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Abstract

Purpose of review Obesity has been associated with increased
incidence of diabetes, atherosclerotic disease, numerous can-
cers, and other comorbidities. Given the increased comorbid-
ities and challenges associated with bedside care of the criti-
cally ill obese patient, the expectation would be worse overall
clinical outcomes. However, it has been noted that there are
improved outcomes in critically ill patients who are over-
weight or mildly obese compared to their underweight and
morbidly obese counterparts. This has been termed the obesity
paradox. The purpose of this article is to discuss the validity of
the obesity paradox and to explore potential explanations for
this seemingly illogical association.

Recent findings Body mass index (BMI) represents a crude
measurement of an individual’s metabolic health and may be,
in part, responsible for the observed obesity paradox.
Alternative markers, including lean muscle mass:adipose ra-
tios, could better clarify which patients are prone to poor out-
comes. In the event that the obesity paradox is not attributable
to statistical aberrancies associated with the utilization of
BMI, emerging findings regarding the role of the microbiome
and systemic effects of adipokines during critical illness rep-
resent potential explanations for improved outcomes in this
patient population.
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Summary The explanations for the observed obesity paradox
are likely multifactorial. Obesity, as defined by BMI, may
correlate poorly with overall metabolic health, and there may
be better markers for assessment. Alternatively, the gastroin-
testinal microbiome and variable systemic effects of
adipokines may truly contribute to improved overall survival
in critically ill obese patients.
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Introduction

Obesity currently affects greater than 30% of the population in
the USA and has been associated with an increased incidence
of diabetes, atherosclerotic disease, and malignancy [1]. In
2008, obesity-related healthcare costs were estimated at
$147 billion and this likely represents an underestimation of
the true figure [2]. Comorbidities associated with obesity are
common, result in significant morbidity and mortality, and are
expensive to manage. The parameter most commonly used to
define obesity is body mass index (BMI), a number calculated
by dividing a person’s mass in kilograms by the square of their
height in meters. The value, expressed in kg/m?, can then be
categorized into underweight (less than 18.5), normal weight
(18.5-24.9), overweight (25-29.9), class I (30-34.9), class 11
(35-39.9), class III (>40), and class IV (>50) obesity. The
BMI provides a quantitative and easily obtainable variable to
follow in the clinical and research settings [3].

As in the general population, one third of patients in the
intensive care unit (ICU) are obese [4]. Obesity presents mul-
tiple challenges in the provision of care in the ICU including
the management of associated comorbidities, procedural
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difficulties, and proclivities for airway management issues and
ventilator weaning difficulties. Given these issues that have
been acknowledged in detail in prior publications, obese pa-
tients would be expected to have worse clinical outcomes in
critical illness [5, 6]. However, although results have been
mixed, multiple studies have demonstrated a survival benefit
in the overweight and class I obese patients when compared to
non-obese populations [7—-11]. This observation has been
termed the “obesity paradox.” The reason for the obesity par-
adox is unclear. Several potential explanations for the ICU
obesity paradox exist: (1) The physiology associated with
obesity provides some beneficial inflammatory “precondition-
ing” that prepares patients for inflammation associated with
critical illness or (2) increased energy reserves are eventually
mobilized and utilized in a beneficial way in the setting of
critical illness, or (3) the paradox is an aberrancy stemming
from the incomplete picture with regard to metabolic health
resulting from using BMI alone.

Obesity in the ICU

As previously mentioned, approximately one third of ICU
patients are obese [4]. Obesity creates challenges in the care
of'the critically ill patient. Landmarks can be more difficult to
assess for bedside procedures including intravenous access
and chest tubes. Endotracheal intubation and airway manage-
ment can be more difficult due to the excess of soft tissue
obstructing the field of view [12]. Obesity can make ventilator
weaning more difficult and excess weight and skin can in-
crease risk for skin breakdown and ulceration [13]. Obesity
is a known cardiac risk factor and is associated with greater
risk for hypertension, hyperlipidemia, atherosclerotic disease,
and myocardial infarction [14, 15]. These are a few examples
that would lead one to assume that obesity would contribute to
worse outcomes in critical illness [16, 17]. Despite the above
concerns, numerous studies have shown a decrease in overall
mortality in overweight and obese patients. In a meta-analysis
by Flegal et al., overweight and obese patients had a 6 and 5%
decrease in all-cause mortality, respectively [18]. The obesity
paradox has been demonstrated in non-dialysis-dependent
kidney disease, cirrhosis, and community-acquired pneumo-
nia [19-21]. As previously mentioned, these studies used BMI
to define obesity.

The paradox as a statistical aberrancy

Several issues contribute to the potential that the perceived
paradox is a statistical aberrancy due to the nature of utilizing
BMI as the defining characteristic of obesity. In addition, the
obesity paradox does not seem to apply to all populations,

suggesting that extrapolating conclusions from mixed popula-
tions may be fraught with error.

