‘metabolic reserve’, providing additional energy substrate

during the hypercatabolic phase of acute critical illness,

while potentially supporting preservation of muscle, allow-

ing improved recovery. Adipose tissue, particularly subcu-

taneous adipose tissue, may have an immunomodulatory

effect, producing anti-inflammatory adipokines, acting as a

comparatively harmless ‘inflammatory sink’ for pro-

inflammatory mediators released in acute critical illness, or

both. In addition, chronic low-level inflammation in obesity

may act as a form of ‘inflammatory preconditioning’, blunt-

ing the excessive inflammatory response often seen during

critical illness.8,9

Conversely, it may be that the ‘obesity paradox’ remains a

methodological artifact.9,10 Biases introduced by confounding

factors such as age, sex, ethnicity, smoking status, alcohol

consumption, physical activity, and socioeconomic status

may be inadequately controlled-for, particularly in large

retrospective studies. Collider stratification bias may also play

a role: if clinicians admit obese patients with less severe acute

illness to the ICU for fear of poorer outcomes or more rapid

deterioration, this would skew those analyses including only

patients admitted to ICUs.11 Misclassification bias may occur

as heavier patients may be less likely to have been weighed,

because of technical and physical difficulties, potentially

leading to non-uniform study exclusion through missing data.

Weight loss caused by comorbid conditions may also

misclassify patients as of ‘normal weight’ when in fact they

are in a compromised nutritional state, increasing the risk of

poor outcomes in the normal weight group.

Some studies have attempted to address these biases.

One study adjusting for nutritional status at ICU admission

found no evidence of an ‘obesity paradox’, while another

found no paradox when patients received early enteral

nutrition.12,13 Another study used a machine learning

approach within a causal inference framework to replace a

traditional logistic regression model, and found this miti-

gated the ‘obesity paradox’.11 Consequently, there must be

significant doubt as to whether the ‘obesity paradox’ is a true

effect, or a statistical artifact.

BMI, the most common measurement of obesity, may also

contribute to the ‘obesity paradox’. Although easy and cheap

to measure and calculate, BMI provides no information about

body composition, including the quantity and distribution of

adipose tissue andmuscle. Adipose tissue distribution is more

strongly linked to increased metabolic risk than BMI or overall

adipose tissue volume.14,15 While BMI has been shown to be

correlated with subcutaneous adipose tissue (SAT) quantity, it

shows less correlation with visceral adipose tissue (VAT)

quantity.16 In a UK Biobank study, a higher VAT quantity was

associated with coronary heart disease (CHD) and type 2 dia-

betes mellitus (T2DM).17 South Asian populations at a given

BMI have higher VAT in comparison to white populations, and

this is associated with increased insulin resistance, earlier
incidence of CHD and T2DM, and more severe complications

of these conditions.18e20 Body fat distribution also varies with

age and sex, with increased VAT associated with increased age

and male sex.21 Nevertheless, this relationship between VAT

and CHD and T2DM persists despite adjusting for these fac-

tors, suggesting it is an independent risk factor.17 This has led

to the suggestion that the ‘obesity paradox’ in cardiovascular

disease may be more of a ‘BMI paradox’, and that fat distri-

bution may be a more important predictor of disease risk and

outcome than BMI.22,23 It is possible that this is also true in

critical illness. This has been reinforced by a recent revision of

diagnostic criteria for obesity, which calls for BMI to be sup-

plemented by additional measures of adiposity.24

This review will explore the hypothesis that body fat dis-

tribution, rather than obesity, may be associated with ICU

outcomes.

Adipose tissue structure, function, and
dysfunction

The structure and function of adipose tissue is key to under-

standing the health risks associated with increased adiposity.

Adipose tissue is a loose connective tissue, composed of adi-

pocytes and the stromal vascular fraction, which includes

macrophages, mesenchymal stem cells, and pre-adipocytes.

