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Abstract 

Introduction: Multiple studies consistently 

demonstrate a link between higher body mass in-

dex (BMI) levels and unfavorable outcomes in in-

dividuals with coronavirus disease 2019 

(COVID-19). This study aimed to assess the in-

fluence of BMI on COVID-19 outcomes and the 

need for mechanical ventilation. 

Materials and methods: From March 2020 to 

February 2022, we conducted a retrospective co-

hort study involving adult patients admitted to a 

single center in Houston, Texas, with COVID-19 

infection. Patients were categorized into five 

groups based on their treatment methods: 

Group 1 received invasive mechanical ventila-

tion, Group 2 used bilevel positive airway pres-

sure ventilation (BiPAP), Group 3 was on high 

flow nasal cannula (HFNC), Group 4 utilized 

both HFNC and BiPAP, and Group 5 included 

patients in the Intensive Care Unit (ICU) who 

could manage on room air. 

Results: 985 individuals were included in this 

study with a median age of 55.7 years old (45-67). 

Overall median BMI was 29.3 kg/m2 (27-34.5 

kg/m2). Five hundred fifty-four (56.2%) patients  

were males and 431 (43.8%) females. A total of 

798 (81%) survived. Hospitalization survival in 

underweight patients was 13 (86.7%), normal 

weight was 143 (81.7%), overweight was 267 

(79%), obese class 1 was 191 (84.1%), obese class 

2 was 98 (79%), and obese class 3 was 87 (81.3%) 

(χ2 (5)=3.032, p=0.695). When assessing the need 

for mechanical ventilation, 160 (16.1%) of all pa-

tients required assisted ventilation. In each cate-

gory: 3 (20%) underweight patients, 25 (16%) 

normal weight patients, 62 (39%) overweight pa-

tients, 33 (21%) obese class 1 patients, 23 (14%) 

obese class 2 patients, and 14 (9%) obese class 3 

patients required ventilation (χ2 (5)=2.613, 

p=0.759). Analyzing days hospitalized, length of 

stay in each category was: underweight 6 (5-12) 

days, normal weight 7 (3-12) days, overweight 

6.5 (4-12) days, obese class 1 7 (4-12) days, obese 

class 2 7.5 (4-14) days, and obese class 3 7 (5-12) 

days (H(5)=3.207, p=0.632). 

Conclusions: In our cohort, BMI was not associ-

ated with increased mortality rate, longer hospi-

talization duration, or need for mechanical ven-

tilation in patients with COVID-19. 
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Introduction 

Numerous studies have consistently shown that 
higher body mass index (BMI) levels are associated 

with worse outcomes among individuals infected 

with coronavirus disease 2019 (COVID-19). (1) 
Obese individuals, in particular, face an increased 

risk of developing severe illness, requiring intensive 

care, and experiencing higher mortality rates com-

pared to those with lower BMI. (2) The relationship 
between BMI and COVID-19 outcomes is multifac-

eted and complex. Obesity is known to be associ-

ated with chronic inflammation and an increased 
prevalence of comorbidities such as diabetes, cardi-

ovascular disease, and respiratory conditions. (3) 

These underlying health conditions may contribute 

to a poorer prognosis among obese COVID-19 pa-
tients. Understanding the correlation between BMI 

and patient outcomes is crucial for risk stratification 

and guiding appropriate management strategies. (3) 
Mechanical ventilation played a critical role in man-

aging severe COVID-19 cases, especially in the in-

tensive care unit (ICU). (4) When COVID-19 pa-
tients develop severe respiratory distress, assisted 

mechanical ventilation may become necessary to 

support their breathing and ensure adequate oxy-

genation. However, invasive mechanical ventilation 
has been associated with worse mortality among 

COVID-19 patients. (4) Therefore, in the ICU set-

ting, various respiratory support techniques are em-
ployed, including bilevel positive airway pressure 

(BiPAP), high-flow nasal cannula (HFNC), and in-

vasive mechanical ventilation (IMV). (5) 
This study aimed to examine the relationship be-

tween BMI and COVID-19 patients regarding the 

need for assisted mechanical ventilation and clinical 

outcomes. 
 

Methods 

Study design and setting 

Retrospective cohort analysis was conducted at a 

single center in the intensive care unit in Houston, 

Texas. The analysis focused on adult hospital pa-

tients diagnosed with COVID-19 between March 
2020 and February 2022. The sample was divided 

into four groups: Group 1 consisted of patients re-

ceiving invasive mechanical ventilation, Group 2 
comprised patients requiring BiPAP, Group 3 in-

cluded patients on HFNC, Group 4 consisted of pa-

tients using both HFNC and BiPAP, Group 5 in-
cluded patients in the ICU who were able to be man-

aged on room air, and finally Group 6 included the 

patients in the ICU managed with a nasal cannula. 

