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Estimates of COVID-19-related healthcare costs are key
to health system planning, but attributable cost data re-
main limited. We characterized healthcare costs attribut-
able to COVID-19 through a population-based matched
cohort study in Ontario, Canada, by using health admin-
istrative data. We matched SARS-CoV-2—positive persons
from 2020 to unexposed historical control persons from
2016-2018. We estimated phase-based and survival-ad-
justed COVID-19—attributable healthcare costs from the
health system perspective. We matched 159,817 persons.
Mean (95% Cl) attributable 10-day costs per person were
$1 ($-4 to $6) preindex, $240 ($231-$249) during acute
care, $18 ($14-$21) in postacute phases, $3,928 ($3,471—
$4,384) in the terminal phase for early deaths, and $1,781
($1,182-%2,380) for late deaths. Mean cumulative surviv-
al-adjusted cost at 360 days was $2,553 ($2,348-$2,756)
per person. SARS-CoV-2 infection is associated with sub-
stantial long-term healthcare costs, consistent with under-
standing of post-COVID condition. Determining phase-
specific costs can inform budget and pandemic planning.

Ithough only recently emerged, SARS-CoV-2 has

negatively affected the health system of Canada
(1). The health effects of SARS-CoV-2 range from as-
ymptomatic to long-term disability because of the
post-COVID condition (PCC), which can lead to sub-
stantial long-term costs to health systems (2,3). PCC
is characterized by the continuation or occurrence of
new symptoms 3 months after the initial SARS-CoV-2
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infection, with symptoms persisting for >2 months
without any other explanation (4). Surveys report
31% of US adults and 15% of adults from Canada
with a history of SARS-CoV-2 infection experienced
PCC (5,6). Emerging data suggest an association be-
tween PCC and increased health service utilization
for patients requiring both outpatient and inpatient
care (3,7-9). Over a 7-month period, healthcare costs
nearly doubled for patients with PCC compared
with patients without PCC, and anticipated cost in-
creased with extended follow-up (10). Because of the
high prevalence of SARS-CoV-2 infection (=83% of
adults in Ontario, Canada), evidence of long-term ef-
fects of COVID-19, and the effect on health services
utilization (11), health system coordinators must un-
derstand the costs of caring for patients with PCC at
different stages of disease and across different sectors
of the health system for effective resource allocation
and planning.

Previous studies on COVID-19-related costs
largely focused on inpatient costs (12), the acute
period (13), or the postacute period (14,15), poten-
tially underestimating the overall financial effect of
COVID-19. The importance of studying longer postin-
fection periods is evident in recent studies document-
ing the long-term health (2,3) and resource use (7,8)
effects of PCC. Our aim was to characterize acute and
long-term COVID-19-attributable healthcare costs
from the Ontario health system perspective from per-
sons who tested positive for SARS-CoV-2 compared
with matched unexposed persons.

Methods

Study Design, Setting, and Population

Our study followed the RECORD statement for
observational studies (16). We conducted an inci-
dence-based matched cohort study to measure the
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COVID-19-attributable healthcare costs among per-
sons registered in the publicly funded Ontario Health
Insurance Plan (OHIP). Ontario is Canada’s most
populous province, containing 40% of Canada’s pop-
ulation, and OHIP covers most residents. We used
population-based health administrative datasets with
information on all healthcare encounters covered
by OHIP. We linked the datasets (Appendix Table
1, https://wwwnc.cdc.gov/EID/article/31/4/24-
1463-Appl.pdf) by using unique encoded identifiers
and analyzed them at ICES (Toronto, ON, Canada).

We identified persons as exposed if they tested
positive for SARS-CoV-2 by PCR during January 1,
2020-December 31, 2020, enabling 1 year of follow-up,
and limiting potential biases because of variant emer-
gence and vaccination beginning in December 2020
(17). We defined the index date as the first occurrence
of a positive SARS-CoV-2 PCR test on the basis of the
earliest of symptom onset date recorded in Ontario’s
Case and Contact Management (CCM) system, speci-
men collection date, observation date or reporting
date in the Ontario Laboratories Information System
(OLIS), or case report date in CCM. We excluded pa-
tients with hospital-acquired SARS-CoV-2 infection,
defined as testing positive >8 days after admission or
up to 2 days after discharge, given a length of stay of
>8 days, or readmission with a positive test within 8
days after discharge from the hospital (18-20).

