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Summary

The association between body mass index (BMI) and poor COVID-19 outcomes in
patients has been demonstrated across numerous studies. However, obesity-related
comorbidities have also been shown to be associated with poor outcomes. The pur-
pose of this study was to determine whether BMI or obesity-associated com-
orbidities contribute to elevated COVID-19 severity in non-elderly, hospitalized
patients with elevated BMI (225 kg/m?). This was a single-center, retrospective
cohort study of 526 hospitalized, non-elderly adult (aged 18-64) COVID-19 patients
with BMI =25 kg/m2 in suburban New York from March 6 to May 11, 2020. The
Edmonton Obesity Staging System (EOSS) was used to quantify the severity of
obesity-related comorbidities. EOSS was compared with BMI in multivariable regres-
sion analyses to predict COVID-19 outcomes. We found that higher EOSS scores
were associated with poor outcomes after demographic adjustment, unlike BMI. Spe-
cifically, patients with increased EOSS scores had increased odds of acute kidney
injury (adjusted odds ratio [aOR] = 6.40; 95% Cl 3.71-11.05), intensive care unit
admission (aOR = 10.71; 95% Cl 3.23-35.51), mechanical ventilation (aOR = 3.10;
95% Cl 2.01-4.78) and mortality (@OR = 5.05; 95% Cl 1.83-13.90). Obesity-related
comorbidity burden as determined by EOSS was a better predictor of poor COVID-
19 outcomes relative to BMI, suggesting that comorbidity burden may be driving risk

in those hospitalized with elevated BMI.
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What is already known about the subject?

o Younger patients (<65 years old) with elevated BMI (225 kg/m?) are at increased risk of poor
COVID-19 outcomes when hospitalized

o Comorbidities associated with obesity and BMI alone have both been shown to be indepen-
dent predictors of severe COVID-19 infection

e ltis unclear, however, in younger patients with elevated BMI (225 kg/m?), which contributes
more to increased risk of severe COVID-19 outcomes—BMI or obesity-related comorbidities.

What this study adds?
e In a cohort of hospitalized, non-elderly (aged 18-64 years old), first-surge COVID-19
patients with a BMI in the overweight to obese range (225 kg/m?), increased obesity-related
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1 | INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
virus causing the respiratory illness coronavirus disease 2019
(COVID-19), has resulted in the deaths of close to a million individuals
in the United States alone. Patients with obesity, defined as body
mass index (BMI) >30 kg/m?, have been identified as being at higher
risk for severe COVID-19.17¢ Specifically, studies have shown that
BMI is an independent predictor of COVID-19 severity>?4~¢ particu-
larly in younger, non-elderly patients.>” % However, obesity-related
comorbidities such as type 2 diabetes and hypertension have also
been shown to be independent predictors of COVID-19 severity
when included in studies involving BM|.62:1215-18

In an effort to quantify the extent of weight-related health
impairment in patients with obesity, the Edmonton Obesity Stag-
ing System (EOSS) was developed in 2009? and has since been
validated in multiple cohorts.2°-2¢ The EOSS is a five-stage mea-
sure of obesity based on medical, psychological and/or functional
complications of obesity.!? It effectively serves as a surrogate
measure of obesity-related comorbidities and burden of disease. A
comprehensive assessment of obesity-related comorbidity burden
such as the EOSS in COVID-19 patients with elevated BMI would
help clarify the interaction between BMI and obesity-related
comorbidity burden in driving poor COVID-19 outcomes. The pre-
sent study assessed the association between a modified version of
EOSS and COVID-19 outcomes compared with BMI alone in a
cohort of hospitalized SARS-CoV-2 infected patients with elevated
BMI (225 kg/m?) during the first surge of the pandemic in the
spring of 2020. Better understanding of the interaction between
BMI and obesity-related comorbidity burden will be helpful to cli-
nicians providing anticipatory guidance to patients with COVID-19
who are known to be at increased risk of poor outcomes due to
elevated BMI.

comorbidity burden quantified by higher Edmonton Obesity Staging System (EOSS) scoring
was associated with worse inpatient clinical outcomes, unlike BMI alone.

e This direct comparison between obesity-related comorbidity burden and BMI in patients with
elevated BMI (225 kg/m?) known to be at risk of poor COVID-19 outcomes suggests that
this elevated risk is driven by obesity-related comorbidity burden, not BMI.

e This study is meaningful clinically as newly admitted patients with elevated BMI without
obesity-related comorbidities appear to have less severe outcomes than those with a higher

obesity-related comorbidity burden.

