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Poor clinical outcomes among hospitalized 
obese patients with COVID-19 are related to 
inflammation and not respiratory mechanics
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Abstract
Introduction: The coronavirus disease 2019 (COVID-19) has infected millions of people worldwide resulting in high 
morbidity and mortality. Obesity is known to cause metabolic derangements and precipitate worse outcomes from 
viral pneumonia, potentially secondary to increased inflammation and/or altered respiratory mechanics. 
Aim of the Study: Our study’s aim was to examine the relationships among BMI, systemic inflammation, and respira-
tory mechanics in determining clinical outcomes. 
Materials and Methods: This retrospective, observational cohort study included 199 adult patients with confirmed 
COVID-19 who were hospitalized at a quaternary-referral academic health system. Data were manually extracted 
from electronic medical records, including baseline demographics and clinical profiles, inflammatory markers, meas-
ures of respiratory mechanics, and clinical outcomes. We used the rank-sum test to compare the distributions of BMI 
and inflammatory markers between those with and without specific clinical outcomes, and the Pearson correlation 
to measure the correlations between BMI and inflammatory markers or respiratory mechanics.
Results: Higher BMI was associated with worse clinical outcomes, including the need for Intensive Care Unit (ICU) 
admission, invasive mechanical ventilation (IMV), neuromuscular blockade, and prone positioning, particularly in 
male patients. Inflammation, as measured by C-reactive protein, lactate dehydrogenase (LDH), ferritin, and D-Dimer, 
was also increased in both male and female patients who required ICU admission, IMV, neuromuscular blockade, and 
prone positioning. However, only male patients had a positive correlation of LDH and D-Dimer levels with BMI. There 
was no correlation between BMI and respiratory mechanics, as measured by static compliance and the response to 
prone positioning.
Conclusions: Our findings suggest that the metabolic dysfunction and systemic inflammation seen in obesity, and 
not dysfunctional respiratory physiology, drive the negative clinical outcomes seen in this cohort of hospitalized 
COVID-19 patients.
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 �Introduction

In December 2019, outbreaks of pneumonia from an 
unknown organism were first recognized in Wuhan, 
China. A novel coronavirus, Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2), was 
quickly identified as the microbe causing the corona-
virus disease 2019 (COVID-19). Since then, there have 
been over 200,000,000 confirmed cases and more than 
4,500,000 deaths worldwide [1]. COVID-19 presents 

with a wide spectrum of disease, from asymptomatic 
infection to severe acute respiratory distress syndrome 
(ARDS) and death.

Obesity, defined as a body mass index (BMI) ≥ 30 kg/
m2, is also a serious public health concern [2] that af-
fects more than one-third of adults and 17% of children 
in the United States [3]. Adipose tissue plays a critical 
and beneficial role in metabolic homeostasis, but ex-
cess adiposity is associated with increased morbidity 
and mortality. Central obesity is an important feature 
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of metabolic syndrome, a condition that manifests in 
chronic inflammation, dyslipidemia, insulin resistance, 
hyperglycemia, hypertension, and ultimately worsened 
cardiovascular outcomes [4]. Approximately 90% of in-
dividuals with type 2 diabetes are overweight or obese 
[5], and the risk of diabetes increases almost 5% with 
every kg increase in weight [6].

Obesity consistently ranks among the highest un-
derlying comorbidities in patients hospitalized with 
COVID-19 [7], and is associated with worse outcomes 
including hospitalization, Intensive Care Unit (ICU) 
admission, mechanical ventilation, and mortality [8]. 
Studies have suggested that central obesity-associated 
inflammation may mediate the worse COVID-19 out-
comes seen in these patients [9]. In addition to the 
standard laboratory indicators of inflammation, meta-
bolic parameters such as BMI and waist and hip cir-
cumference could be helpful for risk stratification [10]. 
There has also been speculation that abnormal respira-
tory mechanics and ventilation/perfusion mismatch 
could contribute to adverse outcomes in patients with 
excess adiposity [8]. However, the potential contribu-
tion of the mechanical consequences of obesity to worse 
outcomes in COVID-19 remains incompletely under-
stood. In this study, we examined the role of obesity 
in COVID-19 severity at a quaternary care academic 
medical center composed of two hospitals, analyzing 
the relationships among inflammation, mechanical 
ventilatory parameters, and obesity in male and female 
COVID-19 patients.

