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Table S1. Patient demographics, characteristics and treatments received at the time of HFNC and NIPPV 3 

initiation. 4 

 HFNC cohort 

(n = 331) 
NIPPV cohort 

(n = 747) 

Age (years), median (IQR) 67.7 (57.8, 78) 69.4 (60.9, 79.5) 

Male sex, no. (%) 200 (60.4) 466 (62.4) 

Race, no. (%)     

White 78 (23.6) 174 (23.3) 

Black 84 (25.4) 185 (24.8) 

Asian/Pacific Islander 19 (5.7) 40 (5.4) 

Other/unknown 150 (45.3) 348 (46.6) 

Ethnicity, no. (%)     

Non-Hispanic 193 (58.3) 442 (59.2) 

Hispanic 101 (30.5) 216 (28.9) 

Unknown 37 (11.2) 89 (11.9) 

Insurance, no. (%)     

Medicare 134 (40.5) 315 (42.2) 

Medicaid 48 (14.5) 89 (11.9) 

Private 66 (19.9) 136 (18.2) 

Self-pay 5 (1.5) 24 (3.2) 

Other/unknown 78 (23.6) 183 (24.5) 

Comorbidities, no. (%)     

Hypertension 167 (50.5) 406 (54.4) 

Type 2 diabetes mellitus 112 (33.8) 287 (38.4) 

Chronic lung disease* 192 (58) 379 (50.7) 

Cardiovascular disease† 168 (50.8) 407 (54.5) 

Cerebrovascular disease 38 (11.5) 73 (9.8) 

Liver disease 17 (5.1) 52 (7) 

Chronic kidney disease 52 (15.7) 149 (20) 

Cancer 35 (10.6) 84 (11.2) 

Smoking status, no. (%)     

Never  168 (50.8) 360 (48.2) 

Unknown 70 (21.2) 172 (23) 

Former 81 (24.5) 187 (25) 

Current 12 (3.6) 28 (3.8) 

Vital signs, median (IQR)     

  Heart rate (beats per minute) 94 (82, 106) 95 (80, 109) 

  Systolic blood pressure 125 (113, 143) 128 (115, 144) 



*Chronic lung disease includes: Asthma, emphysema, chronic obstructive pulmonary disease, chronic bronchitis, 5 
bronchiectasis, atelectasis, diaphragmatic disease, interstitial lung diseases, sarcoidosis, and disorders of 6 
mediastinum. 7 
†Cardiovascular disease includes: Atherosclerotic heart disease, ischemic heart disease, congestive heart failure, 8 
rheumatic heart disease, pericardial disease, myocarditis, endocarditis, valvular disorders, cardiomyopathy, 9 
arrhythmias, history of cardiac arrest, peripheral vascular disease, aortic aneurysm, orthostatic hypotension, 10 
pulmonary hypertension, cardiac arrest, post-procedural cardiac complications. 11 
‡Status at time of initiation of HFNC or NIPPV 12 
§From hospital admission to initiation of HFNC or NIPPV. 13 
Missing sample size in the HFNC cohort included 38 for SpO2/FiO2, 41 for body mass index, 3 for peripheral 14 
lymphocyte percent, 16 for D-Dimer, 13 for C-reactive protein, 11 for ferritin, 72 for interleukin-6, and 21 for pro-15 
calcitonin.  16 
Missing sample size in the NIPPV cohort included 52 for SpO2/FiO2, 132 for body mass index, 5 for peripheral 17 
lymphocyte percent, 40 for D-Dimer, 35 for C-reactive protein, 37 for ferritin, 232 for interleukin-6, and 82 for pro-18 
calcitonin. 19 
HFNC: High-flow oxygen delivered through nasal cannula; NIPPV: Non-invasive positive pressure ventilation; IQR: 20 
Interquartile; SpO2: Oxygen saturation; FiO2: Fraction of inspired oxygen.  21 

  Diastolic blood pressure 73 (64, 80) 73 (64, 81) 

  Respiratory rate 20 (19, 25) 22 (20, 28) 

  SpO2/FiO2 98 (93, 125) 97 (92, 121.4) 

Temperature (°Fahrenheit) 98.4 (97.5, 99.5) 98.4 (97.6, 99.3) 

Body mass index, median (IQR)  28.8 (25.1, 34.0) 28.7 (25.4, 34.3) 

Laboratory values, median (IQR)   

White blood cell count (x103/µL) 9.0 (6.7, 11.9) 9.8 (7.2, 13.4) 

Peripheral lymphocyte (%) 9.6 (6.1, 14.3) 8.7 (5.6, 13.2) 

Hemoglobin (g/dL) 12.7 (11.2, 14) 12.9 (11.2, 14.3) 

Platelets (x103/µL) 249 (175, 330) 236 (171, 300) 

  D-Dimer (µg/mL) 1.8 (1.0, 5.1) 2.5 (1.3, 5.8) 

  C-reactive protein (mg/L) 170.8 (94.9, 239.4) 187.1 (102.7, 265.4) 

