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Extended DataFig. 6 | High dimensionalidentification of theincident post-

acute sequalae of COVID-19 in people who had been hospitalized for
COVID-19. (a, d) Incident diagnoses, (b, ) Incident medication use and (c, f)
Incidentlaboratory abnormalities. Hospitalized for other causes served as the
referent category. Post-acute sequalae were ascertained from 30 days after
infectionuntil end of follow-up. (a, b, ¢) Beginning from the outside ring, the
firstring represents hazard ratios for the post-acute sequalae of COVID-19. A
higherbarindicates larger hazard ratio. Hazard ratios with point estimate
larger than one and statistically significant were colored in yellow. The second
ring represents excess burden per 1000 COVID-19 patients at 6-months. Color
ofthecellindicates value of the excess burden, where deeper shades of red

indicate higher excess burden and deeper shades of blue indicate greater
reduced burden. The third ring represents the baseline incident rate in the
control group, where deeper shades of red indicate higherincident rate. The
fourthringrepresents negative log of the P value, where a higher bar indicates
smaller P value and yellow bar indicate statistically significant. (d, e, f) Sequalae
were selected based onhazardratio larger than oneand P value less than
6.57x10°. Excess burdens per 1000 COVID-19 patients at 6-months are
presented. Within each domain, outcomes are ranked based on excess burden
from highto low. Diagnoses are colored based on diagnosis group, medications
are colored based on medication class, and laboratory abnormalities are
colored based onhigher or lower than normal range.
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Extended DataFig.7|Risk ofincident post-acute sequalaein COVID-19
patients who had been hospitalized for other causes. (a) Incident diagnoses,
(b) Incident medication use and (c) Incident laboratory abnormalities. People
who had been hospitalized for other causes served as the referent category.
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Outcomes were ascertained from day 30 after hospital admission until end of
follow-up. Adjusted hazard ratios forincident sequalae that are larger than one
and P value less than 6.57x107 are presented. Hazard ratios (dots) and 95%
confidenceintervals (bars) are presented onlog10scale.
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Extended DataFig. 8 |Risks and burdens of incident pre-specified high Outcomes were ascertained from day 30 after hospital admission until end of
resolution post-acute COVID-19 outcomes at 6 monthsinhospitalized follow-up. Hazard ratios and 95% confidence intervals and excess burdens per
people with COVID-19 vs. seasonal influenza (the referent category). 1000 patients and 95% confidence intervals at 6-months are presented.
Hospitalized people with seasonalinfluenzaserved as the referent category.



Extended Data Table 1| Characteristics of study cohorts

a

Characteristics

COVID-19 vs. VHA users

Hospitalized COVID-

19 vs. seasonal Influenza

COovID-19
N=73,435

VHA users
N=4,990,835

Hospitalized COVID-19

N=13,654

Hospitalized seasonal
influenza N=13,997

Age (IQR)
Race (%)
White
Black
Other
Gender (%)
Male
Female
Long term care (%)
Number of outpatient encounter (IQR) *
Number of hospital admission (IQR)
Number of prescriptions received (IQR) *
Number of outpatient eGFR measurements (IQR) 2
Area deprivation index (IQR)
Sequential Organ Failure Assessment Score (IQR)
Follow up days (IQR)

Total Person-years (Sum)

60.70 (47.58, 71.59)

51,601 (70.27)
18,287 (24.90)
3547 (4.83)

64,555 (87.91)
8880 (12.09)
2462 (3.35)
3(2,5)
0(0,0)
8 (4,13)
1(1,2)
54.31 (43.84, 62.99)
NA
126 (81, 203)
29,723.73

66.68 (51.87, 73.91)

3,826,222 (76.66)
930,798 (18.65)
233,815 (4.68)

4,514,365 (90.45)
476,470 (9.55)
31,944 (0.64)
2(1,4)
0(0,0)

6(3, 11)
1(0,2)
53.71 (41.89, 62.60)
NA
130 (82, 205)
2,040,891.79

70.25 (60.69, 75.72)

8120 (59.47)
4610 (33.76)
924 (6.77)

12,861 (94.19)
793 (5.81)
1706 (12.49)
7(5,11)

0(0, 1)

12 (7, 18)
4(2,8)

54.05 (42.87, 61.39)
1(0,2)

150 (84, 217)
5959.01

70.14 (62.98, 77.04)

10,235 (73.12)
3124 (22.32)

638 (4.56)

13,207 (94.36)
790 (5.64)
1146 (8.19)

9 (5, 13)
0(0, 1)
16 (8, 23)

5(2, 10)
52.82 (40.12. 61.31)
1(0,2)