We identified unexposed persons by using a 50%
random sample of the OHIP-registered population
from January 1, 2016-December 31, 2018. We chose
a historical unexposed cohort because health service
use declined by 27%-43% during the pandemic com-
pared with prepandemic years because of system,
structural, and behavioral factors (21-23) and to avoid
potential contamination bias because not all persons
with SARS-CoV-2 infection had a PCR test for a vari-
ety of reasons, including being ineligible for PCR test-
ing, lacking access to or desire for testing, or being
asymptomatic, which ranged from 20% to 62% of per-
sons (22,24; P. Jha, unpub. data, https:/ /europepmc.
org/article/ PPR/PPR293015). Unexposed persons
were assigned a pseudo-index date at random. We
excluded persons with death dates before their pseu-
do-index dates from the study and excluded persons
assigned to the historical unexposed cohort from the
exposed cohort.

Exclusion criteria for both groups included not
residing in Ontario; having invalid or missing gen-
der, birthdate, or income quintile information; being
>65 years of age and not having any healthcare sys-
tem interactions for 3 years before the study start date
(January 1, 2020, for the exposed group; January 1,
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2016, for the unexposed group); being <65 year of age
and not having any healthcare system interactions for
10 years before the study start date; being >110 years
of age; and residing in long-term care. We followed
all persons for 1 year from their index date.

We used hard and propensity score matching on
selected baseline covariates. We matched each ex-
posed person to 1 unexposed person by using near-
est-neighbor matching without replacement on index
date (day and month) +60 days, sex, age category, re-
source utilization band with a 2-year look-back win-
dow, and the logit of the propensity score by using a
caliper distance of 0.2 SD (25,26). The resource utili-
zation bands were derived from the Johns Hopkins
adjusted clinical groups (ACG) and categorized co-
morbidity into 6 groupings from nonutilizer to high
complexity of illness (27,28).

The propensity score included the following base-
line measures: public health unit (PHU) of residence,
rural or urban residence, census tract of residence
(that are not contiguous with the boundaries of local
PHUEs), frailty, high-risk occupation neighborhood
concentration quintile, immigrant status, and Ontario
Marginalization Index (29) quintiles for age and labor
force, material resources, racialized and newcomer
populations, and households and dwellings. We de-
fined frailty by using ACG (27). High-risk occupation
neighborhood concentration quintile was based on
the proportion of residents in a census dissemination
area employed as essential workers.

Because healthcare utilization and associated
costs tend to increase before death (30), we exam-
ined attributable cost before death by rematching
exposed persons who died to unexposed persons
who also died during the observation period on
their death dates (day and month) +30 days, sex,
income quintile, recent immigrant, and the logit of
the propensity score by using a caliper distance of
0.2 SD (25,26). The propensity score included the
following baseline measures: PHU of residence,
rural/urban residence, census tract of residence,
high-risk occupation neighborhood concentration
quintile, and Ontario Marginalization Index quin-
tiles (29) for age and labor force, material resources,
racialized and newcomer populations, and house-
holds and dwellings. We assessed the balance for
all matches by using standardized differences with
a threshold of 0.10 (25,26).

Outcomes

We calculated healthcare costs adjusted for survival
over a 1l-year period after the index date. Costs in
2023 Canadian dollars were calculated from the
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Ontario health system perspective and included all
publicly funded health services: inpatient hospital-
izations, outpatient hospital visits (same-day surger-
ies, outpatient cancer therapies, and dialyses), emer-
gency department visits, publicly funded drugs (for
everyone >65 years of age and select younger persons
based on means), physician services, rehabilitation
services, complex care, homecare, long-term care,
and other (e.g., laboratory tests and services, OHIP-
covered nonphysician services, assistive devices).

