
Extended Data: 

Extended data table 1: Common post-acute sequalae of COVID-19; post-acute sequalae due 

to COVID-19 with excess burden greater than 10 per 1000 persons at 6-month are presented 

Extended data table 2: Common post-acute sequalae of COVID-19 which required 

hospitalization; post-acute sequalae due to COVID-19 with excess burden greater than 10 per 

1000 persons at 6-month are presented 

 

Extended Data figure legends: 

Extended data figure 1a: Cohort flow for COVID-19 vs. users of the Veteran Health 

Administration 

Extended data figure 1b: Cohort flow for hospitalized patients with COVID-19 vs. 

hospitalized patients with seasonal influenza 

Extended data figure 2a: Study timeline for COVID-19 vs. users of the Veteran Health 

Administration 

Extended data figure 2b: Study timeline for hospitalized patients with COVID-19 vs. 

hospitalized patients with seasonal influenza 

Extended data Figure 3a: Risk of incident post-acute diagnoses in COVID-19. All users of 

the Veteran Health Administration healthcare system served as the referent category. 

Outcomes were ascertained from day 30 after COVID-19 diagnosis until end of follow-up. 

Adjusted hazard ratios for incident diagnoses that are larger than one and P value less than 

6.57x10-5 are presented. Diagnoses are grouped based on diagnosis groups and ordered based 

on hazard ratio from high to low within each diagnosis group. Hazard ratios (dots) and 95% 

confidence intervals (bars) are presented on log 10 scale. 



Extended data Figure 3b: Risk of incident post-acute medication use in COVID-19. All 

users of the Veteran Health Administration healthcare system served as the referent category. 

Outcomes were ascertained from day 30 after COVID-19 diagnosis until end of follow-up.  

Adjusted hazard ratios for incident medications use that are larger than one and P value less 

than 6.57x10-5 are presented. Medications are grouped based on medication groups and 

ordered based on hazard ratio from high to low within each medication group. Hazard ratios 

(dots) and 95% confidence intervals (bars) are presented on log 10 scale.  

Extended data Figure 3c: Risk of incident post-acute laboratory abnormalities in COVID-

19. All users of the Veteran Health Administration healthcare system served as the referent 

category. Outcomes were ascertained from day 30 after COVID-19 diagnosis until end of follow-

up. Adjusted hazard ratios for incident laboratory abnormalities that are larger than one and P 

value less than 6.57x10-5 are presented. Laboratory abnormalities are grouped based on higher 

or lower than the normal range and ordered based on hazard ratio from high to low within each 

group. Hazard ratios (dots) and 95% confidence intervals (bars) are presented on log 10 scale.  

Extended data Figure 4a: Risk of incident post-acute diagnoses in COVID-19 patients 

who had been hospitalized for COVID-19. People who had been hospitalized with seasonal 

influenza served as the referent category. Outcomes were ascertained from day 30 after 

hospital admission until end of follow-up. Adjusted hazard ratios for incident diagnoses that are 

larger than one and P value less than 6.57x10-5 are presented. Diagnoses are grouped based 

on diagnosis groups and ordered based on hazard ratio from high to low within each diagnosis 

group. Hazard ratios (dots) and 95% confidence intervals (bars) are presented on log 10 scale. 

Extended data Figure 4b: Risk of incident post-acute medication use in patients with 

COVID-19 who had been hospitalized for COVID-19. People who had been hospitalized with 

seasonal influenza served as the referent category. Outcomes were ascertained from day 30 



after hospital admission until end of follow-up. Adjusted hazard ratios for incident medication 

use that are larger than one and P value less than 6.57x10-5 are presented. Medication use are 

grouped based on medication groups and ordered based on hazard ratio from high to low within 

each medication group. Hazard ratios (dots) and 95% confidence intervals (bars) are presented 

on log 10 scale. 

Extended data Figure 4c: Risk of incident post-acute laboratory abnormalities in patients 

with COVID-19 who had been hospitalized for COVID-19. People who had been hospitalized 

with seasonal influenza served as the referent category. Outcomes were ascertained from day 

30 after hospital admission until end of follow-up.  Adjusted hazard ratios for incident laboratory 

abnormalities that are larger than one and P value less than 6.57x10-5 are presented. 

Laboratory abnormalities are grouped based on higher or lower than the normal range and 

ordered based on hazard ratio from high to low within each group. Hazard ratios (dots) and 95% 

confidence intervals (bars) are presented on log 10 scale. 