  Ferritin (ng/mL) 1090.0 (597.5, 2485.0) 1132.0 (509.0, 2276.0) 

  Interleukin-6 (pg/mL) 83.7 (40.6, 171.5) 93.0 (45.5, 207.0) 

  Pro-calcitonin (ng/mL) 0.3 (0.1, 0.8) 0.4 (0.2, 1.2) 

  Creatinine (mg/dL) 0.9 (0.7, 1.6) 1.2 (0.8, 1.9) 

Code status‡   

Do-not-intubate, no. (%) 59 (17.8) 96 (12.9) 

Treatments received§   

Prophylactic anticoagulation, no. (%) 119 (36) 352 (47.1) 

Therapeutic anticoagulation, no. (%) 95 (28.7) 193 (25.8) 

Corticosteroids, no. (%) 5 (1.5) 12 (1.6) 

Hospital admission site, no. (%)     

Quaternary referral hospital 152 (45.9) 190 (25.4) 

Community hospital A 31 (9.4) 199 (26.6) 

Community hospital B 28 (8.5) 95 (12.7) 

Community hospital C 78 (23.6) 177 (23.7) 

Tertiary hospital 42 (12.7) 86 (11.5) 



Figure S1. Time-varying probabilities of HFNC and NIPPV use during hospital admission, and 22 

corresponding outcome trajectories. Among patients in the HFNC cohort, highest probability of receiving 23 

HFNC over the duration of hospital stay was 36%, which occurred between days 5 and 6 of admission, 24 

and probabilities of treatment success (live hospital discharge without requiring endotracheal intubation 25 

(ETI)), and failure (required ETI and/or in-hospital mortality) were 47% and 54%, respectively.  Among 26 

patients in the NIPPV cohort, highest probability of receiving NIPPV over the duration of hospital stay 27 

was 31%, which occurred within the first day of admission, while the highest probability of receiving 28 

HFNC was 12% on day 5 of admission. Probabilities of treatment success and failure for patients in the 29 

NIPPV cohort were 22% and 77%, respectively. HFNC: High-flow oxygen delivered through nasal cannula; 30 

NIPPV: Non-invasive positive pressure ventilation. 31 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 

 43 

 44 

 45 



Table S2. Univariate analyses among the HFNC and NIPPV cohorts, using sub-distribution hazard ratio 46 

estimates for HFNC and NIPPV treatment failure, with live hospital discharge as a competing risk. 47 

Variable with p-value ≤0.15 were selected to be included in the multivariable model.  48 

Covariates 

HFNC cohort 
(N=331) 

NIPPV cohort 
(N=747) 

sHR (95% CI) p-value missing sHR (95% CI) p-value missing 

Age   1.02 (1.01-1.04) <.0001  1.01 (1.01-1.02) 0.0001  

Male sex 0.74 (0.55-1) 0.046  0.98 (0.83-1.16) 0.839  

Race       

White reference reference 

Black 0.83 (0.58-1.19) 0.305  0.93 (0.73-1.18) 0.550  

Asian/Pacific Islander 0.56 (0.24-1.28) 0.168  0.91 (0.6-1.38) 0.650  

Other/unknown 0.9 (0.59-1.38) 0.632  1.01 (0.82-1.24) 0.920  

Ethnicity       

Non-Hispanic reference reference 

Hispanic 1.7 (1.1-2.62) 0.018  0.93 (0.78-1.12) 0.471  

Unknown 0.96 (0.69-1.33) 0.811  1.16 (0.91-1.47) 0.245  

Insurance       

Medicare reference reference 

Medicaid 0.98 (0.69-1.39) 0.892  0.81 (0.61-1.08) 0.152  

Private 0.63 (0.41-0.97) 0.034  0.79 (0.62-1.01) 0.055  

Self-pay/Other/unknown  0.38 (0.22-0.67) 0.001  0.72 (0.59-0.88) 0.001  

Co-morbidities       

Hypertension 0.87 (0.65-1.17) 0.348  1.17 (0.99-1.39) 0.060  

Type 2 diabetes mellitus 1.14 (0.84-1.55) 0.410  0.89 (0.75-1.05) 0.169  

Chronic lung disease*  1.19 (0.87-1.62) 0.271  0.74 (0.63-0.88) 0.0004  

Cardiovascular disease† 2.1 (1.54-2.88) <.0001  1.3 (1.1-1.55) 0.002  

Liver disease 0.61 (0.25-1.46) 0.268  0.94 (0.68-1.3) 0.701  

Chronic kidney disease 1.23 (0.85-1.79) 0.277  1.11 (0.92-1.35) 0.290  

Cancer 1.25 (0.85-1.85) 0.263  0.84 (0.65-1.09) 0.194  

Smoking status       

Never  reference reference 

Unknown 0.86 (0.39-1.94) 0.722  1.09 (0.89-1.33) 0.412  

Former 1 (0.7-1.43) 0.996  1.05 (0.85-1.28) 0.665  

Current 0.92 (0.63-1.35) 0.671  0.94 (0.61-1.44) 0.771  

       