Analyses

To calculate survival-adjusted costs, we first esti-
mated healthcare costs, standardized to 10 days,
from index date to the end of follow-up or death,
by using ICES person-level cost methods (31). Next,
we used the phase-of-care cost approach to assign
10-day costs to phases of care along the natural his-
tory of disease trajectory (32). Phase-of-care lengths
were determined on the basis of clinician expertise,
World Health Organization’s definition of PCC (4),
and joinpoint analysis, identifying significant chang-
es in the trend of mean 10-day costs (33). We defined
4 phases of care: prediagnosis (30 days before index
date), acute care (80 days after index date), post-
acute care (time between acute care phase and ter-
minal phase follow-up), and terminal (60 days be-
fore death date). We first defined the terminal phase
length, followed by acute, postacute, and prediagno-
sis phases. To determine the terminal phase length,
we analyzed 10-day cost trajectories up to 90 days
before death among decedents. Joinpoint analysis
identified an inflection point at 60 days before death,
marking the start of the terminal phase. We further
stratified deaths as early if death occurred within
60 days of index date and late if death occurred >60
days following index date. To determine the acute
phase length, we analyzed 10-day cost trajectories
after the index date up to 360 days, censoring pa-
tients 60 days before death. Guided by the World
Health Organization’s definition of PCC, which re-
fers to the continuation or occurrence of new symp-
toms 3 months after the initial SARS-CoV-2 infection
(4), and on the basis of joinpoint regression results,
we selected 80 days postindex as the acute-phase
endpoint. We allocated the remaining costs between
the end of the acute phase to end of follow-up or to
the start of the terminal phase, whichever occurred
first, to the postacute phase. Finally, we analyzed
prediagnosis costs up to 360 days before the index
date, remaining flat during that period. Guided by
expert opinion, we chose 30 days before index as
the prediagnosis phase start. We calculated mean
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attributable phase-of-care-specific costs (standard-
ized to 10 days) and 95% Cls by using a generalized
estimating equation model. Last, we combined at-
tributable phase-of-care-specific costs with crude
survival data to determine 1-year costs adjusted for
survival, as described previously (32).

We stratified analyses by age, sex, income quin-
tile, and resource utilization band quintile. We con-
ducted sensitivity analyses and varied the lengths of
the prediagnosis (120 days before index date), acute
care (30 days post index date), and postacute care
(time between acute care phase and terminal phase
follow-up) phases. We used SAS Enterprise Guide
7.15 (SAS Institute, https:/ /www.sas.com) for all sta-
tistical analyses.

Results

Study Cohort

During January 1, 2020-December 31, 2020, in Ontar-
io, 181,979 residents tested positive for SARS-CoV-2
(Appendix Figure 1). Among them, 165,838 met eli-
gibility criteria for the exposed cohort; mean age was
40.4 £ 19.7 years, 50.7% were female, and 49.3% were
male. There were 6,641,074 unexposed persons resid-
ing in Ontario during January 1, 2016-December 31,
2018, of whom 2,018 were eligible for matching; mean
age was 40.5 + 22.8 years, 50.6% were female, and
49.4% were male (Table 1).

Most exposed persons (96.0%) were matched to
an unexposed person. The matched cohort consisted
of 319,634 persons (159,817 exposed, 159,817 unex-
posed); mean age was 40.4 = 19.8 years, 50.7% were
female, 49.3% were male, 24.5% lived in neighbor-
hoods with the lowest income levels, 20.7% had high
or very high resource utilization, and 2.3% were frail
(mean ACG score 4.9) (Table 1). The matched cohort
was well balanced, with no standardized differences
above 0.1. Unmatched exposed persons were more
likely to live in lower income neighborhoods, were
more likely to live in urban areas, had a higher mean
ACG score, and were more likely to be frail compared
with matched exposed persons (Table 1).

We identified 3,357 exposed persons in the termi-
nal phase and matched 93.0% (n = 3,114) to achieve
balanced matches (Appendix Table 2). Within 14 days
of the index date, 5.1% of the matched exposed cohort
were hospitalized, and 26.5% of those were admitted
to an intensive care unit (ICU). During the follow-up,
2% of the matched cohort died, including 20.1% of
those who were hospitalized within 14 days of index
date without ICU admission and 39.1% of those ad-
mitted to an ICU.
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Mean (median) time contributed by matched ex-
posed persons were 30 (30) days for preindex, 77
(79) days for acute, 274 (280) days for postacute,
and 35 (30) days for terminal phases. In the pre-
index phase, the mean (95% CI) 10-day healthcare
costs were similar at $107 ($103-$110) for exposed

COVID-19 Healthcare Costs, Canada

and $106 ($103-$109) for unexposed persons (Ap-
pendix Table 3).

