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ABBREVIATIONS 
AKI-RRT- acute kidney injury requiring renal replacement therapy 
ARDS- acute respiratory distress syndrome 
BMI- body mass index 
COVID-19- coronavirus disease 2019 
ICU- intensive care unit 
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ABSTRACT 

Background: Major gaps exist in our understanding of the relationship between obesity and 

clinical outcomes in patients with severe COVID-19. 

Research Question: Is obesity independently associated with major adverse clinical outcomes in 

critically ill patients with COVID-19? 

Study Design and Methods: We used data from a multicenter cohort study of 4925 critically ill 

patients with COVID-19 admitted to ICUs at 68 hospitals across the US between XXX and 

XXX. The primary exposure was body mass index (BMI). The primary outcome was in-hospital 

mortality. Secondary outcomes included acute respiratory distress syndrome (ARDS), acute 

kidney injury requiring renal replacement therapy (AKI-RRT), thrombotic events, and seven 

circulating markers of inflammation and thrombosis (interleukin-6, C-reactive protein, albumin, 

ferritin, procalcitonin, fibrinogen, d-dimer). Unadjusted and multivariable-adjusted models were 

used. 

Results: Among the 4908 patients included in the analysis, the mean (SD) age was 60.9 (14.7) 

years, 3095 (62.8%) were male, 1930 (39.2%) were white, 1496 (30.4%) were black, and 2552 

(52.0%) were obese. A total of 1933 patients (39.4%) died during hospitalization. BMI was not 

independently associated with mortality. In contrast, higher BMI beginning at 25 kg/m2 was 

associated with a greater risk of ARDS and AKI-RRT. BMI was also not associated with risk of 

thrombotic events. Of the seven markers of inflammation and thrombosis examined, only serum 

albumin was associated with BMI albeit in a clinically marginal manner. 

Interpretation: In a large population of critically ill patients with COVID-19, higher BMI was 

not associated with a higher risk of death. BMI throughout the range of overweight and obese 

was, however, linked to greater risk of ARDS and AKI-RRT. The absence of any clinically 
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significant association between BMI and circulating biomarkers of inflammation and thrombosis 

challenges their hypothesized links with obesity and adverse outcomes in COVID-19. 
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INTRODUCTION 

Over the course of the coronavirus disease 2019 (COVID-19) pandemic, obesity has emerged as 

an issue of great interest due to its prognostic significance. Several observational studies have 

identified obesity, particularly in its more severe forms, as an independent risk factor for 

hospitalization, critical illness, mechanical ventilation, and death.1-6 The importance of obesity as 

a predictor of outcomes cannot be understated given its wide prevalence in the US and 

worldwide and its modifiable nature.7 Nevertheless, major gaps exist in our understanding of the 

interplay between obesity and COVID-19. 

 

One such gap involves the relationship between obesity and outcomes in the sickest cohort of 

patients—those admitted to intensive care units (ICUs). With few exceptions,6,8 most analyses of 

this topic have been single center, limited by small sample size, or lacking in detailed descriptive 

data.9-12 Moreover, most studies focused solely on the relationship between obesity and death 

without examining other major clinical outcomes. It is therefore not well understood if obesity is 

an independent risk factor for mortality and other major clinical outcomes like acute kidney 

injury requiring renal replacement therapy (AKI-RRT), acute respiratory distress syndrome 

(ARDS), and thrombotic events in critically ill patients with COVID-19. 

 

The mechanisms underlying obesity’s potential link with adverse outcomes in patients with 

COVID-19 are also poorly understood. Several postulated mechanisms include excess fat as a 

source of upregulated inflammation, a reservoir for viral replication, and/or a trigger for 

hypercoagulability.13-17 However, there is a dearth of biochemical evidence in humans directly 

linking obesity to increased systemic inflammation or thrombosis. 
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To address these knowledge gaps, we used data from a multicenter cohort study of 4877 well-

characterized critically ill adults admitted to ICUs at hospitals across the US. We examined the 

relationship between obesity and major clinical outcomes (mortality, ARDS, AKI-RRT, and 

thrombotic events). We also studied the relationship between body mass index (BMI) and 

circulating inflammatory and thrombotic markers to better understand how obesity may exert its 

detrimental effects. 
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METHODS 

Study Design, Oversight, and Patient Population 

The Study of the Treatment and Outcomes in Critically Ill Patients with COVID-19 (STOP-

COVID) is a multicenter cohort study that enrolled consecutive adults (≥18 years old) with 

laboratory-confirmed COVID-19 who were admitted to ICUs at 68 hospitals across the United 

States between March 4 and June 30, 2020. Patients were followed until the first of hospital 

discharge, death, or August 1, 2020, the date on which the database for the current analysis was 

locked. STOP-COVID only included ICU patients in an effort to focus on patients at highest risk 

of acute organ injury or death. For the current analysis, we excluded patients with missing data 

for BMI (n=228). For the AKI-RRT analysis, we also excluded patients with end-stage renal 

disease (ESRD) ESRD (eFigure 1). The study was approved with a waiver of informed consent 

by the Institutional Review Board at each participating site. Further information on STOP-

COVID and its primary findings are reported elsewhere.6 

 

Data Collection 

Study personnel at each site collected data by detailed chart review and used a standardized case 

report form to enter data into a secure online database (REDCap). Patient-level data included: 

demographics and comorbidities; longitudinal laboratory values and physiologic parameters 

collected during the first 14 days of ICU admission; medications, treatments, organ support 

(including RRT) following ICU admission; and clinical outcomes, including acute organ injury 

and death. We also collected hospital-level data, including hospital size (assessed by the number 

of pre-COVID ICU beds, not including surge capacity beds). A complete list of variables is 

provided in the Case Report Form available elsewhere.6  
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Exposure and Outcomes 

The primary exposure was body mass index (BMI), assessed at time of ICU admission and 

categorized in the following manner: <18.5, 18.5-24.9, 25-29.9, 30-34.9, 35-39.9, ≥40 kg/m2.  

BMI of 18.5-24.9 was used as a reference category. The primary outcome was in-hospital death. 

Secondary outcomes included clinical outcomes and biomarker analyses. Clinical outcomes 

included the development of ARDS, AKI-RRT, or thrombotic events during the first 14 days of 

ICU admission. The presence of ARDS was defined using the following modified Berlin 

criteria:18 partial pressure of arterial oxygen:fractional inspired oxygen (PaO2:FiO2)<300 mmHg, 

the need for invasive mechanical ventilation, and a diagnosis of ARDS per chart review. AKI-

RRT was defined as receiving any form of RRT, including intermittent hemodialysis, continuous 

renal replacement therapy, or peritoneal dialysis. Thrombotic events were defined as any of the 

following: deep vein thrombosis, pulmonary embolus, stroke, or other thrombotic event per chart 

review. 

 

Secondary outcome biomarker analyses included the relationships between BMI and seven 

circulating markers of inflammation and thrombosis: interleukin (IL)-6, C-reactive protein 

(CRP), albumin, ferritin, procalcitonin, fibrinogen, and D-dimer,19-24 measured during the first 14 

days of ICU admission. Only the first value in any one day was used for this analysis. 

 

Statistical Analyses 

The population was described using univariable analysis with continuous variables expressed as 

mean (standard deviation) and median (interquartile ranges), and categorical variables as count 
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and percentage. We used unadjusted and multivariable-adjusted models to examine the 

association between BMI and the primary and secondary outcomes. The covariates selected for 

the multivariable models were tailored on the basis of prior knowledge and biological 

plausibility (further details are shown in the eMethods).6,25 

 

For the primary outcome of mortality, we used time-to-event analysis involving Cox 

Proportional-Hazards modeling that included time-varying covariates to account for the non-

proportionality of the hazards.26 The other three clinical outcomes (ARDS, AKI-RRT, and 

thrombotic events) were assessed only during the first 14 days following ICU admission, and 

mortality was assumed to be a competing outcome. Individuals who had no outcomes or were 

discharged from the hospital were censored using a competing risk model based on the Fine and 

Gray method.27-29 To account for the correlation of patients in the same hospital we used 

clustered robust standard error using health facility as the clustering variable.30 For each BMI 

category, we presented unadjusted and multivariable-adjusted hazard ratios for mortality and 

competing risk subhazard ratios for predicting other clinical outcomes. In all outcome models, 

missing or unknown data were coded as a separate missing/unknown category. 