*Chronic lung disease includes: Asthma, emphysema, COPD, chronic bronchitis, bronchiectasis, atelectasis, 49 
diaphragmatic disease, interstitial lung diseases, sarcoidosis, and disorders of mediastinum. 50 
†Cardiovascular disease includes: Atherosclerotic heart disease, ischemic heart disease, congestive heart failure, 51 
rheumatic heart disease, pericardial disease, myocarditis, endocarditis, valvular disorders, cardiomyopathy, 52 

Vital signs       

  Heart rate (beats per 
minute) 

2.33 (1.01-5.33) 0.046  2.3 (1.46-3.62) 0.0003  

  Systolic blood pressure 1.48 (0.57-3.83) 0.424  1.18 (0.72-1.92) 0.516  

  Diastolic blood pressure 0.24 (0.1-0.59) 0.002  0.66 (0.41-1.07) 0.089  

  Respiratory rate 1.75 (0.94-3.26) 0.079  1.36 (1.01-1.84) 0.044  

SpO2/FiO2 0.41 (0.28-0.6) <.0001 38 0.32 (0.23-0.46) <.0001 52 

  Temperature 
(°Fahrenheit) 

1.07 (0.97-1.19) 0.163  1.03 (0.98-1.09) 0.243  

Body mass index 0.76 (0.38-1.55) 0.4521 41 0.71 (0.5-1) 0.051 132 

Laboratory values       

White blood cell count 
(x103/µL) 

1.06 (0.77-1.46) 0.716  1.34 (1.11-1.62) 0.003  

Peripheral lymphocyte 
(%) 

0.92 (0.72-1.18) 0.513 3 0.73 (0.64-0.84) <.0001 5 

Hemoglobin (g/dL) 0.32 (0.15-0.69) 0.004  0.66 (0.44-1) 0.051  

Platelets (x103/µL) 0.61 (0.46-0.82) 0.001  0.77 (0.64-0.92) 0.004  

D-Dimer (µg/mL) 1.12 (0.98-1.28) 0.099 16 1.15 (1.07-1.25) 0.0003 40 

C-reactive protein (mg/L) 1.27 (1.04-1.56) 0.021; 13 1.21 (1.09-1.35) 0.0004 35 

Ferritin (ng/mL) 1.12 (0.98-1.28) 0.103 11 1.07 (0.99-1.15) 0.070 37 

Interleukin-6 (pg/mL) 1.37 (1.18-1.59) <.0001 72 1.27 (1.17-1.39) <.0001 232 

Procalcitonin (ng/mL) 1.15 (1.04-1.26) 0.005 21 1.1 (1.04-1.16) 0.0004 82 

Creatinine (mg/dL) 1.17 (0.97-1.41) 0.107  1.15 (1.03-1.29) 0.014  

Code status‡       

Do-not-intubate, Yes 1.75 (1.27-2.4) 0.001  1.2 (0.98-1.48) 0.082  

Treatments received§       

Prophylactic 
anticoagulation, Yes 

1.57 (1.12-2.21) 0.010  0.96 (0.81-1.13) 0.596  

Therapeutic 
anticoagulation, Yes 

0.88 (0.63-1.21) 0.424  1.01 (0.83-1.22) 0.931  

Corticosteroids, Yes 1.29 (0.4-4.18) 0.669  1.23 (0.81-1.86) 0.330  

Hospital admission site       

Quaternary referral 
hospital 

reference reference 

Community hospital A 0.27 (0.14-0.5) <.0001  1.44 (1.14-1.8) 0.002  

Community hospital B 0.63 (0.43-0.94) 0.024  1.58 (1.19-2.08) 0.001  

Community hospital C 0.94 (0.57-1.57) 0.816  0.96 (0.76-1.22) 0.736  

Tertiary hospital 0.82 (0.51-1.32) 0.409  0.97 (0.72-1.29) 0.821  



arrhythmias, history of cardiac arrest, peripheral vascular disease, aortic aneurysm, orthostatic hypotension, 53 
pulmonary hypertension, cardiac arrest, post-procedural cardiac complications. 54 
‡At time of initiation of HFNC or NIPPV. 55 
§From hospital admission to initiation of HFNC or NIPPV. 56 
sHR: Sub-distribution hazard ratio; CI: Confidence interval; HFNC: High-flow oxygen through nasal cannula; NIPPV: 57 
Non-invasive positive pressure ventilation; SpO2: Oxygen saturation; FiO2: Fraction of inspired oxygen. All 58 
continuous variables, except for age and temperature, were natural log-transformed. 59 
 60 
  61 



Table S3. Breakdown of co-morbidities by ICD-10 codes 62 
Co-morbidity Diagnoses by ICD-10 codes 

Chronic lung disease Asthma 
Emphysema/chronic obstructive pulmonary disease 
Chronic bronchitis 
Bronchiectasis 
Atelectasis 
Interstitial lung diseases 
Sarcoidosis 
Diaphragmatic disease 
Disorders of mediastinum 

