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We will be referring to BMI classi�cations as used by World Health 
Organization and National Institute of Health (Table 1).

Results
Clinical presentations

Trauma

Our initial investigation began with an inquiry of protective 
e�ects of excess fat mass in the setting of blunt trauma. Studies on the 
relationship between blunt trauma mortality and obesity have been 
revealing inconsistent �ndings. Retrospective cohort studies [7,8] 
detected no signi�cant di�erence in blunt trauma mortality across all 
BMI subgroups. Additionally, increases in ventilator days, hospital and 
ICU length of stay (LOS) accompanied each increase in BMI category. 
LOS with morbidly obese patients were double that of normal weight 
patients. Dvorak et al., [9] instead found a U-shaped relationship 
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cell carcinoma, Sanchez et al., [29] observed a mortality bene�t with 
obesity in a prospective cohort and notably investigated biomolecular 
mechanisms behind this paradox, discussed below.

Critical care/sepsis/lung injury

Obesity paradox has been discussed abundantly in the setting of 
critical care and intensive care unit (ICU) patients. A 2008 meta-analysis 
by Akinnusi et al., [24] examined obesity e�ects on ICU mortality, 
mechanical ventilation days, and ICU length of stay in 14 studies (7 
prospective, 7 retrospective). �ey found no signi�cant di�erence in 
ICU mortality rates across all weight groups but did see higher survival 
in obese compared to non-obese groups with hospital discharge [24]. 
�ere were also longer durations of mechanical ventilation (1.48 days) 
and ICU stay (1.08 days) with obese patients compared to non-obese. 
Subsequent subgroup analysis revealed no di�erence in ICU mortality 
between non-obese and morbidly obese patients; however patients with 
BMI 30-39.9 kg/m2 had a lower mortality rate compared to non-obese 
[30]. In a larger-scale observational cohort of Dutch ICU patients with 
BMIs representative of the population, Pickkers et al., [26] found an 
inverse J-shaped relationship between BMI and in-hospital mortality 
rate, with minimal risk at BMI 42.6 kg/m2 (morbidly obese, Class III) 
and increasing exponentially as BMI fell below 20 kg/m2 (normal non-
obese).

In terms of sepsis admissions, Prescott et al., [31] revealed a 1-year 
mortality bene�t with obese patients in the prospective cohort. �is 
paradox persisted with in-hospital and 90-day mortality rates, and 
with age group strati�cation between patients under and over 70 years 
old. �is observation was supported by several other retrospective 
cohort studies [32,33]. However, the bene�ts conferred by obesity were 
reduced or abolished when better adjustments for co-morbidities and 
interventions were made [34,35].

Literature on acute lung injury includes a 2016 meta-analysis by 
Zhi et al., [25] examining the obesity paradox in acute respiratory 
distress syndrome (ARDS), which compiled 25 studies (9 prospective, 
16 retrospective). �e authors found a signi�cant correlation between 
increased BMI, obesity and lower ARDS/acute lung injury mortality. 
�e relationship also fell into the U-shaped curve, with obese patients 
(BMI 30-39.9 kg/m2) at the lowest mortality rate and no association 
between morbid obesity and ARDS mortality. In subgroup analysis of 
studies with available data, the authors did not �nd any relationship 
between obesity and 28 day mortality; however, obesity was associated 
with lower 60 and 90-day mortality.

COVID-19

In light of the developing Novel Coronavirus Disease 2019 
(COVID-19) pandemic at the time of writing, we brie�y surveyed 
the impact of obesity on COVID-19 prognosis. Amongst emerging 
data is a meta-analysis conducted by Hussain et al., [36] exploring 
the association between COVID-19 mortality and several risk factors 
including age, sex, BMI, and presence of severe comorbidity and 
critical illness. Within 6 papers that incorporated BMI data, authors 
found a signi�cant positive association with obesity and mortality with 
an obesity cuto� BMI of 25 kg/m
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Leptin is chronically elevated with obesity, and de�ciency has been 
o�en associated with vulnerability to viral and bacterial infection as 
well as pro-in�ammatory stimuli [9,30,40,42].

Adiponectin – �is anti-atherogenic adipokine is shown to 
improve insulin sensitivity and reduce atherosclerotic severity, which 
helped suppress development of cardiovascular disease and metabolic 
derangements in murine models [43].

