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IMPORTANCE People who survive hospitalization for COVID-19 are at risk for developing new
cardiovascular, neurological, mental health, and inflammatory autoimmune conditions. It is
unclear how posthospitalization risks for COVID-19 compare with those for other serious
infectious illnesses.

OBJECTIVE To compare risks of incident cardiovascular, neurological, and mental health
conditions and rheumatoid arthritis in 1 year following COVID-19 hospitalization against
3 comparator groups: prepandemic hospitalization for influenza and hospitalization for sepsis
before and during the COVID-19 pandemic.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study included all adults
hospitalized for COVID-19 between April 1, 2020, and October 31, 2021, historical comparator
groups of people hospitalized for influenza or sepsis, and a contemporary comparator group
of people hospitalized for sepsis in Ontario, Canada.

EXPOSURE Hospitalization for COVID-19, influenza, or sepsis.

MAIN OUTCOME AND MEASURES New occurrence of 13 prespecified conditions, including
cardiovascular, neurological, and mental health conditions and rheumatoid arthritis, within
1 year of hospitalization.

RESULTS Of 379 366 included adults (median [IQR] age, 75 [63-85] years; 54% female), there
were 26 499 people who survived hospitalization for COVID-19, 299 989 historical controls
(17 516 for influenza and 282 473 for sepsis), and 52 878 contemporary controls hospitalized
for sepsis. Hospitalization for COVID-19 was associated with an increased 1-year risk of venous
thromboembolic disease compared with influenza (adjusted hazard ratio, 1.77; 95% CI,
1.36-2.31) but with no increased risks of developing selected ischemic and nonischemic
cerebrovascular and cardiovascular disorders, neurological disorders, rheumatoid arthritis,
or mental health conditions compared with influenza or sepsis cohorts.

CONCLUSIONS AND RELEVANCE In this cohort study, apart from an elevated risk of venous
thromboembolism within 1 year, the burden of postacute medical and mental health
conditions among those who survived hospitalization for COVID-19 was comparable with
other acute infectious illnesses. This suggests that many of the postacute consequences
of COVID-19 may be related to the severity of infectious illness necessitating hospitalization
rather than being direct consequences of infection with SARS-CoV-2.
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P ost–COVID-19 condition (PCC; also known as “long
COVID”) is variably defined as the persistence of symp-
toms or sequelae occurring 4 to 12 weeks after prob-

able or confirmed SARS-CoV-2 infection. Symptoms may in-
clude the development of new, returning, or ongoing health
problems as postacute sequelae of infection.1-4 These nega-
tive health outcomes are associated with gross impairments
in people’s ability to work and care for themselves, poor qual-
ity of life, and high health care use and costs.5-18

It has been difficult to discern whether adverse events
caused by SARS-CoV-2 infection are more common than those
caused by other severe, acute illnesses. People who survive hos-
pitalization for influenza, sepsis, or other critical illnesses are
known to have increased risks of cardiovascular, neurological,
and other health conditions.19-25 Multiple prior studies re-
ported associations of SARS-CoV-2 infection with increased
short- and long-term risks of cardiovascular, neurological, men-
tal health, and inflammatory autoimmune conditions; how-
ever, there are concerns that these associations may reflect bias
in the chosen comparison group or residual confounding by ill-
ness severity or care provided, rather than unique, direct out-
comes of SARS-CoV-2 infection.26-33 For example, many prior
studies did not distinguish the effects of hospitalization for acute
illness from the direct effects of SARS-CoV-2 infection, while ex-
ploratory analyses within these studies demonstrated that the
risks of postacute complications of COVID-19 were largely driven
by the subgroups of hospitalized individuals and those admit-
ted to the intensive care unit (ICU).27,28,30,33 Many of these prior
studies also did not include individuals who were vaccinated
against SARS-CoV-2 and/or were conducted in cohorts of US vet-
erans comprising mainly older white males, thus the affected
populations had elevated baseline risk for severe illness, which
is believed to be associated with increased risk of long-term
health outcomes following infection.34 The findings from these
studies may not reflect the direct effects of SARS-CoV-2 infec-
tion on the development of PCC or may overestimate the mag-
nitude of these risks.

The direct effects of SARS-CoV-2 infection on the risk of
developing new medical and mental health conditions re-
main undistinguished from the effects of hospitalization for
acute illness. The objective of this population-level cohort
study was to measure the associated long-term outcomes of
COVID-19 that are distinct from the risks associated with hos-
pitalization for acute illnesses in general. We conceptualized
long-term outcomes to be the incident development of car-
diovascular, neurological, and mental health conditions and
rheumatoid arthritis within 1 year of hospitalization and used
hospitalization for influenza and sepsis as comparators rep-
resentative of other similar acute illnesses.

Methods
Study Design, Setting, and Data Sources
We conducted a population-based cohort study in Ontario,
Canada,usinglinkedclinicalandhealthadministrativedatabases.
These databases are well validated and widely used to conduct
population-level studies in Ontario (eTable 1 in Supplement 1).

The administrative data sets used in this study were linked using
unique encoded identifiers at the patient level and analyzed at
ICES (formerly the Institute of Clinical and Evaluative Sciences).
Ontario is Canada’s most populous province with more than
13 million adults and more than 1.4 million confirmed cases of
SARS-CoV-2 infection. Residents of Ontario have public insur-
anceforhospitalcareandphysicians’services,andthose65years
and older are provided prescription drug insurance.