2 | METHODS

Stony Brook University Hospital is a 600-bed, tertiary care academic
medical center on Long Island, NY. Patients hospitalized with
laboratory-confirmed SARS-CoV-2 infection from March 6, 2020, to
May 11, 2020 were identified from the Stony Brook COVID-19
Research Consortium Data Commons,?” an integrated repository of
clinical data from University Hospital. A confirmed case was defined
as a positive result by reverse transcription quantitative polymerase
chain reaction (RT-gPCR) testing of nasopharyngeal samples using the
Lyra SARS-CoV 2 RT-gPCR assay from Quidel. BMI was extracted
from the Data Commons as a calculated value based on available
heights and weights according to standard calculation (weight in kilo-
grams divided by meters squared). All patient data analysed were de-
identified; thus, the study protocol was deemed not human subjects
research by the Stony Brook University Institutional Review Board
(IRB2020-00447).

Baseline demographics included age, sex, ethnicity and race.
Smoking status was also assessed. Patients were excluded if any of
the following were met: (i) aged <18 years or 265 years, (i) missing
BMI or (i) BMI <25 kg/m? (Figure 1). Table S1 compares demo-
graphics of included and excluded patients. Physician-made diagnoses
were identified either through manual chart abstraction or ICD-10
codes mapped to Clinical Classification Software (CCS) groups occur-
ring 30 days before admission beginning January 1, 2017. Obesity-
related comorbidities were also inferred based on documented medi-
cations administered in the hospital or prescribed at discharge
according to World Health Organization (WHO) Anatomical Thera-
peutic Chemical (ATC) classification system and outlined in Table S2.
Specifically, if a patient had any one medication of a particular class
either administered in the hospital or prescribed at discharge, that
patient was classified as having been administered that medication

class. Any medications routinely administered in the hospital were not

All hospitalized SARS-CoV-2-infected patients aged 18-64 (March 6 — May 11, 2020), N=755

4' N=526
! !

FIGURE 1 Flow chart of patients
hospitalized with SARS-CoV-2 infection
¥ by EOSS stage. *Excluded patients include

EOSS 0/1 (N=93) I I EOSS 2 (N=286) | I

those with missing BMI (N = 127), BMI

EOSS 3/4 (N=147) <25 (N — 102)
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included in the classification. All obesity-related comorbidities identi-
fied in prior EOSS publications?°~2# that were available in the COVID-
19 Data Commons were used to classify patients according to EOSS
stage using a modified staging system with three levels (stage O, stage
1 and stage 2). Modified operational definitions of the three EOSS
stages were based on previous studies.’®~?* A general overview of
the classification scheme is outlined in Table 1. Patients were classi-
fied as EOSS stage 0/1, 2 or 3/4 based on fulfilling any one of
24, 46 or 30 criteria, respectively. A detailed overview of these criteria
is outlined in Table S3. If a patient fulfilled any one of the criteria in an
EOSS stage, the patient was classified in that EOSS stage. Further-
more, a total EOSS score was calculated for each patient via summa-
tion of all 84 categorical variables used to form criteria for stages
outlined in Table S3. Patients were also classified according to WHO
categories of BMI (overweight—BMI 25.00-29.99; class | & 11—BMI
30.00-39.99; class Ill—BMI 240).

The primary outcome of this study was in-hospital mortality. Sec-
ondary outcomes included acute kidney injury (AKI) defined as an
increase in serum creatinine of 0.3 mg/dl within 48 h, intensive care
unit (ICU) admission, length of hospitalization and necessity and dura-

tion of mechanical ventilation.

21 | Statistical analysis

All results were expressed as median (interquartile range) for continu-
ous variables and as frequency (percentage) for categorical variables.
Continuous variables were compared between outcome groups with
Kruskal-Wallis test and Dunn-Bonferroni post hoc pairwise tests.
Mann-Whitney U test was used when only two groups were
analysed. Categorical variables were compared with the chi-squared
or Fisher's exact test, where appropriate. For each outcome variable,
six separate binary logistic regression models, each adjusted for age,
sex, ethnicity, race and smoking status, were run with the following
predictor variables included as follows: (1) BMI categories; (2) EOSS
stage; (3) BMI categories+EOSS stage; (4) BMI value; (5) EOSS total
score; and (6) BMI value+EOSS total score. Outcome variables
included the following: mortality, AKI, ICU admission and requirement
for mechanical ventilation. A p value of <.05 was considered statisti-
cally significant. All statistical analyses were performed with IBM SPSS
Statistics for Windows, version 27 (IBM Corp.).

