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Background People with disabilities are at elevated risk of adverse short-term outcomes following hospitalization for
acute infectious illness. No prior studies have compared long-term healthcare use among this high-risk population.
We compared the healthcare use of adults with disabilities in the one year following hospitalization for COVID-19 vs.
sepsis vs. influenza.

Methods We performed a population-based cohort study using linked clinical and health administrative databases in
Ontario, Canada of all adults with pre-existing disability (physical, sensory, or intellectual) hospitalized for COVID-19
(n = 22,551, median age 69 [IQR 57-79], 47.9% female) or sepsis (n = 100,669, median age 77 [IQR 66-85], 54.8%
female) between January 25, 2020, and February 28, 2022, and for influenza (n = 11,216, median age 78 [IQR 67-86],
54% female) or sepsis (n = 49,326, median age 72 [IQR 62-82], 45.8% female) between January 1, 2014 and March 25,
2019. The exposure was hospitalization for laboratory-confirmed SARS-CoV-2 or influenza, or sepsis (not secondary
to COVID-19 or influenza). Outcomes were ambulatory care visits, diagnostic testing, emergency department visits,
hospitalization, palliative care visits and death within 1 year. Rates of these outcomes were compared across exposure
groups using propensity-based overlap weighted Poisson and Cox proportional hazards models.

Findings Among older adults with pre-existing disability, hospitalization for COVID-19 was associated with lower
rates of ambulatory care visits (adjusted rate ratio (aRR) 0.88, 95% confidence interval (CI), 0.87-0.90), diagnostic
testing (aRR 0.86, 95% CI, 0.84-0.89), emergency department visits (aRR 0.91, 95% CI, 0.84-0.97), hospitalization
(aRR 0.74, 95% CI, 0.71-0.77), palliative care visits (aRR 0.71, 95% CI, 0.62-0.81) and low hazards of death
(adjusted hazard ratio (aHR) 0.71, 95% 0.68-0.75), compared to hospitalization for sepsis during the COVID-19
pandemic. Rates of healthcare use among those hospitalized for COVID-19 varied compared to those hospitalized
for influenza or sepsis prior to the pandemic.

Interpretation This study of older adults with pre-existing disabilities hospitalized for acute infectious illness found
that COVID-19 was not associated with higher rates of healthcare use or mortality over the one year following hospital
discharge compared to those hospitalized for sepsis. However, hospitalization for COVID-19 was associated with
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higher rates of ambulatory care use and mortality when compared to influenza. As COVID-19 enters an endemic
phase, the associated long-term health resource use and risks in the contemporary era are reassuringly similar to
sepsis and influenza, even among people with pre-existing disabilities.

Funding This study was supported by ICES, which is funded by an annual grant from the Ontario Ministry of Health
and the Ministry of Long-Term Care. This study also received funding from the Canadian Institutes of Health

Research (CIHR GA4-177772).

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

People with disabilities are at elevated risk of developing
severe adverse outcomes from acute infectious illnesses such
as COVID-19, sepsis, and influenza. In part, this is due to a
higher prevalence of underlying comorbid medical conditions,
residence in congregate living settings, as well as systemic
social and health inequities. Current knowledge is limited on
how long-term healthcare use outcomes compare across
different acute infectious illnesses among this high-risk
population.

We searched PubMed and Google Scholar in August 2023 for
studies reporting long-term healthcare use and mortality
among adults with disabilities following hospitalization for
infectious diseases. Search terms used included synonyms of
“COVID-19”, “influenza”, “sepsis”, “mortality”, “healthcare
use”, “health services”, and “disability”. Prior studies
demonstrated that COVID-19 is associated with higher short-
term healthcare use and a higher post-discharge risk of death
among all adults and among those with pre-existing
disabilities, compared to those without disabilities. However,
emerging evidence suggests the long-term post-acute
sequelae of COVID-19 may be comparable to other acute
infections. We did not find any comparative studies
examining the long-term impacts of acute infectious illness
on healthcare use and mortality experienced by people with
disabilities.

Introduction

There have been more than 770 million identified cases
of COVID-19 worldwide." Post COVID-19 condition is
variably defined as the persistence of symptoms (or
development of health conditions) for four or more
weeks after COVID-19 infection.”* These heterogenous
symptoms and incident health conditions span multiple
organ systems and are associated with reduced function,
quality of life, and high health care use.*” Globally, an
estimated 1.3 billion people live with disability,
including physical disabilities affecting mobility, flexi-
bility, dexterity or levels of pain; sensory disabilities

Added value of this study

This population-based cohort study of 94,762 older adults
with pre-existing disability who survived hospitalization for
acute infectious illness in Ontario, Canada found that COVID-
19 was not associated with higher rates of healthcare use or
mortality over the one year following hospital discharge
compared to those hospitalized for sepsis. However,
hospitalization for COVID-19 was associated with higher rates
of ambulatory care use and mortality when compared to
influenza. To the best of our knowledge, this is one of the
first population-based comparative analyses of health services
use outcomes among people with disabilities hospitalized for
acute infectious illness.