In humans, adipose tissue can be divided into white adipose

tissue, brown adipose tissue, and beige adipose tissue. White

adipose tissue can be further subdivided into SAT, found un-

derneath the skin, and VAT, which surrounds the internal

organs. SAT is mostly contained within abdominal and glu-

teofemoral deposits (with variation in distribution between

individuals), while omentum is the major VAT depot. The

major role of white adipose tissue is in energy storage, and

white adipocytes are characterised by a large unilocular lipid

droplet. In contrast, brown adipose tissue plays a crucial role

in temperature regulation, critically at low temperatures, and

is characterised by adipocytes with multilocular lipid droplets,

significantly higher mitochondrial density, and the expression

of uncoupling protein-1.25 Beige adipose tissue is developed

from white adipose tissue, and is formed when white adipo-

cytes are exposed to a stimulus which causes them to develop

many characteristics of brown adipocytes described above.25

Adipose tissue is the site of storage of triacylglycerol

through lipogenesis under conditions of excess nutritional

intake. In conditions of nutritional deficit, energy can be

released from stored triacylglycerol in adipose tissue through

lipolysis. However, adipose tissue is no longer thought of as

just an inert energy store and is now known to be highly

metabolically active. There is evidence it plays an integral

role in inflammation and immunity both in healthy and in

disease states.26e28

In response to caloric excess, adipose tissue can expand

through two different processes: hyperplasia and hypertro-

phy. In hyperplastic expansion, pre-adipocyte differentiation

into mature adipocytes is stimulated, increasing the number

of mature adipocytes available for triacylglycerol storage. In

contrast, in adipocyte hypertrophy, existing mature adipo-

cytes expand in size to store excess triacylglycerol, as failure

of pre-adipocyte differentiation and adipocyte maturation

leads to a limited increase in adipocyte number.29,30 Adipo-

cyte hyperplasia is not associated with significant alterations

in insulin sensitivity.31 In contrast, adipocyte hypertrophy is

associated with increased adipocyte insulin resistance,

resulting in increased lipolysis.32 This can lead to increased
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circulating free fatty acids, which may promote ectopic fat

deposition and the development of systemic insulin resis-

tance. Adipocyte hypertrophy is also associated with

reduced angiogenesis, tissue hypoxia, macrophage infiltra-

tion, and an inflammatory response.33 This inflammatory

response includes a shift to a proinflammatory cytokine

secretion profile, with a positive correlation between cell size

and secretion of leptin, interleukin-6 (IL-6), IL-8, monocyte

chemoattractant protein-1, and granulocyte colony stimu-

lating factor, and a negative correlation with the anti-

inflammatory cytokine IL-10.33

It is now generally accepted that excess VAT is a marker of

this failure in SAT expansion, brought about by factors such as

genetic predisposition, ethnicity, sex, age.34e36 Excess fatty

acids are not securely retained in hypertrophied adipocytes.37

As fatty acids cannot be retained as triacylglycerol in SAT,

either because of an insufficient number of mature adipocytes

or as a result of hypertrophic adipocyte insulin resistance,

they ‘spill over’ and accumulate into other fat deposits, such

as omentum and epicardial adipose tissue (EAT), or into

ectopic storage as intracellular lipid droplets in the liver, heart,

and pancreas.38,39 Excess VAT is associated with the devel-

opment of insulin resistance40 and the metabolic syndrome.29

The pathophysiology is thought to be that increased VAT is

associated with increased lipolysis, resulting in increased free

fatty acid delivery to the liver increasing hepatic ectopic fat,

insulin resistance, and gluconeogenesis.41,42 VAT is also more

sensitive than SAT to catecholamine-induced lipolysis, which

may be of particular relevance in states of elevated endoge-

nous catecholamine release such as critical illness.42,43 In

addition, increased VAT has been associated with increased

inflammatory mediators, such as tumour necrosis factor-⍺

(TNF-⍺), IL-6, and plasminogen activator inhibitor-1.44e46

Excess VAT is associated with poorer outcomes in cardiovas-

cular diseases23 and inflammatory conditions such as Crohn’s

disease.47
Measurement of adiposity/body fat
distribution

Adipose tissue can be measured directly using computed to-

mography (CT), magnetic resonance imaging or ultrasound, or

approximated using anthropometric techniques (such as

waist circumference or sagittal abdominal diameter mea-

surement) or bioelectrical impedance analysis.