Extended data figure 5: Flowchart of the overall analytic approach 

 

 

 

 

 

 



Extended data table 1: Common post-acute sequalae of COVID-19; post-acute sequalae due to COVID-19 with excess burden greater than 

10 per 1000 persons at 6-month are presented 

Grouping Outcomes P value Hazard Ratio 
(95% Confidence 
interval) 

Excess burden per 
1000 COVID-19 
patients at 6-months 
(95% Confidence 
interval) 

Diagnoses 

SYM Respiratory signs and symptoms 9.10×10-131 2.25 (2.11, 2.41) 46.18 (43.63, 48.57) 

SYM Nervous system signs and symptoms 3.62×10-73 1.86 (1.74, 1.99) 31.39 (28.82, 33.81) 

SYM Malaise and fatigue 1.80×10-96 2.42 (2.23, 2.63) 27.22 (25.54, 28.77) 

CIR Hypertension 1.60×10-23 1.45 (1.34, 1.55) 26.50 (21.99, 30.72) 

RSP Respiratory failure; insufficiency; arrest 3.00×10-134 5.15 (4.52, 5.87) 24.73 (23.89, 25.47) 

END Disorders of lipid metabolism 1.42×10-17 1.31 (1.23, 1.39) 23.96 (18.96, 28.69) 

NVS Sleep wake disorders 3.42×10-27 1.43 (1.34, 1.53) 22.66 (19.09, 26.01) 

END Fluid and electrolyte disorders 2.20×10-62 2.10 (1.92, 2.29) 19.74 (18.08, 21.25) 

INF Bacterial infections 1.12×10-78 2.81 (2.52, 3.12) 18.87 (17.67, 19.95) 

MUS Muscle disorders 7.77×10-69 2.47 (2.23, 2.73) 18.55 (17.19, 19.77) 

BLD Anemia 1.07×10-56 2.08 (1.90, 2.28) 18.55 (16.91, 20.05) 

CIR Cardiac dysrhythmias 1.50×10-57 2.26 (2.04, 2.50) 17.53 (16.05, 18.86) 

DIG Esophageal disorders 7.28×10-24 1.44 (1.34, 1.55) 16.69 (13.88, 19.32) 

MBD Trauma- and stressor-related disorders 3.35×10-24 1.50 (1.39, 1.62) 16.45 (13.75, 18.95) 

MUS Musculoskeletal pain, not low back pain 1.82×10-09 1.19 (1.12, 1.25) 15.70 (10.85, 20.32) 

GEN Acute renal failure 3.42×10-62 2.61 (2.33, 2.93) 15.55 (14.39, 16.59) 

SYM Circulatory signs and symptoms 6.31×10-38 1.77 (1.62, 1.93) 15.23 (13.43, 16.90) 

CIR Chest pain 2.23×10-37 1.80 (1.64, 1.97) 14.94 (13.16, 16.56) 

NVS Other specified nervous system disorders 1.17×10-40 1.99 (1.80, 2.21) 14.08 (12.56, 15.45) 

DIG Gastrointestinal disorders 1.45×10-33 1.73 (1.58, 1.89) 14.07 (12.26, 15.72) 

END Diabetes mellitus 1.91×10-23 1.60 (1.46, 1.75) 14.00 (11.73, 16.07) 

END Obesity 2.43×10-20 1.48 (1.36, 1.61) 13.04 (10.67, 15.22) 

SYM Dysphagia 7.71×10-47 2.32 (2.07, 2.60) 12.77 (11.59, 13.83) 

GEN Urinary tract infections 2.68×10-42 2.19 (1.96, 2.46) 12.54 (11.27, 13.67) 

MBD Depressive disorders 6.57×10-14 1.33 (1.24, 1.43) 12.40 (9.48, 15.12) 

SYM Abdominal pain and other digestive/abdomen signs and symptoms 1.03×10-17 1.39 (1.29, 1.49) 12.22 (9.75, 14.51) 

NVS Neurocognitive disorders 1.23×10-43 2.51 (2.21, 2.86) 11.87 (10.77, 12.84) 



RSP Lower respiratory disease 6.11×10-53 3.03 (2.63, 3.49) 11.68 (10.80, 12.44) 

INF Septicemia 2.79×10-56 3.63 (3.09, 4.26) 11.48 (10.72, 12.13) 

CIR Coronary atherosclerosis and other heart disease 3.94×10-24 1.67 (1.51, 1.84) 11.37 (9.59, 12.99) 

CIR Heart failure 3.47×10-36 2.13 (1.89, 2.39) 11.22 (9.97, 12.34) 

MBD Anxiety and fear-related disorders 3.85×10-15 1.38 (1.27, 1.49) 10.69 (8.33, 12.88) 

SYM Genitourinary signs and symptoms 2.81×10-20 1.55 (1.41, 1.70) 10.03 (8.25, 11.67) 

Medication use 

CN Non-opioid analgesics 3.26×10-97 2.02 (1.89, 2.15) 45.07 (41.99, 47.96) 

BL Anticoagulants 1.20×10-169 2.98 (2.76, 3.22) 44.31 (42.48, 46.01) 

RE Bronchodilators, sympathomimetic, inhalation 1.70×10-128 2.84 (2.61, 3.09) 36.26 (34.48, 37.89) 

GA Hyperosmotic laxatives 5.75×10-65 1.78 (1.67, 1.91) 28.87 (26.30, 31.29) 

GA Gastric medications 8.71×10-49 1.74 (1.61, 1.87) 26.70 (23.90, 29.32) 