3 | RESULTS

3.1 | Demographics

Table 2 includes demographic characteristics by EOSS stage. There
were a total of 526 patients included (median age 51, IQR = 18-64;
percentage male = 62%). Ninety-three patients were classified as
EOSS stage 0/1, 286 patients were classified as EOSS stage 2 and
147 patients were classified as EOSS stage 3/4. There was a signifi-
cant difference in median age between the different EOSS stages

OBESITY

TABLE 1 General overview of classification of patients with BMI
225 into EOSS stages based on obesity-related comorbidities and
disease burden

EOSS 0/1 EOSS 2 EOSS 3/4

Absence of Presence of obesity- Presence of obesity-

obesity-related
comorbidities
with or without
end-organ
damage or mild
disease burden
o HbAlc <6.5%
e Absence of DM
e Total
cholesterol
<200 mg/dl
e LDL
<130 mg/dl
e HDL 240 mg/dl
o Triglycerides
<150 mg/dI
e Absence
of CAD
e Absence
of HTN
e Absence of HF
e Absence of
vascular disease
e Absence
of CKD
e Absence
of ESRD
e Absence of
COPD or other
lung diseases
e Varicose veins
e Haemorrhoids
e Abdominal
Hernia
e Genital
disorders
e Other joint
disorders
e Back problems
e Sprains and
strains
e Absence of
meds
administered

related
comorbidities
without end-organ
damage or
moderate disease
burden
HbA1lc 26.5%
Presence of DM
or DM meds
Presence of HTN
or HTN meds
Presence of HLD
or HLD meds
Total cholesterol
2200 mg/dI
LDL 2130 mg/dl
HDL < 40 mg/dl
Triglycerides
2150 mg/dI
Presence of OA or
OA meds
Presence of Gout
or Gout meds
Presence of mood
disorders or meds
for mood
disorders
Presence of colon,
kidney or
oesophageal
cancer
Presence of
GERD or
GERD meds
Presence of biliary
tract disease
Presence of
female genital
prolapse
Presence of
COPD or other
lung diseases
Presence of RA
Presence of
circulatory disease

related
comorbidities with
end-organ damage
or severe disease
burden
Presence of HF or
HF meds
Presence of Ml or
antiplatelet meds
Presence of
vascular disease
or cilostazol
Presence of CAD
Presence of
stroke, TIA,
cerebrovascular
disease,
precerebral artery
stenosis/occlusion
Presence of CKD
or ESRD
Presence of DM
with
complications
Presence of HTN
with
complications
Presence of
chronic ulcer
Presence of vein
or lymphatic
disease
Presence of
schizophrenia or
schizophrenia
meds

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease;
DM, diabetes mellitus; EOSS, Edmonton Obesity Staging System; ESRD,
end stage renal disease; GERD, gastroesophageal reflux disease; HbA1C,
(haemoglobin A1C); LDL, low-density lipoprotein; HDL, high-density
lipoprotein; HF, heart failure; HLD, hyperlipidaemia; HTN, hypertension;
OA, osteoarthritis; RA, rheumatoid arthritis; Ml, myocardial infarction; TIA,
transient ischemic attack.

(p < .001). EOSS stage 0/1 (median 40, IQR = 18-64) patients were
significantly younger than both EOSS stage 2 (median 52, IQR = 21-
64) and 3/4 (median 54, IQR = 18-64) patients (p < .001). There was
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TABLE 2 Demographic characteristics of hospitalized SARS-CoV-2-infected patients with a BMI 225 by EOSS stage

EOSS 0/1,N =93
Characteristics
Median age, years (IQR) 40.00 (18.00)°
Median EOSS total score, (IQR) 0 (0)?