Implications of all the available evidence

As COVID-19 enters an endemic phase, these findings aid in
understanding healthcare use patterns of people with
disabilities across three acute infectious illnesses. They
demonstrate that with few exceptions, long-term healthcare
use outcomes are generally similar across illness and time.
This knowledge has important applications to clinical practice
in clinician counselling of patients about the expected
trajectories of disease following discharge from hospital. It
further supports discharge planning for post-hospital care and
informs long-term healthcare resource planning. This may be
especially important given that healthcare use and unmet care
needs among people with disabilities is generally higher than
that of people without disabilities.

affecting vision or hearing; and intellectual and devel-
opmental disabilities affecting cognitive and adaptive
skills.® People with disabilities often experience health
disparities due to greater unmet healthcare needs
coupled with worse access to healthcare, all of which can
lead to worse health outcomes.’'? In turn, they are often
at elevated risk of developing severe adverse outcomes
from acute infectious illnesses such as COVID-19,
sepsis, and influenza due to a higher prevalence of
underlying comorbid medical conditions, residence in
congregate living settings, as well as systemic social and
health inequities.””'°© However, current knowledge is
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limited on how long-term healthcare use outcomes
compare between various acute infectious illnesses
among this high-risk population. As COVID-19 enters
an endemic phase, this knowledge is essential to inform
clinicians as they counsel patients about their disease
and manage health resource and discharge planning of
people equally across reasons for hospitalization who
are at higher risk of requiring additional healthcare
supports.

Prior studies have shown COVID-19 is associated
with higher healthcare use after the acute phase of the
illness compared to people not diagnosed with COVID-
19, as well as a higher post-discharge risk of death
compared to historical influenza controls.””'* However,
the post-acute effects among all adults hospitalized for
COVID-19 may be comparable to other acute in-
fections.”” Additionally, a study examining healthcare
outcomes among people hospitalized for COVID-19
found that people with disabilities had increased short-
term healthcare use following hospital discharge
compared to people without disabilities.?* The collective
limitations of these studies include a lack of specific
focus on people with pre-existing disabilities, limited
generalizability across age groups, poorly matched
cohort comorbidities and prior healthcare use, lack of
inclusion of acute illness comparators, a focus on short-
term outcomes, and experiences with early pandemic
variants prior to vaccination. There is limited research
about the effects of COVID-19 experienced by people
with disabilities, and to our knowledge no prior studies
have specifically examined long-term outcomes of hos-
pitalization due to any type of acute infectious illnesses
among people with disabilities.

People with disabilities are traditionally underrepre-
sented in health research, have higher healthcare use,
and face systemic obstacles to accessing care.”’** For
healthcare systems to plan and manage resources to
effectively meet the population needs of people with
disabilities, policy makers must first understand the
nature of their healthcare needs. This remains essential
as jurisdictions navigate the post-pandemic landscape
and study the healthcare use needs of people with dis-
abilities who survived COVID-19 in comparison to other
acute illnesses. Given these knowledge gaps, the objec-
tive of this population-level cohort study was to compare
the healthcare use of adults with pre-existing disabilities
in the one year following hospitalization for COVID-19
against three comparator groups: hospitalization for
sepsis before (historical sepsis) and during (contempo-
rary sepsis) the COVID-19 pandemic, and pre-pandemic
hospitalization for influenza.

Methods

This study is reported in accordance with guidelines for
the Reporting of Studies Conducted Using Observa-
tional Routinely Collected Health Data (RECORD).*

www.thelancet.com Vol 39 November, 2024

Study design, setting, population and data sources
We conducted a population-based cohort study in
Ontario, Canada using linked clinical and health
administrative databases at ICES (formerly the Institute
for Clinical and Evaluative Sciences). These datasets are
well validated and commonly used to conduct
population-level studies in Ontario (Supplemental
Table S1).

The administrative data sets used in this study were
linked using unique encoded identifiers at the patient
level and analyzed at ICES. Ontario is Canada’s largest
province, and its more than 15 million adults comprise
nearly 40% of the national population. Ontario resi-
dents have public insurance for hospital care and
physicians’ services, and those aged >65 years receive
prescription drug insurance via the Ontario Drug
Benefit program.