157 (87, 220)
6220.04

Characteristic

VHA users
N=4,990,835

COVID-19 without
hospitalization
N=73,435

Hospitalized COVID-19 without
admit to intensive care

N=10,068

Hospitalized COVID-19
admitted to intensive care
N=3586

Age (IQR)

Race (%)
White
Black
Other

Gender (%)
Male
Female

Long term care (%)

Number of outpatient encounter (IQR)
Number of hospital admission (IQR)

Number of prescriptions received (IQR) *

Number of outpatient eGFR
measurements (IQR) *

Area deprivation index (IQR)

Follow up days (IQR)

Total Person-years (Sum)

66.68 (51.87, 73.91)

3,826,222 (76.66)
930,798 (18.65)

233,815 (4.68)

4,514,365 (90.45)
476,470 (9.55)
31,944 (0.64)
2(1,4)
0(0,0)
6(3, 11)

1(0,2)

53.71 (41.89, 62.60)
130 (82, 205)

2,040,891.79

60.70 (47.58, 71.59)

51,601 (70.27)
18,287 (24.90)
3547 (4.83)

64,555 (87.91)
8880 (12.09)
2462 (3.35)

3(2,5)
0(0,0)
8 (4, 13)

1(1,2)

54.31 (43.84, 62.99)
126 (81, 203)

29,723.73

70.07 (60.32, 75.83)

5969 (59.29)
3417 (33.94)
682 (6.77)

9470 (94.06)
598 (5.94)
1305 (12.96)
7(5,11)
0(0, 1)
12 (7, 18)

4(2,8)

53.69 (42.87,61.31)

151 (83, 217)

4409.01

70.40 (61.87, 75.53)

2151 (59.98)
1193 (33.27)
242 (6.75)

3391 (94.56)
195 (5.44)
401 (11.18)
7(5,12)
0(0,1)
12(7, 18)

4(2,9)

54.53 (42.87, 61.99)
145 (85, 217)

1650.00

(a) Characteristics of (1) people with COVID-19 and users of the Veterans Health Administration (VHA), and (2) people hospitalized with COVID-19 and people hospitalized seasonal influenza. (b)
Characteristics of four mutually exclusive groups: (1) users of Veterans Health Administration (VHA), (2) people with COVID-19 without hospitalization, (3) people hospitalized with COVID-19 but
not admitted to intensive care, and (4) people with COVID-19 and admitted to intensive care. *. Data collected within one year before the cohort enrollment.
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Extended Data Table 2 | Results of negative controls, and evidence of high risk of death and health resource utilization.

a

Negative outcome control

COVID-19 vs. VHA users

Hospitalized COVID-19 vs.

Hospitalized Seasonal Influenza

(95% confidence interval) * #

Hazard Ratio

Hazard Ratio
(95% confidence interval) 1 *

Accidental injuries
Neoplasms

Scars

Fitting or adjustment of other devices (orthodontic or dental prosthetic device)

Fitting or adjustment of hearing aids
Fitting or adjustment of orthotics

Fitting or adjustment of casts

1.03 (0.95, 1.12)
1.03 (0.94, 1.12)
0.98 (0.67, 1.44)
1.04 (0.95, 1.14)
1.04 (0.94, 1.11)
1.13(0.93, 1.38)
0.97 (0.82, 1.14)

1.02 (0.90, 1.15)
0.98 (0.83, 1.16)
1.06 (0.38, 2.95)
0.96(0.74, 1.24)
1.02 (0.76, 1.37)
1.06 (0.62, 1.82)
0.90 (0.62, 1.30)

Bandages 0.99 (0.86, 1.13) 1.08 (0.91, 1.28)
b
Hazard ratio Incident rate per 1000 at 6- Incident rate per 1000 at 6- Excess burden per 1000
Cohort Outcomes (95% confidence months in COVID-19 group months in comparison group at 6-months (95%
interval) ¥ (95% confidence interval) * (95% confidence interval) * confidence interval) ¥

COVID-19 Death 1.59 (1.46, 1.73) 22.77 (20.90, 24.81) 14.38 (13.19, 15.68) 8.39 (7.09, 9.58)
vs. o i
VHA users * utpatient 1.20 (1.19, 1.21) 046.69 (944.94, 948.41) 913.48 (911.11, 915.81) 33.22 (30.89, 35.58)

encounter
ggflﬁga:i;ed Death 1.51 (1.30, 1.76) 87.92 (76.11, 101.47) 59.13 (51.07, 68.41) 28.79 (19.52, 36.85)
vs.
hospitalized Outpatient
seasonal 1.12(1.08, 1.17) 990.32 (988.50, 991.90) 983.95 (981.28, 986.30) 6.37 (4.01, 9.03)
N encounter
influenza t
[