Defining obesity

Although BMI remains the predominant variable utilized in
clinical practice, other metrics exist for defining obesity such
as waist to hip ratio, waist circumference, sagittal abdominal
diameter, and body fat percentage measurements [22, 23].
BMI measures body weight, but provides little information
regarding the constituents (fat, muscle, etc.) comprising the
weight. Antonopoulos and colleagues discuss that BMI does
not take into account sarcopenic obesity, lean body mass, or
cardiorespiratory fitness. They suggest that the obesity para-
dox may be better termed a ‘BMI paradox’ and recommend
using more specific means of categorizing patients when an-
alyzing outcomes [24]. Obesity lacks uniformity and encom-
passes a variety of body types not well elucidated by BMI
alone. The metabolically healthy obese (MHO) population is
characterized by obesity without metabolic derangements, i.e.,
dyslipidemia, metabolic syndrome, or insulin resistance.
Obesity with decreased lean muscle mass (sarcopenia), termed
sarcobesity by Parr et al., represents another body type asso-
ciated with obesity [25]. Sarcobesity may already be present in
the morbidly obese due to a higher adipose/lean muscle mass
ratio and it is more pronounced in critical illness because of
lean muscle (fat free) mass wasting. This may posit one sim-
plified explanation for what is a much more complex issue.
The ICU survival benefit may favor those with higher lean
body mass (or fat free mass), hence favoring a subset of the
overweight and obese. Those who are underweight and mor-
bidly obese often have sarcopenia and reduced overall fat free
mass to fat mass ratios, placing them at higher risk in critical
illness. DeSchutter et al. took 47,866 patients in a retrospec-
tive analysis calculating patients lean mass index, body fat,
and BMI and were able to show that lean mass is protective,
but survival benefit is lost in the setting of sarcopenic obesity
[26]. In addition, a prospective observational study (n=403)
evaluated sagittal abdominal diameter at ICU admission with
the primary outcome measure being mortality. After adjust-
ment for a number of variables (age, APACHEII score, etc.),
multivariate analysis demonstrated an increased risk of mor-
tality in those with elevated abdominal obesity (OR 2.12 95%
CI, 1.25-3.60), whereas obesity alone (as defined by BMI
>30 kg/m?) was not an independent risk factor for death
[27]. Alternatively, Ortega et al. suggest that there is consistent
evidence supporting the obesity paradox in cardiovascular
disease and that BMI is a stronger predictor of cardiovascular
mortality than quantitative measures of fat mass. They discuss
the MHO phenotype as a potential explanation for the obesity
paradox and believe this classification should be used to fur-
ther clarify and augment research [28].
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The heterogeneity of the ICU

An additional limitation of the observed obesity paradox
in the ICU population is the heterogeneous nature of ICU
populations. The three meta-analyses demonstrating the
obesity paradox in the ICU are mixed populations (med-
ical, trauma, and surgical) [9-11]. Each of these groups
has significant individual heterogeneity (for example,
traumatic brain injury versus penetrating abdominal trau-
ma in the trauma population), and when combined involve
multiple layers of heterogeneity that confound any gener-
alized observations. A recent meta-analysis evaluated
trauma patients independent of other ICU types (surgical
and medical) [29]. The primary aim of the analysis was to
compare non-obese (<30 kg/m?) patients with obese pa-
tients (>30 kg/m?) patients admitted to trauma units. The
analysis included 18 studies with a total of 7751 obese
patients (17% of the pooled population). Obese patients
had increased risk of complication and increased ICU
length of stay compared to non-obese patients with no
differences in mechanical ventilation, injury severity score
(ISS), or hospital length of stay. The overall mortality of
obese patients was 7.7 versus 4.7% for the non-obese
patients with an overall effect OR 1.45. Obesity was a
risk factor in mortality due to blunt trauma (OR 2.02;
95% CI 1.69-2.40; p<0.001; 12=88.1%) in studies that
included this data. In addition, there was no mortality
difference between obese and non-obese patients with an
ISS >15 [29]. Hypovolemic and hemorrhagic shock are
markedly different with regard to pathophysiology when
compared to distributive shock (representing the majority
of the medical ICU). Traumatic shock may lead to persis-
tent vasoconstriction of small bowel vasculature with re-
sultant multiple organ dysfunction. In an animal study,
obese rats that were shocked as a result of hemorrhage
had an almost complete loss of hepatic perfusion.
Following resuscitation, an exaggerated inflammatory re-
sponse was demonstrated in the obese animals when com-
pared to the non-obese [30]. Regardless of the mecha-
nism, it is clear that to include the pathophysiology of
trauma ICU patients with medical ICU patients is likely
not appropriate and the paradox may apply to only a sub-
set of critically ill patients.