 
Participants 

Patients' eligibility was determined using the insti-         

. 

tution's Meditech electronic medical records (EMR) 

software. Patients were included in the cohort if 
they met the following criteria: 1) Detection of se-

vere acute respiratory syndrome Coronavirus 2 

(SARS-CoV-2) ribonucleic acid (RNA) through 
quantitative reverse transcription polymerase chain 

reaction (RT-PCR), 2) Severe symptoms requiring 

admission to the ICU, 3) Need for invasive mechan-

ical ventilation, and 4) Evidence of pulmonary infil-
trates on chest imaging. Patients who did not require 

mechanical ventilation were excluded from this co-

hort. 
 

BMI category definitions 

Patients were categorized based on their BMI as fol-

lows: underweight, normal weight, overweight, or 
obese. Underweight individuals had a BMI of less 

than 18.5 kg/m2. Normal-weight individuals had a 

BMI between 18.5 and less than 24.9 kg/m2. Over-
weight individuals had a BMI between 25 and less 

than 29.9 kg/m2. Obese individuals had a BMI of 

30.0 kg/m2 or higher. Among the obese category, 
further subclassification was done: Class I obese in-

dividuals had a BMI between 30 and less than 34.9 

kg/m2. Class II obese individuals had a BMI be-

tween 35 and less than 39.9 kg/m2. Class III obese 
individuals had a BMI of 40 kg/m2 or higher. These 

classifications align with the World Health Organi-

zation's BMI classifications. (6) 
 

Data collection 

We utilized the MeditechTM electronic medical rec-
ord system within the hospital to collect patient data 

for the study. This dataset comprised various infor-

mation such as demographic details, clinical rec-

ords, laboratory examinations, severity assess-
ments, imaging results, treatment regimens, the use 

of invasive mechanical ventilation, length of hospi-

talization, and patient prognoses. 
It is important to highlight that before data collec-

tion, this study strictly followed ethical protocols 

and obtained approval from the hospital's Institu-

tional Review Board. All patient data underwent 
anonymization procedures and was handled with 

the highest level of confidentiality to safeguard in-

dividual privacy. 
 

Statistical analysis 

Statistical analysis was conducted by using IBM 
SPSS Statistics version 24.0. Descriptive statistics, 

including frequencies and percentages, were used to 

summarize data. Chi-square, U Mann-Whitney, and 

Kruskal Wallis tests were used to examine the asso-
ciation between the categorical variables. Statistical 

significance was defined as a p-value <0.05. 
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Results 

Demographics 
This study comprised 985 patients, including 554 

(56.2%) males and 431 (43.8%) females. Five hun-

dred and thirty-four (54.2%) patients identified as 
Hispanic, 194 (19.7%) as Caucasian, 204 (20.7%) 

as African American, 10 (1%) as Asians, and 29 

(2.9%) fell into the “other” category. Out of all par-

ticipants in this study, 14 (1.4%) were determined 
to be underweight, 175 (17.8%) were determined to 

have normal weight, 338 (34.3%) were determined 

to be overweight, 227 (23%) were determined to be 
within the obesity class 1, 124 (12.6%) as obesity 

class 2, and 107 (10.9%) as obesity class 3. The dis-

tribution of each sex within BMI classifications can 

be found in Figure 1. The patients' ages ranged be-
tween 17 and 95 years old, with a mean age of 55.7 

years. 

The most common comorbidities found in the co-
hort were hypertension in 365 (31.1%) individuals 

and type 2 diabetes mellitus (T2DM) (25.3%). 

Other comorbidities included were chronic obstruc-
tive pulmonary disease (COPD), previous myocar-

dial infarction (MI), congestive heart failure (CHF), 

peripheral vascular disease (PVD), stroke or transi-

ent ischemic attack (TIA), hemiplegia, dementia, 
liver disease, cancer (both solid tumors as well as 

leukemia and lymphoma), connective tissue dis-

ease, peptic ulcer disease, and acquired immunode-
ficiency syndrome (AIDS). One hundred fifty-one 

(41.3%) patients within our sample reported having 

other comorbidities not listed, and 149 (40.7%) re-
ported having none (Figure 2). 