Number of outpatient encounters per 30 days
In COVID-19 group In comp:reI:::ngrlt?:gu(;/z:)users or Excess encounters
0, i i 1 0, 1 i 1
Cohort (95% confidence interval) (95% confidence interval) ¥ (95% confidence interval)

COVID-19 vs. VHA users *

Hospitalized COVID-19 vs.
hospitalized seasonal influenza t

3.03 (3.00, 3.05)

7.51(7.37, 7.65)

2.56 (2.56, 2.57)

6.06 (5.95, 6.16)

0.47 (0.44, 0.49)

1.45 (1.28, 1.63)

(a) Results of testing negative outcome controls in people with COVID-19 compared to users of the Veterans Health Administration (VHA), and in people who had been hospitalized with COVID-
19 compared to people who had been hospitalized with seasonal influenza. (b) Risk of death and health resource utilization in people with COVID-19 compared to users of the Veterans Health
Administration (VHA), and in people who had been hospitalized with COVID-19 compared to people who had been hospitalized with seasonal influenza. (c) Health resource utilization in people
with COVID-19 compared to users of the Veterans Health Administration (VHA), and in people who had been hospitalized with COVID-19 compared to people who had been hospitalized with
seasonal influenza. *. For analyses of people with COVID-19 vs. VHA users, outcomes were ascertained from 30 days after COVID-19 diagnosis and VHA users served as the referent category. 1.
For analyses of people who had been hospitalized with COVID-19 vs. people who had been hospitalized with seasonal influenza, outcomes were ascertained from 30 days after hospital admis-
sion and people who had been hospitalized with seasonal influenza served as the referent category. *. Results based on models adjusted through overlap weighting.
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Data collection  SAS Enterprise Guide version 7.1 was used to collect data for the study. ICD-10 diagnosis codes were classified into 540 diagnostic categories
based on the Clinical Classifications Software Refined (CCSR) version 2021.1 (Healthcare Cost and Utilization Project, Agency for Healthcare
Research and Quality).

Data analysis All analyses were done using SAS Enterprise Guide version 7.1 (SAS Institute, Cary, NC). Data visualizations were performed in R 4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).
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Life sciences study design
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Sample size To achieve better precision of the study results, we enrolled all users of the US Veterans Health Administration and followed them until
January 31, 2021. To our knowledge, this is the largest and most comprehensive post-acute COVID-19 study to date involving 73,435 non-
hospitalized patients with COVID-19, and 4,990,835 controls (2,070,615.52 person years of follow-up), and 13,654 hospitalized patients with
COVID-19, and 13,997 patients hospitalized with seasonal influenza (12,179.05 person years of follow-up).
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Data exclusions  To examine the risk of post-acute outcomes beyond the first 30 days of iliness, we predefined our exclusion criteria and excluded participants
who did not survive the first 30 days of COVID-19 iliness.

Replication To provide results with better accuracy and precision, we included all users of the US Veterans Health Administration to estimate the study
results. The finding was not replicated because no other internal or external datasets with large sample size and high dimensional information
is currently available to us.

Randomization  Exposure allocation was not random. To adjust for potential confounders, we applied overlap weighting based on propensity scores
constructed from a) predefined variables including demographic, healthcare utilization and contextual factors, and b) from algorithmically

selected high dimensional variables from domains including diagnoses, pharmacy records, and laboratory tests.

Blinding We conducted an observational study. Blinding was not possible.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
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Human research participants

Policy information about studies involving human research participants

Population characteristics Study participants are users of the US Veteran Health Administration. The overall study population had a median age of 67,
87% were male, and 77% of cohort participants were of white race. 73,435 people with COVID-19 and 4,990,835 controls
were evaluated. Additionally, 13,654 people hospitalized with COVID-19 and 13,997 people hospitalized with seasonal
influenza were also evaluated. The hospitalized group comprised of 10,068 patients who were hospitalized but did not
require intensive care, and 3,586 patients who were admitted to intensive care.

Recruitment Participants were recruited if they had at least 1 encounter with the US Veteran Health Administration in the year prior to
cohort enrollment. Non users of the VA health care system were not included. The characteristics of the study population
may be different from the general population (US or global population). Other biases due to recruitment including self-
selection bias are unlikely to bias the results of this study.
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Ethics oversight The study was approved by the Institutional Review Board of the Veterans Affairs St. Louis Health Care System, St. Louis, MO,
us
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