Median BMI, kg/m? (IQR) 30.83 (9.13)
WHO categories (BMI range)
Overweight (25.00-29.99) 41
44%
Class | and Il (30.00-39.99) 37
40%
Class Il (240) 15
16%
Sex
Male 46
49%
Female 47
51%
Ethnicity
Hispanic or Latino 43
46%
Not Hispanic or Latino 50
54%
Race
Black or African-American 4
4%
White 34
37%
Other 55
59%
Smoking status
Former or Current 15
16%
Non-smoker 78
84%

EOSS 2, N = 286 EOSS 3/4, N = 147 p value
52.00 (15.00)° 54.00 (13.00)° <.001
3.00 (3.00)° 9.00 (9.00) <.001
30.92 (8.06) 30.48 (8.83) 886
.237
114 67
40% 46%
143 61
50% 41%
29 19
10% 13%
0134
190 90
66% 61%
96 57
34% 39%
<.001
113 28
40% 19%
173 119
60% 81%
<.001
18 22
6% 15%
109 71
38% 48%
159 54
56% 37%
<.001
69 60
25% 42%
210 84
75% 58%

Note: Groups with different superscripted letters are significantly different from each other by Dunn-Bonferonni's pairwise test.
Abbreviations: BMI, body mass index; EOSS, Edmonton Obesity Staging System; IQR, interquartile range; WHO, World Health Organization.

no significant difference in median BMI between the different EOSS
stages (p > .05). Furthermore, the percentage of patients classified
according to WHO obesity class did not differ by EOSS stage
(p > .05). The percentage of male patients differed by EOSS stage
(p < .05). EOSS stage 0/1 (49%) was less likely to have male patients
compared with both EOSS stage 2 (66%) and stage 3/4 (61%). The
percentage of Hispanic or Latino patients differed by EOSS stage
(p < .001). EOSS stage 0/1 (46%) and 2 (40%) had a higher percentage
of Hispanic or Latino patients compared with EOSS stage 0/1 (19%).
There was a significant relationship between race and EOSS stage
(p < .001). EOSS stage 3/4 (15%) had a higher percentage of Black or
African-American patients compared with EOSS stage 2 (6%) or 0/1

(4%). EOSS stage 3/4 (48%) had a higher percentage of white patients
compared with EOSS stage 2 (38%) or 0/1 (37%). The percentage of
former or current smokers among patients differed by EOSS stage
(p < .001). EOSS stage 0/1 (16%) and 2 (25%) were less likely to have
current or former smokers compared with EOSS stage 3/4 (42%).

3.2 | Clinical outcomes

Table 3 includes clinical outcomes by EOSS stage. The percentage of
patients who died differed by EOSS stage (p < .01). There were fewer
EOSS stage 0/1 (0%) patients who died compared with both EOSS
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TABLE 3 Clinical outcomes of hospitalized SARS-CoV-2-infected patients with a BMI 225 by EOSS stage

Characteristic EOSS 0/1, N = 93

Clinical outcomes

Length of hospitalization, days 6.00 (6.00)*
AKI 0
0%
ICU admission 3
3%
Mechanical ventilation 0
0%
Length of mechanical ventilation, days
Mortality 0
0%

OBESITY
EOSS 1/2, N = 286 EOSS 3/4, N = 147 p value
8.00 (8.00)° 7.00 (10.00)>° <.001
27 49 <.001
9% 33%
77 50 <.001
27% 34%
53 38 <.001
19% 26%
10.00 (11.00) 13.50 (10.00) 149
8 11 <.001
3% 7%

Note: Groups with different superscripted letters are significantly different from each other by Dunn-Bonferonni's pairwise test. Continuous dependent

variables reported as median (IQR).

Abbreviations: AKI, acute kidney injury; BMI, body mass index; EOSS, Edmonton Obesity Staging System; ICU, intensive care unit; IQR, interquartile range.

stage 2 (3%) and stage 3/4 (7%) patients. There was a significant
difference in median length of stay between the different EOSS
stages (p < .001); EOSS stage 2 patients had a significantly longer
length of stay compared with EOSS stage 0/1 patients
(b = .00489). The percentage of patients with AKI differed by
EOSS stage (p <.001); there were fewer EOSS stage 0/1 (0%)
patients with AKI compared with both EOSS stage 2 (9%) and
stage 3/4 (33%). The percentage of patients requiring ICU admis-
sion differed by EOSS stage (p < .001). There were fewer EOSS
stage 0/1 (3%) patients requiring ICU admission compared with
both EOSS stage 2 (27%) and stage 3/4 (34%) patients. The per-
centage of patients requiring mechanical ventilation differed by
EOSS stage (p <.001). There were fewer EOSS stage 0/1 (0%)
patients requiring mechanical ventilation compared with both
EOSS stage 2 (19%) and stage 3/4 (26%) patients. There was no
significant difference in median length of mechanical ventilation
between EOSS stage 2 and 3/4 (p > .05).