 

Type of ventilatory support according to BMI 

In Group 1, out of 985 patients, 160 (16%) required 
invasive mechanical ventilation. Of these 160 pa-

tients, 3 (2%) were classified as underweight, 25 

(16%) as normal weight, 62 (39%) as overweight, 
33 (21%) as having class I obesity, 23 (14%) as 

class II obesity, and 14 (9%) as class III obesity (χ2 

(5)=2.613, p=0.759). Group 2 consisted of 10 pa-

tients who required BiPAP (1%). Within Group 2, 5 
patients were overweight (50%), 1 had class I obe-

sity (10%), and 4 had class III obesity (40%). No 

patients were underweight, normal weight, or 
within class II obesity. In Group 3, 139 patients 

(14%) required the utilization of HFNC. Out of 

these, 2 (1%) were underweight, 20 (14%) were of 
normal weight, 48 (35%) were overweight, 33 

(24%) fell into the class I obesity classification, 22 

(16%) in class II obesity, and 14 (10%) in class III 

obesity. Group 4 consisted of 57 individuals 

(15.6%) who were managed using both BiPAP and  

HFNC. Among them, 9 (16%) were classified as 

having a normal weight, 14 individuals (25%) were 
classified as overweight, 17 individuals (30%) were 

within the class I obesity, 8 individuals (14%) were 

within class II obesity, and 9 individuals (16%) 
were within class III obesity. Group 5 was made up 

of 198 patients (20%) who were managed on room 

air only. From this group, 6 (3%) were underweight, 

46 (23%) were of normal weight, 62 (31%) were 
overweight, 47 (24%) were found to be within class 

I obesity, 22 (11%) as class II obesity, and 15 (8%) 

as class III obesity. Lastly, Group 6 was composed 
of 401 (41%) patients managed with nasal cannula, 

from which 3 (1%) were underweight, 69 (17%) had 

a normal weight, 137 were overweight, 95 (24%) 

were found in class 1 obesity, 48 (12%) within class 
2 obesity, and 49 (12%) as class 3 obesity. A sum-

mary of this data can be found in Figure 3. 

 
Mortality 

Seven hundred and ninety-eight (81%) patients sur-

vived hospitalization, while 187 (19%) expired. 
Fifty-seven (13.2%) females and 130 (23.5%) males 

died (p<0.001). Two (14.3%) patients were under-

weight, 32 (18.3%) had a normal weight, 71 (21%) 

were overweight, 36 (15.9%) were obese class 1, 26 
(21%) were obese class 2, and 20 (18.7%) were 

obese class 3 (χ2 (5)=3.032, p=0.695) (Table 1) 

Only 1 (1.6%) patient on room air was overweight 
and died (p=0.773). From the group of patients with 

nasal cannula, 4 (5.8%) patients had normal weight, 

4 (2.9%) were overweight, and 3 (6.1%) obese class 
3 died (p=0.322). In the high-flow nasal cannula 

group, 2 (10%) had a normal weight, 1 (2.1%) was 

overweight, 1 (3%) had obesity class 1, and 1 

(7.1%) had obesity class 3. Additionally, 5 (3.6%) 
did not show a significant difference (p=0.491). 

However, the other groups exhibited a higher mor-

tality rate. This included the group that used HFNC 
and BiPAP simultaneously, 3 (33.3%) patients with 

normal weight, 6 (42.9%) overweight, 7 (41.2%) 

obesity class 1, 4 (50%) obesity class 2, and 1 

(11.1%) obesity class 3 died (p=0.497). In the Bi-
PAP group, 5 (55.6%) of the patients were over-

weight, 1 (11.1%) had obesity class 1, and 3 

(33.3%) had obesity class 3 (p=0.248). Finally, the 
IMV group exhibited the highest mortality, with 2 

(66.7%) underweight patients, 23 (92%) with nor-

mal weight, 53 (85.5%) overweight, 27 (81.8%) 
obesity class 1, 22 (95.7%) obesity class 2, and 12 

(85.7%) obesity class 3 (p=0.846). However, no sta-

tistically significant difference was found between 

clinical outcomes and BMI. The data can be seen in 

Figure 4. 
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BMI, hospital stay, and severity scales 

We aimed to determine if there was a correlation be-
tween BMI and hospital length of stay (LOS) and 

found no correlation between these two variables 

(χ2 (5)=3.207, p=0.632)). In addition, we aimed to 
determine if BMI influenced the total number of 

days until patients were intubated and the number of 

intubated days and found no correlation as well. We 

also found no correlation between BMI and scoring 
systems (Acute Physiology and Chronic Health 

Evaluation [APACHE] II and quick Sequential Or-

gan Failure Assessment [qSOFA]). 
 

