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Abstract

Objective: To examine the association between body mass indexes (BMI) and clinical outcomes 

among patients with COVID-19 infection.

Methods: We included 10,861 patients with COVID-19 infection admitted to the Northwell 

Health system hospitals during the period of March 1 to April 27, 2020. BMI was classified as: 

underweight, normal, overweight, obesity class I, II, and III. Primary outcomes are invasive 

mechanical ventilation (IMV) and death.

Results: There were 243 (2.2%) underweight, 2,507 (23.1%) normal weight, 4,021 (37.0%) 

overweight, 2,345 (21.6%) obesity class I, 990 (9.1%) obesity class II, and 755 (7.0%) obesity 

class III patients. Patients who are overweight (OR=1.27[95% CI, 1.11-1.46]), obesity class I 

(OR=1.48 [95% CI, 1.27-1.72]), obesity class II (OR=1.89[95% CI, 1.56-2.28]), and obesity class 

III (OR=2.31 [95% CI, 1.88-2.85]) had increased risk of requiring IMV. Underweight and obesity 

classes II and III were statistically associated with death (OR=1.44 [95% CI, 1.08-1.92]; OR=1.25 

[95% CI 1.03-1.52]; OR=1.61 [95% CI 1.30-2.00], respectively). Among patients who were on 

IMV, BMI was not associated with inpatient deaths.
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Conclusion: Patients who are underweight or with obesity are at a risk for mechanical 

ventilation and death, suggesting pulmonary complications (indicated by IMV) is a significant 

contributor for poor outcomes in COVID-19 infection.
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Introduction

The health impact of coronavirus disease 2019 (COVID-19) in the United States—with New 

York City at the epicenter—is staggering. As of August 9, 2020, there are over 4.9 million 

confirmed cases and over 161,000 deaths from COVID-19 in the United States.1 Preliminary 

data reveals that obesity may be a significant contributing factor for poor health outcomes 

among patients with COVID-19 infection.2,3 Additionally, studies show that patients with 

obesity are also more likely to require mechanical ventilation.4,5

Metabolic inflammation, unfavorable hormonal milieu, and a predisposition to the enhanced 

release of cytokines-pathophysiology accompanying severe obesity have been implicated in 

multi-organ failure seen in patients with COVID-19.6,7 Common clinical complications of 

obesity include pulmonary embolism, increased atelectasis in acute respiratory distress 

syndrome (ARDS), and acute kidney injury in critical illness.8,9 These obesity-related 

complications are also common among patients with severe COVID-19 infection.10-12 

Therefore, it is not surprising that obesity is being suggested as a risk factor for poor 

outcomes in individuals affected by COVID-19.

Although obesity has been associated with poor clinical outcomes in patients with 

COVID-19, the association between full spectrums of body habitus based on body mass 

index (BMI)—including underweight, overweight, and obesity classes I, II, and III—and 

COVID-19 outcomes is yet to be elucidated. We used data from a large integrated network 

to examine whether BMI, stratified by category, is associated with poorer clinical outcomes 

for COVID-19 including invasive mechanical ventilation (IMV) or death.

Methods

We included all adult patients admitted to 12 Northwell Health system acute care hospitals 

in New York between March 1, 2020, and April 27, 2020, with a confirmed diagnosis of 

COVID-19 by polymerase chain reaction of nasopharyngeal swabs. The health system 

serves patients throughout Long Island, New York City, and Westchester areas. Data were 

collected from inpatient electronic health records (Sunrise Clinical Manager, Allscripts, 

Chicago, IL). BMI was documented on admission either as self-report or obtainment by 

nursing staff and classified as follows: underweight (less than 18.5 kg/m2), normal 