ICES is an independent, non-profit research institute
whose legal status under Ontario’s health information
privacy law allows it to collect and analyze health care
and demographic data, without consent, for health sys-
tem evaluation and improvement. The use of the data in
this project is authorized under section 45 of Ontario’s
Personal Health Information Protection Act (PHIPA)
and does not require review by a Research Ethics Board.

Study participants

Our study included 1) all Ontario adults (aged >18
years); 2) with a pre-existing disability; 3) who were
hospitalized with laboratory-confirmed SARS-CoV-2 or
influenza, or were hospitalized for sepsis (not including
COVID-19 or influenza as a cause of sepsis); 4) between
January 25, 2020 and February 28, 2022 (COVID-19 and
contemporary sepsis group) or January 1, 2014 and
March 25, 2019 (historical comparators for influenza
and sepsis) and followed for up to 1 year after hospi-
talization, censoring for death and loss of Ontario
Health Insurance Plan eligibility.

Our study excluded 1) people who died during their
index hospitalization; 2) were hospitalized for sepsis or
influenza in the one year prior to index study date; 3)
were missing age or sex; 4) were not residents of
Ontario; and 5) were not eligible for the Ontario Health
Insurance Plan for >3 months in the year prior to study
index date.

The index study date was the date of discharge from
the hospital. Pre-existing disability was identified before
index hospitalization wusing published algorithms
developed to identify physical, sensory, intellectual and
developmental disabilities in health administrative
data.”** We defined pre-existing disability based on >2
physician visits or >1 emergency department visit be-
tween 2005 and index hospital admission date
(Supplemental Table S2).

We did not include a contemporary influenza
comparator because rates of influenza were extremely
low during the COVID-19 pandemic.”” We used sepsis
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as a primary comparator because it is a severe acute
infectious illness that was prevalent during the COVID-
19 pandemic. We separated the hospitalization for
sepsis into a pre-pandemic (historical) and pandemic
(contemporary) group to compare the same acute in-
fectious illness against COVID-19 during two separate
time periods where healthcare use patterns may have
significantly changed.

To create mutually exclusive comparator groups, we
assigned individuals to each group based on their first
occurrence of hospitalization for a specific cause, and
once assigned they were removed from the pool of
eligible people for other groups.

Exposure definitions

The primary exposure of hospitalization for COVID-
19 was identified based on the presence of
laboratory-confirmed SARS-CoV-2 infection via poly-
merase chain reaction testing that was performed
within 14 days before admission or within three days
after admission to hospital during the study period.”
This method has been shown to have similar accuracy
in identifying people hospitalized with a main diag-
nosis of COVID-19, which has a 98% sensitivity and
99% specificity.”® Hospitalization for influenza was
identified based on the presence of laboratory-
confirmed influenza infection via polymerase chain
reaction testing that was performed within 3 days
before or after admission to hospital during the study
period. Hospitalization for sepsis was based on a
previously validated algorithm that is 72% sensitive
and 85% specific.’'**

Outcomes definitions

The primary outcomes were measures of health services
use and mortality within 12 months following discharge
from index hospitalization. Measures of health services
use included ambulatory care visits to primary or
specialist care providers; ambulatory diagnostic testing
(including cardiac, pulmonary, gastrointestinal, and
radiologic); emergency department visits not resulting
in hospital admission; hospital admissions; and pallia-
tive care visits. We identified the delivery of palliative
care based on a set of unique physician claims fee
codes.** These codes were created to specifically indicate
the delivery of palliative care and are related to treat-
ments not intended to be curative, such as symptom
management or counselling.

Covariates

Covariates were prespecified and identified as potential
confounders based on the clinical and research expertise
of our team and previous literature. Baseline character-
istics measured at index date included age, sex, socio-
economic status, rural residence, comorbidities (labeled
as chronic conditions in the tables),”* mental health
conditions, surname-based ethnicity,” hospitalization for
pneumonia in the past 5 years, Hospital Frailty Risk
Score,** LACE score to predict risk for 30-day readmission
(includes the length of hospitalization stay (L), acuity of
the admission (A), comorbidities of patients (C), and the
number of emergency department visits in the six
months before admission (E)),” use of mechanical
ventilation during index hospitalization, intensive care
unit (ICU) admission during index hospitalization, index

| Population-Based Study Cohorts |

Ontarians hospitalized for COVID-19
between April 1, 2020 — October 31, 2021,
assessed for eligibility (n=30,172)