 �Methods

Setting and study design

This is a retrospective observational cohort study 
conducted from December 13, 2019 to June 26, 2020, 
which was approved by the UCLA (University of Cali-
fornia, Los Angeles) Institutional Review Board with 
waiver of informed consent. The UCLA Health sys-
tem includes two quaternary-care academic medical 
centers, Ronald Reagan-UCLA Medical Center (RR-
UCLA) and Santa Monica-UCLA Medical Center 
(SM-UCLA), which have 154 ICU beds and 38 ICU 
beds, respectively. The study included 199 adult hos-
pitalized patients at RR-UCLA and SM-UCLA with 
positive SARS-CoV-2 PCR testing from either nasal 
swab or mini-bronchoalveolar lavage (BAL) testing, 
and their data were retrospectively extracted from the 
electronic health record (Figure 1). 

Clinical protocols

As this was an observational study, all clinical manage-
ment was left to the discretion of the clinical teams. A 
hospital pandemic response team made up of intensiv-
ists and infectious disease physicians had generated 
COVID-19 clinical guidelines, which informed patient 
management decisions. These guidelines incorporated 
established best critical care practices for acute respira-
tory distress syndrome (ARDS), including low tidal 
volume ventilation, early consideration of prone ven-
tilation for patients with PaO2:FiO2 (P:F) ratios ≤ 150, 
daily awakening trials or light sedation, and conserva-
tive fluid management. In addition, the clinical guide-
lines also recommended early endotracheal intubation 
for COVID-19 patients with quickly escalating supple-
mental oxygen requirements.

Data collection

Baseline demographic data, medical comorbidities, 
and body mass index (BMI) were collected from the 
electronic medical record. Inflammatory markers, in-
cluding C-reactive protein (CRP), lactate dehydroge-
nase (LDH), ferritin, and D-Dimer were obtained as 
peak values from the hospitalization period. 

Fig. 1. Flowchart of study subject selection and clinical 
outcomes. ICU = Intensive Care Unit; IMV = invasive me-
chanical ventilation; NMB = neuromuscular blockade.
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The following outcome data were collected: ad-
mission to the ICU, invasive mechanical ventilation 
(IMV), in-hospital mortality (during the first 60 days 
of hospitalization), neuromuscular blockade (NMB), 
and prone positioning. For patients who had invasive 
mechanical ventilation during their hospitalization, we 
collected maximum and minimum static compliance 
values as recorded by the respiratory therapist. For pa-
tients who underwent proning, we quantified their P:F 
response to proning as the percent improvement in P:F 
ratio as calculated by arterial blood gas PaO2 and the 
ventilator FiO2 setting. In short, P:F response to pron-
ing = (P:F ratio after proning – P:F ratio before pron-
ing) / P:F ratio before proning X 100%.

Statistical methods

We summarized the baseline characteristics of the co-
hort by obesity status using median with interquartile 
range (for age) and relative frequency (for categorical 
variables). Differences in baseline characteristics be-
tween obese and non-obese participants were assessed 
using a Wilcoxon-Mann-Whitney rank-sum test (for 
age) and two-sample test of proportions (for categori-
cal variables). We then compared the distributions of 
BMI and measures of systemic inflammation (CRP, 
LDH, Ferritin, D-Dimer) between those with and with-
out key clinical outcomes (ICU admission, IMV, death, 
NMB, proning) using the rank-sum test. Differences 
were visualized using box-plots. Sensitivity analyses 
examined associations after removal of severely under-
weight patients (BMI < 18.5) and in analyses stratified 
by sex and age (<60 years). Within-sex BMI associa-
tions with measures of systemic inflammation and res-
piratory mechanics were examined using Pearson cor-
relations. SigmaPlot version 12.5 (Systat Software, San 
Jose, CA) was used for all statistical analyses.

