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Abstract

Background: Obesity has been described as a risk factor for COVID-19 severity and
mortality. Previous studies report a linear association between BMI and adverse
outcomes, meanwhile in other critical illness, excessive fat tissue is related to
improved survival. Whether different BMI is related with the survival of patients
with severe COVID-19 deserves further analysis.

Objective: To determine the mortality rate among hospitalized patients with severe
COVID-19 stratified according to BMI.

Methods: The clinical files of all patients hospitalized from March to December

Email: aldo.nagisa@gmail.com

2020 with a positive PCR test for SARS-CoV-2 discharged due to improvement or
death, were analyzed. A mixed effects logistic regression was carried out to
determine which clinical and biochemical characteristics and comorbidities were
associated with in-hospital mortality.

Results: The cohort consisted of 608 patients with a median age of 59 years
(interquartile ranges, IQR 46-69 years), median BMI of 28.7 kg/m? (IQR 25.4-
32.4 kg/m?), 65.5% were male. In-hospital mortality rate was 43.4%. Of the cohort
0.8% had low weight, 20.9% normal weight, 36.0% overweight, 26.5% obesity grade
I, 10.2% obesity grade Il and 5.6% obesity grade Ill. Mortality rate was highest in
patients with low weight (80%), followed by patients with obesity grade Il (58.8%)
and grade Il (50.0%). Overweight and underweight/obesity grade |1l were associated
with higher mortality (OR of 9.75 [1.01-1.10] and OR 4.08 [1.64-10.14]), after
adjusting by sex and age.

Conclusions: The patients in the underweight/overweight and grade 3 obesity
categories are at higher risk of COVID-19 related mortality, compared to those with
grade | or Il obesity.
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1 | INTRODUCTION

Since March 2020, the World Health Organization (WHQO) declared
the coronavirus disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) as a pandemic. As
of October 2021, the disease had spread to 221 countries, affecting
more than 233 million people and causing 4,777,503 deaths.? In
Mexico, the first COVID-19 case was reported in late February 2020.
By April 2020 the country rapidly reached a community transmission
stage. Currently, Mexico is one of the most affected countries glob-
ally, surpassed only by the United States, Brazil, and India.? Despite
many factors could explain the high burden of the COVID-19
epidemic in Mexico, the high prevalence of overweight (39.1%) and
obesity (36.1%) have a fundamental role for the development of
adverse clinical outcomes associated with COVID-19.3

Obesity is a major risk factor for severe COVID-19 infection.
However, some reports suggest that patients with obesity admitted
to the intensive care units (ICU) due other causes of sepsis have an
increased survival when compared to normal weight subjects.*° This
“obesity paradox” has been mentioned in some publications regarding
COVID-19, but there are insufficient data to clarify this associa-
tion.>® Furthermore, low weight and malnourishment are barely
considered.”

Weight extremes show a non-linear dose-response to all-cause
mortality,® but the information in COVID-19 patients is still contro-
versial and incomplete. For example, a prospective, community-based
cohort of 6.9 million people in England showed a linear association
between increasing BMI and admission to ICU due to COVID-19,
with a higher risk for people with a BMI of 20 kg/m? or less and an
increased mortality risk for people with a BMI higher than 28 kg/m?.
This study proposed that the risk of severe COVID-19 outcomes was
attributable to excess weight due metabolic impairment of organ
functioning, leading to insulin resistance meanwhile those with low
BMI had increased frailty.” In Mexico, Coss-Rovirosa et al. found that
patients with obesity had no significant risk of requiring intubation
and invasive mechanical ventilation compared with lean subjects.*® A
possible explanation for the discordance observed in those studies is
that overweight and obesity were determined using the BMI. Recent
evidence suggests that disproportionate adipose tissue distribution,
and particularly increased visceral adipose mass predicted an
increased risk of adverse outcomes in COVID-19 patients.** How-
ever, this parameter is difficult to evaluate in the clinical setting.