Ontarians hospitalized for influenza
between January 1, 2014 — March 25,
2019, assessed for eligibility (n=13,942)

| Historical Cohorts | | Contemporary Cohort
COVID-19 Cohort Influenza Cohort Sepsis Cohort Sepsis Cohort

Ontarians hospitalized for sepsis between
April 1, 2020 — October 31, 2021,
assessed for eligibility (n=133,467)

Ontarians hospitalized for sepsis between
January 1, 2014 — March 25, 2019,
assessed for eligibility (n=86,300)

Excluded (n=7,638) Excluded (n=2,733)

«  Non-Ontario residents (n=17) *  Non-Ontario residents (n=7)
Aged <18 or >105 (n=358) Aged <18 or >105 (n=484)
Not eligible for OHIP (n=65) Not eligible for OHIP (n=27)

™ Died before or during admission ] Died before or during admission
(n=5,899) (n=1,053)
+ Long term care resident in past » Long term care resident in past

year (n=1,299) year (n=1,162)

o] Not eligible for OHIP (n=163) ] :

Excluded (n=32,900)

Non-Ontario residents (n=102)
Aged <18 or >105 (n=1,059)
Not eligible for OHIP (n=222)
Died before or during admission
(n=20,229)

Long term care resident in past
year (n=11,288)

Excluded (n=37,023)
+ Non-Ontario residents (n=49) .
Aged <18 or >105 (n=654)

« Died before or during admission
(n=27,831)
Long term care resident in past .
year (n=8,326)

4 .

Ontarians aged 18 and older who survived
hospitalization for COVID-19 between
January 25, 2020 — October 31, 2021

(n=22,551)

Ontarians aged 18 and older who survived
hospitalization for influenza between
January 1, 2014 — March 25, 2019

(n=11,216)

Ontarians aged 18 and older who survived
hospitalization for sepsis between January
1,2014 — March 25, 2019
(n=49,326)

Ontarians aged 19 and older who survived
hospitalization for sepsis between April 1,
2020 — October 31, 2021
(n=100,669)

Fig. 1: Creation of the study cohort.
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hospitalization length of stay, health care use in 12
months prior to index hospitalization, and diagnosis of
pre-existing subtype of disability (physical, sensory, or
intellectual and developmental).” Comorbidities were
identified using the International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision
codes from the Ontario Health Insurance Plan database
and the Discharge Abstract Database, using validated
case ascertainment algorithms where available.**

Statistical analysis

We used propensity score-based overlap weighting to
balance measured baseline characteristics between
exposure groups and estimate the associated effects of
COVID-19 hospitalization on our primary outcomes.”
Overlap weighting assigns weights to study cohort
members proportional to the probability of that person
belonging to the opposite exposure group and perfectly
balances baseline characteristics to minimize con-
founding.* Each patient was weighted according to their
overlap weight, which was defined as their probability of
being assigned to the opposite group based on the
propensity score model.”” Overlap weights assign larger
weights to patients with a high probability of receiving
either exposure who have the greatest overlap in
observed risk factors and assign lesser weights to pa-
tients at the extremes of the distribution.*® This protects
against people at the extremes of the propensity score
dominating the results and decreasing the precision,
which occurs with inverse probability of treatment
weighting.*

We defined the propensity score as the probability of
being hospitalized for COVID-19 separately against
sepsis and influenza, using multivariable random-
effects logistic regression including the previously
described covariates that are risk factors for severe
COVID-19.# Hospital random effects were also
included in the propensity score to balance patients
discharged from the same hospital to account for po-
tential hospital-specific differences in care, discharge,
and outcomes.** All outcomes are reported using the
weighted results, unless otherwise specified.

We used Poisson and Cox proportional hazard
regression models, weighted by overlap weights, to es-
timate adjusted rate ratios (aRRs) and adjusted hazard
ratios (aHRs), respectively, between patients hospital-
ized with COVID-19 compared to those hospitalized
with sepsis or influenza. Patients were censored at
death. Models included a robust variance estimator to
account for the weighting.** We tested the proportional
hazard assumption for the Cox model and performed a
secondary analysis based on clinically relevant time
periods of <30 days, 31-90 days, and >90 days post-
hospitalization when the assumptions of proportional-
ity were not met.