ICES is a prescribed entity under Ontario’s Personal Health
Information Protection Act (PHIPA). Section 45 of PHIPA autho-
rizes ICES to collect personal health information, without
consent, for the purpose of analysis or compiling statistical infor-
mation with respect to the management of, evaluation or moni-
toring of, allocation of resources to, or planning for all or part of
the health system. Projects that use data collected by ICES un-
der section 45 of PHIPA, and use no other data, are exempt from
research ethnics board review. The use of the data in this proj-
ect is authorized under section 45 and approved by ICES’s
Privacy and Legal Office. This study is reported in accordance
with guidelines for the Reporting of Studies Conducted Using
Observational Routinely Collected Health Data (RECORD).35

Study Participants
The COVID-19 study cohort included all Ontario adults (aged ≥18
years) who were hospitalized with a principal diagnosis of
COVID-19 between April 1, 2020, and October 31, 2021, and fol-
lowed up for up to 1 year after hospitalization, censoring for
death or loss to follow-up. The historical comparator cohorts
consisted of people hospitalized for influenza or sepsis be-
tween January 1, 2014, and March 25, 2019, representing a group
of people with severe infectious illnesses. Because care pat-
terns and hospitalization thresholds may have changed during
the pandemic, we also included a contemporary comparator co-
hort of people hospitalized for non–COVID-19 sepsis between
April 1, 2020, and October 31, 2021. There were insufficient in-
fluenza cases during the pandemic to form a comparator. The
index study date was the date of discharge from hospital.

We excluded people who died during their index hospi-
talization, were hospitalized for influenza or sepsis in the 1 year
prior to index study date, had missing age or sex, were younger

Key Points
Question Is the risk of newly developing selected medical
and mental health conditions greater within 1 year following
hospitalization for severe COVID-19 compared with influenza
or sepsis?

Findings This population-based cohort study of 26 499 people
hospitalized for COVID-19 compared with 17 516 historic controls
with influenza, 282 473 historic controls with sepsis, and 52 878
people concurrently hospitalized with sepsis found that
COVID-19 was associated with elevated 1-year risk of venous
thromboembolism but not 12 other prespecified conditions.

Meaning Apart from an elevated risk of venous
thromboembolism, the burden of postacute conditions among
those who survive hospitalization for COVID-19 may be
comparable with other acute infections.
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than 18 years or older than 105 years at index date, were non-
residents of Ontario, or were not eligible for the Ontario Health
Insurance Plan for a period of 3 months or more in the year prior
to the index date (Figure 1). To prevent people belonging to
more than 1 of the 4 mutually exclusive comparator groups,
we assigned individuals to each cohort in a stepwise fashion
based on the first occurrence of hospitalization for a specific
cause, and once assigned they were removed from the remain-
ing pool of eligible people.

Exposure Definitions
The primary exposure of hospitalization for COVID-19 was iden-
tified based on an established approach at ICES using labora-
tory-confirmed SARS-CoV-2 infection via polymerase chain
reaction testing that was performed within 14 days prior to
admission or 3 days following admission to hospital during the
study period.36 This approach has been shown to have simi-
lar accuracy in identifying people hospitalized with a main di-
agnosis of COVID-19, which has a 98% sensitivity and 99%
specificity.36 Hospitalization for influenza was determined
using a previously validated algorithm that is 83% sensitive and
98% specific, and hospitalization for sepsis was identified using
a previously validated algorithm based on the Sepsis-2 defi-
nition that is 72% sensitive and 85% specific.37,38

Outcomes Definitions
The primary outcomes were a prespecified set of individual
cardiovascular, neurological, and mental health conditions and
rheumatoid arthritis. People could experience more than 1 out-
come, although the risk of developing each was analyzed sepa-
rately. We specifically assessed the incidence of new onset of
these conditions among people without a prior history of them
(see eTable 2 in Supplement 1 for details on validated case as-
certainment algorithms). These included cardiovascular con-
ditions and procedures (including acute myocardial infarc-
tion, stroke, heart failure, hypertension, percutaneous coronary
intervention, and coronary artery bypass grafting), venous
thromboembolic disease (deep vein thrombosis and pulmo-
nary embolism), neurological disorders (seizure, Parkinson dis-
ease, and dementia), rheumatoid arthritis, and mental health
conditions (depression, anxiety, and substance use disor-
ders). These conditions were chosen because they were known
adverse outcomes following COVID-19, influenza, sepsis, or
general critical illness based on a recent comprehensive re-
view of the literature and the clinical and scientific experi-
ence of our team.6 Death following discharge from hospital was
measured as a secondary outcome.

Covariates
Covariates included in the analytical models were prespeci-
fied and chosen as potential confounders based on the clinical
and research expertise of our team. Baseline demographic and
clinical variables at index date included age; sex; socioeco-
nomic status; residence in a nursing home; rural residence; sur-
name-based ethnicity39; comorbidities40; diagnosis of pre-
existing physical, sensory, and intellectual disability41; Hospital
Frailty Risk Score42; hospitalization for pneumonia within prior
5 years; ICU admission; use of mechanical ventilation during in-

dex hospitalization; index hospital length of stay; and COVID-19
vaccination status. The Hospital Frailty Risk Score (range, 0-50)
is a validated measure of a patient’s function and comorbidity
that reflects global illness severity and identifies a group of pa-
tients who are at greater risk of adverse outcomes, including hos-
pital admission, length of stay, and 30-day mortality.42,43 We cal-
culated the Hospital Frailty Risk Score using hospitalization
records with a 5-year look back, including the person’s index hos-
pitalization for COVID-19, influenza, and sepsis. The Hospital
Frailty Risk Score is composed of a specific set of International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision codes that are used to calculate it. There-
fore, people who were not hospitalized before their index hos-
pitalization and/or did not have any of the conditions contained
within the Hospital Frailty Risk Score could have a score of zero.
We categorized Hospital Frailty Risk Scores into 3 groups based
on the distribution of scores within the cohort: (1) 0.1 to 4.9,
(2) 5.0 to 8.9, and (3) at least 9, using a score of 0 as the referent
group. Full vaccination status was defined as 2 doses, and par-
tial status was defined as having 1 dose of an approved vac-
cine, which corresponded to the established provincial crite-
ria during the study period that was before the availability of
third and fourth booster doses. Comorbidities were identified
using International Statistical Classification of Diseases and Re-
lated Health Problems, Tenth Revision codes from the Ontario
Health Insurance Plan database and the Discharge Abstract Da-
tabase, using validated case ascertainment algorithms where
available.44