The aim of the study was to determine the effect caused by
adipose tissue accumulation thought BMI categorization on hospi-
talized COVID-19 mortality rates in the center of reference at
Mexico City. The hypothesis was that extreme BMI categories
(underweight and extreme obesity) could represent a non-linear risk
for COVID-19 mortality.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a retrospective cohort of patients admitted to a major
tertiary care referral center in Mexico, from March 2020 to February
2021. The study included patients hospitalized due severe COVID-19
infection. COVID-19 severity was defined using international guide-
lines: presence of dyspnea, a respiratory rate of 30 or more breaths
per minute, a blood oxygen saturation of 93% or less, a ratio of the
partial pressure of arterial oxygen to the fraction of inspired oxygen
(PaO2:FiO2) of less than 300 mmHg, or chest CT scan showing
pneumonia involving more than 50% of the lungs.'?>*® Of the large
number of patients needing acute, specialized medical care, only
those that required invasive mechanical ventilation (IMV) were
admitted in the intensive care unit (ICU management); most were
transferred to a unit with available beds. The decisions for hospi-
talization an ICU transfer were made by the treating physicians.

The exclusion criteria were an absent or negative PCR test, pa-
tients in whom BMI was not assessed or reported, and those in whom
the final outcome could not be clearly ascertained due lack of register
or transference to another hospital.

The information regarding comorbidities and the results of lab-
oratory tests performed upon hospital admission was obtained from
the electronic medical records. Only internal medicine specialists
oversaw the initial evaluation of the patients at the respiratory triage
and together with pneumologists and intensivists were responsible
for the management of patients during hospitalization.

Registered cardiovascular comorbidities included hypertension,
coronary artery disease, arrhythmia, valvular heart disease and heart
failure; respiratory comorbidities included chronic obstructive pul-
monary disease, asthma and sleep apnea; metabolic comorbidities
included abnormalities in glucose metabolism (diabetes, impaired
fasting glucose and glucose intolerance), dyslipidemias (hypercho-
lesterolemia, hypertriglyceridemia, hypoalphalipoproteinemia). Other
comorbidities registered in the database were kidney and liver dis-
ease as well as the presence of malignancies. Diabetes, obesity and
hypertension were considered as major comorbidities for COVID-19
complications and death. Significant comorbidities were defined as
any other diseases associated with those outcomes.

Anthropometric and clinical measurements were determined at

the time of hospital admission.

2.2 | Biochemical determinations

The tests for glucose, total cholesterol (TC), high density lipopro-

tein cholesterol (HDL-c), triglycerides (TG), creatinine, fibrinogen,
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D-dimer, procalcitonin, albumin, lactic dehydrogenase (LDH), ultra-
sensitive C-reactive-protein (CRP), ferritin, INR, uric acid and vitamin
D were analyzed with commercially available kits on an automated
platform. Complete blood count was performed using an automated
hematological analyzer. Glycated hemoglobin (HbA1c) was evaluated
enzymatically using the Atellica CH analyzer. Low-density lipoprotein
cholesterol (LDL-c) was calculated with Friedewald formula: LDL-c
(mg/dl) = TC mg/dl-(HDL-c mg/dl + TG mg/dl/5) if TG were
<400 mg/dl. Tests were done after at least 8 h fasting, when possible.
In all cases, tests were performed within the first 24 h from arrival,

before additional therapies were initiated.

2.3 | Ethics approval and consent to participate

The study was approved by the ethics committee of our institution.
The procedures were in compliance with local ethical regulations, the
Mexican Law of General Health regarding Health Research, the
institutional regulations, and the Declaration of Helsinki of 1975 and
its amendments. It was also in compliance with the currently
approved international codes and norms regarding Good Clinical
Practice in Clinical Investigation. The protocol and the aim of the
study were fully explained to the subjects or their families, who sign

the corresponding informed consent.

2.4 | Statistical analysis
Categorical variables are shown as frequencies and proportions.
Continuous variables are shown as median and interquartile ranges
(IQR). The clinical and biochemical characteristics of patients with
severe COVID-19 that were discharged or died were assessed using
a chi-squared test for categorical variables or Mann-Whitney's U test
for continuous variables. The risk of death at follow-up was evaluated
using a Cox Proportional Hazard Regression Model.

A p-value <0.05 was considered to be statistically significant.
Statistical software consisted of SPSS version 25.