During the acute phase, the mean (95% CI) 10-
day health costs were $334 ($325-$343) per person
for exposed and $94 ($92-$97) for unexposed per-
sons, resulting in $240 ($231-$249) of COVID-19-
attributable costs. Most acute phase costs were

Table 1. Demographics of persons exposed to COVID-19 and unexposed persons before and after matching, Ontario, Canada*

Prematched Matched Unmatched
Exposed, Unexposed, Exposed, Unexposed, exposed,
Characteristics n = 165,838 n=6,641,074 SMD n = 159,817 n=159,817 SMD n = 6,021
Age at index, y, mean + SD 40.4 £19.7 40.5+22.8 0.01 40.4 +£19.8 40.5+19.9 0.01 39.9+18.2
Female 84,013 (50.7) 3,362,838 (50.6) 0.00 80,987 (50.7) 80,987 (50.7) 0.00 3,026 (50.3)
Male 81,825 (49.3) 3,278,236 (49.4) 0.00 78,830 (49.3) 78,830 (49.3) 0.00 2,995 (49.7)
Rural 5,691 (3.4) 95,577 (10.5) 0.28 5,641 (3.5) 5,655 (3.5) 0.00 50 (0.8)
Immigrant 63,962 (38.6) 1,167,364 (17.6) 0.48 60,357 (37.8) 59,435(37.2) 0.01 3,605 (59.9)
Frail 4,152 (2.5) 124,329 (1.9) 0.04 3,729 (2.3) 5,580 (3.5) 0.07 423 (7.0)
ACG, mean + SD 49+35 41+3.3 0.24 49+35 47+34 0.06 54+34
Died during follow-upt 3,357 (2.0) 214,864 (3.2) 0.08 3,222 (2.0) 4,437 (2.8) 0.05 135 (2.2)
Neighborhood income, lowest to highest
1st quintile 40,878 (24.6) 1,298,211 (19.5) 0.12 39,182 (24.5) 39,182 (24.5) 0.00 1,696 (28.2)
2nd quintile 36,212 (21.8) 1,303,219 (19.6) 0.05 34,653 (21.7) 34,653 (21.7) 0.00 1,559 (25.9)
3rd quintile 36,205 (21.8) 1,331,629 (20.1) 0.04 34,731 (21.7) 34,731 (21.7) 0.00 1,474 (24.5)
4th quintile 29,252 (17.6) 1,342,461 (20.2) 0.07 28,385 (17.8) 28,385(17.8) 0.00 867 (14.4)
5th quintile 23,291 (14.0) 1,365,554 (20.6) 0.17 22,866 (14.3) 22,866 (14.3) 0.00 425 (7.1)
Age and labor force, lowest to highest
1st quintile 59,199 (35.7) 1,798,679 (27.1) 0.19 57,196 (35.8) 56,584 (35.4) 0.01 2,017 (33.5)
2nd quintile 37,644 (22.7) 1,351,752 (20.4) 0.06 36,069 (22.6) 36,258 (22.7) 0.00 1,582 (26.3)
3rd quintile 26,766 (16.1) 1,163,844 (17.5) 0.04 25,800 (16.1) 25,945 (16.2) 0.00 954 (15.8)
4th quintile 22,439 (13.5) 1,114,963 (16.8) 0.09 21,664 (13.6) 21,702 (13.6) 0.00 754 (12.5)
5th quintile 18,896 (11.4) 1,166,635 (17.6) 0.18 18,245 (11.4) 18,884 (11.8) 0.01 667 (11.1)
Material resource, lowest to highest
1st quintile 27,993 (16.9) 1,511,973 (22.8) 0.15 27,408 (17.1) 27,528 (17.2) 0.00 594 (9.9)
2nd quintile 28,849 (17.4) 1,390,533 (20.9) 0.09 27,953 (17.5) 28,033 (17.5) 0.00 836 (13.9)
3rd quintile 32,509 (19.6) 1,258,511 (19.0) 0.02 31,358 (19.6) 31,305(19.6) 0.00 1,215 (20.2)
4th quintile 34,440 (20.8) 1,204,487 (18.1) 0.07 32,887 (20.6) 33,218 (20.8) 0.01 1,558 (25.9)
5th quintile 41,153 (24.8) 1,230,369 (18.5) 0.15 39,368 (24.6) 39,289 (24.6) 0.00 1,771 (29.4)
Racialized and newcomer populations, lowest to highest