We performed additional exploratory analyses using
a modified definition of disability that excluded adults

www.thelancet.com Vol 39 November, 2024

Characteristic COVID-19 Sepsis SD
(contemporary)
Age, Median 70.7 70.8 0.0
Sex, (%)
Female 48.6% 48.6% 0.0
Male 51.4% 51.4% 0.0
Neighbourhood income quintile, (%)
Missing 0.5% 0.5% 0.0
1 (lowest) 30.5% 30.5% 0.0
2 22.6% 22.6% 0.0
3 18.1% 18.1% 0.0
4 15.2% 15.2% 0.0
5 (highest) 13.2% 13.2% 0.0
Rural residence, (%) 6.9% 6.9% 0.0
Surname-based ethnicity, (%)
South Asian 5.1% 3.6% 0.1
Chinese 2.5% 3.0% 0.0
General population 92.4% 93.4% 0.0
Missing information 0.0% 0.0% 0.0
Type of disability, (%)
Physical 34.0% 34.0% 0.0
Sensory 17.4% 17.4% 0.0
Intellectual and Developmental 0.5% 0.5% 0.0
Multiple 48.1% 48.1% 0.0
COVID-19 vaccination status, (%)”
Unvaccinated 60.1% 63.5% 0.1
Initiated primary series 11.0% 8.2% 0.1
Completed primary series 18.4% 23.1% 0.1
Completed primary series with 1 10.2% 5.2% 0.2
Health Canada-approved booster
Completed primary series with 2+ 0.2% 0.1% 0.0
Health Canada-approved boosters
Chronic conditions
Acute myocardial infarction, (%) 2.0% 2.0% 0.0
Asthma, (%) 11.6% 11.6% 0.0
Arrythmia, (%) 13.0% 13.0% 0.0
Cancer, (%) 36.2% 36.2% 0.0
Chronic kidney disease, (%) 32.6% 32.6% 0.0
Chronic obstructive pulmonary 14.1% 14.1% 0.0
disease, (%)
Cirrhosis, (%) 0.8% 0.8% 0.0
Congestive heart failure, (%) 19.5% 19.5% 0.0
Coronary artery disease, (%) 19.6% 19.6% 0.0
Dementia, (%) 5.2% 5.2% 0.0
Depression/anxiety, (%) 28.8% 28.8% 0.0
Diabetes, (%) 43.1% 43.1% 0.0
Hospitalized for pneumonia in 7.0% 7.0% 0.0
the past 5 years (not including
pneumonia during index
hospitalization), (%)
Hypertension, (%) 67.2% 67.2% 0.0
Immunocompromised, (%) 18.9% 18.9% 0.0
Psychotic disorder, (%) 2.7% 2.7% 0.0
Stroke, (%) 7.0% 7.0% 0.0
Substance use disorder, (%) 5.7% 5.7% 0.0
Venous thromboembolism, (%) 3.1% 3.1% 0.0

(Table 1 continues on next page)
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Results

Baseline characteristics

There were 22,551 people in the COVID-19 cohort and
100,669 people in the contemporaneous sepsis cohort
(Fig. 1). Compared to people with contemporary sepsis,
people with COVID-19 were younger and more likely to
live in urban areas; less likely to have multiple disabilities;
less likely to have multiple pre-existing comorbidities;
and had lower healthcare services use in the 12 months
before index. During the index hospitalization, they were
less likely to experience delirium, had shorter hospital
length of stay, and had lower frailty and LACE scores
(Supplemental Table S3). These patterns were generally
consistent when comparing the COVID-19 group to the
historical sepsis and influenza groups (Supplemental
Tables S5 and S7). The baseline characteristics of the
weighted study cohorts are summarized in Table 1, and
Supplemental Tables S4 and 6 In total, 20% (n = 5899/
30,172) of the COVID-19 group, 15% (n = 20,229/
133,467) of the contemporary sepsis group, 32%
(n=27,831/86,300) of the historical sepsis group, and 8%

Ambulatory care visit Adjusted rate

ratio (95% Cl)
0.88 (0.87, 0.90)
0.98 (0.96, 1.00)