Statistical Analysis
We used propensity score–based overlap weighting to achieve
balance on all measured baseline characteristics between the
exposure groups and to achieve optimal precision of the esti-
mated associated effects of COVID-19 on the development of
medical and mental health sequelae.45 A propensity score (PS),
defined as the probability of being hospitalized for COVID-19 vs
either influenza or sepsis, was estimated using multivariable
random-effects logistic regression and included the covariates
described previously.46,47 Hospital random effects were included
inthePStobetterbalancepatientsdischargedfromthesamehos-
pital because they were treated similarly in terms of discharge
processes.46 Propensity overlap weighting assigns weights to all
people in the study cohort who were proportional to the prob-
ability of that person belonging to the opposite exposure group.45

The result is such that people at the extremes of the PS do not
dominate results and worsen precision, as occurs with inverse
probability of treatment weighting. We included multiple factors
in the propensity weights that are risk factors for severe COVID-
19. We additionally included the index hospital in which a per-
son was admitted to account for potential hospital-specific dif-
ferences in care and outcomes.48 All outcomes are reported using
the weighted results, unless otherwise specified.

Each patient was weighted according to the overlap weight,
defined as their probability of being assigned to the opposite
exposure group based on the PS model.45 Overlap weights
give larger weights to patients with a high probability of receiv-
ing either exposure who have the greatest overlap in observed
risk factors and downweight patients in the extremes of the
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Table 1. Baseline Characteristics of Weighted Study Cohorts of Adults Who Survived Hospitalization for COVID-19 and Contemporary Sepsis

Characteristic

No. (%)

SDa
COVID-19
(n = 26 499)

Contemporary sepsis
(n = 52 878)

Age, median (IQR), y 70 (57-81) 70 (57-81) 0.0

Sex

Female 4589.2 (48.0) 4589.2 (48.0) 0.0

Male 4979.9 (52.0) 4979.9 (52.0) 0.0

Rural residence 557.8 (5.8) 557.8 (5.8) 0.0

Neighborhood income quintile

1 2788.5 (29.1) 2788.5 (29.1) 0.0

2 2069.3 (21.6) 2069.3 (21.6) 0.0

3 1835.9 (19.2) 1835.9 (19.2) 0.0

4 1515.7 (15.8) 1515.7 (15.8) 0.0

5 1307.8 (13.7) 1307.8 (13.7) 0.0

Missing 52.0 (0.5) 52.0 (0.5) 0.0

Surname-based ethnic group

Chinese 322.3 (3.4) 376.5 (3.9) 0.0

General population 8758.8 (91.5) 8839.9 (92.4) 0.0

South Asian 484.8 (5.1) 346.93 (3.6) 0.1

Missing ≤5 (0.0) 5.8 (0.1) 0.0

SARS-CoV-2 vaccination statusb

Full 512.3 (5.4) 2197.3 (23.0) 0.5

Partial 1333.4 (13.9) 1040.6 (10.9) 0.1

Unvaccinated 7723.4 (80.7) 6331.2 (66.2) 0.3

Chronic conditions

Asthma 1899.5 (19.8) 1899.5 (19.8) 0.0

Arrhythmia 965.3 (10.1) 965.3 (10.1) 0.0

Cancer 1812.6 (18.9) 1812.6 (18.9) 0.0

Chronic kidney disease 2811.4 (29.4) 2811.4 (29.4) 0.0

Cirrhosis (decompensated) 260.9 (2.7) 260.9 (2.7) 0.0

Coronary artery disease 1374.2 (14.4) 1374.2 (14.4) 0.0

Chronic obstructive pulmonary disease 1217.6 (12.7) 1217.6 (12.7) 0.0

Dementia 1380.5 (14.4) 1380.5 (14.4) 0.0

Depression/anxiety 3013.2 (31.5) 3013.2 (31.5) 0.0

Diabetes 3895.5 (40.7) 3895.5 (40.7) 0.0

Heart failure 1726.2 (18.0) 1726.2 (18.0) 0.0

Hypertension 6409.1 (67.0) 6409.1 (67.0) 0.0

Osteoarthritis 3072.0 (32.1) 3072.0 (32.1) 0.0

Parkinson disease 220.0 (2.3) 220.0 (2.3) 0.0

Seizure disorder 366.9 (3.8) 366.9 (3.8) 0.0

Stroke 628.2 (6.6) 628.2 (6.6) 0.0

Substance use disorder 446.9 (4.7) 446.9 (4.7) 0.0

Venous thromboembolism 272.4 (2.8) 272.4 (2.8) 0.0

Pre-existing disability

Developmental 41.1 (0.4) 36.2 (0.4) 0.0

Physical 2420.7 (25.3) 2468.6 (25.8) 0.0

Sensory 1103.2 (11.5) 1151.1 (12.0) 0.0

Hospital Frailty Risk Score

0 311.7 (3.3) 311.7 (3.3) 0.0

0.1-4.9 4047.8 (42.3) 4047.8 (42.3) 0.0

5.0-8.9 2021.3 (21.1) 2021.3 (21.1) 0.0

≥9.0 3095.9 (32.4) 3095.9 (32.4) 0.0

Missing 92.4 (1.0) 92.4 (1.0) 0.0

(continued)
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distribution. Overlap weights achieve near perfect balance for
all covariates included in the PS and produce the smallest stan-
dard errors among all balancing weight approaches.45