 �Results

Characteristics of our patient cohort

We evaluated the first 199 unique admissions to RR-
UCLA and SM-UCLA with confirmed COVID-19 
infection, diagnosed from December 13, 2019 to June 
26, 2020 (Table 1). The median age was 63 years (IQR 
45-77), and subjects were predominantly male (59%). 
The self-identified cohort ethnicities were 39% White, 
32% Latinx, 10% Black, 9% Asian, and 11% Other. The 
majority (92%) had a known comorbidity on admis-
sion, with the most frequent comorbidities being obe-

sity (33%), hypertension (55%), hyperlipidemia (38%), 
diabetes (31%), chronic kidney disease (23%), and cor-
onary artery disease (22%). Obesity had a significant 
association with younger age, White or Latinx race/
ethnicity, absence of other comorbidities, and a diag-
nosis of obstructive sleep apnea (Table 1). 

Poor clinical outcomes in hospitalized COVID-19 
patients are associated with higher BMIs

Our study showed that patients with worse clinical out-
comes had higher BMIs (Online supplementary mate-
rial - Figure S1A), including patients who required ICU 
care (median BMI 28.2 kg/m2 vs 26.2, P = 0.031), pa-
tients on IMV (median BMI 30.9 kg/m2 vs 26.2; P = 
0.001), patients who required neuromuscular blockade 
to manage severe hypoxemia during mechanical ven-
tilation (median BMI 31.0 kg/m2 vs 26.3, P <0.001), 
and/or patients placed in prone positioning to improve 
ventilation/perfusion (V/Q) mismatch (median BMI 
32.3 kg/m2 vs 26.3, P <0.001). Interestingly, patients 
who died during the hospitalization had similar BMIs 
to those who did not. These findings remained true 
after exclusion of the seven underweight (BMI <18.5 
kg/m2) patients in the cohort (Online supplementary 
material - Figure S1B). We found similar findings in 
the sex stratified analyses (Online supplementary ma-
terial - Figure S1C), though reliable differences were 
mostly found within the male strata potentially due to 
the smaller sample size of females. However, with the 
exception of mortality outcome, each worse outcome 
in females was associated with a higher BMI.

Outcomes were then analyzed after excluding pa-
tients ≥60 years old, as advanced age itself is a very 
strong predictor of worse COVID-19 outcomes (On-
line supplementary material - Figure S2) [11]. In this 
younger cohort, patients who required IMV and/or 
proning had significantly higher BMIs than those who 
did not, with median BMIs of 34.0 kg/m2 vs 27.7 (IMV) 
and 35.6 kg/m2 vs 27.9 (proning), respectively (Online 
supplementary material - Figure S2A). While the pa-
rameters of ICU admission, neuromuscular blockade, 
and death were not reliable at a p<0.05 level, the me-
dian BMIs were still higher for the worse outcome in 
each category.

When males and females under 60 years of age were 
analyzed separately, results were similar to the com-
bined sex analyses, though with only the male subset 
showing reliable results (Online supplementary mate-
rial - Figure S2B). The median BMIs for male patients 
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who underwent ICU admission, intubation, paralysis, 
proning, and/or death were all higher than those who 
did not, either with statistical significance or a strong 
trend. The median BMI for young males requiring 
IMV was higher at 34.8 kg/m2, as opposed to 28.5 kg/
m2 in the non-intubated group (P = 0.007). Similarly, 
the BMIs for young males requiring neuromuscular 
blockade or proning were higher as compared to those 
who did not, at 35.6 kg/m2 vs 28.7 (P=0.015) and 36.0 
kg/m2 vs 29.2 (P=0.002), respectively. Again, young fe-
males in all outcome categories did not have median 
BMIs that were significantly different between positive 
and negative outcomes (Online supplementary mate-
rial - Figure S2B). 