COVID-19 vs. contemporary sepsis
COVID-19 vs. historical sepsis

COVID-19 vs. influenza
Palliative care visit

1.09 (1.06, 1.11)
Adjusted rate

Characteristic COVID-19 Sepsis SD
(contemporary)
(Continued from previous page)
Myocardial infarction during index 1.5% 1.5% 0.0
hospitalization, (%)
Total length of stay of index 14.4 14.4 0.0
hospitalization (days), Mean
Mechanical ventilation during 8.5% 8.5% 0.0
index hospitalization, (%)
ICU admission during index 20.1% 20.1% 0.0
hospitalization, (%)
Delirium during index 16.2% 16.2% 0.0
hospitalization, (%)
Hospital frailty risk score
at discharge, (%)
0 5.5% 5.5% 0.0
0.1-4.9 53.9% 53.9% 0.0
5.0-8.9 23.3% 23.3% 0.0
9.0+ 17.3% 17.3% 0.0
LACE score for index episode of care, (%)
0-6 13.9% 13.9% 0.0
7-10 49.9% 49.9% 0.0
11+ 36.1% 36.1% 0.0
Healthcare services use in 12 months
prior to index hospitalization
Number of ambulatory care visits, Mean 14.3 14.3 0.0
Palliative care receipt in past 12 months, (%) 1.5% 1.5% 0.0
Number of emergency department, Mean 13 13 0.0
Number of hospitalizations, Mean 0.4 0.4 0.0
Number of diagnostic tests, Mean 5.0 5.0 0.0
Number of unique prescription drugs 121 121 0.0
(based on DINs), Mean
1. IQR stands for interquartile range2. ICU stands for intensive care unit3. LACE score to predict risk for 30-day
readmission (includes the length of hospitalization stay (L), acuity of the admission (A), comorbidities of
patients (C), and the number of emergency department visits in the six months before admission (E)4. SD
stands for standardized difference. *COVID-19 vaccination status was not included in the propensity score.
Table 1: Baseline characteristics of study cohorts of adults who survived hospitalization for COVID-
19 or contemporaneous sepsis, weighted by propensity-based overlap weights.

exclusively with glaucoma, cataracts, or osteoarthritis as
their cause of disability given that these conditions are
highly prevalent among older adults and not always
disabling in severity.

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

Role of funding source

This study was supported by ICES, which is funded by
an annual grant from the Ontario Ministry of Health
and the Ministry of Long-Term Care. This study also
received funding from the Canadian Institutes of Health
Research (CIHR GA4-177,772). The funders did not
have any role in the study design; in the collection,
analysis, and interpretation of data; in the writing of the
report; or in the decision to submit the paper for
publication.

ratio (95% Cl)

0.71 (0.62, 0.81)
0.81 (0.69, 0.94)
1.10 (0.85, 1.41)

Adjusted rate
ratio (95% Cl)

0.91 (0.84, 0.97)
0.85 (0.80, 0.92)
0.90 (0.81, 0.98)

Adjusted rate
ratio (95% Cl)

0.74 (0.71, 0.77)
0.71 (0.71, 0.77)
0.94 (0.90, 0.99)

Adjusted rate
ratio (95% Cl)

0.86 (0.84, 0.89)
0.91 (0.88, 0.93)
0.96 (0.93, 1.00)

Adjusted hazard
ratio (95% Cl)

0.71 (0.68, 0.75)
079 (0.75, 0.84)
117 (1.08, 1.27)

COVID-19 vs. contemporary sepsis

COVID-19 vs. historical sepsis

COVID-19 vs. influenza
Emergency department visit

COVID-19 vs. contemporary sepsis
COVID-19 vs. historical sepsis
COVID-19 vs. influenza

Hospital admission

COVID-19 vs. contemporary sepsis

COVID-19 vs. historical sepsis

COVID-19 vs. influenza
Outpatient diagnostic testing

COVID-19 vs. contemporary sepsis
COVID-19 vs. historical sepsis
COVID-19 vs. influenza

Mortality

COVID-19 vs. contemporary

COVID-19 vs. historical sepsis

COVID-19 vs. influenza
COVID-19 is the reference category for all analyses. All outcomes were modelled

using Poisson regression except for mortality which used Cox proportional
hazard regression.

Table 2: Analyses of long-term outcomes of healthcare use.
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Fig. 2: Primary analysis of outcomes (COVID-19 as the reference group). COVID-19 vs. contemporary sepsis is represented with red.
COVID-19 vs. historical sepsis is represented in light blue. COVID-19 vs. influenza is represented in dark blue.

(n = 1053/13,942) of the influenza group died during
their index hospitalization (Fig. 1).

Healthcare services use

Within one year of discharge, COVID-19 was not asso-
ciated with higher rates of healthcare services use
including ambulatory care visits (aRR 0.88, 95% CI,
0.87-0.90), ambulatory diagnostic testing (aRR 0.86,
95% CI, 0.84-0.89), emergency department (aRR 0.91,
95% CI, 0.84-0.97), hospital admission (aRR 0.74, 95%
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CI, 0.71-0.77), and use of palliative care (aRR 0.71, 95%
CI, 0.62-0.81) compared to the contemporary sepsis
group. Similar patterns were observed when comparing
hospitalization for COVID-19 with the historical sepsis
group. Hospitalization for COVID-19 was associated
with higher risk of ambulatory care visits (aRR 1.09,
95% CI, 1.06-1.11) compared to hospitalization for
influenza (Table 2 and Fig. 2).