Anthropometric measurements, such as waist circumfer-

ence, waist:hip ratio, and sagittal abdominal diameter, are

fast, simple, reproducible, low cost, and with minimal side-

effects or complications. However, they are unable to sepa-

rate abdominal SAT and VAT, there is significant variation in

measurements by sex, age, and ethnicity, and there are no

universally agreed measurement sites.48

Bioelectrical impedance involves measuring resistance

(opposition to an alternating current through body compart-

ments) and reactance (conduction delay by membranes).

However, it is not clear how well bioelectrical impedance

correlates with direct quantification (such as from CT),

particularly at extremes of VAT, and larger studies are

required to demonstrate this method is superior to anthro-

pometric measurements.48

CT imaging is the most commonly used direct measure-

ment technique in critical care studies. A number of analysis

protocols have been published, using abdominal imaging to
measure SAT and VAT, or thoracic imaging to measure SAT

and EAT.49 CT is widely available in well-resourced settings,

and commonly used in the care of critically ill patients. This

allows analysis of images acquired for clinical reasons,

avoiding additional radiation exposure. MR imaging can be

analysed in a similar manner, and does not expose patients to

radiation, but is less widely used, is slower to perform, and the

magnetic field poses challenges for clinical equipment and

monitoring. Both modalities require transfer out of the ICU to

an imaging department, exposing critically ill patients to

increased risk relative to bedside tests. Ultrasound imaging,

which can be performed at the bedside, has also been used to

measure adipose tissue distribution.50 Techniques have been

developed to measure abdominal SAT and VAT thickness, and

apply geometric models to estimate volume, but these have

not been used in critically ill patients.

Composite indices of anthropometric, imaging-derived

measures, biochemical parameters, or all can also be used to

quantify metabolic risk. These include the visceral adiposity

index (a model created using BMI, waist circumference, tri-

glyceride, and high-density lipoprotein concentrations) and

the combined adiposity-nutritional index (calculated using the

visceral adiposity index, serum albumin concentration, and

serum total lymphocyte count), which have been used to

predict cardiovascular outcomes and complications.
Obesity, body fat distribution, and outcomes
in critical illness

Several studies have examined CT-derived body fat quantifi-

cation in general ICU populations. SAT was not associated

with the need for invasive mechanical ventilation,51 duration

of invasive mechanical ventilation,51,52 ICU length of stay,52

disability at hospital discharge,53 or mortality.51,53 In

contrast, VAT was associated with the requirement for inva-

sive mechanical ventilation,51 although the results were

inconsistent regarding association with duration of invasive

mechanical ventilation.51,52 VAT was not associated with

mortality,51,54 apart from above a certain threshold (241 cm2 at

the L3 vertebral level).51 None of these studies assessed the

relative proportions of adipose tissue between visceral and

subcutaneous compartments.

Other approaches yielded similar results. One study using

bioelectrical impedance found that neither fat-free mass nor

visceral fat area was associated with outcomes in ICU,55 while

another found no association between waist circumference

and mortality.56 In summary, evidence suggests no consistent

association between body fat quantity or distribution and

outcomes in a general ICU population.
The COVID-19 pandemic provides more information
on adiposity and ICU outcome

Obesity rapidly emerged as a risk factor for severe COVID-19

and poorer patient outcomes.57e59 As a result, studies

investigated possible associations between adiposity, body

fat distribution, and clinical outcomes. Three meta-analyses

have investigated CT-derived body fat parameters and out-

comes in COVID-19, showing a consistent association be-

tween increased VAT and disease severity.60e62 Increased

VAT was also associated with an increased risk of ICU

admission and of requiring invasive mechanical ventila-

tion.60,61 SAT was not associated with ICU admission,61 or



Fig 1. Why visceral obesity may be associated with more severe acute inflammatory illness. In response to caloric excess, adipose tissue

may expand by either adipocyte hyperplasia, or hypertrophy. Expansion by hypertrophy is associated with fatty acid spillover and