RE Non-opioid-containing antitussives/expectorants 6.84×10-84 2.76 (2.49, 3.06) 22.71 (21.30, 23.98) 

GA Stimulant laxatives 1.62×10-57 1.89 (1.74, 2.04) 22.27 (20.22, 24.18) 

CV Beta blockers/related 1.97×10-50 2.08 (1.89, 2.29) 20.42 (18.49, 22.17) 

CV Antilipemic agents 2.35×10-21 1.52 (1.40, 1.66) 19.14 (15.79, 22.23) 

CN Opioid analgesics 8.28×10-32 1.53 (1.43, 1.64) 19.01 (16.35, 21.49) 

CN Antidepressants 3.27×10-24 1.51 (1.39, 1.63) 18.36 (15.35, 21.16) 

RE Antiasthma 1.40×10-57 2.43 (2.18, 2.70) 17.08 (15.69, 18.32) 

CV Calcium channel blockers 6.45×10-40 1.99 (1.79, 2.20) 16.69 (14.86, 18.34) 

HS Insulin 1.02×10-58 2.66 (2.36, 2.99) 16.19 (14.95, 17.29) 

VT Vitamin D 1.21×10-22 1.45 (1.35, 1.57) 16.10 (13.32, 18.69) 

TN Potassium 4.57×10-47 2.02 (1.84, 2.23) 15.95 (14.37, 17.39) 

HS Glucocorticoids 4.66×10-26 1.51 (1.40, 1.63) 14.87 (12.54, 17.03) 

CV Alpha blockers/related 4.29×10-27 1.65 (1.50, 1.80) 14.55 (12.40, 16.52) 

GA Stool softener 6.44×10-41 1.95 (1.77, 2.14) 14.39 (12.83, 15.82) 

VT Vitamin C 1.34×10-64 3.44 (2.98, 3.97) 13.67 (12.81, 14.42) 

CV Loop diuretics 9.84×10-44 2.21 (1.98, 2.48) 13.57 (12.24, 14.77) 

DE Antifungal, topical 6.79×10-24 1.57 (1.43, 1.71) 12.44 (10.43, 14.29) 

DE Anti-inflammatory, topical 9.88×10-11 1.23 (1.16, 1.31) 12.35 (8.86, 15.63) 

MS Nonsalicylate NSAIDs, antirheumatic 2.13×10-09 1.24 (1.15, 1.33) 11.45 (7.95, 14.72) 

CN Anticonvulsants 1.47×10-14 1.39 (1.28, 1.51) 11.01 (8.53, 13.30) 

AH Antihistamines 2.34×10-17 1.46 (1.34, 1.59) 10.99 (8.79, 13.00) 

CN Benzodiazepine derivative sedatives/hypnotics 1.46×10-28 1.82 (1.64, 2.03) 10.76 (9.29, 12.08) 



TN Magnesium 1.04×10-32 2.00 (1.79, 2.25) 10.76 (9.45, 11.92) 

Laboratory abnormalities 

Low Hematocrit 6.28×10-98 1.85 (1.75, 1.96) 53.25 (49.45, 56.86) 

Low Hemoglobin 3.40×10-100 1.92 (1.80, 2.03) 51.35 (47.80, 54.72) 

Low Serum albumin  2.55×10-75 2.12 (1.95, 2.29) 24.63 (22.77, 26.35) 

High Serum chloride  1.11×10-31 1.53 (1.42, 1.64) 18.39 (15.81, 20.80) 

Low Serum potassium  3.43×10-38 1.77 (1.62, 1.93) 15.41 (13.59, 17.09) 

Low Serum calcium  1.25×10-39 1.80 (1.65, 1.97) 15.37 (13.61, 17.00) 

High Total white blood cell count 6.68×10-29 1.57 (1.45, 1.70) 14.66 (12.52, 16.64) 

Low Total white blood cell count 1.23×10-23 1.49 (1.38, 1.61) 14.25 (11.87, 16.45) 

High Alanine aminotransferase 3.22×10-19 1.38 (1.28, 1.48) 13.99 (11.28, 16.52) 

Low Carbon dioxide 2.57×10-27 1.56 (1.44, 1.69) 13.88 (11.79, 15.82) 

High Blood urea nitrogen 4.40×10-25 1.56 (1.44, 1.70) 13.24 (11.15, 15.16) 

Low Serum sodium  3.71×10-17 1.35 (1.26, 1.44) 13.04 (10.33, 15.58) 

Low Serum total protein  2.75×10-38 2.20 (1.95, 2.47) 10.97 (9.80, 12.00) 

High International Normalized Ratio 1.53×10-37 2.20 (1.95, 2.48) 10.96 (9.78, 12.00) 

High Triglycerides 3.01×10-07 1.17 (1.10, 1.24) 10.51 (6.67, 14.14) 

High Prothrombin time  1.41×10-35 2.15 (1.91, 2.43) 10.51 (9.33, 11.55) 

Diagnosis group: BLD=Diseases of the Blood and Blood Forming Organs and Certain Disorders Involving the Immune Mechanism; CIR=Diseases 
of the Circulatory System; DIG=Diseases of the Digestive System; END=Endocrine, Nutritional and Metabolic Diseases; GEN=Diseases of the 
Genitourinary System; INF=Certain Infectious and Parasitic Diseases; MBD=Mental, Behavioral and Neurodevelopmental Disorders; 
MUS=Diseases of the Musculoskeletal System and Connective Tissue; NVS=Diseases of the Nervous System; RSP=Diseases of the Respiratory 
System; SYM=Symptoms, Signs and Abnormal Clinical and Laboratory Findings, Not Elsewhere Classified. 
 