1st quintile 9,144 (5.5) 1,043,527 (15.7) 0.34 8,949 (5.6) 9,544 (6.0) 0.02 147 (2.4)
2nd quintile 13,599 (8.2) 1,100,621 (16.6) 0.26 13,348 (8.4) 13,428 (8.4) 0.00 314 (5.2)
3rd quintile 20,746 (12.5) 1,185,255 (17.8) 0.15 20,191 (12.6) 20,517 (12.8) 0.01 513 (8.5)
4th quintile 35,081 (21.2) 1,395,258 (21.0) 0.00 34,095 (21.3) 34,234 (21.4) 0.00 1,023 (17.0)
5th quintile 86,374 (52.1) 1,871,212 (28.2) 0.50 82,391 (51.6) 81,650 (51.1) 0.01 3,977 (66.1)
Households and dwellings, lowest to highest
1st quintile 47,713 (28.8) 1,466,510 (22.1) 0.15 45,676 (28.6) 44,950 (28.1) 0.01 2,034 (33.8)
2nd quintile 27,501 (16.6) 1,262,030 (19.0) 0.06 26,486 (16.6) 26,535 (16.6) 0.00 991 (16.5)
3rd quintile 25,258 (15.2) 1,200,446 (18.1) 0.08 24,368 (15.2) 24,579 (15.4) 0.00 903 (15.0)
4th quintile 25,957 (15.7) 1,186,139 (17.9) 0.06 25,084 (15.7) 25,702 (16.1) 0.01 886 (14.7)
5th quintile 38,515 (23.2) 1,480,748 (22.3) 0.02 37,360 (23.4) 37,607 (23.5) 0.00 1,160 (19.3)
Essential worker, lowest to highest
1st quintile 26,206 (15.8) 1,412,108 (21.3) 0.14 25,780 (16.1) 26,293 (16.5) 0.01 426 (7.1)
2nd quintile 34,294 (20.7) 1,473,288 (22.2) 0.04 33,431 (20.9) 33,151 (20.7) 0.00 863 (14.3)
3rd quintile 32,254 (19.4) 1,312,630 (19.8) 0.01 31,060 (19.4) 31,160 (19.5) 0.00 1,194 (19.8)
4th quintile 35,587 (21.5) 1,267,957 (19.1) 0.06 33,991 (21.3) 33,716 (21.1) 0.00 1,596 (26.5)
5th quintile 37,307 (22.5) 1,162,361 (17.5) 0.13 35,376 (22.1) 35,221 (22.0)  0.00 1,931 (32.1)
Resource utilization band
Nonusers 12,610 (7.6) 798,484 (12.0) 0.15 12,292 (7.7) 12,292 (7.7)  0.00 318 (5.3)
Healthy users 8,344 (5.0) 412,761 (6.2) 0.05 8,138 (5.1) 8,138 (5.1) 0.00 206 (3.4)
Low RU 29,017 (17.5) 1,327,448 (20.0) 0.06 28,132 (17.6) 28,132 (17.6) 0.00 885 (14.7)
Moderate RU 81,334 (49.0) 2,969,570 (44.7) 0.09 78,153 (48.9) 78,153 (48.9) 0.00 3,181 (52.8)
High RU 25,032 (15.1) 823,659 (12.4) 0.08 24,031 (15.0) 24,031 (15.0) 0.00 1,001 (16.6)
Very high RU 9,501 (5.7) 309,152 (4.7) 0.05 9,071 (5.7) 9,071 (5.7) 0.00 430 (7.1)

*Values are no. (%) except as indicated. ACG, adjusted clinical groups; FU, follow up; n, number of observations; RU, resource utilization; SMD,

standardized difference in means.
tDeaths that occurred during the follow up until March 1, 2022.
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Figure 1. Source of COVID-19—
attributable healthcare costs
(2023 Canadian dollars),
standardized to 10 days by
phases-of-care, Ontario,
Canada. Cost categories are
displayed by phase of care. A)
Full data; B) data truncated at
$300 to improve visualization of
the postacute-phase costs. ED,
emergency department
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because of inpatient care (77%) (Figure 1; Appendix
Table 3).