Cardiovascular disease Atherosclerotic heart disease 
Ischemic heart disease 
Congestive heart failure 
Rheumatic heart disease 
Pericardial disease 
Myocarditis 
Endocarditis 
Valvular disorders 
Cardiomyopathy 
Arrhythmias 
History of cardiac arrest 
Peripheral vascular disease 
Aortic aneurysm 
Orthostatic hypotension 
Pulmonary hypertension 
Cardiac arrest 
Post-procedural cardiac complications 
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Table S4. Sensitivity analysis results among the HFNC cohort from three models: 1) adding receipt of 72 

prophylactic-dose and therapeutic-dose anticoagulation at HFNC initiation as a covariate; 2) adding 73 

receipt of corticosteroids at HFNC initiation as a covariate; and 3) removing IL-6 and BMI resulting in a 74 

larger subset of patients, using sub-distribution hazard ratio estimates for HFNC treatment failure, with 75 

live hospital discharge as a competing risk. Highlighted rows are covariates, which remained significant 76 

throughout the main and all sensitivity multivariable models. 77 



Covariates 
Model 1 (n=232) 

sHR (95% CI) p-value 
Model 2 (n=232) 

sHR (95% CI) p-value 
Model 3 (n=271) 

sHR (95% CI) p-value 

Age (years) 1 (0.99 - 1.02) 0.841 1 (0.99 - 1.02) 0.747 1.01 (0.99 - 1.02) 0.283 

Male sex (vs. Female) 0.97 (0.65 - 1.46) 0.891 0.87 (0.59 - 1.28) 0.475 0.89 (0.62 - 1.28) 0.528 

Ethnicity       

Non-Hispanic Reference  Reference  Reference  

Hispanic 1 (0.63 - 1.58) 0.997 1.07 (0.68 - 1.69) 0.759 0.83 (0.55 - 1.24) 0.354 

Unknown 1.45 (0.81 - 2.62) 0.212 1.68 (0.98 - 2.88) 0.061 1.68 (1.04 - 2.72) 0.035 

Insurance       

Medicare Reference  Reference  Reference  

Medicaid 0.53 (0.24 - 1.16) 0.114 0.46 (0.2 - 1.03) 0.060 0.54 (0.25 - 1.19) 0.126 

Private 0.85 (0.47 - 1.56) 0.603 0.79 (0.43 - 1.45) 0.441 0.81 (0.46 - 1.4) 0.443 

Self-pay/Other/unknown 1.04 (0.61 - 1.77) 0.884 0.91 (0.53 - 1.56) 0.722 1.01 (0.66 - 1.55) 0.966 

Comorbidities       

Cardiovascular disease* 
(Yes vs. No) 1.96 (1.25 - 3.08) 0.003 1.87 (1.16 - 3) 0.010 1.75 (1.15 - 2.66) 0.009 

Cerebrovascular disease 
(Yes vs. No) 1.7 (1 - 2.9) 0.050 1.34 (0.76 - 2.36) 0.309 1.66 (1.01 - 2.72) 0.045 

Vital signs       

  Heart rate (beats per 
minute) 1.85 (0.52 - 6.6) 0.343 1.97 (0.55 - 7.08) 0.301 2.58 (1 - 6.68) 0.050 

  Systolic blood pressure       

  Diastolic blood pressure 0.28 (0.08 - 0.92) 0.036 0.32 (0.09 - 1.1) 0.071 0.3 (0.1 - 0.96) 0.042 

  Respiratory rate 2.1 (0.82 - 5.35) 0.121 1.93 (0.78 - 4.78) 0.156 1.35 (0.57 - 3.18) 0.493 

  SpO2/FiO2  0.35 (0.21 - 0.6) 0.0001 0.31 (0.18 - 0.54) <.0001 0.3 (0.18 - 0.52) <.0001 

Laboratory values       

Hemoglobin (g/dL) 0.63 (0.19 - 2.11) 0.454 0.53 (0.16 - 1.73) 0.294 0.49 (0.17 - 1.46) 0.202 

Platelets (x103/µL) 0.71 (0.48 - 1.04) 0.079 0.63 (0.43 - 0.91) 0.014 0.65 (0.46 - 0.92) 0.014 

  D-Dimer (µg/mL) 0.93 (0.76 - 1.14) 0.506 0.9 (0.75 - 1.09) 0.296 0.87 (0.73 - 1.04) 0.122 

  C-reactive protein 
(mg/L) 1.14 (0.86 - 1.52) 0.356 1.21 (0.91 - 1.61) 0.190 1.4 (1.08 - 1.81) 0.010 

  Ferritin (ng/mL) 0.9 (0.73 - 1.12) 0.347 0.93 (0.74 - 1.16) 0.510 0.99 (0.82 - 1.18) 0.864 

  Interleukin-6 (pg/mL) 1.15 (0.96 - 1.38) 0.131 1.15 (0.96 - 1.37) 0.134 - - 

  Pro-calcitonin (ng/mL) 1.01 (0.86 - 1.18) 0.935 1.01 (0.86 - 1.2) 0.884 1 (0.86 - 1.16) 0.981 

  Creatinine (mg/dL) 1 (0.71 - 1.41) 0.983 0.93 (0.66 - 1.31) 0.679 0.93 (0.68 - 1.27) 0.649 

Code status†       

Do-not-intubate (Yes vs. 
No) 0.77 (0.48 - 1.25) 0.296 0.78 (0.48 - 1.28) 0.328 0.77 (0.49 - 1.21) 0.251 

Treatments received‡       

Prophylactic 
anticoagulation (Yes vs. 