Discussion 

This study aimed to investigate the impact of BMI 

on COVID-19 outcomes in a cohort of patients ad-
mitted to the ICU. The primary outcomes examined 

were mortality, hospitalization duration, and the 

need for mechanical ventilation. Contrary to prior 
publications, our results indicated that BMI was not 

significantly associated with higher mortality rates, 

longer hospitalization periods, or the need for me-
chanical ventilation among patients with COVID-

19. We did, however, find that there was a relation-

ship between weight classification and the type of 

ventilation required. Patients in higher weight clas-
sifications (overweight, class 1, class 2, and class 3 

obesity) were more likely to require invasive me-

chanical ventilation as compared to those with nor-
mal weight or underweight. 

The study also highlighted the obesity paradox, 

which refers to the counterintuitive benefits of obe-
sity on mortality in certain populations. While this 

study did not find a statistically significant correla-

tion between BMI and mortality, other investiga-

tions have shown that obesity did play a role in the 
severity of SARS-CoV-2 infection, particularly af-

fecting patients with a BMI of 35 or higher. (6,7) 

Not surprisingly, patients on room air oxygen had a 
low mortality rate (1.6%), regardless of their BMI, 

suggesting that those not requiring additional oxy-

gen support had better overall health or less severe 

respiratory conditions. For patients receiving nasal 
cannula and HFNC, mortality rates varied across 

different BMI categories. Still, the differences were  

not statistically significant, indicating that BMI 

alone may not be a strong predictor of mortality in 
patients utilizing these types of oxygen supplemen-

tation. 

A recent French study revealed a high prevalence of 
patients with obesity and severe obesity requiring 

invasive mechanical ventilation due to SARS-CoV-

2 infection. (8) This study demonstrated different 

distributions of SARS-CoV-2 patients across BMI 
categories, with a lower prevalence of patients with 

a BMI≥35 kg/m2 reported in one study compared to 

another. (8,9) 
While mortality rates showed variability across dif-

ferent BMI categories in certain groups, the lack of 

statistically significant associations suggested that 

BMI alone may not be a strong predictor of mortal-
ity in these specific circumstances. (10,11) As a re-

sult, healthcare professionals should consider other 

relevant factors when assessing patient outcomes 
and making treatment decisions. Further research 

involving larger sample sizes and other influencing 

factors is needed to comprehensively understand 
mortality in these patient groups. 

 

Conclusions 

Our results indicate that BMI does not significantly 
correlate with higher mortality rates, longer hospital 

stays, or the need for invasive mechanical ventila-

tion among COVID-19 patients. While higher BMI 
levels may influence the need for mechanical venti-

lation, BMI alone may not predict mortality or se-

verity reliably. However, our study did reveal a no-
table connection between weight classification and 

the type of ventilation required, with higher weight 

classifications being linked to an increased likeli-

hood of needing invasive mechanical ventilation. 
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Table 1. Patients who did not survive hospitalization 

 

 Underweight Normal weight Overweight Obese class 1 Obese class 2 Obese class 3 Total U Man-Withney 

Room air 0 0 1 0 0 0 1 p=0.773 

0% 0% 100% 0% 0% 0% 0.54% 

Nasal cannula 0 4 4 0 0 3 11 p=0.322 

0% 36% 36% 0% 0% 27% 5.91% 

HFNC 0 2 1 1 0 1 5 p=0.491 

0% 40% 20% 20% 0% 20% 2.69% 

BiPAP 0 0 5 1 0 3 9 p=0.248 

0% 0% 56% 11% 0% 33% 4.84% 

HFNC+BiPAP 0 3 6 7 4 1 21 p=0.497 

0% 14% 29% 33% 19% 5% 11.29% 

IMV 2 23 53 27 22 12 139 p=0.846 

1% 17% 38% 19% 16% 9% 74.73% 

 
Legend: HFNC=high flow nasal cannula; BiPAP=bilevel positive airway pressure; IMV=invasive mechanical ventilation. 
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Figure 1. Distribution of BMI according to gender 

 

 
 

Legend: BMI=body mass index. 
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Figure 2. Patient comorbidities 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
Legend: T2DM=type 2 diabetes mellitus; CHF=congestive heart failure; COPD=chronic obstructive pulmonary disease; PVD=peripheral vascular disease; TIA=transient 

ischemic attack; MI=myocardial infarction; AIDS=acquired immunodeficiency syndrome. 
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Figure 3. BMI and type of ventilatory support 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

Legend: BMI=body mass index; IMV=invasive mechanical ventilation; BiPAP=bilevel positive airway pressure; HFNC=high-flow nasal cannula. 
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Figure 4. Mortality according to ventilation device used and BMI 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

Legend: BMI=body mass index; IMV=invasive mechanical ventilation; BiPAP=bilevel positive airway pressure; HFNC=high-flow nasal cannula. 
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