During the postacute phase, the mean (95% CI)
10-day health costs were $112 ($109-$115) per person
for exposed and $95 ($93-$97) for unexposed persons,
resulting in $18 ($14-$21) of COVID-19-attributable
costs. Most postacute phase costs were because of in-
patient care (42%) (Figure 1; Appendix Table 3).

During the terminal phase, among persons with
early deaths, the mean (95% Cl) 10-day health costs
were $8,724 ($8,328-$9,119) per person for exposed
and $4,796 ($4,551-$5,041) for unexposed persons,
resulting in $3,928 ($3,471-$4,384) of COVID-19-at-
tributable costs. Among persons with late deaths,
the mean (95% CI) 10-day health costs were $6,709
($6,194-$7,224) per person for exposed and $4,928
($4,603-$5,253) for unexposed persons, resulting
in $1,781 ($1,182-$2,380) of COVID-19-attributable
costs. Most terminal phase costs were because of
inpatient care for both early (100%) and late deaths
(87%) (Figure 1, Appendix Table 3).

Mean (95% CI) attributable 10-day COVID-19
costs were lower for female than male patients for
the acute-care phase, $193 ($182-$204) versus $289
($274-%304), but higher for female than male patients
in the postacute care phase, $21 ($16-$26) versus $14
($9-$19). Total mean attributable costs in both acute
and postacute care phases were higher among older
age groups, among those in the lower income quin-
tiles, and in the 2 highest resource utilization bands
(Appendix Tables 4-7).

Healthcare costs were not sensitive to the pre-
index phase length. However, compared with the
phase lengths in the main analysis, costs doubled
for the acute and postacute phases when we consid-
ered shorter duration (30 days) for acute phase, with
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inpatient care remaining the main cost driver (Ap-
pendix Table 8). This change occurred because costs
initially captured under the acute phase were now
shifted to the postacute phase (Figure 2). Finally,
mean cumulative costs adjusted for survival at 360
days were $2,553 ($2,348-$2,756); costs were lower
for female patients, at $2,194 ($1,945-%$2,446), versus
male patients, at $2,921 ($2,602-$3,241) (Table 2). We
summarized healthcare costs of persons who were
hospitalized within 14 days of the index date with or
without ICU admission (Appendix Table 9).

Discussion

We characterized the acute and long-term healthcare
costs attributable to COVID-19 in Ontario, Canada,
among persons who tested positive for SARS-CoV-2,
compared with a group of persons who were unex-
posed to SARS-CoV-2. Exposed persons had higher
costs than unexposed persons after the index date,
and the largest difference occurred during the acute
phase. Although the attributable costs were reduced
in the postacute phase, mean costs remained greater
among exposed persons compared with unexposed
persons until the end of follow-up at 1-year post-
index date.

The leading cost category in COVID-19-attribut-
able cost across all phases was inpatient care, contrib-
uting 77% in the acute phase and 42% during the post-
acute phase. This result is consistent with descriptions
of the natural history of SARS-CoV-2 acute infections
and subsequent PCC. Acute infection often requires
care to address acute symptoms, including potential
respiratory distress, that would be best addressed in
hospital, whereas PCC consists of several linked syn-
dromic conditions are more likely to require complex
care, rehabilitation, and outpatient visits (34).
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Figure 2. Healthcare costs (2023 Canadian dollars) per 10-day intervals for the matched exposed and unexposed persons, Ontario,
Canada. Costs of persons who died during the follow-up period were removed 60 days before death, consistent with the terminal phase

length for late deaths.

We found the duration of acute illness to be 80
days. This duration is longer than durations report-
ed in other studies (14) but lends empirical support
to a growing global consensus that PCC is defined
by symptoms that persist >12 weeks after infection
onset (35-37).

The mean cumulative attributable cost for
COVID-19 at 360 days was $2,553 per person testing
positive for SARS-CoV-2, representing nearly half of the
per capita healthcare spending in Ontario, which was
$5,400 in 2020 (38). For the exposed cohort of 159,817
persons, this cost translates to $408 million. Meanwhile,
the estimated cost for PCC ($18 attributable cost in
the postacute phase per person/10 days) amounts to
about $75 million for the exposed cohort over 1 year.