 

When analyzing the relationship between BMI and circulating biomarkers during the first 14 

days following ICU admission, we developed unadjusted and multivariable adjusted models 

using a generalized estimating equation (GEE) with an assumption of an exchangeable 

correlation structure whereby daily observations for the markers within a subject are assumed to 

be equally correlated. A repeated measure design helped to account for variability between 

subject measurements and allowed us to focus primarily on the effect due to the difference in 



10 
 

BMI.31 All multivariable models included the same variables listed in the eMethods. The GEE 

allowed us to account for incomplete data for each biomarker.32 

 

The following sensitivity analyses were performed that limited the analysis to: (1) biomarkers 

assessed during the first 3 days following ICU admission to limit additional influencing factors 

that could arise later during the ICU stay; (2) patients without diabetes to exclude the additional 

influence of the pro-inflammatory diabetic milieu;33 and (3) patients admitted to the ICU within 

72 hours of hospitalization to avoid major changes in BMI prior to ICU admission. Additional 

details on definitions, the GEE model, and biomarker analyses are found in the eMethods. 

Hypotheses were tested at 0.05 level of significance and the analyses were performed using 

Stata/MP 16.1.34  
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RESULTS 

Baseline Characteristics  

Baseline characteristics of the 4925 patients included (eFigure 1) stratified by categories of BMI 

categories are shown in Table 1 (abbreviated) and eTable 1 (complete). Mean (SD) age was 60.9 

(14.7) years, 3095 (62.8%) were male, 1930 (39.2%) were white, and 1496 (30.4%) were black. 

The most common comorbidities were hypertension (61.6%) and diabetes (42.2%). A total of 

2552 patients (52.0%) were obese, defined as a BMI>30 kg/m2 (eFigure 2). Univariate 

relationships between obesity and patient characteristics and clinical factors are shown in Table 

1. A total of 1933 of 4908 patients (39.4%) died during hospitalization (eFigure 1), and the 

median time to death was 10 days (IQR, 5-18) after ICU admission. 

 

BMI and Major Adverse Clinical Outcomes 

In the unadjusted model, a BMI of 30-34.9, 35-39.9, and 40 or higher kg/m2 were each 

associated with a lower risk of death, while a BMI of <18.5 kg/m2 was associated with a higher 

risk of death. However, in the multivariable adjusted model there was no association between 

BMI and mortality (Figure 1, eTables 2-3).  

 

ARDS was observed in 3545 of 4907 patients (72.2%) (eFigure 1). Results from the unadjusted 

competing risk analysis were very similar to that of the multivariable analysis, which showed an 

independent increase in risk of ARDS for BMI starting at 25 kg/m2 (25-29.9 kg/m2: 1.21 (1.11, 

1.33); 30-34.9 kg/m2: 1.40 (1.24, 1.58); 35-39.9 kg/m2: 1.36 (1.24, 1.48); ≥40 kg/m2: 1.34 (1.15, 

1.56))  (Figure 2; eTables 4,5). 
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AKI-RRT developed in 900 of 4739 patients (19.0%) (eFigure 1). Unadjusted and multivariable 

competing risk models were similar in that risk for AKI-RRT progressively rose beginning at a 

BMI of 25 (multivariable model, 25-29.9 kg/m2, 1.46 (1.10, 1.94); 30-34.9 kg/m2, 1.83 (1.37, 

2.43); 35-39.9 kg/m2, 2.01 (1.44, 2.79); ≥40 kg/m2, 2.27 (1.56, 3.31)) (Figure 2; eTables 6, 7). 

 

Thrombotic events occurred in 552 of 4907 (11.2%) (eFigure 1). In both unadjusted and 

multivariable analyses BMI was not associated with a higher risk of thrombosis (Figure 2; 

eTables 8, 9). 

 

BMI and Circulating Biomarkers of Inflammation and Thrombosis 

The number of patients with missing biomarker data ranged from 2.9% (platelets) to 62.3% (IL-

6) (Table 1). The multivariable-adjusted relationship between BMI and each circulating 

biomarker during ICU admission appears in Figure 3. With the exception of serum albumin, 

which had a statistically significant and positive association with BMI, no association with BMI 

was observed using the other six biomarkers. Results did not change regardless of whether BMI 

was examined as a continuous or categorical variable. Of note, the relationship between BMI and 

albumin was clinically marginal (for every 10 kg/m2 increase in BMI, serum albumin rose by 0.1 

g/dL). Sensitivity analyses that only included data from the first 72 hours of ICU admission 

(n=4925) (eFigure 3), in the subgroup of patients without diabetes during the first 72 hours of 

ICU admission (n=2845) (eFigure 4), or only including patients admitted to the ICU within 72 

hours of hospital admission (n=3978) (eFigure 5) did not have qualitatively different results.  
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DISCUSSION 

Our study examined whether the previously identified association between obesity and mortality 

also applied to the sickest population of patients with COVID-19 and extended beyond just 

mortality to include other major adverse COVID-associated complications like ARDS, AKI-

RRT, and thrombotic events. We also evaluated possible underlying mechanisms of the obesity-

COVID-19 link by assessing the relationship between BMI and commonly used blood 

biomarkers of inflammation and thrombotic risk. Our results provide new insights into the 

obesity-COVID connection. 

 

The pathophysiological link between excess adiposity and adverse COVID-19 outcomes is 

incompletely understood though several mechanisms have been hypothesized. Visceral adipose 

tissue promotes low grade inflammation through infiltration of macrophages and secretion of 

pro-inflammatory mediators including interleukin-6 (IL-6).13 By expressing relatively high levels 

of angiotensin converting enzyme-2 (ACE2), adipocytes can become reservoirs for COVID-19, 

thereby leading to amplification of the infection and possibly the inflammatory cascade.14,15 

Obesity can also promote a hypercoagulable state through several mechanisms including 

upregulation of pro-coagulant factors (e.g., plasminogen activator inhibitor-1, tissue factor), 

enhanced platelet activation, and inhibition of fibrinolysis and thus potentiate the pro-thrombotic 

effects of COVID-19.16,17 

 

In our analyses the only independent association between obesity and adverse events were seen 

with ARDS and AKI-RRT. ARDS is a relatively common and deadly complication of COVID-

19.35 Risk of ARDS increased beginning at a BMI of 25 kg/m2 independent of other factors. 
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Similar findings have been reported in other studies of patients with COVID-1936,37 and are 

contrary to the “obesity-ARDS paradox” observation that describes a lower incidence of ARDS 

in individuals with obesity.38 Some proposed reasons why obesity is an independent risk factor 

for ARDS include increased inflammation, immune system dysfunction, decreased wound 

healing, accumulation of lipofibroblasts that differentiate into fibrosis-promoting myofibroblasts, 

and associated restrictive lung disease.39,40  

 

We previously reported that AKI-RRT is relatively frequent in critically ill patients with 

COVID-19 and carries a poor prognosis.25 In this study BMI was strongly and progressively 

associated with increased risk of AKI-RRT starting at a BMI of 25 kg/m2. Obesity is a known 

predictor for AKI in critically individuals without COVID-19.41 Possible mechanisms making 

individuals with obesity particularly susceptible to COVID-19 related injury include underlying 

glomerular hyperfiltration and shear-related stress, podocyte damage with segmental sclerosis, 

fatty kidney, pulmonary hypertension,  and secretory products like leptin that may have 

nephrotoxic effects.42-45  

 

We found that obesity was not independently associated with a higher risk for mortality. Our 

result is slightly different than our previous report, which found that obesity was linked to higher 

mortality but only in the highest BMI range (≥ 40 kg/m2).6 We suspect the minor difference 

between the two results is due to this study’s much larger sample size and its accounting for 

interventions that have, subsequent to the earlier publication, been proven to influence 

outcomes.46,47  
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Critically ill patients with COVID-19 have a very high incidence of thrombotic events.48-50 

Despite the documented association between obesity, hypercoagulability, and thrombotic risk in 

the general and ICU populations16,51-53 we found no independent association between obesity and 

an increased risk of thrombotic events in our ICU patients. Perhaps any prothrombotic 

contribution of obesity was subsumed by a much larger risk associated with COVID-19. 