We used Cox proportional hazard regression models,
weighted by overlap weights, to estimate adjusted hazard
ratios (aHRs) between patients hospitalized with COVID-19 com-
pared with hospitalization for influenza or sepsis and included
a robust variance estimator to account for weighting.49,50 We
used separate cause-specific competing risk models to ana-
lyze each outcome, treating mortality as a competing risk.51 Each
model included only study participants without a prior diag-
nosis of the specific outcome being investigated.

We explored the potential influence of time following hos-
pital discharge by investigating associations with outcomes at
fewer than 30 days and 30 days or more, which are clinically
relevant time periods for PCC,1-4 and we stratified analyses ac-
cording to ICU admission during a person’s index admission
to hospital.

Statistical tests were 2-sided and performed at the 5% level
of significance. All analyses were performed using SAS, ver-
sion 9.4 (SAS Institute).

Results
Baseline Characteristics
After exclusions, the final pool of eligible participants
included 26 499 people hospitalized for COVID-19, 2 histori-
cal comparator cohorts of 17 516 people who survived hospi-
talization for influenza and 282 473 people who survived
hospitalization for sepsis, and a contemporary comparator
cohort of 52 878 people who survived hospitalization for sep-
sis (Figure 1). The median (IQR) age varied across each group
within the unweighted study cohort, and those admitted for
COVID-19 were generally younger (61 [48-74] years) (eTable 3
in Supplement 1). There was a lower proportion of female
patients hospitalized for COVID-19 compared with the other
groups in the unweighted cohort (n = 12 301 [46.4%]). In
total, 18% (n = 6575) of the COVID-19 group, 5% (n = 1771) of
the historical influenza group, 11% (n = 38 390) of the histori-
cal sepsis group, and 1.6% (n = 1470) of the contemporary
sepsis group died during their index hospitalization. Addi-

tionally, 7% (n = 1846) of the COVID-19 group were fully or
partially vaccinated against SARS-CoV-2. The baseline char-
acteristics of the weighted study cohorts are summarized in
Table 1 and eTable 4 in Supplement 1. The characteristics
of the study sample before weighting are summarized in
eTable 3 in Supplement 1.

Development of Incident Health Conditions
and Mortality
Venous thromboembolic disease was more common after hos-
pitalization for COVID-19 compared with hospitalization for
influenza (aHR, 1.77; 95% CI, 1.36-2.31). The risks of all other
outcomes were similar or lower after hospitalization for
COVID-19 compared with hospitalization for sepsis, before or
during the pandemic, or influenza (Figure 2 and Table 2).
Within 1 year of discharge from hospital, mortality ranged
between 6% and 23% across the study cohort (Table 2).

Association of Timing From Hospital Discharge
With Outcomes
Within 30 days of discharge, COVID-19 was associated with a
higher risk of 3 outcomes than the other exposure groups. First,
hospitalization for COVID-19 was associated with a higher risk
of venous thromboembolic disease compared with hospital-
ization for influenza (aHR, 3.04; 95% CI, 1.87-4.95), sepsis pre-
pandemic (aHR, 1.74; 95% CI, 1.35-2.23), and sepsis during the
pandemic (aHR, 1.43; 95% CI, 1.04-1.97). Second, hospitaliza-
tion for COVID-19 was associated with elevated risk of stroke
within the first 30 days of discharge compared with influenza
(aHR, 1.40; 95% CI; 1.02-1.93), sepsis prepandemic (aHR, 1.19;
95% CI, 1.00-1.42), and sepsis during the pandemic (aHR, 1.23;
95% CI, 1.00-1.51) (Figure 3A). Third, hospitalization for
COVID-19 was associated with elevated risk of depression and
anxiety within the first 30 days of discharge compared with
influenza (aHR, 1.49; 95% CI, 1.15-1.93) and sepsis before (aHR,
1.40; 95% CI, 1.20-1.64) and during the pandemic (aHR, 1.33;
95% CI, 1.09-1.62) (Figure 3A and eTable 5 in Supplement 1).
However, after 30 or more days postdischarge, hospitaliza-
tion for COVID-19 was not associated with risk of venous throm-
boembolism, stroke, depression and anxiety, or any other pre-
specified outcomes compared with the influenza or sepsis
cohorts (Figure 3B and eTable 6 in Supplement 1).

Table 1. Baseline Characteristics of Weighted Study Cohorts of Adults Who Survived Hospitalization for COVID-19 and Contemporary Sepsis
(continued)

Characteristic

No. (%)

SDa
COVID-19
(n = 26 499)

Contemporary sepsis
(n = 52 878)

Resided in nursing home 524.6 (5.5) 524.6 (5.5) 0.0

Prior pneumonia, mean (SD) 0.6 (0.3) 0.6 (0.3) 0.0

Delirium during index hospitalization 1424.5 (14.9) 1424.5 (14.9) 0.0

ICU admission during index hospitalization 1865.2 (19.5) 1865.2 (19.5) 0.0

Mechanical ventilation during
index hospitalization

817.3 (8.5) 817.3 (8.5) 0.0

Index hospitalization length of stay,
median (IQR), d

10 (5-21) 7 (4-13) 0.2

Abbreviation: ICU, intensive care unit.
a An SD less than 0.10 indicates acceptable balance.

b Full vaccination status was defined as 2 doses, and partial status was defined
as having 1 dose of an approved vaccine.
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Association of ICU Admission With Outcomes
Among people admitted to the ICU during their index hospi-
talization, COVID-19 was not associated with a risk of devel-
oping any of the 13 prespecified outcomes within 1 year of hos-
pital discharge compared with the influenza or sepsis cohorts
(eTable 7 in Supplement 1).