No) 2.05 (1.25 - 3.37) 0.005 
- - - - 

Therapeutic 
anticoagulation (Yes vs. 

No) 0.78 (0.49 - 1.23) 0.283 
- - - - 



*Cardiovascular disease includes: Atherosclerotic heart disease, ischemic heart disease, congestive heart failure, 78 
rheumatic heart disease, pericardial disease, myocarditis, endocarditis, valvular disorders, cardiomyopathy, 79 
arrhythmias, history of cardiac arrest, peripheral vascular disease, aortic aneurysm, orthostatic hypotension, 80 
pulmonary hypertension, cardiac arrest, post-procedural cardiac complications. 81 
†At time of initiation of HFNC or NIPPV. 82 
‡From hospital admission to initiation of HFNC or NIPPV. 83 
sHR: Sub-distribution hazard ratio; CI: Confidence interval; HFNC: High-flow oxygen through nasal cannula; SpO2: 84 
Oxygen saturation; FiO2: Fraction of inspired oxygen. All continuous variables, except for age, were natural log-85 
transformed. 86 
 87 
 88 
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Corticosteroids (Yes vs. 
No) 

- - 
1.57 (0.37 - 6.63) 0.544 

- - 

Hospital admission site, 
no. (%)       

Quaternary referral 
hospital Reference  Reference  Reference  

Community hospital A 1.18 (0.52 - 2.67) 0.700 1.25 (0.57 - 2.71) 0.578 1.22 (0.66 - 2.23) 0.524 

Community hospital B 1.35 (0.31 - 5.87) 0.693 1.07 (0.21 - 5.36) 0.939 1.15 (0.52 - 2.54) 0.735 

Community hospital C 0.51 (0.28 - 0.92) 0.025 0.56 (0.31 - 1) 0.048 0.46 (0.26 - 0.81) 0.007 

Tertiary hospital 0.23 (0.12 - 0.46) <.0001 0.3 (0.16 - 0.56) 0.000 0.26 (0.14 - 0.48) <.0001 



Table S5. Sensitivity analysis results among the NIPPV cohort from three models: 1) adding receipt of 114 

prophylactic-dose and therapeutic-dose anticoagulation at NIPPV initiation as a covariate; 2) adding 115 

receipt of corticosteroids at NIPPV initiation as a covariate; and 3) removing IL-6 and BMI as covariates 116 

resulting in a larger subset of patients, using sub-distribution hazard ratio estimates for treatment failure, 117 

with live hospital discharge as a competing risk. Highlighted rows are covariates, which remained 118 

significant throughout the main and all sensitivity multivariable models. 119 

 Covariates 
  

Model 1 (n=408) 
sHR (95% CI) p-value 

Model 2 (n=408) 
sHR (95% CI) p-value 

Model 3 (n=605) 
sHR (95% CI) p-value 

Age (years) 1 (0.99 - 1.02) 0.5619 1 (0.99 - 1.01) 0.7079 1.01 (1 - 1.02) 0.0811 

Insurance       

Medicare Reference  Reference  Reference  

Medicaid 0.7 (0.43 - 1.15) 0.1632 0.71 (0.43 - 1.17) 0.1753 0.79 (0.55 - 1.15) 0.2158 

Private 0.94 (0.63 - 1.41) 0.7689 0.92 (0.61 - 1.37) 0.6648 0.92 (0.68 - 1.27) 0.6239 

Self-pay/Other/unknown 0.83 (0.61 - 1.13) 0.2436 0.8 (0.59 - 1.09) 0.1628 0.73 (0.57 - 0.94) 0.0134 

Comorbidities       

Hypertension (Yes vs. No) 1.08 (0.82 - 1.42) 0.6059 1.07 (0.81 - 1.42) 0.6119 1.12 (0.91 - 1.39) 0.2964 

Chronic lung disease* 
(Yes vs. No) 0.9 (0.68 - 1.19) 0.4546 0.89 (0.67 - 1.16) 0.3813 0.84 (0.68 - 1.03) 0.0866 

Cardiovascular disease† 
(Yes vs. No) 1.41 (1.07 - 1.85) 0.0136 1.4 (1.06 - 1.84) 0.0162 1.23 (1 - 1.51) 0.0493 

Vital signs       

  Heart rate (beats per 
minute) 1.23 (0.52 - 2.92) 0.6385 1.24 (0.52 - 2.93) 0.6318 1.87 (1.03 - 3.38) 0.0393 