Medication group: AH=Antihistamines; BL=Blood Products/Modifiers/Volume Expanders; CN=Central Nervous System Medications; 
CV=Cardiovascular Medications; DE=Dermatological Agents; GA=Gastrointestinal Medications; HS=Hormones/Synthetics/Modifiers; 
MS=Musculoskeletal Medications; RE=Respiratory Tract Medications; TN=Therapeutic Nutrients/Minerals/Electrolytes; VT=Vitamins. 
 
Hazard ratio, burden and P value of common post-acute sequalae of COVID-19 in people with COVID-19 compared to users of the Veterans 
Health Administration (VHA). All users of the VHA served as the referent category. Results based on survival models adjusted through overlap 
weighting. Outcomes were ascertained from day 30 after COVID-19 diagnosis until end of follow-up. Outcomes selected based on hazard ratio 
larger than one, P value less than 6.57×10-5 and excess burden larger than 10 per 1000 COVID-19 patients at 6-months. Within each domain, 
outcomes are ranked based on excess burden from high to low. 

 

 



Extended data table 2: Common post-acute sequalae of COVID-19 which required hospitalization; post-acute sequalae due to COVID-19 

with excess burden greater than 10 per 1000 persons at 6-month are presented 

Grouping Outcomes P value Hazard Ratio 
(95% Confidence 
interval) 

Excess burden per 
1000 hospitalized 
COVID-19 patients at 
180 days (95% 
Confidence interval) 

Diagnoses 

RSP Respiratory failure; insufficiency; arrest 3.67×10-65 2.39 (2.16, 2.65) 74.79 (68.91, 80.15) 

END Fluid and electrolyte disorders 2.00×10-21 1.58 (1.44, 1.74) 52.52 (43.35, 60.94) 

SYM Malaise and fatigue 4.12×10-17 1.54 (1.39, 1.70) 44.30 (35.44, 52.39) 

END Disorders of lipid metabolism 1.09×10-06 1.32 (1.18, 1.47) 43.17 (26.97, 57.93) 

GEN Acute renal failure 7.27×10-16 1.56 (1.40, 1.74) 36.59 (29.01, 43.45) 

SYM Nervous system signs and symptoms 9.76×10-08 1.30 (1.18, 1.43) 35.09 (23.09, 46.14) 

INF Bacterial infections 6.83×10-12 1.43 (1.29, 1.59) 33.73 (25.19, 41.52) 

MUS Muscle disorders 5.68×10-10 1.42 (1.27, 1.59) 28.81 (20.68, 36.15) 

BLD Anemia 4.32×10-08 1.36 (1.22, 1.51) 28.09 (18.91, 36.41) 

INF Septicemia 8.99×10-16 1.74 (1.52, 2.00) 27.82 (22.33, 32.64) 

GEN Urinary tract infections 1.05×10-13 1.65 (1.44, 1.88) 26.97 (21.04, 32.20) 

NVS Other specified nervous system disorders 7.20×10-10 1.49 (1.31, 1.69) 25.77 (18.59, 32.14) 

END Malnutrition 9.07×10-17 1.93 (1.65, 2.25) 24.65 (20.16, 28.52) 

SYM Dysphagia 1.68×10-09 1.45 (1.28, 1.63) 23.65 (16.83, 29.73) 

NVS Neurocognitive disorders 2.11×10-09 1.58 (1.36, 1.83) 22.83 (16.42, 28.39) 

END Nutritional and metabolic disorders 3.65×10-09 1.48 (1.30, 1.69) 22.68 (16.05, 28.53) 

SYM Shock 4.43×10-23 3.06 (2.45, 3.82) 21.59 (18.97, 23.70) 

SKN Pressure ulcer of skin 8.70×10-12 1.73 (1.48, 2.03) 20.45 (15.64, 24.57) 

CIR Hypotension 1.49×10-07 1.43 (1.25, 1.64) 19.09 (12.71, 24.70) 

DIG Gastrointestinal disorders 2.88×10-05 1.29 (1.14, 1.45) 18.31 (10.26, 25.52) 

SYM Circulatory signs and symptoms 3.50×10-05 1.29 (1.15, 1.46) 17.80 (9.90, 24.85) 

RSP Lower respiratory disease 4.57×10-07 1.44 (1.25, 1.67) 16.79 (10.96, 21.88) 

MBD Anxiety and fear-related disorders 1.83×10-05 1.37 (1.19, 1.59) 15.72 (9.11, 21.48) 