Pro-in�ammatory Cytokines – Increased levels of IL-6, IL-
8, Surface Protein-D (SP-D), von Willebrand Factor (vWF), and 
Plasminogen activator Inhibitor-1 (PAI-1) have been associated with 
increased odds of death [44]. Obese patients su�ering stroke were 
observed with higher serum levels of pro-in�ammatory cytokines 
during the acute phase; however, these levels decreased in the week 
following and were accompanied by an increase of anti-in�ammatory 
cytokines (i.e. IL-10). Interestingly, this e�ect was not seen in non-
obese patients [6]. In the setting of acute lung injury, Stapleton et al., 
[44] also found that increasing BMI was associated with lower levels of 
in�ammatory cytokines, especially IL-6, IL-8, and SP-D. �ey did also 
�nd an increase in vWF (biomarker of endothelial damage) amongst 
obese patients, and this complex immunomodulatory interplay of 
obesity may have obscured detection of any initial relationships. 
Wacharasint et al., [32] found a similar decrease in IL-6 production 
and a lower rate of lung and fungal infections among overweight and 
obese patients, leading to lower 28-day mortality with sepsis.

Tissue Necrosis Factor-Alpha (TNF-α) – Adipocyte secretion of 
soluble TNF-α receptors may help nullify some of the downstream 
pro-in�ammatory e�ects of TNF-α in sepsis and post-stroke patients 
[19,40].

Anti-oncogenic properties

Protective e�ects  and wfdothelial 
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bias to be at play. Many of the reviewed meta-analyses conducted 
funnel plot visual analyses, and Akinnusi et al., [30] did �nd an under-
publication of negative results. However, these meta-analyses also 
carried out formal statistical evaluation with Begg’s rank correlation 
and detected no bias [5,12,24,25].

�e possibility of geographical bias was also proposed, as most of 
the included studies originated from North American and Europe and 
limited interpretation beyond Caucasian populations [5,49]. Within 
subgroup analysis, Wu et al., [24] found that similar or better colorectal 
cancer survival with overweight and obesity only applied to non-
North American regions. Again, the true nature of this relationship 
is obscured by the presence of heterogenous BMI data collection, 
small sample sizes, and unaccounted confounders that could play a 
role. In relation to geographical bias, these unadjusted variables may 
include cross-cultural dietary di�erences as well as social risk factors 
that contribute to the mortality di�erence between the obese and non-
obese. �is will be important to tease out in future investigations of the 
phenomenon.

Another factor for consideration is the notion of treatment bias, 
where obese patients are in essence receiving higher acuity care due 
and vigilance in dealing with a higher risk population. Oesch et 
al., [19] believed that more intensive anticoagulation, statin, and 
antihypertensive treatments post-stroke with obese patients may 
have overin�ated the survival and functional endpoints. Several 
studies suggested that more aggressive treatment from the medical 
provider countered heightened risk of complications, i.e. early 
intubation in anticipation of di�cult airways and lowering threshold 
of ICU admission. Prescott et al., [31] countered this idea of di�erent 
thresholds of admission by designing the study to include the patient 
population according to diagnosis and not by ICU admission, and 
still reached conclusions in agreement with the obesity paradox. �ey 
went further so as to investigate plausible e�ects of a “healthcare 
utilization bias”, wherein higher healthcare spending and resource 
utilization would falsely strengthen the association between obesity 
and a mortality bene�t. �ey found that obese patients indeed used 
signi�cantly more resources in the year following discharge due to 
their higher survival rates. However, average daily usage amounts and 
rate of acquiring functional limitations was equivalent to non-obese 
patients. One review even discussed the possibility of obese patients 
diagnosed with sepsis bene�tting from an under-treatment bias. Fluid 
over-resuscitation has been seen to be detrimental in a septic patient 
and receiving similar �uid volumes to non-obese patients was shown to 
have similar outcomes as opposed to true weight-based dosing. Similar 
�ndings were reported in lower than expected weight based dosing 
of vasopressors and antibiotics [40]. Future investigations in these 
treatment biases should be prospectively evaluated to more clearly 
elucidate their in�uence on obesity and mortality.

BMI metric/Documentation

A discussion of the validity of BMI lies in the crux of the obesity 
paradox. BMI is measured as weight in kilograms over the square 
of height in meters (kg/m2) and is used as a rough barometer of 
nutritional status. It has widespread use due to its standardized 
de�nitions of weight categories and inherent simplicity but is blind 
towards lean (LM) and fat mass (FM) di�erentiation [9,40]. BMI had 
a speci�city of 96% and sensitivity of 43% in obesity assessment in 
comparison to body fat percentage measurements [19]. Wildman et al., 
[50] demonstrated that over half of overweight individuals and 31.7% 
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(pre/peri/post treatment) should be more closely tracked to maximize 
the usefulness of the measurements and better elucidate the possible 
value of obesity during and a�er acute illness. Additionally, it would 
be important to further elucidate the significance of POPs as a 
confounding factor within the obesity paradox. It is clear that 
obesity is detrimental to overall health, and should be combated in 
the population, but these observations suggest that it is important 
to factor obesity into the prognosis of specific pathologies. The 
possibility that obesity may not necessarily be a pejorative factor 
under certain settings is worth elucidating in future investigations 
that may have significant implications in directing future therapeutic 
management.
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