Discussion

This population-based cohort study of all adults in Ontario who
survived hospitalization for COVID-19 found that patients with
COVID-19 did not have a greater risk of developing new car-

Figure 2. Primary Analysis of Outcomes

1010.1

Lower
risk

Higher
risk

Hazard ratio (95% CI)

Outcome
Acute myocardial infarction

Hazard ratio
(95% CI)

COVID-19 vs historical influenza 1.00 (0.48-2.06)
COVID-19 vs historical sepsis 0.67 (0.37-1.24)
COVID-19 vs contemporary sepsis 0.71 (0.33-1.51)

Cardiovascular disease
COVID-19 vs historical influenza 0.78 (0.68-0.89)
COVID-19 vs historical sepsis 0.70 (0.64-0.78)
COVID-19 vs contemporary sepsis 0.66 (0.58-0.74)

Dementia
COVID-19 vs historical influenza 0.95 (0.79-1.14)
COVID-19 vs historical sepsis 0.84 (0.74-0.96)
COVID-19 vs contemporary sepsis 0.96 (0.82-1.11)

Depression/anxiety
COVID-19 vs historical influenza 0.94 (0.84-1.06)
COVID-19 vs historical sepsis 0.84 (0.78-0.92)
COVID-19 vs contemporary sepsis 1.09 (0.97-1.21)

Heart failure
COVID-19 vs historical influenza 0.62 (0.53-0.73)
COVID-19 vs historical sepsis 0.50 (0.45-0.57)
COVID-19 vs contemporary sepsis 0.58 (0.50-0.66)

Hypertension
COVID-19 vs historical influenza 0.85 (0.70-1.04)
COVID-19 vs historical sepsis 0.73 (0.64-0.84)
COVID-19 vs contemporary sepsis 0.73 (0.62-0.87)

Parkinson disease
COVID-19 vs historical influenza 0.39 (0.20-0.77)
COVID-19 vs historical sepsis 0.56 (0.34-0.92)
COVID-19 vs contemporary sepsis 0.84 (0.48-1.50)

PCI/CABG
COVID-19 vs historical influenza 0.66 (0.48-0.91)
COVID-19 vs historical sepsis 0.57 (0.44-0.73)
COVID-19 vs contemporary sepsis 0.82 (0.59-1.13)

Rheumatoid arthritis
COVID-19 vs historical influenza 1.00 (0.55-1.81)
COVID-19 vs historical sepsis 0.92 (0.59-1.42)
COVID-19 vs contemporary sepsis 0.77 (0.45-1.31)

Seizure
COVID-19 vs historical influenza 0.55 (0.33-0.91)
COVID-19 vs historical sepsis 0.55 (0.38-0.78)
COVID-19 vs contemporary sepsis 0.72 (0.47-1.10)

Stroke
COVID-19 vs historical influenza 0.86 (0.73-1.01)
COVID-19 vs historical sepsis 0.90 (0.80-1.00)
COVID-19 vs contemporary sepsis 1.00 (0.87-1.14)

Substance use disorder
COVID-19 vs historical influenza 0.82 (0.51-1.30)
COVID-19 vs historical sepsis 0.52 (0.39-0.71)
COVID-19 vs contemporary sepsis 0.39 (0.28-0.55)

Venous thromboembolism
COVID-19 vs historical influenza 1.77 (1.36-2.31)
COVID-19 vs historical sepsis 1.14 (0.97-1.35)
COVID-19 vs contemporary sepsis 0.96 (0.78-1.18)

Forest plot of the adjusted risk of
incident cardiovascular, neurologic,
and mental health conditions and
rheumatoid arthritis within 1 year
among adults who survived
hospitalization for COVID-19
compared with those who survived
hospitalization for influenza and
sepsis in Ontario, Canada, between
January 1, 2014, and October 31,
2021. PCI/CABG indicates
percutaneous coronary
intervention/coronary artery
bypass grafting.
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diovascular, neurologic, or mental health conditions or rheu-
matoid arthritis compared with Ontario adults hospitalized
for influenza or sepsis. COVID-19 was associated with an in-
creased risk of venous thromboembolism, stroke, and depres-

sion or anxiety within the first 30 days following hospital
discharge, but these risks appeared to dissipate beyond 30
days. To place the magnitude of these findings in context, we
compared the crude annual incidence of acute myocardial