3 | RESULTS

3.1 | Study population

From 1100 patients initially included, 492 were excluded due mild or
moderate COVID-19 (Figure 1) with a final sample composed of 608
patients. The general characteristics of the group were: 65.5% male,
with a median age of 59 years (IQR 46-69 years), 56.7% had been
discharged due to improvement of their condition and 43.4% died.
The most frequent comorbidities were diabetes (43.1%), obesity
(41.7%), hypertension (40.5%), dyslipidemia (17.4%), kidney disease
(16.3%), cardiopathy (13.3%), cancer (11.4%) and pneumopathy
(8.1%). The median BMI was 28.7 kg/m? (IQR 25.4-32.4 kg/m?).
Patients with underweight represented 0.8%; 20.9% had normal
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weight, 36% were overweight, 26.5% had grade | obesity, 10.2% had
grade Il obesity and 5.6% had grade Il obesity. Five patients had a
BMI higher than 50 kg/m?, which is sometimes classified as super
obesity.

The patients were hospitalized for a median of 10 days (IQR 6-
16 days). Table 1 shows the differences between the patients who
improved versus the ones who died. The comorbidities significantly
associated with death were diabetes mellitus, hypertension and
kidney disease. Other biochemical differences among groups are
shown in Table 2. Twenty-five percent of the patients had overweight
and obesity. Obesity was more frequent in women than in men
(53.6% vs. 35.9%, p < 0.001), but the highest BMIs and severe forms

of obesity were observed in men.

3.2 | Differences in metabolic and comorbid
characteristics stratified by BMI categories

The frequency of hypertension was similar among BMI groups
(p = 0.199), as were the frequencies of diabetes (p = 0.998) and
cardiopathy (p = 0.443). There were significant differences in
kidney disease (p = 0.018), the patients with low weight had
higher frequency of kidney disease (60%) in comparison with those
in other BMI categories (18.9% for normal weight, 17.4% for
overweight, 9.9% in grade | obesity, 21% in grade Il and 14.7% in
grade lll). Also, neoplasms were more common in the lower weight
group (40%), while normal weight had a frequency of 15.7%, 11.9%
in overweight patients, 8.7% in grade | obesity, 4.8% in grade Il
and 5.9% in grade Ill (p = 0.041). On the other hand, the proba-
bility of a lung disease increased with BMI with 0% in the low
weight group, 9% in the normal weight, 6% in overweight, 6% in
grade | obesity, 13% in grade Il obesity and 24% in grade Il
obesity (p = 0.006) (Table 3).

Patients with any degree of obesity had higher lymphocyte
counts (p = 0.003), higher hemoglobin (p = 0.008) and glycated he-
moglobin (p = 0.039) and lower D-dimer (p = 0.012) than the patients
with low or normal weight and overweight. Other clinical and
biochemical characteristics grouped by BMI are depicted in Table 3.
The patients in the extreme weights (grouped as underweight and
grade Il obesity) did not show any significant difference in the lab-
oratory tests compared to the patients in other BMI categories,
except for higher uric acid concentrations (6.3 vs. 4.5 mg/dl,
p = 0.008).

Further analysis revealed that 30.8% of the patients with
neumopathy had been diagnosed with the disease in the last month
before hospitalization or during it, with a median time from diagnosis
for the whole cohort of 3.5 years. For nephropathy, 53.8% were
diagnosed during their hospitalization for COVID, the patients with
previous diagnosis had a median of 5.8 years with the disease. Finally,
for neoplasms, 36.7% had been diagnosed within the previous
6 months from hospitalization and 13.3% were diagnosed during it.
Weight loss before hospitalization was reported by 80% of the pa-

tients with neoplasms.
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Referral by the specialized
respiratory triage

Excluded:
Not hospitalized
Not suspected of COVID-19

Excluded: mild and moderated
cases

A 4

Y
n= 1100 patients hospitalized
dueto “suspected” &
“severe" COVID-19

CRITERIA FOR SUSPECTED CASE OF SEVERE COVID-19
1) oxygen saturation <93% or respiratory frequency of > 30
breaths/min 2) or severe respiratory distress AND 3) imaging
test compatible with atypical pneumonia

Excluded: 492

Negative test= 242

No test done = 47

5| Result not registeredin the file = 62
Referred to other facilities or voluntarily
discharged= 25