Poor clinical outcomes in hospitalized COVID-19 
patients are associated with increased systemic 
inflammation

We observed that median peak levels of multiple in-
flammatory markers were higher in patients with worse 
outcomes from COVID-19 (Online supplementary 
material - Figure S3). The median CRP (Figure S3A), 
LDH (Figure S3B), ferritin (Figure S3C), and D-Dim-
er (Figure S3D) levels were all higher in patients who 
required ICU admission, IMV, NMB, proning, and/
or did not survive the hospitalization. All inflamma-
tory measure associations with clinical outcomes (aside 
from ferritin and survival) were statistically significant, 
showing higher levels of inflammation with worse clini-

Table 1. Demographics and clinical characteristics of cohort 

Total (N = 199) Non-obese (N = 133) Obese (N = 66) p-value
Age
    Median (IQR) 63 (45, 77) 69 (51, 82) 53 (41, 65) <0.001
Sex
    Male 118 (59%) 80 (60%) 38 (58%) 0.845
    Female 81 (41%) 53 (40%) 28 (42%) 0.845

Race/Ethnicity
    Black 19 (10%)  14 (11%) 5 (7%) 0.681
    White 78 (39%) 59 (44%) 19 (29%) 0.049
    Asian 17 (9%) 13 (10%) 4 (6%) 0.540
    Latinx 63 (32%) 31 (23%) 32 (48%)  <0.001
    Other 22 (11%) 16 (12%) 6 (9%) 0.702

Comorbidities
    No PMHx 16 (8%) 15 (11%) 1 (2%) 0.035
Diabetes w/ end-organ
    damage*

20 (10%) 12 (9%) 8 (12%) 0.664

Diabetes w/o end-organ
    damage*

41 (21%) 26 (20%) 15 (23%) 0.737

    Hypertension 109 (55%) 75 (56%) 34 (52%) 0.618
    Hyperlipidemia 76 (38%) 53 (40%) 23 (35%) 0.597
    CKD 45 (23%) 27 (20%) 18 (27%) 0.354
    COPD 21 (11%) 16 (12%) 5 (8%) 0.473
    CAD 44 (22%) 30 (23%) 14 (21%) 0.973
    Cancer 4 (2%) 4 (3%) 0 (0%) 0.375
    Asthma 28 (14%) 18 (14%) 10 (15%) 0.926
    Atrial arrhythmia 19 (10%) 14 (11%) 5 (8%) 0.681
    Myocardial infarction 9 (5%) 4 (3%) 5 (8%) 0.272
Congestive heart failure
    (symptomatic)

15 (8%) 10 (8%) 5 (8%) 0.999

    Obstructive sleep apnea 16 (8%) 4 (3%) 12 (18%) <0.001
Age is reported as median (IQR), and all other data are reported as n (%). The p-value for age was obtained by Wilcoxon-Mann-Whitney rank-sum test. For non-age categories, p-values were obtained using 
a two-sample test of proportion. IQR: interquartile range; PMHx: Past medical history; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CAD: coronary artery disease. *retinopa-
thy, neuropathy, nephropathy
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cal outcome. Similar results were found in sex stratified 
analyses such that the inflammatory parameters were 
persistently increased in patients with poor outcomes, 
with the exceptions of ferritin values for mortality and 
LDH values for female mortality (Online supplemen-
tary material Figures S4A-D). Potential contributors to 
this lack of significant difference is the non-inflamma-
tory determinant of ferritin levels, namely iron status, 
and the small sample size of female subjects who had 
in-hospital deaths.