accumulation of VAT. This in turn is associated with a state of chronic inflammation. We hypothesise that in this setting, the response to

an acute pro-inflammatory stimulus (such as infection or acute pancreatitis) may be exaggerated in those with greater VAT, leading to a

higher severity of illness. Figure created using images from Servier Medical Art (https://smart.servier.com/) under creative commons

licence 3.0. SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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severe disease in two meta-analyses.62 These findings were

reinforced by a subsequent systematic review, which

included studies using a greater variety of body composition

measurements.63 Findings for other clinical outcomes were
mixed, and no clear conclusions could be drawn. It should be

noted that the largest meta-analysis only included five

studies, with significant overlap between the meta-analyses,

and most included studies were small. As such, neutral

https://smart.servier.com/
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results may reflect underpowering, rather than the true

absence of effect.

Subsequent individual studies confirmed associations be-

tween VAT and disease severity,64e66 ICU admission,67 and the

need for invasive mechanical ventilation.68 However, while

one study showed an association between increased VAT and

mortality,69 others found no evidence of association.66,67,70

Bioelectrical impedance studies have shown that high or

very high VAT may be associated with more severe dis-

ease,71,72 and the need for invasive mechanical ventilation73

but not mortality.73 Waist:hip ratio was also positively corre-

lated with the development of respiratory distress.74 The

visceral adiposity index was also associated with more severe

disease, but not ICU admission or mortality.75

In subsequent studies SAT was not associated with disease

severity,65 ICU admission,67,70 or the need for invasive me-

chanical ventilation,68,70 and even had an inverse relationship

with ICU admission70 and mortality.67

The distribution of fat between subcutaneous and visceral

depots can also be assessed. An increased ratio of VAT:SAT

may be associated with increased ICU admission,67,76 mortal-

ity70 or a composite of the two.77 An increased ratio of VAT:-

SAT was associated with increased disease severity78 and

hospitalisation, but not requirement for invasive mechanical

ventilation.79 However, one study found no difference in the

ratio of VAT:SAT between patients who developed severe

disease or died, and those who did not,69 and another found no

association between VAT:SAT andmortality.67 Further studies

are required to confirm whether fat distribution ratios provide

additional prognostic information.

EAT has also been investigated in COVID-19, as it can be

measured from a thoracic CT, which is more frequently un-

dertaken than an abdominal CT. A meta-analysis concluded

that patients with severe COVID-19 had higher EAT thickness,

volume, and attenuation (a measure of inflammation) than

patients with non-severe COVID-19.80 EAT thickness and

attenuation were both associated with ICU admission, but no

EAT measures were associated with mortality.80 Subsequent

studies have also found an association between increased EAT

and more severe COVID-19,81e83 and requirement for ICU

admission.82,84e86 However, findings were inconsistent, with

other studies finding no association with ICU admission,87,88

need for invasive mechanical ventilation,68 or severity89 and

one finding EAT quantity was only associated with ICU

admission in those with T2DM.90 Subsequent results have also

been mixed with regards to an association between EAT

quantity and mortality, with two studies finding a positive as-

sociation,91,92 and twofinding no association.82,88 EAT thickness

>0.8 cm, measured using ultrasound, was also associated with

mortality in patients in the ICU with COVID-19.50

There is a relatively consistent trend towards an associa-

tion between ectopic fat depots (VAT and EAT) and more se-

vere disease, as evidenced by the meta-analyses

discussed.60e62,80 These studies also suggest that SAT is not

likely to be associated with more severe disease.61,62 However,

the majority of studies conducted have been small, retro-

spective, single-centre studies, and so are at high risk of bias.

There is insufficient evidence regarding other outcomes, or in

relation to fat distribution ratios, to suggest any associations.