 

To better understand the underlying pathophysiology between the putative relationship between 

excess adipose tissue and upregulation of pro-inflammatory and pro-thrombotic pathways in the 

COVID population,13-17 we examined the relationship between BMI and seven circulating 

inflammatory and thrombotic markers. To our surprise we found no clinically significant 

relationship between the two, despite that fact that several of the biomarkers are known to be 

secreted by adipocytes (i.e. IL-6, C-reactive protein, fibrinogen).13,54-56 Our analysis also 

accounted for extraneous factors that could have influenced inflammation or BMI such as 

diabetes or long pre-ICU hospital stays. While serum albumin was positively associated with 

BMI, the relationship was marginal in terms of clinical significance. Though often considered a 

good indicator of nutritional status, reductions in serum albumin are far more reflective of 

inflammation or illness, including in patients with severe COVID-19.20,57 An obvious 

explanation for the albumin-BMI relationship we observed is not available but could be 

explained by the fact that production of serum albumin by adipocytes can be independent of the 

inflammatory process.58 Our preliminary findings raise into question the paradigm that obesity 

contributes to poor outcomes in critically ill patients with COVID-19 by upregulating systemic 

inflammatory and prothrombotic pathways. However, further research in this area is clearly 
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required. Of note, our study could not exclude upregulation of these pathways in ways that could 

not be directed measured by blood sampling (i.e. intra-organ signaling). 

 

Our study has several strengths. It was the performed in the largest and best characterized cohort 

of critically ill patients with COVID-19 to date. It is the first to examine the relationship between 

BMI and several of the most common and serious clinical outcomes in that population, including 

death. It is also the first to evaluate the link between BMI and markers of inflammation and 

thrombosis to try and better understand the mechanistic underpinnings between adiposity and 

COVID-19 that until this point has lacked direct correlation in humans. We chose to examine 

these questions in the critically ill population because we thought the relationship between 

obesity and biomarkers would be more easily discernible. However, this strategy also limited the 

generalizability of our findings and could have obscured pathophysiological mechanisms that 

would have been more apparent earlier in the course of the illness. Other limitations include 

missing data, lack of serial biomarker measurements, lack of a single study laboratory, and the 

insensitivity of BMI in differentiating visceral from subcutaneous fat. 

 

In summary, in a large population of critically ill patients with COVID-19, obesity was not 

associated with mortality or thrombotic events but was consistently linked to a higher risk of 

developing ARDS and AKI-RRT throughout the range of elevated BMI. The absence of an 

association between BMI and circulating biomarkers of inflammation and thrombosis challenges 

their hypothesized links with obesity and adverse outcomes in COVID-19. 
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             Table 1: Patient Characteristicsa at Baseline Stratified by Categories of BMI (N= 4908) 

Characteristic Full Sample 
(N=4908) 

<18.5  
(n=55) 

18.5-24.9  
(n=848) 

25-29.9  
(n=1453) 

30-34.9  
(n=1198) 

35-39.9  
(n=631) 

40+  
(n=723) 

P-value 

Demographics         
Age (yr) – median (IQR) 60.91 (14.7) 68.84 (17.02) 66.51 (15.15) 63.44 (13.69) 59.99 (13.93) 57.19 (14.04) 53.42 (13.5) <0.001 
Male sex – no. (%) 3095 (62.8) 33 (60) 566 (66.4) 1038 (71.1) 778 (64.8) 353 (55.9) 327 (45) <0.001 
Race – no. (%)               <0.001 
    White 1930 (39.2) 24 (43.6) 326 (38.3) 590 (40.4) 469 (39.1) 260 (41.2) 261 (36)   
    Black 1496 (30.4) 15 (27.3) 218 (25.6) 376 (25.8) 369 (30.7) 215 (34.1) 303 (41.7)   
    Other 389 (7.9) 6 (10.9) 116 (13.6) 137 (9.4) 82 (6.8) 22 (3.5) 26 (3.6)   
    Unknown 1110 (22.5) 10 (18.2) 192 (22.5) 357 (24.5) 281 (23.4) 134 (21.2) 136 (18.7)   
Hispanic – no. (%) 445 (20.1) 288 (20.1) 157 (20.0)      
Coexisting conditions – no. (%)a         
     Diabetes 2080 (42.2) 18 (32.7) 304 (35.7) 590 (40.4) 540 (45) 273 (43.3) 355 (48.9) <0.001 
     Hypertension 3032 (61.6) 35 (63.6) 492 (57.8) 873 (59.8) 759 (63.2) 388 (61.5) 485 (66.8) 0.004 
     Chronic lung disease                 
        COPD 433 (8.8) 10 (18.2) 87 (10.2) 121 (8.3) 81 (6.7) 54 (8.6) 80 (11) 0.002 
        Asthma 532 (10.8) 1 (1.8) 76 (8.9) 101 (6.9) 125 (10.4) 96 (15.2) 133 (18.3) <0.001 
     Coronary artery disease 661 (13.4) 15 (27.3) 120 (14.1) 225 (15.4) 154 (12.8) 69 (10.9) 78 (10.7) <0.001 
     Congestive heart failure 496 (10.1) 10 (18.2) 87 (10.2) 125 (8.6) 114 (9.5) 61 (9.7) 99 (13.6) 0.002 
     Chronic kidney disease 645 (13.1) 8 (14.6) 117 (13.7) 183 (12.5) 155 (12.9) 79 (12.5) 103 (14.2) 0.877 
     Chronic liver disease 165 (3.4) 2 (3.6) 48 (5.6) 41 (2.8) 36 (3) 17 (2.7) 21 (2.9) 0.01 
     End-stage renal disease 186 (3.8) 6 (10.9) 55 (6.5) 43 (3) 40 (3.3) 19 (3) 23 (3.2) <0.001 
     Cancer 227 (4.6) 2 (3.6) 50 (5.9) 84 (5.8) 48 (4) 20 (3.2) 23 (3.2) 0.01 
     Immunodeficiency 278 (5.6) 4 (7.3) 67 (7.9) 89 (6.1) 69 (5.8) 24 (3.8) 25 (3.4) 0.001 
Blood laboratory findings on day of ICU admission, Median IQR)               

     White blood cell count, /µLb    8.4  
(6, 11.8) 

9.4  
(6.6, 13.3) 

8.7  
(5.9, 12.4) 

8.5  
(5.9, 11.8) 

8.4  
(6.1, 11.8) 

7.6  
(8.5, 6.2) 

5.3  
(7.9, 5.9) 0.6802 

      Lymphocyte count, /µLc 822.5  
(550.8, 1177.9) 

738.9  
(455.5, 960) 

742.2  
(483.8, 1132.2) 

782.1  
(525.6, 1140.9) 

829  
(531.2, 1179.1) 

944.7  
(885.6, 624.2) 

672.5  
(915.4, 635) 0.7071 

     Platelet count, 1000/mm3d 215  
(164, 278) 

221.5  
(167, 343) 

215  
(158.5, 285) 

217  
(163, 279) 

211.5  
(165, 273) 

92.2  
(218, 165) 

86.4  
(215, 167) 0.0579 

     D-dimer level, ng/mle 1300  
(670, 3437.5) 

1620  
(860, 4390) 

1601.5  
(780, 4010) 

1415  
(714, 3700) 

1117  
(579, 2980) 

1270  
(690, 3030) 

1110  
(614.5, 2355) 0.3787 

     Fibrinogen level, mg/mlf 601  
(475, 744) 

593  
(462.5, 660.5) 

552  
(424, 710) 

624.5  
(508.5, 769) 

619  
(491, 768) 

597.5  
(495, 751.5) 

575  
(459, 701) 0.3694 

     Interleukin-6 level, pg/mlg 56.6  
(17.9, 160) 

36.7  
(30.6, 70.4) 

60  
(25.5, 130.3) 

55.5  
(17.9, 169) 

76.1  
(24.4, 171) 

46.6  
(15, 138) 

48.6  
(10, 137.4) 0.7738 

     C-reactive protein level, mg/L 149.1  
(80.9, 230) 

125  
(69.3, 178.9) 

141.9  
(74, 229.4) 

158.1  
(84.7, 238) 

151  
(82.3, 232.9) 

152  
(88, 238.2) 

138  
(79.1, 200) 0.01 

     Albumin, g/dLi 3.2  
(2.8, 3.6) 

3.1  
(2.5, 3.5) 

3.1  
(2.6, 3.5) 

3.2  
(2.8, 3.5) 

3.2  
(2.8, 3.6) 

3.3  
(2.9, 3.6) 

3.3  
(2.9, 3.7) <0.001 

     Ferritin, ng/mlj 977  
(485, 1935) 

744.5  
(424, 1581) 

1067  
(440.5, 2109) 

1061.3  
(585, 2000) 

1045  
(528, 1985) 

839.7  
(421.9, 1653.4) 