Physiologic explanations for the paradox

Given the assumption that the obesity paradox is not a
statistical aberrancy, there are potential explanations for
the improved outcomes observed in obese patients.
Among these explanations are pro-inflammatory priming
and the presence of a microbiome more suitable to with-
stand critical illness.

@ Springer

Pro-inflammatory preconditioning

Adipose tissue can be categorized as subcutaneous, periph-
eral, central, visceral, or intraparenchymal in nature. Central
adiposity is more likely to be associated with
intraparenchymal deposition of adipose tissue. Due to con-
tinuous and more direct interaction of visceral adiposity with
the systemic circulation when compared to peripheral adi-
posity, the associated metabolic derangements and pro-
inflammatory state may be more pronounced in this subset
of the population. Adipose tissue is not an inert form of en-
ergy storage and is instead a metabolically active participant.
There are a host of adipokines that play various roles includ-
ing regulation of inflammation, attenuation of the immune
response, angiogenesis, and cardioprotection. Obesity has
traditionally been considered a pro-inflammatory state due
to the downstream impact of increased circulating
adipokines. This downstream upregulation of pro-
inflammatory mediators is thought to contribute to auto-
immunity (e.g., psoriasis), insulin resistance, and the meta-
bolic syndrome [31, 32]. Although adipokines have numer-
ous pro-inflammatory properties, some are cardioprotective
and may be beneficial in the setting of critical illness. [33e,
34e¢]. For example, TNF alpha has two active receptors,
TNFR1 and TNFR2. TNFR2 is cardioprotective triggering
enhanced angiogenesis and has beneficial impact on the en-
dothelium, hematopoetic cells, and cardiomyocytes.
TNFRI, on the other hand, is present on all cells and may
prohibit/limit cardiac remodeling and is generally consid-
ered pro-inflammatory. Increasing BMI may have an associ-
ation with the overall balance of beneficial and detrimental
adipokines that favorably prime the inflammatory response
and immune system to respond in times of critical illness
while also exerting a cardioprotective effect that mitigates
the cardiac response to the stress of critical illness. This con-
cept is not dissimilar from ischemic preconditioning, where-
in patients with low-flow or intermittent ischemia of an af-
fected extremity are more tolerant of complete ischemic ep-
isodes than patients with normal pre-existing perfusion.
Interestingly, the concept of pro-inflammatory precondition-
ing has some evidence in the setting of rheumatoid arthritis
(RA) where increasing BMI is associated with decreased
radiographic progression of disease. Mangnus et al. exam-
ined 195 RA patients, 159 patients with other inflammatory
arthritides, and 193 asymptomatic volunteers with MRI scan
of metacarpophalangeal, wrist, and metatarsophalangeal
joints. Increasing BMI was associated with higher MRI in-
flammation scores in both the asymptomatic and alternative
inflammatory arthritides, but RA patients with higher BMI
had decreased inflammatory scores [21]. Similarly, obese
patients may have some element of pro-inflammatory prim-
ing that better prepares their metabolic machinery to respond
in a protective manner in the setting of critical illness.
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The microbiome of obesity

The “normal flora” of the gastrointestinal tract is an oxy-
moronic euphemism, as the microbiome of the gut is nu-
merous and varies based on exogenous influences. The
bacteria in the gastrointestinal tract outnumber the cells
in the human body by a factor of 10 to 1. The bacteria in
the gut are made up of nine phyla, but the majority fall into
two phylum, Bacteroides and Firmicutes. While the cau-
sality is unclear, there is an associated change in the com-
position of the microbiome associated with obesity. In the
setting of obesity, increased Firmicute:Bacteroides ratios
have been demonstrated [35, 36]. This alteration in the
microbiome seems to be perpetuated by a high fat diet.
The microbiome also varies between patients with insulin
resistance and type 2 diabetes mellitus and patients who are
lean. The microbiome has a strong influence on obesity,
diabetes, and the metabolic syndrome [37]. In addition,
the microbiome plays a key role in immunomodulation.
Short-chain fatty acids (SCFAs) and their metabolic
byproducts have anti-inflammatory properties. SCFAs
and their byproducts promote T,., development, affect cy-
tokine production, and alter dendritic cells. Bacteria in the
gut are able to maintain homeostasis by interacting with
Toll-like receptors, upregulating T,.,s which allow a hos-
pitable environment for the bacteria. This interaction also
increases expression of anti-inflammatory mediators such
as CD 73 and CD 39 [38]. The microbiota interact with the
immune system to maintain gut homeostasis in ways that
have not been fully elucidated and may also play a pro-
inflammatory role via interaction with Toll-like receptors,
Tregs» and cytokine activity. As comprehension regarding
the role of the microbiome in critical illness improves,
alterations of the microbiome in the obese patient may
prove to contribute in part to associated outcomes.