(18.5-24.9 kg/m2), overweight (25-29.9 kg/m2), obesity class I (30-34.9 kg/m2), obesity 

class II (35-39.9 kg/m2), and obesity class III (greater than or equal to 40 kg/m2). Patients 

were identified to have missing BMI if they did not have BMI or both weight and height 

information during their hospitalizations (Figure 1).
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For patients with missing BMI (n=2,315), we used historical BMI data and linear regression 

models to impute missing BMI. This was necessary because there were differences in 

sociodemographic and clinical characteristics, including use of IMV and death, between 

patients with and without BMI information (online Supporting Information Table S1). For 

patients with system historical records (any clinical visits with BMI or a combination of 

weight and height information), we first used the most recent BMI values (n=1,074) from 

2018 to 2020. For the remaining 1,241 patients, we imputed missing BMI using regression 

models based upon predictors of this variable: age, sex, race, and if possible, weight or 

height (not both).13 The linear predictive models were validated using patients with BMI 

information.

We obtained demographic information (sex, age, race/ethnicity), comorbidities, smoking 

status, and hospital type (tertiary or not). Primary outcomes included mechanical ventilation 

and death. All patients were followed until discharge, death, or until May 12, 2020.

Descriptive statistical analyses were performed using Chi-square for categorical variables 

and analysis of variance (ANOVA) for continuous variables. Next, we performed 

multivariable regression models adjusting for patient characteristics (age, sex, race/ethnicity, 

presence of comorbidities, smoking status, hospital type, and BMI groups) and present odds 

ratio (OR) and adjusted odds ratio (AOR) with 95% confidence intervals (CI) to determine 

characteristics associated with the outcome variables of IMV and death. We also conducted 

a secondary analysis using a Cox proportional-hazards model to examine death as a clinical 

outcome because a proportion of patients remained hospitalized. Statistical significance was 

considered for p-value less than 0.05. All statistical analyses were done in SAS v9.4 (SAS 

Institute). This study protocol was approved by the Feinstein Institutes for Medical Research 

Institutional Review Board.

Results

There were 10,861 patients with COVID-19 infection with valid BMI information (Figure 

1); 243 (2.2%) patients were underweight, 2,507 (23.1%) patients were normal weight, 

4,021 (37.0%) patients were overweight, and 4,090 (37.7%) patients were obese. For patient 

characteristics, 6,468(59.6%) were male, the median age was 65 years [IQR: 54-77], and the 

median BMI was 28.3 [IQR: 24.9-32.3] (Table 1). There were 3,675 (33.8%) White; 2,270 

(20.9%) Black; 2,475 (22.8%) Hispanic; 932 (8.6%) Asian; and 1,509 (13.9%) Other/

Unknown. A total of 2,220 (20.4%) patients required IMV and 2,596 (23.9%) died. There 

were significant differences in IMV and death among different BMI categories: 12.4% of 

underweight, 16.0% of normal weight, 20.4% of overweight, 22.1% of obesity class I, 

25.1% of obesity class II, and 26.6% of obesity class III required IMV (p-value less than 

0.001). Additionally, 39.2% of underweight, 27.9% of normal weight, 23.8% of overweight, 

20.1% of obesity class I, 20.9% of obesity class II, and 21.9% of obesity class III died.

After adjusting for covariates (Table 2), overweight (adjusted odds ratio (AOR), 1.27 

[1.11-1.46]), obesity class I (AOR 1.48 [1.27-1.72]), obesity class II (AOR, 1.89 

[1.56-2.28]), and obesity class III (AOR, 2.31 [1.88-2.85]) were associated with IMV. Other 

characteristics associated with increased IMV include males (AOR, 1.57 [1.41-1.74]), an age 
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of 60-79 years (AOR, 1.59 [1.41-1.79]), Hispanic ethnicity (AOR, 1.40 [1.23-1.60]), and 

Asian race (AOR, 1.36 [1.14-1.64]). Having diabetes (AOR, 1.24 [1.12-1.38]) and heart 

failure (AOR 1.49 [1.25-1.77]) had increased odds of IMV. Patients who were underweight 