CIR Acute pulmonary embolism 1.15×10-14 2.57 (2.02, 3.26) 15.33 (12.67, 17.43) 

BLD Coagulation and hemorrhagic disorders 1.36×10-07 1.58 (1.33, 1.87) 14.25 (9.67, 18.13) 

RSP Postprocedural or postoperative respiratory system complication 1.21×10-19 5.07 (3.57, 7.21) 12.02 (10.77, 12.90) 

CIR Acute phlebitis; thrombophlebitis and thromboembolism 2.57×10-07 1.71 (1.39, 2.09) 11.88 (8.08, 15.00) 



Medication use 

BL Anticoagulants 3.43×10-25 1.55 (1.43, 1.68) 81.04 (67.76, 93.46) 

CN Non-opioid analgesics 3.37×10-08 1.31 (1.19, 1.44) 55.26 (36.87, 72.35) 

GA Hyperosmotic laxatives 7.33×10-15 1.43 (1.31, 1.57) 50.65 (39.29, 61.16) 

GA Stimulant laxatives 2.70×10-16 1.50 (1.36, 1.65) 47.02 (37.22, 56.01) 

DE Local anesthetics, topical 4.47×10-11 1.51 (1.33, 1.70) 29.44 (21.81, 36.25) 

VT Vitamin C 2.84×10-30 3.04 (2.51, 3.68) 28.78 (25.78, 31.27) 

IM Vaccines 8.32×10-21 2.04 (1.76, 2.37) 27.67 (23.33, 31.42) 

HS Insulin 2.05×10-08 1.44 (1.27, 1.64) 26.10 (17.96, 33.33) 

TN Potassium 3.07×10-06 1.29 (1.16, 1.44) 23.95 (14.56, 32.47) 

TN Zinc 4.18×10-35 8.52 (6.07, 11.96) 22.78 (21.54, 23.66) 

CN Benzodiazepine derivative sedatives/hypnotics 9.54×10-09 1.48 (1.29, 1.69) 21.57 (15.08, 27.29) 

DE Antifungal, topical 3.78×10-06 1.34 (1.18, 1.52) 19.97 (12.16, 26.93) 

CN Antipsychotics 1.41×10-08 1.57 (1.34, 1.83) 18.59 (13.04, 23.36) 

DE Dermatologicals, topical 9.50×10-07 1.44 (1.24, 1.66) 16.82 (10.78, 22.07) 

RS Laxatives, rectal 2.63×10-05 1.39 (1.19, 1.61) 12.88 (7.37, 17.64) 

OR Mouthwashes 4.10×10-07 1.57 (1.32, 1.87) 12.71 (8.44, 16.31) 

VT Thiamine 3.92×10-05 1.53 (1.25, 1.88) 10.15 (5.84, 13.69) 

Laboratory abnormalities 

Low Hemoglobin 2.80×10-06 1.28 (1.16, 1.42) 48.56 (29.34, 66.28) 

Low Hematocrit 1.14×10-05 1.26 (1.13, 1.39) 48.04 (27.56, 67.01) 

Low Serum albumin  1.18×10-12 1.42 (1.29, 1.56) 45.03 (33.92, 55.24) 

Low Serum total protein  2.02×10-19 1.81 (1.59, 2.06) 33.39 (27.63, 38.49) 

High Alanine aminotransferase 2.18×10-08 1.42 (1.25, 1.60) 25.70 (17.62, 32.91) 

High Platelet count 2.22×10-16 1.94 (1.65, 2.26) 24.31 (19.85, 28.15) 

Low Serum calcium  3.03×10-05 1.26 (1.13, 1.41) 22.33 (12.41, 31.31) 

Low Serum potassium 5.16×10-06 1.31 (1.17, 1.47) 21.79 (13.08, 29.62) 

High High−sensitivity C−reactive protein 9.99×10-16 2.15 (1.78, 2.59) 20.60 (16.89, 23.69) 

High Ferritin  2.04×10-09 1.72 (1.44, 2.05) 16.76 (12.21, 20.58) 

High Total cholesterol 4.97×10-05 1.40 (1.19, 1.65) 13.25 (7.38, 18.27) 

High Serum phosphate 1.17×10-05 1.47 (1.24, 1.74) 12.22 (7.31, 16.38) 

High Serum sodium  3.99×10-06 1.49 (1.26, 1.77) 11.83 (7.35, 15.62) 

High C-reactive protein 7.76×10-07 1.67 (1.37, 2.05) 10.78 (7.14, 13.76) 

Diagnosis group: BLD=Diseases of the Blood and Blood Forming Organs and Certain Disorders Involving the Immune Mechanism; CIR=Diseases 
of the Circulatory System; DIG=Diseases of the Digestive System; END=Endocrine, Nutritional and Metabolic Diseases; GEN=Diseases of the 



Genitourinary System; INF=Certain Infectious and Parasitic Diseases; MBD=Mental, Behavioral and Neurodevelopmental Disorders; 
MUS=Diseases of the Musculoskeletal System and Connective Tissue; NVS=Diseases of the Nervous System; RSP=Diseases of the Respiratory 
System; SKN=Diseases of the Skin and Subcutaneous Tissue; SYM=Symptoms, Signs and Abnormal Clinical and Laboratory Findings, Not 
Elsewhere Classified. 
 