663.8  
(352.4, 1410) 0.0001 

     Procalcitonin, ng/mlk     0.4 (0.2, 1.3) 0.5 (0.3, 1.5) 0.5 (0.2, 2) 0.4 (0.2, 1.4) 0.4 (0.2, 1.3) 0.4 (0.2, 1.2) 0.3 (0.1, 0.9) 0.5382 
Severity-of-illness on the day of ICU admission, 
no. (%)a 

        

     Shock 488 (9.9) 10 (18.2) 92 (10.8) 129 (8.8) 124 (10.3) 69 (10.9) 64 (8.8) 0.117 
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     Altered mental status 1130 (22.9) 24 (43.6) 270 (31.7) 352 (24.1) 254 (21.2) 105 (16.6) 125 (17.2) <0.001 
Mechanical Ventilation               <0.001 
     HFNC or nonrebreather mask 1211 (24.6) 14 (25.5) 213 (25) 376 (25.8) 264 (22) 165 (26.2) 179 (24.7)   
     Invasive mechanical ventilation 2930 (59.5) 28 (50.9) 480 (56.3) 872 (59.8) 748 (62.3) 377 (59.8) 425 (58.5)   
     Noninvasive mechanical ventilation     
     (BiPAP/CPAP) 

 
134 (2.7) 1 (1.8) 12 (1.4) 26 (1.8) 39 (3.3) 16 (2.5) 40 (5.5)   

Treatment interventions, no. (%)                 
     Vasopressors 1924 (39.1) 20 (36.4) 337 (39.6) 575 (39.4) 470 (39.1) 258 (40.9) 264 (36.4) 0.635 
     Renal replacement therapy 1056 (21.4) 10 (18.2) 134 (15.7) 279 (19.1) 284 (23.7) 152 (24.1) 197 (27.1) <0.001 
     ECMO 184 (3.7) 1 (1.8) 13 (1.5) 47 (3.2) 48 (4) 41 (6.5) 34 (4.7) <0.001 
     Corticosteroids 1864 (37.9) 25 (45.5) 299 (35.1) 585 (40.1) 423 (35.2) 240 (38) 292 (40.2) 0.029 
     Remdesivir 425 (8.6) 3 (5.5) 59 (6.9) 117 (8) 103 (8.6) 67 (10.6) 76 (10.5) 0.06 
     Prone 1946 (39.5) 7 (12.7) 261 (30.6) 584 (40) 489 (40.7) 292 (46.3) 313 (43.1) <0.001 
     Convalescent plasma 275 (5.6) 4 (7.3) 49 (5.8) 85 (5.8) 63 (5.3) 30 (4.8) 44 (6.1) 0.826 
         

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BiPAP, bilevel positive airway 
pressure; BMI, body mass index, in kg/m2; COPD, chronic obstructive lung disease; CPAP, continuous positive airway pressure; 
ECMO, extracorporeal membrane oxygenation; HFNC, high-flow nasal cannula; NSAID, non-steroidal anti-inflammatory drug  
aDefinitions are described more completely in 6.  
bData for white blood cell count were missing in 317 patients (6.4%) 
cData for lymphocyte count were missing in 999 patients (20.3%) 
dData for platelet count were missing in 142 patients (2.9%) 
eData for D-dimer were missing in 787 patients (16%) 
fData for fibrinogen were missing in 2405 patients (48.8%) 
gData for interleukin-6 were missing in 3068 patients (62.3%) 
hData for C-reactive protein were missing in 620 patients (12.6%) 
iData for albumin were missing in 264 patients (5.4%) 
jData for ferritin were missing in 692 patients (14.1%) 
kData for procalcitonin were missing in 1803 patients (36.6%)
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FIGURES 

Figure 1: Association between BMI and Mortality. BMI, body mass index. N=4801 patients 
included in the analysis. 
 
Figure 2: Association between BMI and ARDS, AKI-RRT, and Thrombotic Events. ARDS, 
adult respiratory distress syndrome; AKI-RRT, acute kidney injury treated with renal 
replacement therapy. N=3827 for ARDS, N=4693 for AKI-RRT, N=4799 for thrombotic events. 
 
Figure 3: Relationship between BMI and circulating biomarkers of inflammation and thrombosis 
during the first 14 days of ICU admission after controlling for all other variables in the model. 
The error bars represent the 95% confidence interval around the marginal mean for each marker 
within each BMI category. Missing biomarker data (% of total cohort): Interleukin-6 3047 
(62.5%), C-reactive protein 615 (12.6%), albumin 262 (5.4%), ferritin 687 (14.1%), 
procalcitonin 1798 (36.9%), fibrinogen (2378 (48.8%), D-dimer 780 (16%). 
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eMETHODS 

Definitions 
Renal, Liver, and Coagulation components of the Sequential Organ Failure Assessment (SOFA) 
score:  

 Categories 
 0 1 2 3 4 
SOFA Renal (Cr [mg/dl], UOP 
[ml/day], and acute RRT) Cr 

Cr<1.2 and 
UOP≥500 

Cr 1.2-1.9 
and 

UOP≥500 

Cr 2-3.4 
and  

UOP≥500 

Cr 3.5-4.9 
and 

UOP≥500 

Cr≥5 or 
UOP≤200 

or acute RRT or 
ESRD 

SOFA Liver (Bilirubin, mg/dl)  <1.2 1.2-1.9 ≥2* -- --- 
SOFA Coagulation (Platelets, 
K/mm3) 

≥150 100-149 ≤99* -- -- 

Abbreviations: Cr, creatinine (mg/dl); ESRD, end-stage kidney disease; RRT, renal replacement 
therapy; UOP, urine output. *The liver and coagulation components of the SOFA score were 
binned due to low frequency of events in categories “3” and “4”. 

 
Multivariable Models for Clinical Outcomes 
 
MORTALITY 
1. Age 
2. Gender 
3. Race 
4. Ethnicity 
5. Hypertension 
6. Diabetes 
7. Coronary artery disease 
8. Congestive heart failure 
9. Cancer 
10. Immunodeficiency state 
11. Current smoking 
12. Absolute lymphocyte count  
13. Presence of shock 
14. Corticosteroid use 
15. Remdesivir use 
16. PaO2:FiO2 ratio if mechanically ventilated 
17. SOFA liver score 
18. SOFA coagulation score 
19. SOFA kidney score 
20. Number of hospital ICU beds 
 
ARDS 
1. Age 
2. Gender 
3. Race 
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4. Ethnicity 
5. Hypertension 
6. Diabetes 
7. Coronary artery disease 
8. Congestive heart failure 
9. Cancer 
10. Immunodeficiency state 
11. Chronic obstructive pulmonary disease (COPD)  
12. Human immunodeficiency virus (HIV) 
13. Home immunosuppressive or anticoagulant medications  
14. Current smoking 
15. Altered mentation 
16. SOFA liver score  
17. SOFA coagulation score  
18. SOFA kidney score  
19. Absolute lymphocyte count  
20. Presence of shock 
21. Corticosteroid use 
22. Remdesivir use 
23. Number of hospital ICU beds 
 
AKI-RRT 
1. Age 
2. Gender 
3. Race 
4. Ethnicity 
5. Hypertension 
6. Diabetes 
7. Coronary artery disease 
8. Congestive heart failure 
9. Cancer 
10. Immunodeficiency state 
11. Chronic kidney disease (CKD) stage  
12. Current smoking 
13. Absolute lymphocyte count 
14. D-dimer 
15. Presence of shock 
16. PaO2:FiO2 ratio if mechanically ventilated 
17. SOFA liver score 
18. SOFA coagulation score 
19. Corticosteroid use 
20. Remdesivir use 
21. Number of hospital ICU beds 
 
THROMBOTIC EVENTS 
1. Age 
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2. Gender 
3. Race 
4. Ethnicity 
5. Hypertension 
6. Diabetes 
7. Coronary artery disease 
8. Congestive heart failure 
9. Cancer 
10. Immunodeficiency state 
11. COPD 
12. Chronic liver disease 
13. Immunodeficiency state 
14. Alcoholism  
15. Home immunosuppressive medications 
16. Home anticoagulant medications 
17. Current smoking 
18. Absolute lymphocyte count 
19. White blood cell (WBC)  
20. Platelet 
21. D-dimer 
22. Fibrinogen levels 
23. PaO2:FiO2 ratio if mechanically ventilated 
24. SOFA liver score 
25. SOFA kidney score 
26. Presence of shock 
27. Corticosteroid use 
28. Remdesivir use 
 