The impact of the obesity paradox on nutrition
support strategies in the ICU

How do the above characteristics of the obese patient alter our
nutrition support strategies in the ICU? The short answer is
that, at current, they do not [39]. The objectives inherent in the
provision of nutrition support in the ICU include maintenance
of a healthy microbiome, stimulation of the immune response,
and the prevention of lean body mass loss. Current recommen-
dations for nutrition support in critically ill patients encour-
ages the early initiation of enteral nutrition, regardless of BMI
or other weight-related parameters. When estimating caloric
needs, the clinician generally selects from numerous predic-
tive equations, weight-based calculations, or indirect calorim-
etry. Indirect calorimetry is particularly useful in the inpatient
setting in the obese population. Many predictive equations are

not validated in critical illness, severe obesity, or cither.
Weight-based equations are useful for their simplicity, but
clinicians must consider if actual body weight (ABW) or ideal
body weight (IBW) is the appropriate multiplier. The
American Society for Parenteral and Enteral Nutrition
(ASPEN) and Society of Critical Care Medicine (SCCM)
guidelines currently recommend weight-based nutrition dos-
ing 11-14 kcal’kg ABW for BMI 30-50 but for BMI greater
than 50 using IBW and targeting 22-25 kcal/kg [40¢¢°].
Overfeeding has been demonstrated to worsen outcomes,
and recent trends have been to error toward underfeeding dur-
ing the initial phase of critical illness [41]. Arabi et al. dem-
onstrated that underfeeding (40-60% of goal calories) was not
associated with worse overall mortality or clinical outcomes
when compared to full feeding (70-100%) strategies [42¢].
The mean BMI in this 8§94 patient study was 29 and 29.7 in
the underfeeding and full feeding groups, respectively, falling
within the overweight classification and just on the cusp of
class I obesity. Protein provision was similar in both groups
[42¢]. Choi et al. demonstrated similar results in a meta-
analysis evaluating effect of caloric intake on overall mortal-
ity. They found the top one third and the bottom one third of
caloric intake groups had similar mortality rates, but the mid-
dle third, getting greater than 33.3% but less than 66.6% of
standard caloric intake, had significantly lower overall mor-
tality [43]. Hypocaloric feeding in the critically ill obese pa-
tient has long been the norm and it appears that feeding strat-
egies in non-obese critically ill patients are trending toward
similar strategies. Of note, “underfeeding” principles apply to
caloric provision alone and refers predominately to exoge-
nously provided carbohydrate. Protein provision, per current
recommendations, should still be targeted at 2 g/kg/day IBW
with BMI 3040 and 2.5 g/kg/day IBW when BMI >40 [40ee].

Conclusion

Obesity is increasingly more prevalent, affecting one third of
the general population and the critically ill. Although not con-
sistent across all ICU populations, there does appear to be a
propensity for survival in the obese patient in the medical ICU
despite obvious clinical challenges presented by this patient
population. On the other hand, obese patients suffering from
critical illness as a result of trauma do not seem to benefit from
similar improved outcomes and appear to be one exception to
the obesity paradox.

The endocrine properties of adipose tissue have been rec-
ognized as playing a significant role in the maintenance of
homeostasis. Adipokines have pro-inflammatory potential
but may also serve as cardioprotectants and have beneficial
properties. These unique properties may play a more pro-
nounced role in the setting of heart failure as opposed to other
etiologies of shock and critical illness, accounting for the
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varying associations with obesity and clinical outcomes in
different ICU populations. Although poorly understood, fa-
vorable alterations in the microbiome of the obese patient
population could also be a potential contributor to improved
clinical outcomes.

Alternatively, the obesity paradox may be due in part to the
vagaries associated with utilizing BMI as the lone criteria by
which obesity is clinically defined. Further stratification and
categorization within this population has resulted in distinct
sub-groups such as sarcopenic obesity and the metabolically
healthy obese. Lean body mass, or fat-free mass, may be as-
sociated with improved outcomes, whereas disproportionate
increases in adipose (fat mass) alone may be detrimental and
not fully accounted for by BMI. Further characterization of
these groups may allow for improved clarity with regard to the
specific characteristics of the obese patient that contribute to
outcomes following critical illness.

Regardless of the validity of the obesity paradox as a con-
cept, nutrition support strategies in the obese patient are not
markedly different from those utilized in the non-obese pop-
ulation. The exception to this involves the determination of
resting energy expenditure and caloric goals as predictive
equations are notoriously inaccurate in this population.
Indirect calorimetry should be utilized when available and
early initiation of enteral nutrition should be the goal.
Interestingly, although the concept of high protein,
hypocaloric nutrition support has long been touted in the
obese population, nutrition support strategies in all critically
ill patients are now trending toward similar approaches.
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