Medication group: BL=Blood Products/Modifiers/Volume Expanders; CN=Central Nervous System Medications; DE=Dermatological Agents; 
GA=Gastrointestinal Medications; HS=Hormones/Synthetics/Modifiers; IM=Immunological Agents; OR=Dental and Oral Agents, Topical; 
RS=Rectal, Local; TN=Therapeutic Nutrients/Minerals/Electrolytes; VT=Vitamins. 
 
Hazard ratio, burden and P value of common post-acute sequalae of COVID-19 which require hospitalization in people who had been  hospitalized 
with COVID-19 compared to people who had been hospitalized with seasonal influenza. People who had been hospitalized with seasonal influenza 
served as the referent category. Results based on survival models adjusted through overlap weighting. Outcomes were ascertained from day 30 
after hospital admission until end of follow-up. Outcomes selected based on hazard ratio larger than one, P value less than 6.57×10-5 and excess 
burden larger than 10 per 1000 COVID-19 patients at 6-months. Within each domain, outcomes are ranked based on excess burden from high to 
low. 

 

 



Extended data figure 1a: Cohort flow for COVID-19 vs. users of the Veteran Health Administration 

 

 

 



Extended data figure 1b: Cohort flow for hospitalized patients with COVID-19 vs. hospitalized patients with seasonal influenza  

 

 



Extended data figure 2a: Study timeline for COVID-19 vs. users of the Veteran Health Administration 

 

Extended data figure 2b: Study timeline for hospitalized patients with COVID-19 vs. hospitalized patients with seasonal influenza 

 



Blood and Blood Forming Organs
and Immune Mechanism Disorders

Certain Infectious and
Parasitic Diseases

Circulatory System

Digestive System

Endocrine, Nutritional
and Metabolic Diseases

Eye and Adnexa

Factors Influencing Health Status
and Contact with Health Services

Genitourinary System

Mental, Behavioral and
Neurodevelopmental Disorders

Musculoskeletal System
and Connective Tissue

Nervous System

Respiratory System

Skin and Subcutaneous Tissue

Symptoms, Signs and Abnormal
Clinical and Laboratory Findings

1 1.3 1.5 2 3 4 5 7.5 10

Nutritional anemia
Diseases of white blood cells

Aplastic anemia
Coagulation and hemorrhagic disorders

Acute posthemorrhagic anemia

Fungal infections
Parasitic, other specified infections

Bacterial infections
Septicemia

Peripheral and visceral vascular disease
Other specified circulatory disease

Essential hypertension
Conduction disorders

Coronary atherosclerosis and other heart disease
Myocarditis and cardiomyopathy

Pulmonary heart disease
Other and ill−defined heart disease

Other and ill−defined cerebrovascular disease
Nonspecific chest pain

Cerebral infarction
Hypertension with complications and secondary hypertension

Acute myocardial infarction
Sequela of cerebral infarction and other cerebrovascular disease

Heart failure
Hypotension

Cardiac dysrhythmias
Gangrene

Chronic phlebitis; thrombophlebitis and thromboembolism
Acute phlebitis; thrombophlebitis and thromboembolism

Cardiac arrest and ventricular fibrillation
Acute pulmonary embolism

Disorders of teeth and gingiva
Hemorrhoids

Other specified liver disease
Esophageal disorders

Other specified disorders of stomach and duodenum
Gastrointestinal hemorrhage

Biliary tract disease
Intestinal obstruction and ileus

Other specified gastrointestinal disorders
Intestinal infection

Nutritional deficiencies
Thyroid disorders

Disorders of lipid metabolism
Obesity

Other specified nutritional and metabolic disorders
Diabetes mellitus without complication

Diabetes mellitus with complication
Diabetes mellitus, Type 2

Fluid and electrolyte disorders
Malnutrition

Retinal and vitreous conditions

Neoplasm−related encounters
Implant, device or graft related encounter

Medical examination/evaluation
Encounters or contact with infectious disease

Encounter for administrative purposes
Acquired absence of limb or organ

Other specified encounters and counseling
Encounter for observation, excluding infectious disease, neoplasm, mental disorders

Socioeconomic/psychosocial factors
Other specified status

Personal/family history of disease
Other aftercare encounter

Carrier status
Resistance to antimicrobial drugs

Hematuria
Urinary incontinence

Calculus of urinary tract
Other specified diseases of kidney and ureters

Hyperplasia of prostate
Chronic kidney disease
Urinary tract infections

Acute renal failure

Depressive disorders
Anxiety and fear−related disorders

Trauma− and stressor−related disorders
Schizophrenia spectrum and other psychotic disorders

Low back pain
Musculoskeletal pain, not low back pain

Osteoarthritis
Osteomyelitis

Muscle disorders

Headache; including migraine
Other specified hereditary and degenerative nervous system conditions