BMI values correlate with increased systemic inflam-
mation in hospitalized male COVID-19 patients

After determining that increased obesity and systemic 
inflammation were both associated with disease sever-
ity in hospitalized COVID-19 patients, we examined 
whether there was a positive correlation between in-
flammatory lab values and BMI in male and female 

patients (Online supplementary material Figures S5). 
In males, we found that both LDH (Figure S5B) and D-
Dimer (Figure S5D) levels had statistically significant 
positive correlations with BMI values. This correlation 
was not found with CRP (Figure S5A) or ferritin (Fig-
ure S5C). In females, none of the inflammatory param-
eters had significant correlations with the BMI values. 
This pattern of significant correlations of LDH and 
D-Dimer with BMI in males only was persistent when 
only subjects <60-years-old were included in the analy-
sis (Figure 2). Interestingly, both the positive correla-
tions of LDH and D-Dimer versus BMI had stronger 
correlations in the younger male subjects as compared 
to the all-age group. In males <60-years-old, both LDH 
(Figure 2B) and D-Dimer (Figure 2D) levels had sta-
tistically significant positive correlations (LDH: Rho = 
0.28, P = 0.04; D-Dimer: Rho = 0.33, P = 0.015) with 
BMI measures. 

Fig. 2. Correlations between BMI and inflammatory markers in <60-year-old male and female patients during COVID-19 
hospitalization. Simple scatter plots of male and female patients with regression analyses of correlations between BMI 
and peak inpatient (A) CRP, (B) LDH, (C) ferritin, and (D) D-Dimer. ●: male subjects; ○: female subjects; solid regression 
line: male subjects; dashed regression line: female subjects. P-values calculated by Pearson Product Moment Correla-
tion. *P<0.05.
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Respiratory mechanics may not be a significant 
contributor to the role of obesity in worse COVID-19 
outcomes. 

In order to investigate whether respiratory mechan-
ics plays a role in the worse clinical outcomes of obese 
patients, we evaluated the relationship between lung 
static compliance, as measured by the ventilator, and 
the patient’s BMI.  We found no significant correlation 
between BMI and maximum or minimum static com-
pliance levels in ventilated patients (Minimum Rho = 
-0.06, P = 0.73, N = 36; Maximum Rho = -0.09, P = 0.60, 
N = 36) (Figure 3A). We also analyzed the potential 
role of body habitus in V/Q mismatch by calculating 
each patient’s response to proning, as measured by P:F 
ratio improvements, and correlating the response with 
the patient’s BMI (Figure 3B). There was no significant 
relationship between BMI and P:F response after pron-
ing for our patients, either in aggregate (Rho = 0.22, 
P = 0.43, N = 15) or separated by sex (males: Rho = 

-0.53, P = 0.23; females: Rho = 0.34, P = 0.40). In total, 
these parameters of lung mechanics and physiology do 
not indicate a significant role in mediating the effects of 
BMI status on COVID-19 in-hospital outcomes.

 �Discussion

Since the beginning of the COVID-19 pandemic, nu-
merous studies have attempted to identify the most 
significant risk factors for severe COVID-19 as de-
fined by multiple parameters including hospitalization, 
ICU admission, IMV, and mortality [12]. Obesity was 
quickly identified as a significant risk factor, as find-
ings from an early study in Shenzhen, China showed 
that obese patients had a 3.4-fold odds of developing 
severe pneumonia from COVID-19 than non-obese 
patients [13]. Similar observations were made in New 
York City, where a retrospective case series from two 
hospitals showed that patients who received IMV were 