  Diastolic blood pressure 0.49 (0.23 - 1.05) 0.0663 0.5 (0.23 - 1.07) 0.0731 0.64 (0.38 - 1.09) 0.0996 

  Respiratory rate 1.19 (0.8 - 1.78) 0.3897 1.17 (0.79 - 1.74) 0.4386 1.25 (0.89 - 1.77) 0.202 

  SpO2/FiO2   0.34 (0.21 - 0.54) <.0001 0.34 (0.21 - 0.55) <.0001 0.33 (0.22 - 0.49) <.0001 

Body mass index  0.87 (0.53 - 1.42) 0.5746 0.83 (0.51 - 1.36) 0.4657 - - 

Laboratory values       

White blood cell count 
(x103/µL) 1.06 (0.76 - 1.47) 0.7411 1.07 (0.76 - 1.49) 0.7056 1.08 (0.84 - 1.39) 0.5456 

Peripheral lymphocyte 
(%) 0.73 (0.58 - 0.92) 0.0082 0.74 (0.59 - 0.94) 0.0125 0.82 (0.68 - 0.99) 0.0358 

Hemoglobin (g/dL) 0.39 (0.18 - 0.85) 0.018 0.41 (0.19 - 0.88) 0.0218 0.67 (0.39 - 1.14) 0.14 

Platelets (x103/µL) 0.77 (0.58 - 1.02) 0.0652 0.77 (0.58 - 1.02) 0.0659 0.71 (0.58 - 0.88) 0.0017 

  D-Dimer (µg/mL) 1.01 (0.89 - 1.15) 0.8847 1.01 (0.88 - 1.15) 0.938 1.02 (0.93 - 1.13) 0.6662 

  C-reactive protein 
(mg/L) 1.1 (0.94 - 1.28) 0.2525 1.11 (0.95 - 1.29) 0.1998 1.13 (1.01 - 1.27) 0.0348 

  Ferritin (ng/mL) 1.08 (0.96 - 1.23) 0.2089 1.07 (0.94 - 1.21) 0.2921 1.03 (0.93 - 1.13) 0.6268 



  Interleukin-6 (pg/mL) 1.13 (1.02 - 1.26) 0.0252 1.13 (1.02 - 1.26) 0.0212 - - 

  Pro-calcitonin (ng/mL) 0.96 (0.87 - 1.07) 0.4965 0.97 (0.87 - 1.07) 0.5062 1 (0.93 - 1.08) 0.9075 

  Creatinine (mg/dL) 0.9 (0.72 - 1.12) 0.3298 0.91 (0.73 - 1.13) 0.4017 0.98 (0.84 - 1.14) 0.754 

Code status‡       

Do-not-intubate (Yes vs. 
No) 0.91 (0.65 - 1.27) 0.5641 0.88 (0.63 - 1.24) 0.4639 1.03 (0.8 - 1.33) 0.8016 

Treatments received§       

Prophylactic 
anticoagulation (Yes vs. 

No) 1.1 (0.85 - 1.42) 0.4783 
- - - - 

Therapeutic 
anticoagulation (Yes vs. 

No) 0.84 (0.62 - 1.12) 0.2264 
- - - - 

Corticosteroids (Yes vs. 
No) - - 0.96 (0.52 - 1.76) 0.8893 

- - 

Hospital admission site       

Quaternary referral 
hospital Reference  Reference  Reference  

Community hospital A 1.08 (0.71 - 1.65) 0.7241 1.09 (0.72 - 1.65) 0.68 1.24 (0.94 - 1.63) 0.1279 

Community hospital B 1.59 (0.89 - 2.85) 0.119 1.67 (0.95 - 2.94) 0.0775 1.45 (1 - 2.09) 0.0496 

Community hospital C 0.97 (0.69 - 1.35) 0.8483 0.99 (0.71 - 1.39) 0.9687 0.91 (0.69 - 1.19) 0.4917 

Tertiary hospital 0.75 (0.52 - 1.1) 0.1372 0.8 (0.56 - 1.15) 0.2294 0.82 (0.6 - 1.14) 0.2452 
*Chronic lung disease includes: Asthma, emphysema, COPD, chronic bronchitis, bronchiectasis, atelectasis, 120 
diaphragmatic disease, interstitial lung diseases, sarcoidosis, and disorders of mediastinum. 121 
†Cardiovascular disease includes: Atherosclerotic heart disease, ischemic heart disease, congestive heart failure, 122 
rheumatic heart disease, pericardial disease, myocarditis, endocarditis, valvular disorders, cardiomyopathy, 123 
arrhythmias, history of cardiac arrest, peripheral vascular disease, aortic aneurysm, orthostatic hypotension, 124 
pulmonary hypertension, cardiac arrest, post-procedural cardiac complications. 125 
‡At time of initiation of HFNC or NIPPV. 126 
§From hospital admission to initiation of HFNC or NIPPV. 127 
sHR: Sub-distribution hazard ratio; CI: Confidence interval; NIPPV: Non-invasive positive pressure ventilation; SpO2: 128 
Oxygen saturation; FiO2: Fraction of inspired oxygen. All continuous variables, except for age, were natural log-129 
transformed. 130 
 131 
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 143 