Still hospitalized= 35

Inconsistent data= 48

\ Final outcome not ascertained = 33

CRITERIA FOR CONFIRMED CASE OF SEVERE COVID-19
1) Fulfiling the criteria for suspected case AND 2) positive
PCR test for SARS-CoV-2 in the National Reference
Laboratory

n= 608 patients confirmed
severe COVID-19

FIGURE 1 Patient selection flowchart

TABLE 1 Main comorbidities and

fiol SXGER outcomes between the patients with

Variable Discharged n = 344 Death n = 264 p* severe COVID-19 that improved or died
Age (years) 51 (41-60.7) 62 (52-71) <0.001
Male sex (%) 220 (64.0) 178 (67.4) 0.372
Hypertension (%) 113 (32.8) 133 (50.3) <0.001
Years with hypertension 3(1-12) 10 (3-15) 0.294
Diabetes (%) 131 (38.1) 131 (49.6) 0.004
Dyslipidemia (%) 63 (18.3) 43 (16.3) 0.514
Kidney disease (%) 40 (11.6) 59 (22.3) <0.001
Cardiopathy (%) 40 (11.7) 41 (15.5) 0.165
Lung disease (%) 25 (7.3) 24 (9.1) 0.413
Neoplasm (%) 28 (8.1) 39 (14.8) 0.010
BMI, kg/m? 28.4 (25.4-31.3) 29.7 (26.0-34.7) 0.305
Obesity (BMI > 30 kg/m?, %) 140 (59.2) 114 (50.4) 0.480
Disease outcomes
Admission to the ICU (%) 54 (15.6) 86 (32.5) <0.001
Invasive mechanical ventilation (%) 49 (14.2) 132 (50) <0.001
Days hospitalized (number, IQR) 10 (6-15) 9 (4-15.3) 0.027

Note: Results are expressed in medians (interquartile ranges) or percentages.

Abbreviations: BMI, body mass index; ICU, intensive care unit.

*Statistically different among groups using Mann-Whitney U or squared chi tests.
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TABLE 2 Biochemical characteristics of hospitalized patients with severe COVID-19, comparing those that improved or died

Follow-up
Variable Discharged n = 344
Saturation without supplementary 80 (70-90)
oxygen at admission (%)
Blood count
Leukocytes, x 10%/ml 8.1 (6.3-11.9)
Neutrophils, x10%/ml 6.9 (4.8-10.2)

Lymphocytes, x10%/ml 0.81 (0.59-1.15)

Hemoglobin, g/L 14.8 (13.2-16.1)
Sepsis & severity biomarkers
Fibrinogen, mg/dI 666 (536-773)
D-dimer, pg/ml 1.1 (0.72-2.39)
Procalcitonin, ng/ml 0.21 (0.09-0.48)
Albumin, g/L 3.3 (3.0-3.7)
LDH, U/L 389 (288-494)
Reactive C protein, mg/dl
Ferritin, ng/ml 922 (498-1489)
INR 1.10 (1.04-1.19)
Nutritional and metabolic parameters
FPG, mg/dl 108 (87-145)
HbA1c, % 6.4 (5.8-9.0)
143 (124-174)

28 (22-35)

Total cholesterol, mg/dl
HDL-c, mg/dl

LDL-c, mg/dl 79 (63-108)
Triglycerides, mg/dI 155 (119-221)
Creatinine, mg/dl 0.81 (0.70-1.01)
Uric acid, mg/dl 4.3 (3.1-5.7)

25-0OH vitamin D, ng/dl 16.1 (11.2-20.5)

Note: Results are expressed in medians (interquartile ranges) or percentages.

9.41 (3.68-17.30)

Death n = 264 p*

65 (52-81) <0.001

10.8 (7.4-15.6) 0.010
9.4 (6.4-13.9) 0.009
0.72 (0.50-1.15) 0.225
14.1 (11.8-15.7) 0.485
750 (598-798) 0.170
2.1 (1.1-24) <0.001
0.90 (0.28-3.12) <0.001
3.0 (2.7-3.4) 0.002
519 (390-703) <0.001
18.52 (11.17-26.35) <0.001
1047 (557-1659) 0.303
1.17 (1.09-1.27) 0.001
125 (95-185) 0.008
6.5 (6.0-8.4) 0.741
125 (103-156) 0.003
23 (16-30) 0.036
62 (47-85) 0.008
181 (124-277) 0.458
0.98 (0.78-1.89) 0.027
5.2 (3.4-7.5) 0.129
12.5 (9.1-18.2) 0.845

Abbreviations: 25-OH vitamin D, 25-hydroxy vitamin D; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; INR, international normalized ratio;

LDH, lactic dehydrogenase.