The pathophysiology of COVID-19, characterised by immune

dysregulation and hyperinflammation, to an extent mirrors

that of obesity.57,93 Adipose tissue is known to produce signifi-

cant quantities of proinflammatory mediators, such as TNF-⍺

and IL-6, which also play a role in the pathophysiology of
critical illness syndromes.45,94e96 Visceral adiposity in partic-

ular is strongly associated with increased cytokine and adipo-

kine secretion, elevated inflammatory markers, and

proinflammatory macrophage infiltration.95,97,98 Concentra-

tions of commonly-measured inflammatory markers, such as

C-reactive protein, are also related to outcomes in critical

illness, particularly when persistently elevated.99e101 This may

also be supported by a study showing an association between

visceral adiposity and early and severe cytokine release syn-

drome after chimeric antigen receptor T-cell therapy.102

Obesity-related inflammation is known to play a key role in

the pathogenesis of cardiovascular disease and T2DM,103,104

and is associated with a number of inflammatory diseases,

including asthma, psoriasis, rheumatoid arthritis, and inflam-

matory bowel disease.105e109 This may also be true of critical

illnesses associated with high levels of inflammation. In

visceral obesity, a chronically dysfunctional immune and in-

flammatory response may lead to an exaggerated response to a

pro-inflammatory stimulus (Fig. 1). This may lead to an

increased organ dysfunction, and more severe disease.
The association of body fat distribution and
ICU outcome for specific disease groups

If the hypothesis that visceral obesity is linked to disease

outcomes via the interaction of inflammatory and metabolic

pathways is correct (Fig. 1), it may extend to other ICU condi-

tions characterised by a dysregulated immune and inflam-

matory response, such as sepsis and ARDS.

Below, we review the existing literature on conditions that

constitute a significant proportion of admissions to critical

care units, in which studies of body composition have been

carried out. We will focus on sepsis, ARDS, pancreatitis, and

trauma. We will also discuss the literature regarding periop-

erative ICU patients and body composition.
Sepsis

Few studies have looked at body fat distribution as measured

by CT and its association with sepsis outcomes. Two studies

from the same group found an association between an

increased VAT:SAT ratio and increased mortality, while

finding no association between the absolute volume ormass of

SAT or VAT and outcomes.110,111 One small study of patients

with carbapenem-resistant Klebsiella pneumoniae bacteraemia

found an association between increased VAT and increased

mortality.112 Two other retrospective studies found that ab-

solute volumes of VAT or SAT were not associated with out-

comes in necrotising soft tissue infections or intra-abdominal

infections.113,114

In contrast, a study of patients with solid organmalignancy

and septic shock found no association between SAT, VAT, or

VAT:SAT ratio and outcomes, though cancer cachexia may be

a confounder.115 A study using sagittal abdominal diameter,

rather than by CT analysis found that while both BMI and

sagittal abdominal diameter were positively correlated with

length of stay and duration of invasivemechanical ventilation,

only sagittal abdominal diameter was associated with

increased multi-organ dysfunction, need for renal replace-

ment therapy, and mortality.116

Overall, the evidence regarding a link between fat distri-

bution and outcomes in sepsis remains limited and inconsis-

tent. While the largest study did find an association between

VAT:SAT ratio and outcomes,111 other studies have been
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relatively small, and conducted in heterogenous populations,

which may explain the inconsistent results. Further research

is therefore required to definitively characterise any relation-

ship between visceral adiposity and sepsis.
Pancreatitis

A systematic review of 11 studies, involving 2529 patients,

evaluated the evidence for an association between VAT and

outcomes in acute pancreatitis.117 This review found mixed

evidence for an association between VAT and incidence,

severity, complications, and outcomes. Four studies found

VAT to be a risk factor for acute pancreatitis, while five did not.

Nine studies found an association between increased VAT and

increased severity, assessed using the Revised Atlanta Clas-

sification. In two of these studies this association was only

present on univariate analysis, and did not persist in multi-

variate analysis, while another only noted this association in

hyperlipidaemic pancreatitis.118e120 Eight studies found an

association between VAT and increased systemic complica-

tions, two found no association, and one did not assess for

this. Two studies found an association between VAT and local

complications,121,122 while one found no association.120

Two of the studies found an association between VAT and

mortality in acute pancreatitis,123,124 while two others found

no association.120,125

In addition to the studies included in this systematic re-

view, four other studies found no association between VAT

and mortality.126e129 However, one found an association be-

tween VAT and complications, including requirement for

vasopressor support, requirement for haemodialysis, respira-

tory failure, and need for endoscopic intervention or percu-

taneous drainage.128 Increased severity was also associated

with increased VAT in two studies using CT129,130 and one

using the visceral adiposity index.131

Overall, current evidence suggests that increased VAT may

be a risk factor for increased severity of pancreatitis, using the

Revised Atlanta Classification. The evidence is more mixed

regarding complications of pancreatitisdboth local and sys-

temicdbut there is some suggestion of an association with

VAT. However, most studies suggest that there is not an as-

sociation between VAT and mortality in acute pancreatitis.