(AOR, 1.44 [1.08-1.92]), obesity class II (AOR, 1.25 [1.03-1.52]), and obesity class III 

(AOR, 1.61 [1.30-2.00]) had increased odds of death. Among patients requiring IMV 

(n=2,220), neither being underweight (AOR, 1.03 [0.43-2.50] nor being obesity class III 

(AOR, 1.21 [0.82-1.79]) was associated with death. Patients who were 80 years and older 

(AOR, 4.16 [2.89-6.01]), of Asian race (AOR 1.49 [1.05-2.11]), and/or had end stage renal 

disease (AOR, 1.80 [1.09-3.00]) had increased odds of death. In a Cox proportional-hazards 

regression model, patients who were underweight (hazard ratio=1.46 [1.17-1.81]) or with 

obesity class 3 (hazard ratio=1.23 [1.03-1.48]) had increased risk of death.

Discussion

Consistent with other studies,14,15 our study showed that overweight and all classes of 

obesity were associated with increased odds of IMV. Additionally, underweight, obesity 

class II, and obesity class III were associated with higher odds of death. The presence of 

obesity incurs multiple risks for IMV and death among patients with COVID-19 infection. 

This is likely due to associations between obesity and pulmonary complications as well as 

common medical conditions including diabetes, hypertension, sleep apnea, hepatic steatosis, 

and kidney diseases.16

Interestingly, within the cohort of intubated patients, BMI was not statistically associated 

with greater odds of death – persons with obesity did not have increased odds of death 

compared to patients with normal weight. This suggests that while patients who suffer from 

obesity are more likely to experience a severe COVID-19 course (reflected by increased 

odds of IMV), once mechanically ventilated, all patients regardless of BMI have similar 

odds of death. Greater need for mechanical ventilation in patients with severe obesity 

indicates a trend towards more severe pulmonary complications, which are significant 

contributors of death. People with obesity are already known to have increased pulmonary 

complications from upper respiratory illnesses from reduced lung volume, hypoventilation, 

congestive heart failure, and acute respiratory distress syndrome. Furthermore, emerging 

studies have revealed that COVID-19 infection results in hypercoagulable states, with 

increased risks of developing pulmonary embolism, stroke, and arterial thrombosis.17 

Obesity being associated with both hypercoagulable and hyperinflammatory states, may 

augment risks of developing complications from COVID-19 infection. As more details on 

the pathophysiology of severe COVID-19 emerge, the trend towards higher rates of 

mechanical ventilation—and thus, mortality—in populations with obesity might be 

explained.

Our study included underweight patients and being underweight was not associated with 

IMV but had higher odds of death, which is consistent with data showing that underweight 

patients have higher all-cause mortality.18 This group may reflect a fragile population such 

as elderly patients with multiple chronic diseases, as the majority of underweight patients 

(53.1%) were older than 80 years of age. Due to poor prognoses, it is possible that this 
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underweight cohort deferred IMV based on goals of care discussions, thus reflecting our 

findings that showed no increased odds of IMV.

A major limitation of our study is the use of administrative databases that may limit clinical 

information including dyspnea severity and temporal hospital trends that manual chart 

review could otherwise address. Also, we do not have information about resuscitation and/or 

intubation statuses nor processes behind clinical decision making to explain which patients 

are intubated. Due to hospital data, information about whether discharged patients expired in 

the community are lacking. Importantly, the utilization of IMV in patients who are 

overweight and with obesity may be affected by clinical bias toward earlier intervention 

based on established pulmonary complications seen in patients with obesity. The study 

finding may be limited in generalizability due to differences in patient population, which is 

also reflected by the finding that Blacks having decreased adverse outcomes.

Conclusion

Our study showed that underweight, overweight, and obesity are associated with poor 

outcomes among patients hospitalized with COVID-19 infection. This study further 

emphasizes obesity as a significant adverse health condition, including COVID-19 infection, 

and reinforces an urgency to address obesity as a public health problem.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance:

• Clinical observations suggest that obesity is a risk factor for more severe 

disease in patients infected with COVID-19, but no study has examined the 

statistical association between different BMI groups (underweight, 

overweight, obesity class I, obesity class II, and obesity class III) and 

COVID-19 clinical outcomes.