Fig. 3. Correlations between BMI and respiratory physiology parameters in male and female intubated COVID-19 pa-
tients. Simple scatter plots of male and female patients with regression analyses of correlations between BMI and (A) 
minima and maxima static compliances during IMV, and (B) P:F responses to proning in male and female patients. ●: 
male subjects; ○: female subjects; regression lines represent combined male and female data. P:F response to proning 
= (P:F ratio after proning – P:F ratio before proning) / P:F ratio before proning X 100%. P-values calculated by Pearson 
Product Moment Correlation. IMV: invasive mechanical ventilation; P:F = ratio of partial pressure of arterial oxygen 
(PaO2): fraction of inspired oxygen (FiO2) of mechanical ventilator.
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more likely to be obese and had increased inflamma-
tory markers as compared to those who did not under-
go intubation [14]. A subsequent study from a tertiary 
medical center in the Bronx, New York, showed that 
severe obesity (defined by BMI ≥35kg/m2) and increas-
ing age were both independent risk factors for in-hos-
pital mortality [15]. Together, these studies indicated 
that obesity was an important risk factor for developing 
severe disease from SARS-CoV-2 infection. 

Our UCLA study was a retrospective analysis of 
199 hospitalized COVID-19 patients at two academic 
medical centers. 33% of the patients were obese, as 
defined by a BMI ≥30kg/m2. We found that patients 
with severe disease who required ICU admission, me-
chanical ventilation, prone positioning, and/or neu-
romuscular blockade had significantly higher median 
BMIs than those patients who did not require these 
interventions. As being underweight is also a risk fac-
tor for increased mortality and worse outcomes in 
multiple disease processes [16,17], we confirmed that 
these findings persisted with or without the inclusion 
of underweight subjects in the analysis. When sepa-
rating subject groups by male or female sex, we found 
that this association was statistically stronger in males 
in both the all-age and <60-year-old groups. While the 
differences in statistical strengths between males and 
females may be partially a reflection of sample size, the 
consistency of this stronger association with multiple 
clinical outcomes suggests that males’ BMIs are more 
strongly linked to COVID-19 in-hospital outcomes 
than females’ BMIs.

A similar association between obesity and worse 
outcomes in viral pneumonia has been reported pre-
viously with influenza A virus. One case-cohort study 
evaluated hospitalizations and deaths from the 2009 
influenza A (H1N1) pandemic and found that obesi-
ty and morbid obesity were associated with increased 
odds (OR 3.1 and 7.6, respectively) of death [18]. Case 
studies of severe Influenza A virus infections in obese 
patients have illustrated extensive viral replication and 
prolonged viral shedding [19]. Despite the common 
clinical observation of worse influenza A outcomes 
with obesity, the underlying mechanisms are incom-
pletely understood and likely multifactorial. One com-
monly proposed mechanism of obesity-related immune 
dysfunction is the underlying chronic inflammatory 
state of obesity, with increased levels of inflammatory 
cytokines including TNFα, IL6, and leptin [20]. The re-
sulting inflammatory milieu can induce endoplasmic 

reticulum stress, production of reactive oxygen spe-
cies, and oxidative stress, resulting in dysregulation of 
the innate immune response to viral infection. When 
infected with influenza A, the adipose tissue of two 
mouse models of obesity produced increased levels of 
MCP-1, TNFα, IL-6, and TGFβ [19]. Additional animal 
studies showed that obese mice infected with influenza 
A had a 6.6-fold greater mortality rate as compared to 
lean mice, with greater lung pathology and marked dif-
ferences in the production of antiviral and proinflam-
matory cytokines [21]. Human in vitro studies of CD4+ 
and CD8+ T cells from obese and overweight adults 
expressed lower levels of CD28, CD40L, CD69, and IL-
12R when stimulated with H1N1, suggesting that T cell 
dysfunction contributes to the increased morbidity and 
mortality from H1N1 infection in these patients [22]. 