*Statistically different among groups using Mann-Whitney U or squared chi tests.

3.3 | COVID-19 mortality risk
The patients with at least one of the major comorbidities (obesity,
diabetes or hypertension) had significantly higher risk of in-hospital
death (OR 1.786, 95% Cl 1.165-2.738, p < 0.001). The patients
with extreme BMIs (low weight or grade Il obesity) had higher risk of
mortality with an OR 2.193 (Cl 95% 1.127-4.270, p = 0.018). Other
comorbidities were not significant to predict death except for kidney
disease (OR 2.187, Cl 95% 1.410-3.392, p < 0.001) and neoplasm
(OR 1.956, Cl 95% 1.169-3.273, p = 0.010).

A model including age, neoplasia, kidney disease and extreme
BMIs was significant (p = 0.024) but individual factors other than
extreme BMI were not individually significant. Furthermore, obesity

was associated with a higher probability of having any of the 3 major
comorbidities (OR 2.168, 95% Cl 1.954-2.407, p < 0.001), but not
the other significant comorbidities (nephropathy p = 0.066, neum-
opathy p = 0.103).

These high mortality rates among underweight and patients with
severe obesity resulted in a J-shaped curve (Figure 2). The fixed Cox
Proportional Hazard Regression model showed that for mortality due
COVID-19, the hazard ratio (HR) for normal weight was 1.33 (0.45-
3.94, p = 0.597), for overweight was 0.64 (0.38-1.08, p = 0.095), for
grade | obesity was 0.60 (0.37-0.98, p = 0.043), for grade Il obesity was
0.54 (0.32-0.91, p = 0.022) and for grade IIl obesity was 0.76 (0.43-
1.33, p = 0.340). No differences were found in the HR for mechanical
ventilation requirements nor for UCI admission by BMI category.
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Those patients with extreme BMIs (underweight/grade Il
obesity) had a HR for COVID-19 mortality of 1.45 (1.07-1.95,
p = 0.014) and a HR for requirement of mechanical ventilation of
1.71 (1.023-2.874, p = 0.041). The HR for ICU requirement was
not significant in this group (HR 1.31, 0.705-2.43, p = 0.392).
Regarding mortality due COVID-19 or requirement of mechanical
ventilation, no differences were observed using an interaction
analysis with the major comorbidities, HbA1c
(Figure 3).

nor age or

4 | DISCUSSION

The mortality rates in the current study are higher than those reported
previously,* especially for the patients with underweight and grade I11
obesity. The patients within extremes of the BMI classifications were
more prone to require mechanical ventilation or had worse outcomes
than those with normal weight or grade | or 1l obesity. Even when some
patients with excess weight survived, the concept of the “obesity
paradox” cannot be generalized for all degrees of obesity, particularly if
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other comorbidities are present in the context of severe COVID-19.
The patients in this cohort seem to be different in other important
parameters compared with other publications: they are younger, the
frequency of metabolic comorbidities is high, and these were corrob-
orated by laboratory and imaging testing.'®

The elevated mortality rates in this cohort are multifactorial.
These patients represent only one extreme of the disease spectrum,
since only patients fulfilling the severity criteria and required hos-
pitalization were included. This referral center is equipped with
diagnostic tests and specialized treatments not available in other
general hospitals, which makes it more likely to have patients with
multiple and severe comorbidities that require a multidisciplinary
attention. Despite the available resources, many of them are chron-
ically or terminally ill and had worse outcomes than the general
population.

A previous study in Mexico showed that people living with
obesity, diabetes and hypertension had a 1.4-fold, 1.8-fold and 1.7-
fold higher odds of developing severe COVID-19 on admission.*® This
is similar to these results, where the extreme BMiIs (low weight or
grade Il obesity) had 1.45-fold higher odds of COVID-19 mortality.
To our knowledge this is the first study that evaluated obesity but also
low weight as risk for severe outcomes in COVID-19; however, it only
included the more severe cases and thus results cannot be extrapo-
lated to milder cases. Also, another study reported that the addition
of obesity to any number of comorbidities significantly increased the
risk of fatality due to COVID-19.17 In the current study, the high
mortality rate for patients in the extreme BMlIs and the low rate for
the first two obesity grades, were not affected by the presence of
diabetes or dyslipidemia. This could be related with the high preva-
lence of those diseases in all the BMI categories in this study and
agrees with the high incidence reported in Mexico.®