• Our findings show that overweight and people with obesity hospitalized with 

COVID-19 infection have increased pulmonary complications, suggesting 

that it is important to properly allocate resources necessary for the care of 

patients with COVID-19 infection based on their BMI.
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Figure 1. 
Flowchart of patients admitted with COVID-19 infection by their BMI groups
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Table 2.

Model-Adjusted Odds Ratios of Invasive Mechanical Ventilation (IMV) and Death

Odds Ratio [95% Confidence Interval]

All patients IMV

IMV Death Death

Males (reference: female) 1.57[1.41-1.74] 1.55[1.40-1.71] 1.47[1.21-1.79]

Age group, year old (reference: 40-59 years old)

 Less than 40 0.61[0.48-0.76] 0.51[0.37-0.70] 0.61[0.39-0.94]

 60-79 1.59[1.41-1.79] 2.63[2.29-3.01] 2.06[1.66-2.56]

 80 or greater 0.89[0.74-1.06] 5.91[5.03-6.95] 4.16[2.89-6.01]

Race/Ethnicity (reference: non-Hispanic White)

 Black 0.83[0.72-0.96] 0.82[0.72-0.94] 1.19[0.90-1.58]

 Hispanic 1.40[1.23-1.60] 1.02[0.90-1.17] 1.26[0.98-1.62]

 Asian 1.36[1.14-1.64] 1.17[0.98-1.40] 1.49[1.05-2.11]

 Other/unknown 1.24[1.06-1.44] 1.00[0.86-1.17] 1.22[0.91-1.63]

BMI (reference: normal BMI)

 Underweight 0.85[0.57-1.27] 1.44[1.08-1.92] 1.03[0.43-2.50]

 Overweight 1.27[1.11-1.46] 1.04[0.92-1.17] 0.94[0.72-1.23]

 Obesity Class I 1.48[1.27-1.72] 1.00[0.87-1.16] 0.93[0.70-1.25]

 Obesity Class II 1.89[1.56-2.28] 1.25[1.03-1.52] 1.00[0.70-1.43]

 Obesity Class III 2.31[1.88-2.85] 1.61[1.30-2.00] 1.21[0.82-1.79]

Comorbidities (reference: no comorbidities)

 Hypertension 1.02[0.91-1.14] 0.95[0.853-1.07] 0.94[0.76-1.15]

 Coronary artery disease 0.91[0.78-1.05] 1.02[0.90-1.17] 1.11[0.82-1.50]

 Diabetes mellitus 1.24[1.12-1.38] 1.20[1.08-1.32] 1.04[0.86-1.26]

 Heart failure 1.49[1.25-1.77] 1.59[1.37-1.86] 1.27[0.91-1.78]

 Chronic kidney disease 0.93[0.74-1.17] 1.19[0.97-1.45] 1.53[0.93-2.51]

 End stage renal disease 0.95[0.74-1.22] 1.40[1.11-1.76] 1.80[1.09-3.00]

 Cancer 0.85[0.70-1.03] 1.15[0.97-1.35] 1.31[0.88-1.95]

 Asthma 0.89[0.75-1.07] 0.81[0.67-0.98] 0.84[0.60-1.18]

 COPD 0.97[0.78-1.19] 1.33[1.11-1.60] 1.20[0.79-1.81]

Smoking status (reference: never/unknown smoker)

 Active/former smoker 0.81[0.71-0.93] 0.73[0.64-0.83] 0.87[0.67-1.12]

Hospital type (reference: non- tertiary hospital)

 Tertiary 1.13[1.02-1.25] 0.81[0.73-0.89] 0.61[0.50-0.75]

COPD=Chronic obstructive pulmonary disease
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