Given the likely contribution of immune dysregula-
tion to the worse outcomes seen in obese patients with 
COVID-19, we hypothesized that the degree of obesity 
correlated with the severity of inflammation. We con-
firmed the observations in existing literature that worse 
outcomes are associated with increases in inflammato-
ry markers, including CRP, LDH, ferritin, and D-Dim-
er. When correlating BMI with these inflammatory lab 
values, we found correlation with some of the inflam-
matory parameters in males only, with no correlation 
in female subjects. We speculate that this sex difference 
could be related to the increased visceral adiposity in 
males [23], as visceral adipose tissue (VAT) has been 
shown to be more inflammogenic than subcutaneous 
adipose tissue and associated with metabolic and car-
diovascular disorders [24,25]. Multiple clinical stud-
ies have investigated the relationship between visceral 
adiposity and severe COVID-19 disease [26,27], and 
found that increased VAT as quantified by CT scan was 
independently associated with ICU admission. Thus, 
the differential associations between BMI and inflam-
mation in males versus females could be related to the 
sex differences in visceral adiposity. 

In addition to the associated innate immunity de-
rangements, obesity also has a significant impact on the 
mechanics and physiology of respiration. Excess depo-
sition of adipose tissue in the mediastinum and abdo-
men causes mechanical and anatomical changes that 
lead to reduced compliance of the lungs and chest wall 
and decreased airway caliber [28]. These alterations 
also increase ventilation-perfusion mismatch by prefer-
entially distributing the resting tidal volume to the up-
per lung zones whereas perfusion distribution is pref-
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erentially to the lower lung zones, leading to reduced 
PaO2 levels and an increased alveolar-arterial gradient 
[29,30]. In order to assess the potential contribution of 
altered lung mechanics to the worse outcomes in obese 
patients, we evaluated whether lung static compliance 
and/or P:F response to proning had any correlation 
with BMI in patients on invasive mechanical venti-
lation. We found no significant correlation between 
BMI and either respiratory parameter, indicating no 
obvious contribution of lung mechanics to the worse 
outcomes with higher BMIs. This outcome is not sur-
prising as some studies have shown that obese patients 
can have improved outcomes with ARDS [31,32] and/
or bacterial pneumonia [33,34], the so-called “obesity 
paradox”. The altered respiratory mechanics of obese 
patients would presumably also apply to these patholo-
gies that demonstrate the “obesity paradox,” suggesting 
that systemic or non-anatomic factors play more signif-
icant roles than respiratory physiology in the response 
to lung injury and infectious pneumonias. Of note, an 
important limitation in our study was that these respir-
atory measurements were only obtained in intubated 
patients, greatly restricting the number of subjects and 
only including the most critically ill patients. Addition-
al studies are required to elucidate the specific roles of 
altered pulmonary physiology in the response to viral 
pneumonia. 

An important difference from other studies is the 
lack of clear association between obesity and mortal-
ity in our COVID-19 patients [35,36], although there 
is a trend of increased BMI with mortality when we ex-
clude patients over 60-years-old. As age itself is a strong 
risk factor for severe COVID-19 disease and is associ-
ated with multiple other comorbidities, the exclusion of 
older subjects may allow the detection of an association 
between BMI and mortality. Another likely contribu-
tor is the small number of subjects that died during the 
study, limiting the statistical power of our analysis.

 �Conclusion
In summary, the current article analyzes the hospital 
course, outcomes and characteristics of 199 hospital-
ized COVID-19 patients treated in our 2-hospital sys-
tem. Our study confirms the findings in other studies 
that showed significant associations of BMI and inflam-
mation with the severity of disease. We have also dem-
onstrated that there may be sex-specific differences in 
the relationship between BMI and inflammation, po-

tentially secondary to the increased visceral adiposity 
seen in males versus females. Finally, our study found 
no significant correlation between BMI and lung physi-
ology parameters, indicating that restrictive lung phys-
iology and V/Q mismatch may not be significant con-
tributors to the worse outcomes seen in obese patients 
with COVID-19. Future investigations are necessary to 
further elucidate the relationships among obesity, sex, 
inflammation, and lung mechanics that lead to worse 
outcomes in COVID-19 and other viral penumonias.
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