Obesity has been related to worse COVID-19 outcomes through
different physiopathological pathways, such as the fact that the accu-
mulation of fat tissue, especially visceral and white tissue, is related to
chronic inflammation.'® Another mechanism is the increased expres-
sion of ACE receptors in patients with hypertension, kidney disease
and obesity, which may facilitate the access of the virus to susceptible
tissues.r® It is not currently known if the combination of these
comorbidities increases this expression even further. Moreover, the
influence of obesity seems to be paradoxical even after COVID-19
infection. In a retrospective analysis of a prospective, observational
registry in the USA, a BMI higher than 35 kg/m? was associated with
adverse cardiovascular, renal, pulmonary and mental health after acute
COVID-19, the postacute sequelae of COVID-19 (PASC). However,
nervous system, hepatic, endocrine or hematological complications as
well as mortality rates were not different among groups. The authors
suggest that these results could be related to obesity-induced hyper-
inflammation, immune dysfunction and co-morbidities.?°

A single determination of BMI was not a reliable biomarker to
predict the outcomes in this group. The patients that were under-
weight or actively losing weight before the diagnosis of COVID-19
were more likely to have neoplasms, uncontrolled diabetes or kid-

ney disease, as well as other comorbidities associated with weight
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loss. These results suggest that the weight history in the few months
before hospitalization should also be assessed.

Additionally, some differences in biochemical and hematological
evaluation were found among BMI categories. Those patients in the
lowest categories had lower HbA1c levels. However, this has to be
taken cautiously, since patients with underweight and some with
normal weight had lower hemoglobin levels. Also, lymphocytes were
lower in the patients with the lowest BMI. Lymphopenia has been
associated with disease severity and mortality.>>*?2 However, despite
statistical differences, the lymphocyte counts were below the normal
ranges in the whole group (1-3.7 x 10%ml), which reflects the
severity of the disease.

The obesity paradox in patients with obesity may be related
with a certain protection mainly to the patients with a stable
weight and enough reserves to fight an acute and severe illness,
which means that the weight classification is not enough to predict
mortality in these patients. It would be desirable to know the
weight history for our patients in the weeks or months before
hospitalization and to consider different comorbidities (known or
unknown) according to their evolution, something that may prove
to be difficult for the healthcare staffs in the middle of a
pandemic. However, our results show that the patients in the
lower weights or that have been actively losing weight may benefit
from additional efforts to evaluate kidney or neoplastic comor-
bidities, while the patients in the higher weights may benefit from
screening from lung and kidney diseases. All the population needs
to be cautiously and continuously evaluated for metabolic diseases
during their hospital stay such as hypertension or diabetes, and
additional attention should be paid to the evolution of these dis-
eases after the acute process and long term follow up.

A limitation of this study is that we used BMI as the only
biomarker for obesity. This parameter may not be enough to deter-
mine the full metabolic state, where people actively losing or gaining
muscle or fat, may behave differently than the patients with stable
weight even when they are all in the same classification by BMI.2®
However, patients are not routinely measured for waist or hip
circumference and body composition tests were not available in the
COVID-19 area in our center. Also, the sample size of patients with
underweight is small, and a correct interpretation of the results in
them should be done cautiously. These results should not be inter-
preted as a recommendation to increase body weight in order to
improve the chances to survive COVID-19. The studies in open
population show that the patients in healthy body weights have less
probabilities of having symptomatic COVID-19 or developing com-
plications or requiring hospitalizations.?* Population based in-
terventions should be clear about the need to keep a healthy lifestyle
to prevent complications.

Another limitation is that the follow-up of these patients to their
hospital discharge could be not enough to determine the overall ef-
fect of the disease, since it was not possible to evaluate the long-term
mortality for the survivors. However, this study shows that the
published data for obesity as a risk factor for adverse outcomes in

severe COVID-19 requires further analysis in each population.
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5 | CONCLUSION

The mortality rate of patients with severe COVID-19 varies within
BMI classifications. In this cohort, patients with grade | or Il obesity
had lesser risk of death meanwhile those in the lowest or highest BMI
groups had the highest mortalities, describing a J-shaped curve.
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