Table S6. Comparisons of patient demographic and clinical characteristics between those with, versus 144 
without, any missing covariates.  145 

 Covariates 
  

HFNC cohort (n=331) 

p-value 
  

NIPPV cohort (n=747) 

p-value 

Missing 
covariates 

(n=117) 

Complete data 
(n=214) 

Missing 
covariates 
 (n=339) 

Complete 
data 

 (n=408) 

Age (years), median 
(IQR) 73.5 (62.9, 85.1) 65.4 (55.7, 73.3) <.0001 

73.5 (63.8, 
83) 

67.1 (59.3, 
76.7) <.0001 

Male sex, no. (%) 70 (21.1) 130 (39.3) 0.8702 207 (27.7) 259 (34.7) 0.4969 

Race, no. (%)   0.5619   0.011 

White 30 (9.1) 48 (14.5)  96 (12.9) 78 (10.4)  
Black 33 (10) 51 (15.4)  86 (11.5) 99 (13.3)  

Asian/Pacific Islander 5 (1.5) 14 (4.2)  14 (1.9) 26 (3.5)  
Other/unknown 49 (14.8) 101 (30.5)  143 (19.1) 205 (27.4)  

Ethnicity, no. (%)   0.9476   0.0515 

Non-Hispanic 67 (20.2) 126 (38.1)  213 (28.5) 229 (30.7)  
Hispanic 37 (11.2) 64 (19.3)  83 (11.1) 133 (17.8)  

Unknown 13 (3.9) 24 (7.3)  43 (5.8) 46 (6.2)  
Insurance, no. (%)   0.1074   0.0007 

Medicare 56 (16.9) 78 (23.6)  164 (22) 151 (20.2)  
Medicaid 16 (4.8) 32 (9.7)  46 (6.2) 43 (5.8)  

Private 16 (4.8) 50 (15.1)  57 (7.6) 79 (10.6)  
Self-pay 29 (8.8) 54 (16.3)  72 (9.6) 135 (18.1)  

Other/unknown       
Comorbidities, no. 
(%)       

Hypertension 58 (17.5) 109 (32.9) 0.8127 181 (24.2) 225 (30.1) 0.6317 

Type 2 diabetes 
mellitus 37 (11.2) 75 (22.7) 0.5292 121 (16.2) 166 (22.2) 0.1625 

Chronic lung disease* 55 (16.6) 137 (41.4) 0.0027 130 (17.4) 249 (33.3) <.0001 

Cardiovascular 
disease† 60 (18.1) 108 (32.6) 0.8873 174 (23.3) 233 (31.2) 0.1142 

Cerebrovascular 
disease 10 (3) 28 (8.5) 0.2158 34 (4.6) 39 (5.2) 0.8292 

Liver disease 5 (1.5) 12 (3.6) 0.5992 22 (2.9) 30 (4) 0.6444 

Chronic kidney 
disease 18 (5.4) 34 (10.3) 0.9043 60 (8) 89 (11.9) 0.1612 

Cancer 15 (4.5) 20 (6) 0.3257 35 (4.7) 49 (6.6) 0.4679 

Smoking status, no. 
(%)   0.291   0.8554 

Never  53 (16) 115 (34.7)  169 (22.6) 191 (25.6)  
Unknown 31 (9.4) 39 (11.8)  77 (10.3) 95 (12.7)  

Former 28 (8.5) 53 (16)  81 (10.8) 106 (14.2)  
Current 5 (1.5) 7 (2.1)  12 (1.6) 16 (2.1)  



Vital signs, median 
(IQR)       
  Heart rate (beats per 

minute) 96 (83, 107) 94 (82, 106) 0.6443 97 (81, 110) 
93 (80, 

108) 0.1025 

  Systolic blood 
pressure 125 (112, 144) 125 (114, 143) 0.4213 

128 (114, 
145) 

128 (116.5, 
142) 0.8513 

  Diastolic blood 
pressure 73 (63, 81) 73 (64, 80) 0.883 73 (63, 81) 73 (65, 80) 0.9167 

  Respiratory rate 20 (19, 24) 20 (19, 25) 0.781 22 (20, 27) 22 (20, 30) 0.0534 

  SpO2/FiO2  
98 (93, 128.6); 

missing=38 98 (93, 125) 0.7355 

97 (92, 
120); 

missing=52 
97 (92.5, 

122.5) 0.4295 

Temperature 
(°Fahrenheit) 98.2 (97.5, 99.2) 98.6 (97.7, 99.6) 0.0881 

98.4 (97.6, 
99.2) 

98.5 (97.7, 
99.4) 0.1935 

Body mass index, 
median (IQR)  