Table 2. Incident Health Conditions and Mortalitya

Outcome Crude rate per 100 person-years (95% CI) Hazard ratio (95% CI)b

COVID-19 vs prepandemic influenza (historical comparator)
Death within 1 y of discharge from index hospitalization, No. (%) 1556 of 26 499 (5.9)/2161 of 17 516 (12.3) NA
Acute myocardial infarction 0.08 (0.05-0.13)/0.16 (0.10-0.23) 1.00 (0.48-2.06)
Cardiovascular disease 3.15 (2.90-3.43)/6.25 (5.82-6.70) 0.78 (0.68-0.89)
Dementia 1.58 (1.40-1.77)/3.09 (2.81-3.41) 0.95 (0.79-1.14)
Depression/anxiety 6.86 (6.43-7.32)/7.00 (6.51-7.52) 0.94 (0.84-1.06)
Heart failure 2.13 (1.92-2.35)/5.08 (4.69-5.50) 0.62 (0.53-0.73)
Hypertension 4.80 (4.36-5.30)/5.57 (4.91-6.32) 0.85 (0.70-1.04)
Parkinson disease 0.09 (0.06-0.14)/0.34 (0.26-0.45) 0.39 (0.20-0.77)
PCI/CABG 0.49 (0.40-0.60)/0.85 (0.72-1.01) 0.66 (0.48-0.91)
Rheumatoid arthritis 0.18 (0.13-0.25)/0.19 (0.13-0.27) 1.00 (0.55-1.81)
Seizure 0.19 (0.14-0.26)/0.34 (0.26-0.44) 0.55 (0.33-0.91)
Stroke 2.30 (2.09-2.53)/3.15 (2.88-3.44) 0.86 (0.73-1.01)
Substance use disorder 0.31 (0.24-0.40)/0.29 (0.22-0.39) 0.82 (0.51-1.30)
Venous thromboembolism 1.28 (1.13-1.45)/0.74 (0.62-0.89) 1.77 (1.36-2.31)
COVID-19 vs sepsis (historical comparator)
Death within 1 y of discharge from index hospitalization, No. (%) 1556 of 26 499 (5.9)/67 459 of 282 473 (23.9) NA
Acute myocardial infarction 0.08 (0.05-0.13)/0.18 (0.16-0.20) 0.67 (0.37-1.24)
Cardiovascular disease 3.15 (2.90-3.43)/7.29 (7.17-7.42) 0.70 (0.64-0.78)
Dementia 1.58 (1.40-1.77)/4.76 (4.66-4.86) 0.84 (0.74-0.96)
Depression/anxiety 6.86 (6.43-7.32)/7.29 (7.16-7.42) 0.84 (0.78-0.92)
Heart failure 2.13 (1.92-2.35)/6.87 (6.75-7.00) 0.50 (0.45-0.57)
Hypertension 4.80 (4.36-5.30)/6.53 (6.33-6.74) 0.73 (0.64-0.84)
Parkinson disease 0.09 (0.06-0.14)/0.28 (0.26-0.30) 0.56 (0.34-0.92)
PCI/CABG 0.49 (0.40-0.60)/0.79 (0.75-0.83) 0.57 (0.44-0.73)
Rheumatoid arthritis 0.18 (0.13-0.25)/0.20 (0.19-0.22) 0.92 (0.59-1.42)
Seizure 0.19 (0.14-0.26)/0.46 (0.43-0.48) 0.55 (0.38-0.78)
Stroke 2.30 (2.09-2.53)/4.00 (3.92-4.09) 0.90 (0.80-1.00)
Substance use disorder 0.31 (0.24-0.40)/0.54 (0.51-0.57) 0.52 (0.39-0.71)
Venous thromboembolism 1.28 (1.13-1.45)/1.21 (1.17-1.26) 1.14 (0.97-1.35)
COVID-19 vs sepsis (contemporary comparator)
Death within 1 y of discharge from index hospitalization, No. (%) 1556 of 26 499 (5.9)/11 938 of 52 878 (22.6) NA
Acute myocardial infarction 0.08 (0.05-0.13)/0.13 (0.10-0.17) 0.71 (0.33-1.51)
Cardiovascular disease 3.15 (2.90-3.43)/7.89 (7.55-8.25) 0.66 (0.58-0.74)
Dementia 1.58 (1.40-1.77)/5.07 (4.81-5.34) 0.96 (0.82-1.11)
Depression/anxiety 6.86 (6.43-7.32)/6.74 (6.41-7.09) 1.09 (0.97-1.21)
Heart failure 2.13 (1.92-2.35)/6.90 (6.58-7.23) 0.58 (0.50-0.66)
Hypertension 4.80 (4.36-5.30)/7.24 (6.70-7.82) 0.73 (0.62-0.87)
Parkinson disease 0.09 (0.06-0.14)/0.27 (0.22-0.33) 0.84 (0.48-1.50)
PCI/CABG 0.49 (0.40-0.60)/0.65 (0.57-0.75) 0.82 (0.59-1.13)
Rheumatoid arthritis 0.18 (0.13-0.25)/0.24 (0.19-0.30) 0.77 (0.45-1.31)
Seizure 0.19 (0.14-0.26)/0.44 (0.37-0.52) 0.72 (0.47-1.10)
Stroke 2.30 (2.09-2.53)/4.38 (4.15-4.62) 1.00 (0.87-1.14)
Substance use disorder 0.31 (0.24-0.40)/0.95 (0.85-1.06) 0.39 (0.28-0.55)
Venous thromboembolism 1.28 (1.13-1.45)/1.55 (1.42-1.70) 0.96 (0.78-1.18)

Abbreviations: NA, not applicable; PCI/CABG, percutaneous coronary
intervention/coronary artery bypass grafting.
a Models were adjusted for deciles of age; sex; neighborhood income quintile;

rural residence; residence in a nursing home; all prevalent comorbidities; the
presence of pre-existing sensory, developmental, or physical disabilities; a
diagnosis of pneumonia in the prior 5 years; Hospital Frailty Risk Score groups;
the presence of delirium during index hospitalization; admission to the
intensive care unit; and use of mechanical ventilation during index
hospitalization. Crude mortality, crude rate, and hazard ratio of incident

cardiovascular, neurologic, and mental health conditions and rheumatoid
arthritis within 1 year among adults who survived hospitalization for COVID-19
were compared with those among adults who survived hospitalization for
influenza and sepsis in Ontario, Canada, between January 1, 2014, and October
31, 2021.