3.3 | Multivariable analyses

In Model 1, BMI category was not associated with an increase in the
odds of poor COVID-19 clinical outcomes (Table 4). However, in
Model 2, higher EOSS stage was associated with poor COVID-19 clin-
ical outcomes (Table 4). When both BMI and EOSS stage were
included in Model 3, higher EOSS stage remained associated with
poor COVID-19 clinical outcomes and BMI remained not significantly
associated (Table 4). Specifically, in Model 3, for one stage higher in
EOSS, there was an increase in the odds of AKI (aOR = 6.40; 95% Cl,
3.71-11.05, p < .001), ICU admission (aOR = 10.71; 95% Cl, 3.23-
35.51 EOSS stage 1 versus 0, p <.001; aOR = 17.27; 95% Cl, 5.02-
59.38 EOSS stage 2 versus 0, p <.001), mechanical ventilation
(aOR = 3.10; 95% Cl, 2.01-4.78, p < .001) and mortality (aOR = 5.05;
95% Cl, 1.83-13.90, p = .00174).

In Model 4, BMI was not associated with poor COVID-19 clinical
outcomes (Table 5). However, in Model 5, the EOSS total score was
associated with poor COVID-19 clinical outcomes, but not mortality
(Table 5). Lastly, when both BMI and the EOSS total score were
included in Model 6, the EOSS total score remained associated with
poor COVID-19 clinical outcomes, but not BMI (Table 5). Specifically,
for every unit increase in EOSS total score, there was an increase in
the odds of AKI (aOR = 1.16; 95% ClI, 1.11-1.22), ICU admission
(aOR = 1.07; 95% Cl, 1.03-1.11), mechanical ventilation (aOR = 1.08;
95% Cl, 1.03-1.12), but not mortality (Table 5).

4 | DISCUSSION

This study demonstrates that in a cohort of hospitalized, non-elderly,
first-surge COVID-19 patients with a BMI in the overweight or obese
range, obesity-related comorbidity burden as measured by EOSS
stage predicted poor clinical outcomes, unlike BMI alone. Specifically,
our analysis shows that an increased EOSS stage was associated with
longer hospitalization as well as higher rates of AKI, ICU admission,
mechanical ventilation and death. Furthermore, the degree of obesity-
related comorbidity burden appears to be associated with the likeli-
hood of poor clinical outcomes as EOSS total score was associated
with poor inpatient outcome variables with the exception of mortality.
Increased rates of AKI in this population may mediate the association
between EOSS stage and poor clinical outcomes as AKl itself has been
shown to be a strong predictor of in-hospital mortality and other poor
outcomes in COVID-19.2728 Notably, no hospitalized patients with
elevated BMI and no or minimal obesity-related comorbidities
(i.e. EOSS stage 0) died, required mechanical ventilation or developed
AKI. This suggests that among patients with elevated BMI, who are
known to be at elevated risk of poor COVID-19 outcomes, those
without comorbidities appear to be protected from deleterious clinical

outcomes from COVID-19 infection while hospitalized.
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TABLE 4 Multivariable analyses of hospitalized SARS-CoV-2-infected patients with a BMI 225 with BMI and EOSS as categorical predictor
variables

AKI ICU Admission Mechanical Ventilation Mortality
aOR 95% ClI p value aOR 95% CI pvalue aOR 95%Cl pvalue aOR 95% CI p value
Model 4
BMI 240 0.66 0.27-1.63 368 0.64 0.30-1.37 .252 0.79 0.34-1.84 .583 291 0.60-14.16 .185
BMI 30.00-39.99 0.63 0.36-1.09 .0959 0.99 0.64-1.53 .953 092 0.56-1.53 .752 215 064-719 213
BMI 25.00-29.99 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Model 5
EOSS 3/4 6.61° 3.83-11.40° <.001° 17.54 5.10-60.31 <.001 3.10° 2.01-4.76° <.001° 4.40° 1.65-11.74° .00312*
EOSS 2 6.61° 3.83-11.40° <.001° 10.86 3.28-36.01 <.001 3.10° 2.01-4.76° <.001° 4.40° 1.65-11.74° .00312%
EOSS 0/1 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Model 6
BMI 240 0.770 0.29-2.03  .600 0.69 0.32-1.52 .357 0.890 0.37-2.13 .795 392 0.77-19.91 .100