Sleep wake disorders
Polyneuropathies

Other specified nervous system disorders
Epilepsy; convulsions

Paralysis (other than cerebral palsy)
Neurocognitive disorders

Myopathies

Other specified upper respiratory disease
Asthma

Other specified upper respiratory infections
Chronic obstructive pulmonary disease and bronchiectasis

Pleurisy, pleural effusion and pulmonary collapse
Other specified lower respiratory disease

Aspiration pneumonitis
Pneumothorax

Postoperative respiratory system complication
Respiratory failure; insufficiency; arrest

Other specified skin disorders
Other specified inflammatory condition of skin

Skin and subcutaneous tissue infections
Non−pressure ulcer of skin

Pressure ulcer of skin

General sensation/perception signs and symptoms
Skin/Subcutaneous signs and symptoms

Nausea and vomiting
Abdominal pain and other digestive/abdomen signs and symptoms

Other general signs and symptoms
Abnormal findings without diagnosis
Genitourinary signs and symptoms

Symptoms of mental and substance use conditions
Circulatory signs and symptoms

Nervous system signs and symptoms
Fever

Respiratory signs and symptoms
Dysphagia

Malaise and fatigue
Shock

Adjusted hazard ratio (95% CI)

CGH
Typewriter
Extended data figure 3A. Diagnoses in COVID-19 vs. VHA users



Antidotes, and poison control

Antihistamines

Antimicrobials

Autonomic medications

Blood products, modifiers,
and volume expanders

Cardiovascular medications

Central nervous system medications

Dental and oral agents, topical

Dermatological agents

Diagnostic agents

Gastrointestinal medications

Genitourinary medications

Hormones, synthetics, modifiers

Immunological agents

Irrigation, dialysis solutions

Musculoskeletal medications

Nasal and throat agents, topical

Ophthalmic agents

Otic agents

Rectal, local

Respiratory tract medications

Therapeutic nutrients, and
minerals, electrolytes

Vitamins

1 1.3 1.5 2 2.5 3 4 5 6 7 8

Antidotes,  Deterrents,  and
Poison Control Exchange Resins

Antihistamines, Piperazine
Antihistamines, Ethanolamine

Antihistamines, Other

Cephalosporin 1st Generation
Penicillins, Amino Derivatives

Tetracyclines
Quinolones
Antifungals

Sulfonamide, Related Antimicrobials
Nitrofurans Antimicrobials

Erythromycins, Macrolides
Anti−Infectives, Other

Cephalosporin 3rd Generation

Parasympatholytics
Parasympathomimetics (Cholinergics)

Blood Formation Products
Anticoagulants
Thrombolytics

Antianginals
Thiazides, Related Diuretics

Angiotensin II Inhibitor
Ace Inhibitors

Antilipemic Agents
Alpha Blockers, Related

Calcium Channel Blockers
Antihypertensives, Other

Beta Blockers, Related
Loop Diuretics

Cardiovascular Agents, Other
Antiarrhythmics

Digitalis Glycosides

Anticonvulsants
Sedatives, Hypnotics, Other

Antidepressants, Other
Opioid Analgesics
Antivertigo Agents

Benzodiazepine Derivative Sedatives, Hypnotics
Non−Opioid Analgesics

Antipsychotics, Other

Mouthwashes

Anti−Inflammatory, Topical
Local Anesthetics, Topical

Analgesics, Topical
Emollients

Antibacterial, Topical
Antifungal, Topical

Dermatologicals, Topical Other

Diagnostics, Other
Diagnostic Antigens

Bulk−Forming Laxatives
Antiemetics

Antidiarrheal Agents
Gastric Medications, Other

Antacids, Other
Hyperosmotic Laxatives

Histamine Antagonists
Stimulant Laxatives

Stool Softener
Sodium Bicarbonate Containing Antacids

Magnesium Containing Antacids

Genito−Urinary Agents, Other

Glucocorticoids
Antihypoglycemics

Oral Hypoglycemic Agents, Oral
Hormones, Synthetics, Modifiers, Other

Insulin

Vaccines

Irrigation Solutions

Skeletal Muscle Relaxants
Nonsalicylate Nsais, Antirheumatic

Neuromuscular Blocking Agents

Anti−Inflammatories, Nasal
Anesthetics, Mucosal

Nasal And Throat, Topical, Other
Decongestants, Nasal

Eye Washes, Lubricants

Ceruminolytics

Hemorrhoidal Preparations Without Steroid
Laxatives, Rectal

Anti−Inflammatories, Inhalation
Bronchodilators, Anticholinergic

Antiasthma, Other
Non−Opioid−Containing Antitussives, Expectorants

Opioid−Containing Antitussives, Expectorants
Bronchodilators, Sympathomimetic, Inhalation