b A hazard ratio less than 1 indicates a lower risk of the outcome for people
hospitalized for COVID-19, and a hazard ratio greater than 1 indicates a higher
risk of the outcome.
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Figure 3. Secondary Analysis of Outcomes After Hospital Discharge

Lower
risk

Higher
riskOutcome

Acute myocardial infarction

Hazard ratio
(95% CI)

COVID-19 vs historical influenza 0.99 (0.08-11.51)
COVID-19 vs historical sepsis 0.43 (0.06-3.24)
COVID-19 vs contemporary sepsis 0.61 (0.07-5.15)

Cardiovascular disease
COVID-19 vs historical influenza 0.96 (0.73-1.28)
COVID-19 vs historical sepsis 0.74 (0.61-0.90)
COVID-19 vs contemporary sepsis 0.62 (0.50-0.78)

Dementia
COVID-19 vs historical influenza 1.04 (0.69-1.57)
COVID-19 vs historical sepsis 0.76 (0.58-1.00)
COVID-19 vs contemporary sepsis 0.81 (0.60-1.09)

Depression/anxiety
COVID-19 vs historical influenza 1.49 (1.15-1.93)
COVID-19 vs historical sepsis 1.40 (1.20-1.64)
COVID-19 vs contemporary sepsis 1.33 (1.09-1.62)

Heart failure
COVID-19 vs historical influenza 0.77 (0.56-1.07)
COVID-19 vs historical sepsis 0.44 (0.35-0.56)
COVID-19 vs contemporary sepsis 0.51 (0.39-0.66)

Hypertension
COVID-19 vs historical influenza 0.89 (0.55-1.44)
COVID-19 vs historical sepsis 0.60 (0.44-0.80)
COVID-19 vs contemporary sepsis 0.58 (0.40-0.85)

Parkinson disease
COVID-19 vs historical influenza 1.56 (0.38-6.36)
COVID-19 vs historical sepsis 0.94 (0.39-2.25)
COVID-19 vs contemporary sepsis 1.30 (0.50-3.37)

PCI/CABG
COVID-19 vs historical influenza 0.86 (0.44-1.69)
COVID-19 vs historical sepsis 0.64 (0.37-1.11)
COVID-19 vs contemporary sepsis 0.62 (0.31-1.26)

Rheumatoid arthritis
COVID-19 vs historical influenza 0.26 (0.05-1.32)
COVID-19 vs historical sepsis 0.30 (0.08-1.16)
COVID-19 vs contemporary sepsis 0.20 (0.05-0.91)

Seizure
COVID-19 vs historical influenza 0.60 (0.21-1.73)
COVID-19 vs historical sepsis 0.55 (0.27-1.14)
COVID-19 vs contemporary sepsis 0.79 (0.33-1.86)

Stroke
COVID-19 vs historical influenza 1.40 (1.02-1.93)
COVID-19 vs historical sepsis 1.19 (1.00-1.42)
COVID-19 vs contemporary sepsis 1.23 (1.00-1.51)

Substance use disorder
COVID-19 vs historical influenza 1.73 (0.81-3.73)
COVID-19 vs historical sepsis 1.28 (0.85-1.92)
COVID-19 vs contemporary sepsis 0.98 (0.62-1.54)

Venous thromboembolism
COVID-19 vs historical influenza 3.04 (1.87-4.95)
COVID-19 vs historical sepsis 1.74 (1.35-2.23)
COVID-19 vs contemporary sepsis 1.43 (1.04-1.97)

Outcomes <30 d from hospital dischargeA

Lower
risk

Higher
risk

Hazard ratio
(95% CI)

1.00 (0.47-2.12)
0.72 (0.38-1.36)
0.73 (0.32-1.64)

0.73 (0.63-0.86)
0.69 (0.62-0.78)
0.67 (0.58-0.77)

0.93 (0.76-1.14)
0.87 (0.75-1.01)
1.01 (0.85-1.20)

0.81 (0.71-0.93)
0.71 (0.64-0.79)
0.99 (0.86-1.13)

0.57 (0.48-0.69)
0.53 (0.46-0.61)
0.61 (0.52-0.71)

0.85 (0.68-1.05)
0.77 (0.67-0.90)
0.78 (0.64-0.94)

0.24 (0.10-0.57)
0.45 (0.24-0.84)
0.69 (0.34-1.40)

0.61 (0.42-0.88)
0.55 (0.41-0.74)
0.87 (0.61-1.26)

1.14 (0.61-2.12)
1.11 (0.70-1.75)
0.93 (0.52-1.67)

0.54 (0.30-0.95)
0.55 (0.36-0.82)
0.70 (0.43-1.14)

0.70 (0.57-0.86)
0.77 (0.66-0.89)
0.87 (0.73-1.04)

0.46 (0.24-0.89)
0.25 (0.15-0.41)
0.16 (0.09-0.28)

1.32 (0.95-1.85)
0.87 (0.69-1.10)
0.74 (0.56-0.97)

Outcomes ≥30 d from hospital dischargeB

0.01 1010.1

Hazard ratio (95% CI)
1010.1

Hazard ratio (95% CI)