BMI 30.00-39.99 0.73 0.41-1.32 297 1.00 0.64-1.57 994 1.020 0.610-1.72 .933 270 0.79-9.26 115

BMI 25.00-29.99 1 (ref) 1 (ref) 1 (ref) 1 (ref)
EOSS 3/4 6.40° 3.71-11.05° <.001® 17.270 5.02-59.38 <.001 3.10° 2.01-4.78° <.001° 5.05* 1.83-13.90° .00174%
EOSS 2 6.40° 3.71-11.05 <.001* 10.710 3.23-35.51 <.001 3.10° 2.01-4.78" <.001° 5.05* 1.83-13.90° .00174%
EOSS 0/1 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Note: Reference groups—Overweight (BMI 25.00-29.99) for WHO Categories of BMI and EOSS stage 0/1 for EOSS stage. Bolded aORs are statistically
significant.

Abbreviations: AKI, acute kidney injury; aOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; EOSS, Edmonton Obesity Staging System;
ICU, Intensive Care Unit.

2EOSS stage is considered as a continuous predictor variable due to zero counts, with the reference group being the stage below each stage examined (i.e.
reference group for EOSS stage 3/4 is EOSS stage 2 and reference group for EOSS stage 2 is EOSS stage 0/1).

TABLE 5 Multivariable analyses of hospitalized SARS-CoV-2-infected patients with a BMI 225 with BMI and EOSS as continuous predictor
variables
Model 4 Model 5 Model 6
BMI EOSS total score BMI EOSS total score
aOR  95% ClI pvalue aOR 95% Cl pvalue aOR 95%Cl pvalue aOR 95%Cl p value
AKI 0.98 0.94-1.03 .449 116 1.11-122 <.001 0.98 0.93-1.02 .287 116 1.11-122 <.001
ICU Admission 1.00 0.97-1.04 .851 1.07 1.03-1.11 .001 1.00 0.97-1.03 .949 1.07 1.03-1.11 .001
Mechanical Ventilation 1.00 0.97-1.04 .729 108 1.03-1.12 <.001 1.00 097-1.04 .828 108 1.03-1.12 <.001
Mortality 1.03 097-1.11 325 1.08 1.00-1.16 .061 1.03 097-1.10 .358 1.08 1.00-1.16 .066

Note: Both BMI and the EOSS total score were treated as continuous variables in the three models. Bolded aORs are statistically significant.
Abbreviations: AKI, acute kidney injury; aOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; EOSS, Edmonton Obesity Staging System;
ICU, intensive care unit.

Our study corroborates recently published data from Mexico?’
utilizing EOSS to comprehensively assess obesity-related comorbidity
burden in COVID-19 patients with elevated BMI. These analyses
demonstrated that obesity-related comorbidity burden, as assessed
by EOSS, was associated with poor COVID-19 outcomes, unlike BMI.
Numerous studies have demonstrated an association between BMI
and poor COVID-19 outcomes'™”; however, the degree to which
obesity-related comorbidities have been controlled for in these stud-
ies has been variable. Some have not controlled for any com-
orbidities®® while most have only corrected for a select few, mainly
comorbid diabetes and hypertension.}™”%1231-35 Consistent with the

results of the present study, the metabolic syndrome (the quartet of
type 2 diabetes, hypertension, waist circumference and hyper-
lipidaemia), has been shown to be a better prognostic factor for
COVID-19 severity than its individual components including obe-
sity.X® However, this has been contrasted by other studies demon-
strating that waist circumference alone is a better predictor relative to
metabolic syndrome.®® Despite this, other studies have also shown
that the accrual of multimorbidity,15 worse metabolic health,>” and
high comorbidity index®® are associated with more severe COVID-19
illness. However, these studies included all-comers with BMI in the