 
Multivariable Model for Inflammatory and Thrombotic Biomarkers 
1. Age 
2. Gender 
3. Race 
4. Ethnicity 
5. Diabetes 
6. Coronary artery disease 
7. Chronic liver disease 
8. Cancer 
9. Current smoking 
10. End-stage renal disease 
11. Home medications (NSAID, aspirin, statin, any immunosuppression, chloroquine, 

hydroxychloroquine, azithromycin, corticosteroids) 
12. WBC 
13. Invasive mechanical ventilation 
14. PaO2/FiO2 ratio 
15. Vasopressor support 
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Modelling BMI and Inflammatory/Thrombotic Biomarkers 
We used population-averaged panel data models involving generalized estimating equations 
(GEE) with an assumption of exchangeable correlation structure of exchangeable correlation 
structure in which daily observations for markers within a subject are assumed to be equally 
correlated. The choice of the exchangeable correlation structure was empirically driven using the 
following criteria: Rotnitzky–Jewell (RJ), Rule out, and Quasi-likelihood under the 
independence model criterion (QIC). RJ criteria31 state that the working correlation structure 
should be close to the true structure with Huber-White (robust) Sandwich Estimation of the 
standard errors, which is considered robust to misspecification.32, 33 Rule out criteria considers 
that, in practice, failure of convergence for a GEE would be used to rule out the correlation 
structure under consideration.34 Using GEE also allowed us to account for incomplete biomarker 
data (e.g. when not available at each follow-up time point during the subject’s ICU stay). If a 
particular subject was missing one or more out of 14 repeated measurements, the remaining 
available data was used in the analyses, instead of forcing the subject to drop out.  
 
We performed several analyses of circulating biomarkers using BMI as a continuous or 
categorical variable. We also used Quasi-likelihood under the Independence model criterion 
(QIC) and Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) to 
confirm the best fitting model when using BMI as a continuous or categorical variable. To 
interpret rate of change of the circulating biomarker for each unit increase in the BMI, we 
presented the findings for the continuous scaled BMI.  For further sensitivity analyses we 
performed subgroup analyses limiting to those admitted to the ICU within 72 hours of 
hospitalization and/or those without diabetes.   
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eFigure 1: Flow diagram describing exclusion criteria and number of patients available for 
analysis   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of patients 
in STOP COVID 

database, n=5253 

n=4925 

Biomarker Analysis 

n= 4925 

Known mortality 
status, n=4908 

Mortality Analysis 

n= 4908 

Known ARDS status 
(date of ARDS & date 

of last follow-up), 
n=4907 

Known AKI-RRT 
status (date of AKI-
RRT, date of last 
follow-up) & no 
ESRD, n=4739 

Known thrombosis 
status (date of event 
& date of last follow-

up), n=4907 

ARDS Analysis 

n= 4907 

AKI-RRT Analysis 

n=4739 

Thrombosis Analysis 

n=4907 

Missing BMI, 
n= 228 

 



10 
 

eFigure 2: Distribution of patients by BMI 
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eFigure 3:  Floating bar graph comparing BMI categories and levels of circulating biomarkers in 
the entire cohort but limited to the first 72 hours of ICU admission. The floating bar indicates the 
median (25-75th interquartile range). Only the highest daily values were used. P-values using 
Analysis of Variance (ANOVA). Tukey adjusted pairwise comparison with reference range 
(18.5-<25 kg/m2) for overall significance. *p<0.05; **p<0.01; ***p<0.001. 
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eFigure 4: Floating bar graph comparing BMI categories and levels of circulating biomarkers in 
patients without diabetes during the first 72 hours of ICU admission. Only the highest daily 
values were used. P-values using Analysis of Variance (ANOVA). Tukey adjusted pairwise 
comparison with reference range (18.5-<25 kg/m2) for overall significance. *p<0.05; **p<0.01; 
***p<0.001. 
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eFigure 5: Floating bar graph comparing BMI categories and levels of circulating biomarkers in 
patients admitted to the ICU within 72 hours of hospitalization. Only the highest daily values 
were used. P-values using Analysis of Variance (ANOVA). Tukey adjusted pairwise comparison 
with reference range (18.5-<24.9 kg/m2) for overall significance. *p<0.05; **p<0.01; 
***p<0.001. 
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eTable 1: Complete Table of Patient Characteristics Stratified by Categories of Body Mass Index (N=4908) 
 

Characteristic Full Sample 
(N=4908) 

<18.5  
(n=55) 

18.5-24.9  
(n=848) 

25-29.9  
(n=1453) 

30-34.9  
(n=1198) 

35-39.9  
(n=631) 

40+  
(n=723) 

P-value 

Demographics         
Age (yr) – median (IQR) 60.91 (14.7) 68.84 (17.02) 66.51 (15.15) 63.44 (13.69) 59.99 (13.93) 57.19 (14.04) 53.42 (13.5) <0.001 
Male sex – no. (%) 3095 (62.8) 33 (60) 566 (66.4) 1038 (71.1) 778 (64.8) 353 (55.9) 327 (45) <0.001 
Race – no. (%)               <0.001 
    White 1930 (39.2) 24 (43.6) 326 (38.3) 590 (40.4) 469 (39.1) 260 (41.2) 261 (36)   
    Black 1496 (30.4) 15 (27.3) 218 (25.6) 376 (25.8) 369 (30.7) 215 (34.1) 303 (41.7)   
    Other 389 (7.9) 6 (10.9) 116 (13.6) 137 (9.4) 82 (6.8) 22 (3.5) 26 (3.6)   
    Unknown 1110 (22.5) 10 (18.2) 192 (22.5) 357 (24.5) 281 (23.4) 134 (21.2) 136 (18.7)   
Hispanic – no. (%) 445 (20.1) 288 (20.1) 157 (20.0)      
Coexisting conditions – no. (%)a         
     Diabetes 2080 (42.2) 18 (32.7) 304 (35.7) 590 (40.4) 540 (45) 273 (43.3) 355 (48.9) <0.001 
     Hypertension 3032 (61.6) 35 (63.6) 492 (57.8) 873 (59.8) 759 (63.2) 388 (61.5) 485 (66.8) 0.004 
     Chronic lung disease                 
        COPD 433 (8.8) 10 (18.2) 87 (10.2) 121 (8.3) 81 (6.7) 54 (8.6) 80 (11) 0.002 
        Asthma 532 (10.8) 1 (1.8) 76 (8.9) 101 (6.9) 125 (10.4) 96 (15.2) 133 (18.3) <0.001 
     Coronary artery disease 661 (13.4) 15 (27.3) 120 (14.1) 225 (15.4) 154 (12.8) 69 (10.9) 78 (10.7) <0.001 
     Congestive heart failure 496 (10.1) 10 (18.2) 87 (10.2) 125 (8.6) 114 (9.5) 61 (9.7) 99 (13.6) 0.002 
     Chronic kidney disease 645 (13.1) 8 (14.6) 117 (13.7) 183 (12.5) 155 (12.9) 79 (12.5) 103 (14.2) 0.877 
     Chronic liver disease 165 (3.4) 2 (3.6) 48 (5.6) 41 (2.8) 36 (3) 17 (2.7) 21 (2.9) 0.01 
     End-stage renal disease 186 (3.8) 6 (10.9) 55 (6.5) 43 (3) 40 (3.3) 19 (3) 23 (3.2) <0.001 
     Cancer 227 (4.6) 2 (3.6) 50 (5.9) 84 (5.8) 48 (4) 20 (3.2) 23 (3.2) 0.01 
     Immunodeficiency 278 (5.6) 4 (7.3) 67 (7.9) 89 (6.1) 69 (5.8) 24 (3.8) 25 (3.4) 0.001 
Home medications, no. (%)           
     Immunosuppressive 490 (10) 7 (12.7) 95 (11.2) 164 (11.2) 118 (9.8) 48 (7.6) 58 (8) 0.042 
     ACE-I 897 (18.2) 10 (18.2) 128 (15) 258 (17.7) 245 (20.4) 114 (18.1) 142 (19.6) 0.054 
     ARB 759 (15.4) 4 (7.3) 97 (11.4) 218 (14.9) 201 (16.7) 117 (18.5) 122 (16.8) 0.001 
     Statin 1890 (38.4) 24 (43.6) 305 (35.8) 595 (40.8) 478 (39.8) 230 (36.5) 258 (35.5) 0.051 
     NSAID 403 (8.2) 4 (7.3) 51 (6) 102 (7) 107 (8.9) 62 (9.8) 77 (10.6) 0.004 
     Aspirin 1124 (22.8) 19 (34.6) 192 (22.5) 347 (23.8) 281 (23.4) 141 (22.4) 144 (19.8) 0.107 
     Anticoagulation 505 (10.3) 5 (9.1) 85 (10) 158 (10.8) 110 (9.2) 61 (9.7) 86 (11.9) 0.485 
Smoking history, no. (%)               <0.001 
     Non-smoker 2814 (57.1) 21 (38.2) 449 (52.7) 808 (55.3) 707 (58.9) 375 (59.4) 454 (62.5)   
     Former smoker 1209 (24.6) 21 (38.2) 214 (25.1) 381 (26.1) 292 (24.3) 153 (24.3) 148 (20.4)   
     Current smoker 257 (5.2) 3 (5.5) 67 (7.9) 62 (4.3) 55 (4.6) 29 (4.6) 41 (5.7)   
     Unknown 645 (13.1) 10 (18.2) 122 (14.3) 209 (14.3) 147 (12.2) 74 (11.7) 83 (11.4)   
Alcoholism, no. (%) 269 (5.5) 4 (7.3) 65 (7.6) 59 (4) 59 (4.9) 42 (6.7) 40 (5.5) 0.005 
Blood laboratory findings on day of ICU admission, Median IQR)               