Forest plot of the adjusted risk of incident cardiovascular, neurologic, and
mental health conditions and rheumatoid arthritis among adults who survived
hospitalization for COVID-19 compared with those who survived hospitalization

for influenza and sepsis in Ontario, Canada, between January 1, 2014, and
October 31, 2021. PCI/CABG indicates percutaneous coronary
intervention/coronary artery bypass grafting.
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infarction, stroke, and dementia in this study of hospitalized
adults with the general population of adults in Canada. The
crude annual incidence of acute myocardial infarction follow-
ing hospitalization for COVID-19 was lower (80 vs 212 per
100 000), and the annual crude incidence of stroke (2300 vs
303 per 100 000) and dementia (1580 vs 1317 per 100 000) was
higher than those of adults in the general population.52 It is im-
portant to note that a higher proportion of people hospital-
ized for COVID-19 died during hospitalization compared with
influenza or sepsis, which influences the risk profile of survi-
vors and may explain why the risks of many outcomes were
lower among survivors of COVID-19 hospitalization com-
pared with influenza or sepsis. Overall, the comparable rates
of serious medical and mental health conditions following hos-
pitalization for COVID-19, influenza, or sepsis suggest that many
of these conditions may be related to the severity of illness from
any infection that necessitated hospitalization,53-55 rather than
being direct consequences of infection with SARS-CoV-2.

This study advances the understanding of the long-term
sequelae of COVID-19 by disentangling the outcomes of hos-
pitalization for acute and critical illness from pathological fea-
tures specific to COVID-19. These observations do not dimin-
ish the effects of PCC on populations and health systems
around the world, given the large number of people hospital-
ized for COVID-19 who have experienced severe mortality and
substantial long-term morbidity. At a health system and policy
level, it is important to recognize the long-term conse-
quences of severe infectious illnesses, including COVID-19, in-
fluenza, and sepsis, and invest in longitudinal care to support
people beyond their immediate discharge from hospital.

The present findings contrast with prior research, which
reported that COVID-19 was associated with substantially in-
creased risks of multiple long-term health outcomes.26-30,33

These associations may have been overestimated due to the
choice of comparator groups in some studies. The risks re-
ported among many of these previous studies appeared to be
largely driven by comparing subgroups of people hospital-
ized for COVID-19 with groups that included both hospital-
ized and nonhospitalized individuals. Some studies com-
pared hospitalization for COVID-19 with people hospitalized
for any cause, which would include a broad range of diagno-
ses (including elective surgical procedures) and varying se-
verity of illness, limiting comparability. Selecting comparator
groups with similarly severe illnesses is particularly impor-
tant because patients with COVID-19 may receive more care-
ful follow-up and thus appear to have greater risk of incident
conditions due to greater surveillance (ie, ascertainment bias).
Many prior studies also did not report outcomes according to
timing following hospital discharge.

Strengths and Limitations
This large population-based study included all adults in On-
tario hospitalized for COVID-19, influenza, or sepsis and used
well-validated case ascertainment methods, multiple compara-
tor groups, and a rigorous approach to address confounding to
understand and contextualize a range of postacute medical and
mental health conditions associated with hospitalization for
COVID-19.Thepresentfindingswereconsistentacrossthesevari-

ous analyses and further illuminate temporal associations be-
tween COVID-19 and venous thromboembolism, stroke, and de-
pression or anxiety. We studied people who survived
hospitalization for COVID-19, which limits the generalizability
ofthefindingstothisspecificpopulation.Furthermore,thestudy
cohort was largely composed of older adults, with expected dif-
ferences observed in median age between those with COVID-19
and those with sepsis and influenza. These demographic differ-
ences may reflect the predisposition of older adults to develop
severe sepsis and influenza compared with those with COVID-
19, which we accounted for in the propensity overlap weights.
These findings may also not generalize to outpatient settings,
which we did not include because testing for SARS-CoV-2 and
influenza occurs less systematically. Near universal testing for
SARS-CoV-2 in hospitals during the study period reduces the risk
of selective detection of SARS-CoV-2 infection and strengthens
our confidence in the findings pertaining to hospitalization. Sec-
ond, the risk of artificially creating a “healthier” COVID-19 co-
hort through exclusion of people previously hospitalized for sep-
sis and influenza is likely minimal given the low numbers for
each. Third, we lacked symptom and biochemical testing data
to reflect the underlying severity of illness during index admis-
sion. We stratified analyses by ICU admission at any point dur-
ing index hospitalization to help differentiate the associated risks
among those who were critically ill. It is possible that barriers
to accessing care for COVID-19 could be associated with greater
illness severity at the time of hospitalization as well as with worse
postdischarge outcomes, which we would expect to bias the re-
sults toward detectable differences in outcomes between the
study groups. Fourth, the study period may not generalize to cur-
rent population immunity and viral characteristics, as it was con-
ducted prior to evolution of recent viral strains, widespread
SARS-CoV-2 reinfections, or administration of more than 2 doses
of COVID-19 vaccines.56 Still, we included 15% of people who
were partially or fully vaccinated against COVID-19, which might
further help explain the difference between these findings and
priorstudiesamongunvaccinatedcohorts.Fifth,wedidnotmea-
sure other important person-centered outcomes such as fa-
tigue, return to work, and quality of life. Sixth, as in any obser-
vational study, there is a risk of bias due to confounding by
unmeasured factors such as race or other important measures
of disease severity such as the use of extracorporeal mem-
brane oxygenation. Some of these unmeasured factors may be
associated with the observed differences in mortality during
index admission.

Conclusions
This cohort study demonstrated that severe COVID-19 lead-
ing to hospitalization was associated with an elevated risk of
venous thromboembolism within 1 year compared with influ-
enza and sepsis but was otherwise not associated with a greater
risk of other prespecified medical or mental health condi-
tions. Many of the postacute consequences of COVID-19 may
be related to the severity of infectious illness necessitating hos-
pitalization rather than being direct consequences of infec-
tion with SARS-CoV-2.
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