Mucolytics

Calcium
Iron

Magnesium
Potassium

Enteral Nutrition
Phosphorus

Iv Solutions Without Electrolytes
Bicarbonates

Iv Solutions With Electrolytes
Zinc

Ergocalciferol
Vitamin D, Other
Cyanocobalamin

Multivitamins With Minerals
Multivitamins

Folic Acid, Leucovorin
Thiamine
Vitamin C

Adjusted hazard ratio (95% CI)

CGH
Typewriter
Extended data figure 3B. Medication use in COVID-19 vs VHA users



High

Low

1 1.25 1.5 1.75 2 2.25 2.5 3 4

Serum sodium
Platelet count

Blood urea nitrogen
Serum chloride

Total white blood cell count
Serum alkaline phosphatase

Carbon dioxide
Serum potassium

Serum calcium
Serum phosphate

Hematocrit
Hemoglobin

Prothrombin time
Serum albumin

Serum total protein
Serum creatinine

Triglycerides
Total cholesterol

Low density lipoprotein cholesterol
Total bilirubin

Serum potassium
Aspartate aminotransferase

Alanine aminotransferase
Serum creatinine

Serum alkaline phosphatase
Serum chloride

Blood urea nitrogen
Total white blood cell count

Carbon dioxide
C reactive protein

Pro B natriuretic peptide
Brain natriuretic peptide

Prothrombin time
High−sensitivity C−reactive protein

International normalized ratio
Ferritin

Partial thromboplastin time
Platelet count

Serum phosphate
Serum sodium

Adjusted hazard ratios (95% CIs)

CGH
Typewriter
Extended data figure 3C. Laboratory abnormalities in COVID-19 vs. VHA users



Blood and Blood Forming Organs
and Immune Mechanism Disorders

Certain Infectious and
Parasitic Diseases

Circulatory System

Digestive System

Endocrine, Nutritional
and Metabolic Diseases

Factors Influencing Health Status
and Contact with Health Services

Genitourinary System

Mental, Behavioral and
Neurodevelopmental Disorders

Musculoskeletal System
and Connective Tissue

Nervous System

Respiratory System

Skin and Subcutaneous Tissue

Symptoms, Signs and Abnormal
Clinical and Laboratory Findings

1 1.3 1.5 2 3 4 5 7.5 10

Aplastic anemia

Coagulation and hemorrhagic disorders

Bacterial infections

Septicemia

Hypotension

Acute phlebitis; thrombophlebitis and thromboembolism

Acute pulmonary embolism

Other specified gastrointestinal disorders

Disorders of lipid metabolism

Other specified nutritional and metabolic disorders

Fluid and electrolyte disorders

Malnutrition

Other specified encounters and counseling

Other specified status

Other aftercare encounter

Socioeconomic/psychosocial factors

Personal/family history of disease

Encounters or contact with infectious disease

Encounter for mental health conditions

Acute renal failure

Urinary tract infections

Anxiety and fear−related disorders

Muscle disorders

Other specified nervous system disorders

Neurocognitive disorders

Myopathies

Other specified lower respiratory disease

Aspiration pneumonitis

Respiratory failure; insufficiency; arrest

Postoperative respiratory system complication

Pressure ulcer of skin

Circulatory signs and symptoms

Nervous system signs and symptoms

Dysphagia

Malaise and fatigue

Symptoms of mental and substance use conditions

Shock

Adjusted hazard ratio (95% CI)

CGH
Typewriter
Extended data figure 4A. Diagnoses in hospitalized COVID-19 vs. influenza



Antimicrobials

Blood products, modifiers,
and volume expanders

Central nervous system medications

Dental and oral agents, topical

Dermatological agents

Gastrointestinal medications

Hormones, synthetics, modifiers

Immunological agents

Rectal, local

Therapeutic nutrients, and
minerals, electrolytes

Vitamins

1 1.3 1.5 2 3 4 5 7.5 10 12

Cephalosporin 3rd Generation

Anticoagulants

Non−Opioid Analgesics

Benzodiazepine Derivative
Sedatives, Hypnotics

Antipsychotics, Other

Mouthwashes

Antifungal, Topical

Dermatologicals, Topical Other

Local Anesthetics, Topical

Hyperosmotic Laxatives

Stimulant Laxatives

Insulin

Vaccines

Laxatives, Rectal

Potassium

Phosphorus

IV Solutions Without Electrolytes

Zinc

Thiamine

Vitamin C

Adjusted hazard ratio (95% CI)

CGH
Typewriter
Extended data figure 4B. Medication use in hospitalized COVID-19 vs. influenza



High

Low

1 1.25 1.5 1.75 2 2.25 2.5 3 4 5

Hematocrit
Serum calcium

Hemoglobin
Serum potassium

Serum albumin
Serum total protein

Total cholesterol
Alanine aminotransferase

Serum phosphate
Serum sodium

C reactive protein
Ferritin

Platelet count
High−sensitivity C−reactive protein

Troponin T

Adjusted hazard ratios (95% CIs)

CGH
Typewriter
Extended figure 4C. Laboratory abnormalities in hospitalized COVID-19 vs. influenza



Extended data figure 5: Flowchart of the overall analytic approach 
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