     White blood cell count, /µLb    8.4  
(6, 11.8) 

9.4  
(6.6, 13.3) 

8.7  
(5.9, 12.4) 

8.5  
(5.9, 11.8) 

8.4  
(6.1, 11.8) 

7.6  
(8.5, 6.2) 

5.3  
(7.9, 5.9) 0.6802 

      Lymphocyte count, /µLc 822.5  
(550.8, 1177.9) 

738.9  
(455.5, 960) 

742.2  
(483.8, 1132.2) 

782.1  
(525.6, 1140.9) 

829  
(531.2, 1179.1) 

944.7  
(885.6, 624.2) 

672.5  
(915.4, 635) 0.7071 

     Platelet count, 1000/mm3d 215  
(164, 278) 

221.5  
(167, 343) 

215  
(158.5, 285) 

217  
(163, 279) 

211.5  
(165, 273) 

92.2  
(218, 165) 

86.4  
(215, 167) 0.0579 

     D-dimer level, ng/mle 1300  1620  1601.5  1415  1117  1270  1110  0.3787 
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(670, 3437.5) (860, 4390) (780, 4010) (714, 3700) (579, 2980) (690, 3030) (614.5, 2355) 

     Fibrinogen level, mg/mlf 601  
(475, 744) 

593  
(462.5, 660.5) 

552  
(424, 710) 

624.5  
(508.5, 769) 

619  
(491, 768) 

597.5  
(495, 751.5) 

575  
(459, 701) 0.3694 

     Interleukin-6 level, pg/mlg 56.6  
(17.9, 160) 

36.7  
(30.6, 70.4) 

60  
(25.5, 130.3) 

55.5  
(17.9, 169) 

76.1  
(24.4, 171) 

46.6  
(15, 138) 

48.6  
(10, 137.4) 0.7738 

     C-reactive protein level, mg/L 149.1  
(80.9, 230) 

125  
(69.3, 178.9) 

141.9  
(74, 229.4) 

158.1  
(84.7, 238) 

151  
(82.3, 232.9) 

152  
(88, 238.2) 

138  
(79.1, 200) 0.01 

     Albumin, g/dLi 3.2  
(2.8, 3.6) 

3.1  
(2.5, 3.5) 

3.1  
(2.6, 3.5) 

3.2  
(2.8, 3.5) 

3.2  
(2.8, 3.6) 

3.3  
(2.9, 3.6) 

3.3  
(2.9, 3.7) <0.001 

     Ferritin, ng/mlj 977  
(485, 1935) 

744.5  
(424, 1581) 

1067  
(440.5, 2109) 

1061.3  
(585, 2000) 

1045  
(528, 1985) 

839.7  
(421.9, 1653.4) 

663.8  
(352.4, 1410) 0.0001 

     Procalcitonin, ng/mlk     0.4 (0.2, 1.3) 0.5 (0.3, 1.5) 0.5 (0.2, 2) 0.4 (0.2, 1.4) 0.4 (0.2, 1.3) 0.4 (0.2, 1.2) 0.3 (0.1, 0.9) 0.5382 
Severity-of-illness on the day of ICU admission, 
no. (%)a 

        

     Shock 488 (9.9) 10 (18.2) 92 (10.8) 129 (8.8) 124 (10.3) 69 (10.9) 64 (8.8) 0.117 
     Altered mental status 1130 (22.9) 24 (43.6) 270 (31.7) 352 (24.1) 254 (21.2) 105 (16.6) 125 (17.2) <0.001 
Mechanical Ventilation               <0.001 
     HFNC or nonrebreather mask 1211 (24.6) 14 (25.5) 213 (25) 376 (25.8) 264 (22) 165 (26.2) 179 (24.7)   
     Invasive mechanical ventilation 2930 (59.5) 28 (50.9) 480 (56.3) 872 (59.8) 748 (62.3) 377 (59.8) 425 (58.5)   
     Noninvasive mechanical ventilation     
     (BiPAP/CPAP) 

 
134 (2.7) 1 (1.8) 12 (1.4) 26 (1.8) 39 (3.3) 16 (2.5) 40 (5.5)   

Treatment interventions, no. (%)                 
     Vasopressors 1924 (39.1) 20 (36.4) 337 (39.6) 575 (39.4) 470 (39.1) 258 (40.9) 264 (36.4) 0.635 
     Renal replacement therapy 1056 (21.4) 10 (18.2) 134 (15.7) 279 (19.1) 284 (23.7) 152 (24.1) 197 (27.1) <0.001 
     ECMO 184 (3.7) 1 (1.8) 13 (1.5) 47 (3.2) 48 (4) 41 (6.5) 34 (4.7) <0.001 
     Corticosteroids 1864 (37.9) 25 (45.5) 299 (35.1) 585 (40.1) 423 (35.2) 240 (38) 292 (40.2) 0.029 
     Remdesivir 425 (8.6) 3 (5.5) 59 (6.9) 117 (8) 103 (8.6) 67 (10.6) 76 (10.5) 0.06 
     Prone 1946 (39.5) 7 (12.7) 261 (30.6) 584 (40) 489 (40.7) 292 (46.3) 313 (43.1) <0.001 
     Convalescent plasma 275 (5.6) 4 (7.3) 49 (5.8) 85 (5.8) 63 (5.3) 30 (4.8) 44 (6.1) 0.826 
Number of ICU beds, no. (%)               0.013 
     <50 1659 (33.7) 15 (27.3) 259 (30.4) 530 (36.3) 408 (34) 212 (33.6) 235 (32.4)   
     50-199 2985 (60.6) 37 (67.3) 552 (64.8) 857 (58.7) 725 (60.4) 384 (60.9) 430 (59.2)   
     ≥200 281 (5.7) 3 (5.5) 41 (4.8) 73 (5) 68 (5.7) 35 (5.6) 61 (8.4)   
Mortality, no. (%)               0.001 
     Alive 2975 (60.62) 27 (49.09) 487 (57.43) 841 (57.88) 749 (62.52) 407 (64.5) 464 (64.18)   
     Dead 1933 (39.38) 28 (50.91) 361 (42.57) 612 (42.12) 449 (37.48) 224 (35.5) 259 (35.82)   

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BiPAP, bilevel positive airway 
pressure; BMI, body mass index, in kg/m2; COPD, chronic obstructive lung disease; CPAP, continuous positive airway pressure; 
ECMO, extracorporeal membrane oxygenation; HFNC, high-flow nasal cannula; NSAID, non-steroidal anti-inflammatory drug  
aDefinitions are described more completely in 6.  
bData for white blood cell count were missing in 317 patients (6.4%) 
cData for lymphocyte count were missing in 999 patients (20.3%) 
dData for platelet count were missing in 142 patients (2.9%) 
eData for D-dimer were missing in 787 patients (16%) 
fData for fibrinogen were missing in 2405 patients (48.8%) 
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gData for interleukin-6 were missing in 3068 patients (62.3%) 
hData for C-reactive protein were missing in 620 patients (12.6%) 
iData for albumin were missing in 264 patients (5.4%) 
jData for ferritin were missing in 692 patients (14.1%) 
kData for procalcitonin were missing in 1803 patients (36.6%)
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eTable 2: Unadjusted and Multivariable Adjusted Relationship between BMI and Mortality (N= 
4908) 

BMI Category Unadjusted Analysis: 
Hazard Ratio (95% CI) 

Multivariable Analysis*: 
Hazard Ratio (95% CI) 