Given that both increased severity and increased complica-

tions are generally associated with increased mortality, it is

not clear if this is a type II error as a result of relatively un-

derpowered studies, or if the impact of VAT on disease severity

is of insufficient magnitude as to translate into an association

with mortality. Further large, multicentre, prospective studies

are required to definitively answer this question.
Acute respiratory distress syndrome

Only one retrospective study looked at the association be-

tween CT-assessed body fat distribution and outcomes in

ARDS. Higher VAT and SAT were associated with decreased

mortality, but higher VAT:SAT ratio was associated with

increased mortality, suggesting that distribution of adipose

tissue, rather than absolute volume, may be important.132

Given the very limited data, further studies are required to

confirm or refute these findings and explore the role of visceral

adiposity in ARDS. It may be prudent to focus on EAT in these

patients, as they are more likely to undergo thoracic CT im-

aging than abdominal.
Trauma

Unlike other ICU conditions, trauma outcomes remain

strongly associated with measures of severity of the initial

injury, potentially limiting the impact of obesity-associated

inflammation. For patients suffering traumatic injuries,

existing evidence using BMI to define obesity suggests a posi-

tive association between BMI and mortality, and with in-

hospital complications.133,134

Three studies found no association between VAT and

mortality after major trauma,135e137 while one other did find

an association between VAT and mortality.138 Two studies

have found an association between higher SAT and increased

ICU length of stay,137,139 and complications,137 though one of

these studies found this association only for gunshot wounds,

and not stab wounds.139 There was no association between

SAT and mortality in two studies.137,140 One study using

VAT:SAT ratio also found no evidence of an association be-

tween this and mortality after major trauma.141 Two studies

found that a higher waist:hip ratio was associated with

increased complications, mortality, or both in a trauma

population.138,142

The literature quantifying obesity by BMI has also sug-

gested an association between obesity and an increased risk of

acute kidney injury after trauma.143 This was replicated using

CT-based body fat distribution analysis in one study, which

demonstrated that both SAT and VAT volumes were positively

associated with the development of acute kidney injury.144

Studies in trauma suggest that volume or distribution of

adipose tissue is not associated with mortality but may be

associated with development of acute kidney injury and with

other in-hospital complications. This stands in contrast to the

evidence in which obesity is quantified using BMI. It may be

that increased body mass is associated with different patterns

of injury, contributing to poorer outcomes.145,146 Studies con-

ducted in trauma populations had a reasonable sample size,

though were mainly retrospective and often conducted within

a single centre or healthcare provider, and therefore remain at

significant risk of bias.
Discussion

The relationship between obesity and outcomes for critically

ill patients remains unclear. Existing research suggests that

for the general ICU population, and for some specific condi-

tions, an ‘obesity paradox’ may exist, but this remains a topic

of debate. We hypothesise that the inability of BMI to accu-

rately reflect the metabolic risk associated with visceral

adiposity may contribute to this ‘obesity paradox’ and inves-

tigated the evidence that alternativemeasures can identify the

true risks associated with adiposity.

In COVID-19, evidence suggests that increased VAT or

increased EAT are associated with increased severity of dis-

ease. In contrast, SAT does not seem to be associated with

outcomes. In acute pancreatitis, VAT also seems to be asso-

ciated with increased severity of illness and increased inci-

dence of complications, though the relationship with

mortality remains unclear. This requires further exploration.