28.1 (24.7, 
32.4); 

missing=41 29 (25.2, 34) 0.2103 

28.7 (24.6, 
32.6); 

missing=132 
28.6 (25.7, 

35.1) 0.1269 

Laboratory values, 
median (IQR)       
White blood cell count 

(x103/µL) 9.4 (6.3, 11.7) 8.8 (6.9, 11.9) 0.602 
10.1 (7.2, 

13.9) 
9.8 (7.2, 

13.2) 0.5792 

Peripheral lymphocyte 
(%) 

8.8 (4.9, 14.3); 
missing=3 9.9 (6.7, 14.3) 0.3025 

8.9 (5.9, 
13.8); 

missing=5 
8.4 (5.5, 

12.6) 0.0961 

Hemoglobin (g/dL) 12.7 (10.5, 14.3) 12.7 (11.4, 13.9) 0.8693 
12.9 (11.2, 

14.4) 
13 (11.1, 

14.3) 0.8707 

Platelets (x103/µL) 226 (158, 290) 261.5 (188, 341) 0.0013 
225 (167, 

292) 

243.5 
(181.5, 

305) 0.0159 

D-Dimer (µg/mL) 
2.6 (1.2, 6.1); 
missing=16 1.6 (0.9, 3.9) 0.0089 

3 (1.5, 8.2); 
missing=40 

2.3 (1.2, 
4.4) 0.0001 

C-reactive protein 
(mg/L) 

161.8 (80.9, 
224.2); 

missing=13 
175.2 (106.7, 

243.7) 0.0637 

187.5 
(104.5, 
262.2); 

missing=35 

187.1 
(102.1, 
268.2) 0.7161 

Ferritin (ng/mL) 

1010 (522, 
2365); 

missing=11 
1159 (617, 

2558) 0.2514 

1067 (442, 
2233); 

missing=37 

1194 
(565.5, 
2296.5) 0.1751 

Interleukin-6 (pg/mL) 
99.6 (54.4, 208); 

missing=72 
80.3 (38.8, 

159.2) 0.1413 

112.5 (56.2, 
339.3); 

missing=232 
91 (41.6, 

175.4) 0.0095 

Procalcitonin (ng/mL) 
0.3 (0.2, 1); 
missing=21 0.3 (0.1, 0.8) 0.1702 

0.5 (0.2, 
1.7); 

missing=82 0.3 (0.1, 1) 0.0216 

Creatinine (mg/dL) 1.1 (0.8, 1.7) 0.9 (0.7, 1.4) 0.0026 
1.3 (0.9, 

2.1) 1 (0.8, 1.6) <.0001 

Code status‡   <.0001   0.7529 



Do-not-intubate, no. 
(%) 34 (10.3) 25 (7.6)  45 (6) 51 (6.8)  

Treatments received§       
Prophylactic 

anticoagulation, no. 
(%) 48 (14.5) 71 (21.5) 0.1549 177 (23.7) 175 (23.4) 0.0111 

Therapeutic 
anticoagulation, no. 

(%) 29 (8.8) 66 (19.9) 0.2444 70 (9.4) 123 (16.5) 0.0032 

Corticosteroids, no. 
(%) 2 (0.6) 3 (0.9) 0.8264 6 (0.8) 6 (0.8) 0.746 

Hospital admission 
site, no. (%)   <.0001   <.0001 

Quaternary referral 
hospital 40 (12.1) 112 (33.8)  49 (6.6) 141 (18.9)  

Community hospital A 13 (3.9) 18 (5.4)  137 (18.3) 62 (8.3)  
Community hospital B 24 (7.3) 4 (1.2)  82 (11) 13 (1.7)  
Community hospital C 32 (9.7) 46 (13.9)  50 (6.7) 127 (17)  

Tertiary hospital 8 (2.4) 34 (10.3)  21 (2.8) 65 (8.7)  
*Chronic lung disease includes: Asthma, emphysema, COPD, chronic bronchitis, bronchiectasis, atelectasis, 146 
diaphragmatic disease, interstitial lung diseases, sarcoidosis, and disorders of mediastinum. 147 
†Cardiovascular disease includes: Atherosclerotic heart disease, ischemic heart disease, congestive heart failure, 148 
rheumatic heart disease, pericardial disease, myocarditis, endocarditis, valvular disorders, cardiomyopathy, 149 
arrhythmias, history of cardiac arrest, peripheral vascular disease, aortic aneurysm, orthostatic hypotension, 150 
pulmonary hypertension, cardiac arrest, post-procedural cardiac complications. 151 
‡At time of initiation of HFNC or NIPPV. 152 
§From hospital admission to initiation of HFNC or NIPPV. 153 
sHR: Sub-distribution hazard ratio CI: Confidence interval; HFNC: High-flow oxygen delivered through nasal 154 
cannula; NIPPV: Non-invasive positive pressure ventilation; IQR: Interquartile; SpO2: Oxygen saturation; FiO2: 155 
Fraction of inspired oxygen. 156 
p-value was obtained from Chi-square test for categorical variables and from Mann-Whitney-Wilcoxon test for 157 
continuous variables.  158 
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