     <18.5 1.52 (1.04, 2.24) 1.36 (0.90, 2.06) 
     18.5-24.9 1.00 1.00 
     25-29.9 0.97 (0.85, 1.11) 1.00 (0.87, 1.17)  
     30-34.9 0.85 (0.74, 0.98) 0.99 (0.81, 1.20) 
     35-39.9 0.79 (0.67, 0.93) 1.00 (0.83, 1.20) 
     40+ 0.81 (0.69, 0.95) 1.12 (0.91, 1.39) 

*model includes BMI§, age, sex, race, Hispanic ethnicity, comorbidities (hypertension, diabetes 
mellitus, coronary artery disease, congestive heart failure, chronic obstructive pulmonary 
disease, cancer, immunodeficient state, smoking), absolute lymphocyte count on admission to 
ICU, sequential organ failure assessment (SOFA) kidney score§, SOFA liver score, SOFA 
coagulation score, presence of shock, PaO2/FiO2 ratio in invasively mechanically ventilated 
patients§, treatment interventions (corticosteroid or remdesivir)§, and number of ICU beds in 
hospital. 
§Used as time-varying covariates 
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eTable 3: Multivariable Cox Model with Time-Varying Covariates for Mortality (n=4908) 

Variable  Hazard Ratio (95% CI) 
BMI (versus 18.5-24.9)  
     <18.5 1.36 (0.90, 2.06) 
     25-29.9 1.00 (0.87, 1.17)  
     30-34.9 0.99 (0.81, 1.20) 
     35-39.9 1.00 (0.83, 1.20) 
     40+ 1.12 (0.91, 1.39) 
Age 1.03 (1.03, 1.04) 
Female (versus male) 0.86 (0.75, 0.98) 
Race (versus black)  
     White 1.00 (0.86, 1.17) 
     Others 0.87 (0.67, 1.14) 
     Unknown 1.24 (1.02, 1.51) 
Hispanic ethnicity 1.08 (0.93, 1.25) 
Comorbidities  
     Hypertension 1.08 (0.93, 1.25) 
     Diabetes mellitus 1.10 (0.99, 1.23) 
     CAD 1.19 (1.05, 1.35) 
     Congestive heart failure 0.99 (0.85, 1.17) 
     COPD 1.16 (0.97, 1.39) 
     Cancer 1.57 (1.31, 1.90) 
     Immunodeficiency 1.04 (0.82, 1.30) 
     Current smoker 1.05 (0.82, 1.34) 
Absolute lymphocyte count   
     ≥ 1000 0.96 (0.85, 1.09) 
     Missing 0.94 (0.83, 1.08) 
Mechanically ventilated (versus no ventilation)  
     PaO2/FiO2 ≥ 200 1.56 (1.22, 2.00) 
     PaO2/FiO2 100-199 1.34 (1.06, 1.70) 
     PaO2/FiO2 <100 1.92 (1.54, 2.38) 
Shock on Day 1 of ICU admission 1.09 (0.93, 1.29) 
ICU beds in hospital  
     50-199 0.52 (0.40, 0.67) 
     ≥ 200 0.47 (0.37, 0.59) 
SOFA kidney score  
     1 1.53 (1.28, 1.82) 
     2 2.38 (1.78, 3.17) 
     3 2.64 (1.81, 3.85) 
     4 2.35 (1.88, 2.93) 
     Missing 1.33 (0.69, 2.54) 
SOFA liver score  
     1 1.17 (0.99, 1.38) 
     2 1.81 (1.46, 2.24) 
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     Missing 1.16 (0.95, 1.42) 
SOFA coagulation score  
     1 1.15 (0.99, 1.34) 
     2 1.59 (1.33, 1.88) 
     Missing 1.13 (0.69, 1.84) 
Treatment  
     Corticosteroids 0.88 (0.72, 1.09) 
     Remdesivir 0.61 (0.39, 0.95) 
Time Varying Covariates* 

 

Mechanically ventilated (versus no ventilation) 
 

     PaO2/FiO2 ≥ 200 0.98 (0.97, 0.99) 
     PaO2/FiO2 100-199 0.99 (0.98, 1.00) 
     PaO2/FiO2 <100 0.98 (0.97, 0.99) 
SOFA kidney score 

 

     1 0.99 (0.98, 1.00) 
     2 0.97 (0.96, 0.99) 
     3 0.95 (0.92, 0.99) 
     4 0.98 (0.97, 0.99) 
     Missing 0.98 (0.94,1.01) 
Treatment  
     Corticosteroids 1.02 (1.01, 1.03) 
     Remdesivir 1.02 (1.01, 1.03) 

* Only significant (p<0.05) time varying covariates were included in the model 
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eTable 4: Unadjusted and Multivariable Adjusted Relationship between BMI and ARDS in 
Patients (N= 4907)† 

BMI Category Unadjusted Analysis: 
Hazard Ratio (95% CI) 

Multivariable Analysis*: 
Hazard Ratio (95% CI) 

     <18.5 0.90 (0.66, 1.22) 0.90 (0.66, 1.23) 
     18.5-24.9 1.00 1.00 
     25-29.9 1.20 (1.09, 1.32) 1.21 (1.11, 1.33) 
     30-34.9 1.37 (1.22, 1.53) 1.40 (1.24, 1.58) 
     35-39.9 1.33 (1.20, 1.46) 1.36 (1.24, 1.48) 
     40+ 1.26 (1.08, 1.47) 1.34 (1.15, 1.56) 

*model includes BMI, age, sex, race, Hispanic ethnicity, comorbidities (hypertension, diabetes 
mellitus, coronary artery disease, congestive heart failure, chronic obstructive pulmonary 
disease, cancer, immunodeficient state, HIV), current smoker, home immunosuppressive and 
anticoagulation medications, absolute lymphocyte count on ICU admission, altered mentation, 
SOFA kidney score, SOFA liver score, SOFA coagulation score, presence of shock, 
interventions (corticosteroids, remdesivir), and number of ICU beds in hospital 
†Death was treated as competing risk  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

eTable 5: Complete Multivariable Competing Risk Regression Model for ARDS that Includes 
all Patients  

Variable  Hazard Ratio (95% CI) 
BMI (versus 18.5-24.9)   
     <18.5 0.90 (0.66, 1.22) 
     25-29.9 1.21 (1.11, 1.33) 
     30-34.9 1.40 (1.24, 1.58) 
     35-39.9 1.36 (1.24, 1.48) 
     40+ 1.34 (1.15, 1.56) 
Age 1.00 (1.00, 1.00) 
Female (versus male) 0.93 (0.86, 0.99) 
Race (versus black)  
     White 1.07 (0.94, 1.22) 
     Others 1.21 (1.01, 1.45) 
     Unknown 1.11 (0.95, 1.30) 
Hispanic ethnicity 1.10 (1.00, 1.22) 
Comorbidities  
     Hypertension 0.99 (0.92, 1.08) 
     Diabetes mellitus 1.04 (0.97, 1.12) 
     CAD 0.87 (0.79, 0.97) 
     Congestive heart failure 0.96 (0.86, 1.09) 
     COPD 0.99 (0.87, 1.13) 
     Cancer 0.89 (0.77, 1.03) 
     Immunodeficiency 0.99 (0.87, 1.13) 
     HIV 0.90 (0.69, 1.16) 
     Current smoker  1.00 (1.00, 1.00) 
Home immunosuppressive medications 0.95 (0.83, 1.09) 
Home anticoagulant medications 0.94 (0.85, 1.04) 
Absolute lymphocyte count   
     ≥ 1000 0.94 (0.87, 1.01) 
     Missing 0.87 (0.77, 0.99) 
Shock on Day 1 of ICU admission 1.34 (1.19, 1.50) 
Altered mentation  
     Yes 1.02 (0.92, 1.14) 
     Missing 1.20 (1.03, 1.39) 
ICU beds in hospital  
     50-199 1.05 (0.81, 1.34) 
     ≥ 200 1.14 (0.70, 1.84) 
SOFA kidney score  
     1 1.14 (1.05, 1.25) 
     2 1.08 (0.94, 1.23) 
     3 0.85 (0.66, 1.08) 
     4 1.11 (0.99, 1.24) 
     Missing 1.16 (0.71, 1.89) 
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SOFA liver score  
     1 0.93 (0.82, 1.04) 
     2 0.89 (0.76, 1.04) 
     Missing 0.68 (0.60, 0.77) 
SOFA coagulation score  
     1 1.06 (097, 1.15) 
     2 0.81 (0.71, 0.94) 
     Missing 1.09 (0.77, 1.55) 
Treatment  
     Corticosteroids 1.14 (0.99, 1.32) 
     Remdesivir 0.94 (0.78, 1.12) 
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eTable 6: Unadjusted and Multivariable Adjusted Relationship between BMI and AKI-RRT (N= 
4739)† 