normal range and were not specific to patients with an elevated BMI.
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Interestingly, both median BMI and the proportion of patients in
each WHO obesity class did not differ by EOSS stage. This disassocia-
tion may reflect the inadequacy of BMI to predict metabolic
health.}2? It may also reflect our real-world cohort consisting of
those presenting with an elevated BMI from suburban New York,
which likely differs from previous study cohorts.*® Furthermore, simi-
lar to other recently published cohorts of hospitalized COVID-19
patients,®241747 the present study did not demonstrate an association
between BMI and poor COVID-19 outcomes. This difference
between earlier studies and more recent work may reflect better
defined cohorts that enable a more nuanced analysis of the associa-
tion between BMI and COVID-19-related outcomes such that the
appropriate adjustments can be made for the effects of obesity-
related comorbidities. Future studies directly comparing BMI and
obesity-related comorbidities should be done in cohorts where BMI
has been found to be a significant predictor of poor COVID-19 out-
comes. Moreover, alternative measures of obesity such as waist cir-
cumference, which has been shown to correlate with health
outcomes, should be explored. It is likely we have captured “adipos-
ity-based chronic disease”*“? through EOSS staging, and it would be
valuable to assess other measures of adiposity to better characterize
the interactions between adiposity, comorbidity burden and COVID-
19 risk.

A strength of this study is our examination of a cohort during the
first wave of COVID-19 in early 2020 when outcomes were not
impacted by now-proven inpatient treatments including dexametha-
sone, remdesivir, tocilizumab and baricitinib. Moreover, inpatient clini-
cal management in future cohorts would be based on lessons learned

from the present study's cohort and others. This improvement°

may
have altered the relationship between obesity and COVID-19 out-
comes. Another strength of this study is the use of medications in
addition to diagnostic codes to ensure a comprehensive and accurate
staging of patients according to obesity-related comorbidity burden
via the EOSS. Lastly, similar results were obtained with both EOSS
stage and total score in our multivariable analyses, which strengthens
the internal validity of the present study.

There are several limitations of this study, many of which are
trade-offs for examining this cohort. Firstly, as with all retrospective
observational designs, ascertainment of causality was limited in this
study. Beyond this, almost 17% of hospitalized patients did not have a
recorded BMI and were excluded. This may have resulted in selection
bias, but it appears as though patients who were excluded did not dif-
fer demographically from those included (Table S1), which suggests
that this bias was not limiting. We suspect that the urgency of hospi-
talization during the first wave of the pandemic contributed to a
decrease in recorded BMI in the medical record.

Although classification of patients by EOSS staging resulted in
a significant difference in age and sex between the EOSS stages,
both of which are known risk factors for poor COVID-19

outcomes,6'27'38

multivariable analyses were adjusted for age and
sex, which indicates that the significant associations found are inde-
pendent of age and sex effects. Moreover, patients may have been

misclassified as we tailored our classification scheme to the

OBESITY

available data. For instance, EOSS stage 0/1 patients may have
been misclassified secondary to a lack of health information avail-
able and could have had undiagnosed impairments in metabolic
health. This was somewhat mitigated by our inclusion of medica-
tions, but nonetheless may have skewed the results. Another limita-
tion of the present study was that not all aspects of the EOSS

20-24 \were able to be included (most notably—

staging system
functional impairment secondary to obesity) as we were limited by
the available data. Similarly, assessment of the correlation between
laboratory data such as inflammatory markers and EOSS stage was
not able to be done due to limited data availability. Similarly, we
were unable to assess for socio-economic status, which has been
shown to be a risk factor for COVID-19 severity and may be a
mediator of the associations found in this study.’° Lastly, our analy-
sis does not pinpoint which particular obesity-related comorbidities
contributed most to the association between EOSS stage and poor
COVID-19 outcomes; future investigation with better characterized
cohorts is needed in this regard.

In summary, we have demonstrated that among hospitalized,
non-elderly, first-surge COVID-19 patients with BMI in the over-
weight or obese range, obesity-related comorbidities as measured by
EOSS stage are associated with poor COVID-19 outcomes. This asso-
ciation was significant after adjustment for BMI and suggests that
impairment of health in patients with obesity is a better predictor of
inpatient COVID-19 outcomes than BMI alone. Future studies are
needed to better understand this relationship so that accurate antici-
patory guidance regarding risk can be given to patients with obesity

who become infected and hospitalized.
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