Within one year of discharge, COVID-19 hospitali-
zation was not associated with a higher risk of mortality
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Ambulatory care visit

COVID-19
Contemporary sepsis
Historical sepsis
Influenza

Palliative care visit

COVID-19
Contemporary sepsis
Historical sepsis
Influenza

Emergency department visit

COVID-19
Contemporary sepsis
Historical sepsis
Influenza

Hospital admission

COVID-19
Contemporary sepsis
Historical sepsis
Influenza

Outpatient diagnostic testing

COVID-19
Contemporary sepsis
Historical sepsis
Influenza

Mortality

COVID-19
Contemporary sepsis
Historical sepsis

Influenza

Crude rate
(per 100 months)

128.9
1511
140.7
1233

Crude rate
(per 100 months)

14
43
3.4
2.0

Crude rate
(per 100 months)

8.6
12.6
14.8
10.7

Crude rate
(per 100 months)

4.7
9.7
10.8
71

Crude rate
(per 100 months)

419
583
633
53.9

Incidence rate
(per 100 months)

0.9
2.6
23
12

Table 3: Crude incidence rates (per 100 months) of long-term
healthcare use.

compared to the contemporary (aHR 0.71, 95% CI,
0.68-0.75) or historical sepsis groups (aHR 0.79, 95%
CI, 0.75-0.84), but was associated with a higher risk of
mortality compared to the influenza group (aHR 1.17,
95% CI, 1.08-1.27) (Fig. 2, Tables 2 and 3). Differences
in mortality risk were noted across three distinct but
clinically relevant periods. Within 30 days of discharge,
COVID-19 hospitalization was not associated with
significantly different risk of mortality compared to
contemporary sepsis (HR 0.97, 95% CI, 0.89-1.06), but
was associated with a lower risk of mortality in the
31-90 days post-hospitalization (HR 0.63, 95% CI,
0.56-0.70), and at >90 days post-hospitalization (HR
0.64, 95% CI, 0.60-0.69). Within 30 days of discharge,
COVID-19 hospitalization was not associated with
significantly different risk of mortality compared to
historical sepsis (HR 0.99, 95% CI, 0.90-1.10), but was

associated with a lower risk of mortality in the 31-90
days post-hospitalization (HR 0.68, 95% CI, 0.60-0.77)
and at >90 days post-hospitalization (HR 0.75, 95% CI,
0.69-0.81). Within 30 days of discharge, COVID-19
hospitalization was associated with a higher risk of
mortality compared to influenza (HR 2.12, 95% CI,
1.78-2.54), but was not associated with significantly
different risk of mortality in the 31-90 days post-
hospitalization (HR 1.15, 95% CI, 0.96-1.38) and at
>90 days post-hospitalization (HR 0.93, 95% CI,
0.84-1.03).

These results were similar when modifying the
definition of disability (Supplemental Table S8).

Discussion

This population-based study of all Ontario adults with a
pre-existing disability who survived hospitalization for
acute infectious illness found that COVID-19 was not
associated with a higher rates of healthcare use or
mortality over the one year following hospital discharge
compared to those hospitalized for sepsis. However,
hospitalization for COVID-19 was associated with
higher rates of ambulatory care use and mortality when
compared to influenza. To our knowledge, this is one of
the first population-based analyses of health services use
outcomes among people with disabilities hospitalized
for acute infectious illness. These findings help in un-
derstanding healthcare use patterns of people with dis-
abilities across three acute infectious illnesses, which is
important for clinicians to understand as they counsel
patients about expected trajectories of disease. These
findings also support discharge planning for post-
hospital care and inform long-term healthcare
resource planning following hospitalization. This may
be especially important given that healthcare use and
unmet care needs among people with disabilities is
generally higher than that of people without disabil-
ities.'>**** These findings also help further elucidate the
effects of COVID-19 from other acute infectious ill-
nesses and show that with few exceptions, long-term
healthcare use outcomes are generally similar across
illness and time.