It may be that this reflects the preponderance of relatively

underpowered studies, which is a common feature of the

literature in this area, and that larger studies are required. For

other conditions that require ICU admission, the numbers of

studies, and patient populations included, are too small, and

too heterogenous, to draw firm conclusions.
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The association between increased visceral adiposity and

poorer outcomes in two conditions (COVID-19 and acute

pancreatitis) associated with dysregulated inflammatory and

immune responses suggests the possibility of shared aspects

of pathophysiology. Both EAT and VAT are known to be highly

metabolically active tissues, with important autocrine, para-

crine, and endocrine functions, and significant roles in

inflammation.26,147 In these conditions, increased EAT or VAT

depots may exacerbate the inflammatory response, contrib-

uting to more severe disease, and poorer patient outcomes

(Fig. 1). It is not clear whether any detrimental pathophysio-

logical effects of EAT/VAT depots are local effects on the pri-

marily affected organ, or systemic effects triggered by the

initial pathological insult. Further research on serum and tis-

sue markers of inflammation and altered metabolism would

be required to elucidate this.

In contrast, visceral adiposity was not strongly associated

with clinical outcomes in trauma. This differs from studies

demonstrating an association between increased BMI and

poorer outcomes in this patient population. It may be that ab-

solutebodymass ismore important inphysical injury thanbody

composition, in contrast with those primarily immune and in-

flammatory conditions such as COVID-19 and pancreatitis.

Few studies have been conducted in non-COVID-19 sepsis

or in non-COVID-19 ARDS, two of themost common, andmost

severe conditions affecting patients in intensive care. Both

conditions are, like COVID-19 and acute pancreatitis, charac-

terised by dysregulated inflammatory and immune responses,

hypermetabolic states, and cardiac dysfunction.148,149 Indeed,

despite their different triggers, it is possible that the multi-

organ dysfunction syndrome seen in severe cases of these

conditions share important pathophysiological aspects.150

These similarities suggest a biological plausibility to a detri-

mental impact of visceral adiposity on patient outcomes, and

thus further research is required to explore this possibility.

If confirmed, a link between visceral adiposity and hyper-

inflammatory critical illness syndromes may offer new po-

tential therapeutic targets, and further support for measures

to reduce obesity. In contrast, if there is no association be-

tween visceral obesity and critical illness (or it is demonstrated

to be associated with improved outcomes), further research

would be required to understand why this stands in contrast

to many other conditions, what aspects of obesity may be

protective to patients with critical illness, and how these in-

sights can be harnessed to improve their treatment.

Further research is needed to address the significant limi-

tations and gaps identified in the current literature. Most

studies cited in this review were small, often single-centre,

retrospective studies, and were at high risk of bias as a

result. Larger studies are required, to reduce the risk that null

results are a result of underpowering, rather than the absence

of any effect, and to mitigate against random false-positive

results in a small sample. Carrying these studies out pro-

spectively would reduce the risk of selection bias, which is

potentially present in the majority of studies cited in this re-

view, which were conducted retrospectively. This would also

allow evaluation of any systematic differences between pa-

tients who do and do not undergo CT imaging, to assess if this

sample is representative of the population. It would also in-

crease external validity if studies were conducted across

multiple centres. To address potentially shared aspects of

pathophysiology, particularly the hypothesis that visceral

obesity may exaggerate the inflammatory response, these
studies should ideally incorporate clinical and biochemical

data available from patients’ clinical care.
Conclusion

The relationship between obesity and outcomes in critical

illness remains a source of debate. BMI, the most commonly

used metric for defining obesity, is easy to measure and

calculate, but provides insufficient information at an individ-

ual patient level. Alternative measures of adiposity, particu-

larly body fat distribution analysis from CT imaging, may offer

more information on the influence of adiposity on the out-

comes of patients with critical illnesses. In COVID-19 and in

acute pancreatitis, increased quantity of VAT is probably

associated with more severe disease. In other conditions, and

for other outcomes, the current evidence is insufficient to

support any associations with body fat distribution. Further

research is required to assess the proposed ‘obesity paradox’

in other ICU conditions using these methods, and this should

be focused on conditions in which there is biological plausi-

bility that visceral adiposity may impact outcomes.
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