BMI Category Bivariate Analysis 
Hazard Ratio (95% CI) 

Multivariable Analysis*: 
Hazard Ratio (95% CI) 

     <18.5 0.77 (0.28, 2.07) 0.91 (0.29, 2.80) 
     18.5-24.9 1.00 1.00 
     25-29.9 1.68 (1.28, 2.20) 1.46 (1.10, 1.94) 
     30-34.9 2.17 (1.69, 2.80) 1.83 (1.37, 2.43) 
     35-39.9 2.27 (1.65, 3.13) 2.01 (1.44, 2.79) 
     40+ 2.69 (2.04, 3.55) 2.27 (1.56, 3.31) 

*model includes BMI, age, sex, race, Hispanic ethnicity, comorbidities (hypertension, diabetes 
mellitus, coronary artery disease, congestive heart failure, chronic kidney disease, cancer), 
current smoker, PaO2/FiO2 ratio in invasively mechanically ventilated patients, presence of 
shock, admission labs (lymphocyte count, d-dimer), SOFA liver score, SOFA coagulation score, 
number of ICU beds in hospital, interventions (corticosteroids, remdesivir) 
†Death was treated as competing risk  
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eTable 7: Complete Multivariable Competing Risk Regression Model for AKI-RRT 

Variable  Hazard Ratio (95% CI) 
BMI (versus 18.5-24.9)   
     <18.5 0.91 (0.29, 2.80) 
     25-29.9 1.46 (1.10, 1.94) 
     30-34.9 1.83 (1.37, 2.43) 
     35-39.9 2.01 (1.44, 2.79) 
     40+ 2.27 (1.56, 3.31) 
Age 0.99 (0.99, 1.00) 
Female (versus male) 0.55 (0.47, 0.65) 
Race (versus black)   
     White 0.51 (0.40, 0.65) 
     Others 0.58 (0.41, 0.84) 
     Unknown 0.63 (0.50, 0.81) 
Hispanic ethnicity  0.96 (0.71, 1.29) 
Comorbidities  
     Hypertension 1.46 (1.18, 1.81) 
     Diabetes mellitus 1.45 (1.19, 1.77) 
     CAD 0.90 (0.73, 1.11) 
     Congestive heart failure 1.05 (0.80, 1.37) 
     Cancer 0.94 (0.64, 1.37) 
     Current smoker  1.00 (1.00, 1.00) 
Baseline CKD (versus no CKD)  
     Stage 3 1.69 (1.28, 2.24) 
     Stage 4-5 4.23 (2.93, 6.11) 
     Missing 1.30 (1.06, 1.59) 
Absolute lymphocyte count ≥ 1000 per mm3 0.96 (0.82, 1.13) 
PaO2/FiO2 ratio (versus not receiving 
mechanical ventilation)   

     Mechanically ventilated, PaO2/FiO2 ≥ 200 1.62 (1.30, 2.04) 
     Mechanically ventilated, PaO2/FiO2 100-199 2.10 (1.61, 2.75) 
     Mechanically ventilated, PaO2/FiO2 <100 2.73 (2.16, 3.45) 
Shock on Day 1 of ICU admission 1.25 (0.95, 1.62) 
D-dimer   
     1000-2500 1.10 (0.92, 1.33) 
     >2500 1.60 (1.30, 1.97) 
     Missing 1.46 (1.15, 1.86) 
ICU beds in hospital   
     50-199 1.07 (0.79, 1.45) 
     ≥ 200 1.05 (0.76, 1.46) 
SOFA liver score   
     1 0.88 (0.62, 1.24) 
     2 1.16 (0.79, 1.70) 
     Missing 0.97 (0.67, 1.41) 
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SOFA coagulation score  
     1 1.17 (0.93, 1.46) 
     2 1.24 (0.86, 1.79) 
     Missing NE 
Treatment  
     Corticosteroids 1.21 (1.01, 1.45) 
     Remdesivir 0.73 (0.51, 1.03) 

NE, not estimable due to small sample 
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eTable 8: Unadjusted and Multivariable Relationship between BMI and Thrombotic Events (N= 
4907)† 

BMI Category Bivariate Analysis 
Hazard Ratio (95% CI) 

Multivariable Analysis*: 
Hazard Ratio (95% CI) 

     <18.5 0.77 (0.30, 1.98) 0.39 (0.05, 3.17) 
     18.5-24.9 1.00 1.00 
     25-29.9 1.04 (0.87, 1.48) 1.18 (0.85, 1.65) 
     30-34.9 1.26 (0.94, 1.70) 1.16 (0.82, 1.63) 
     35-39.9 1.03 (0.73, 1.45) 0.93 (0.56, 1.53) 
     40+ 1.21 (0.89, 1.64) 1.35 (0.86, 2.12) 

*model includes BMI, age, sex, race, Hispanic ethnicity, comorbidities (hypertension, diabetes 
mellitus, coronary artery disease, congestive heart failure, chronic obstructive pulmonary 
disease, chronic liver disease, alcoholism, cancer, immunodeficient state), current smoker, home 
medications (immunosuppressives, anticoagulants), ICU admission labs (lymphocyte count, 
WBC, platelets, d-dimer, fibrinogen), PaO2/FiO2 ratio in invasively mechanically ventilated 
patients, presence of shock, SOFA kidney score, SOFA liver score, treatment interventions 
(corticosteroids, remdesivir);  
†Death was treated as competing risk in this model 
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eTable 9: Complete Multivariable Competing Risk Regression for Thrombotic Events  
Variable  Hazard Ratio (95% CI) 
BMI (versus 18.5-24.9)   
     <18.5 0.39 (0.05, 3.17) 
     25-29.9 1.18 (0.85, 1.65) 
     30-34.9 1.16 (0.82, 1.63) 
     35-39.9 0.93 (0.56, 1.53) 
     40+ 1.35 (0.86, 2.12) 
Age 1.00 (0.99, 1.01) 
Female (versus male) 0.66 (0.50, 0.87) 
Race (versus black)   
     White 0.65 (0.47, 0.88) 
     Others 0.45 (0.25, 0.82) 
     Unknown 0.48 (0.33, 0.69) 
Hispanic ethnicity 1.38 (0.95, 2.01) 
Comorbidities  
     Hypertension 0.71 (0.53, 0.96) 
     Diabetes mellitus 0.91 (0.66, 1.27) 
     CAD 1.1 (0.73, 1.69) 
     Congestive heart failure 0.44 (0.25, 0.78) 
     COPD 0.99 (0.59, 1.69) 
     Chronic liver disease 0.92 (0.42, 2.02) 
     Alcoholism 0.84 (0.47, 1.49) 
     Cancer 1.50 (0.79, 2.84) 
     Immunodeficiency 0.56 (0.26, 1.18) 
     Current smoker  1.00 (1.00, 1.00) 
Home immunosuppressive medications 0.99 (0.55, 1.79) 
Home anticoagulant medications 0.91 (0.58, 1.42) 
Absolute lymphocyte count ≥ 1000 per mm3  1.22 (0.92, 1.63) 
WBC 1.02 (1.00, 1.03) 
Platelet count on Day 1 of ICU admission 1.00 (0.99, 1.00) 
D-dimer 1.00 (1.00, 1.00) 
Fibrinogen 1.00 (1.00, 1.00) 
Mechanically ventilated (versus no 
ventilation)  
     PaO2/FiO2 ≥ 200 1.00 (0.66, 1.51) 
     PaO2/FiO2 100-199 1.01 (0.76, 1.34) 
     PaO2/FiO2 <100 0.82 (0.57, 1.17) 
Shock on Day 1 of ICU admission 1.15 (0.78, 1.68) 
SOFA kidney score   
     1 1.11 (0.78, 1.58) 
     2 1.38 (0.86, 2.20) 
     3 1.60 (0.87, 2.93) 
     4 1.40 (0.89, 2.18) 
SOFA liver score   
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     1 0.89 (0.66, 1.43) 
     2 1.43 (0.75, 2.73) 
     Missing 0.77 (0.35, 1.71) 
Treatment  
     Corticosteroids 0.92 (0.69, 1.23) 
     Remdesivir 1.27 (0.86, 1.90) 

*NE=Not estimable due to zero thromboembolic event 
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