Several factors may partially explain our findings.
First, the difference in baseline characteristics (namely
age, number of disabilities and comorbidities, lower
healthcare services use in 1 year preceding index hos-
pitalization, and shorter index hospitalization length of
stay) among the unweighted cohort of people with
COVID-19 and sepsis may represent unmeasured care
needs (i.e. residual confounding) or healthcare use
patterns that influence long-term healthcare use. Sec-
ond, the presence of a healthy selection bias among
those who survived hospitalization with COVID-19 may
influence the outcomes given that mortality rates were
higher among the hospitalized COVID-19 cohort during
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the index hospitalization compared to the other groups.
Third, it has been demonstrated that the severity of
acute infectious illness is closely associated with rates of
serious underlying health conditions, which may influ-
ence healthcare use following hospitalization, rather
than the specific type of infection.” This is important
when considering whether post-hospital care should be
organized differently depending on the type of acute
infectious illness someone has, and the findings from
this study and others strengthen the concept that post-
hospital syndrome is a likely driver of higher health-
care use.”

Prior research has found people with disabilities
have higher rates of symptoms after COVID-19, longer
hospital stays, and elevated readmission risk compared
to people without disabilities.”** Studies comparing
people with disabilities who survived hospitalization for
COVID-19 or influenza are lacking. However, prior
studies of all hospitalized adults found high rates of
death and adverse outcomes in both groups.'”* Multiple
studies comparing COVID-19 to other diseases have
emphasized that long-term effects may not be specific to
COVID-19, but to the overall severity of illness and
hospitalization.”**°  However, few studies have
compared long-term healthcare use after hospitalization
for COVID-19 in people with disabilities. Therefore, our
findings offer a significant contribution to the literature
by using a comparative analysis to advance the under-
standing of long-term healthcare use for people with
disabilities hospitalized for acute infectious illness and
emphasize their long term healthcare needs.

Strengths and limitations

Strengths of this study are the methodological and
analytical approaches, including the use of population-
level data with a diverse set of linked clinical and
health measures, and the use of overlap weights to
adjust for potential confounders. Additionally, this study
focused on people with disabilities who are a population
at an increased risk of adverse health outcomes and are
traditionally underrepresented in research. In 2023, the
NIH added people with disabilities to a group of pop-
ulations that experience health disparities driven by so-
cial disadvantage and stated the need for research that
improves understanding of the specific health issues
and unmet needs of this population.”* Another strength
of this study is the inclusion of historical comparator
groups, which allows a relative comparison of healthcare
use among people with disabilities before and during
the pandemic, when healthcare delivery may have
significantly changed.

There are several limitations. First, self-reported
disability status is not available in health administra-
tive data so we relied on previously published algo-
rithms to identify disability in our data.”*** To reduce the
chance of selection bias in our study cohort, we ran
additional analyses with a narrower definition of
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disability and observed similar associations in the re-
sults (Supplemental Table S1). Second, we are not able
to directly attribute the healthcare use outcomes to the
infectious diseases being studied. We employed pro-
pensity score-based overlap weighting to maximize the
comparability of our study groups, but it remains
important to recognize our findings are correlational
and not causative. Third, we adjusted for the initial
severity of acute infection, which may account for some
of the associated effects on overall long-term healthcare
use. In the contemporary era of COVID-19 variants and
vaccination, we focused on whether people require
additional healthcare supports beyond those that may be
related to the severity of their initial illness to explore for
the possibility of other COVID-19-specific effects.
Fourth, by first creating cohorts of people with influenza
and historical sepsis, we removed them from the po-
tential pool of people who could be included in the
COVID-19 and contemporary sepsis cohorts. This may
have created healthier COVID-19 and contemporary
sepsis cohorts. Despite potentially selecting for a
healthier primary comparator group, mortality during
index admission and healthcare use rates were similar
between the COVID-19 and contemporary sepsis co-
horts which strengthens our confidence in the findings.
Fifth, there is a risk of misclassification bias based on
the somewhat limited accuracy of the sepsis algorithm,
the surname-based ethnicity algorithm, and lack of
specifically validated algorithm to identify palliative care.
Sixth, we did not account for the competing risk of death
when measuring rates of healthcare use. Given the
higher mortality observed for people hospitalized for
sepsis compared to those with COVID-19 during follow-
up, we believe that the reported rate ratios likely un-
derestimate the differences. Seventh, while the use of
overlap weights adjusts for potential confounders, there
is a possibility of residual confounding based on un-
measured care needs of the study participants.

Conclusion

This study of older adults with pre-existing disabilities
hospitalized for acute infectious illness found that
COVID-19 was not associated with higher rates of
healthcare use or mortality over the one year following
hospital discharge compared to those hospitalized for
sepsis. However, hospitalization for COVID-19 was
associated with higher rates of ambulatory care use and
mortality when compared to influenza. As COVID-19
enters an endemic phase, the associated long-term
health resource use and risks in the contemporary era
are reassuringly similar to sepsis and influenza, even
among people with pre-existing disabilities.
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