Our findings are comparable with growing evi-
dence on COVID-19-associated cost. Previous pub-
lications have estimated healthcare costs associated

with COVID-19 during the first wave of the pan-
demic in 2 provinces of Canada, British Columbia
and Ontario (39), stratified by the level of initial
care required, including community, long-term
care, hospital, and ICU settings. In Ontario, the net
costs (in 2020) during the first 120 days of diagno-
sis were $28,329 for persons who were hospitalized
and $96,308 for those admitted to the ICU. Those
estimates were comparable to those reported in the
United States (40,41) and countries in Europe (42). In
our study, after stratifying by the level of initial care
received (Appendix Table 9), the net costs over a 360-
day period were $30,147 for persons who were hos-
pitalized and $105,677 for persons who were admit-
ted to ICU. The higher costs in our study, because of
the longer time length, suggest the ongoing effects of
PCC, particularly among those with initially severe
disease. Consistent with our estimated cost for PCC

Table 2. COVID-19-attributable costs adjusted for survival, total and stratified by age and sex, Ontario, Canada*

Mean (95% CI)

Characteristics 30d 90d 180 d 360d
Total $790 ($753-$826) $2,043 ($1,949-$2,142) $2,215 ($2,083-$2,346) $2,553 ($2,348-$2,756)
Age, y
<2t $404 ($283-$526) $1,094 ($756-$1,432) $1,233 ($766-$1,701) $1,512 ($786-$2,240)
24t $59 ($20- $97) $168 ($47-$290) $273 ($-23 to $570) $484 ($-161 to $1,132)
5-11t% $69 ($35-$104) $185 ($89-$281) $189 ($55-$323) $196 ($-14 to $406)
12-171 $45 ($21-$69) $122 ($52-$193) $143 ($18-$269) $184 ($-50 to $420)
18-29 $89 ($72-$106) $239 ($190-$288) $259 ($179-$337) $293 ($134-$449)
3049 $348 ($311-$385) $932 ($832-$1,015) $1,030 ($888-$1,172) $1,224 ($1,000-$1,449)
50-69 $1,366 ($1,27-$1,461)  $3,556 ($3,305-$3,656) $3,789 ($3,454-$4,125) $4,247 ($3,748-$4,745)
>70 $1,672 ($1,532-$1,813)  $3,958 ($3,633-$3,841) $4,242 ($3,804-%4,680) $13,841 ($12,193-$15,489)
Sex
F $613 ($572-$655) $1,611 ($1,504-$1,753) $1,807 ($1,651-$1,963) $2,194 ($1,945-$2,446)
M $971 ($911-%1,031) $2,490 ($2,335-$2,603) $2,637 ($2,426-$2,848) $2,921 ($2,602-$3,241)

*Costs are rounded to the nearest dollar and presented in 2023 Canadian dollars. Cl, confidence interval
tCalculated as if no one died in these categories because of small cells or being unable to model a stable attributable cost estimate for the terminal
phases.
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($18 attributable cost per person for every 10 days in
the postacute phase), a previous study in Ontario re-
ported the mean attributable healthcare costs of $487
(95% CI $394-$593) in a matched cohort of adults
starting >56 days after a positive SARS-CoV-2 PCR
test over 1 year of follow-up (15). Two US studies
examining costs up to 6 months by using data from
private health insurance claims and Medicare ben-
eficiaries showed that persons with COVID-19 had
>1.4x higher direct medical costs after 31 days-6
months compared with matched controls (43), and,
compared with historical controls, costs remained
higher until the fifth month after diagnosis and were
primarily driven by inpatient care (44), consistent
with our findings. Further, we found that even after
matching for comorbidities, frailty, and other fac-
tors, healthcare costs remained higher for persons
living in lower-income neighborhoods. This finding
aligns with a study conducted in Ontario, showing
persons living in lower-income neighborhoods have
a higher risk of death, a factor that likely contributes
to increased end-of-life healthcare costs (45).

The first limitation of our study is that outcomes
exclude costs not covered by Ontario’s public insur-
ance system, such as medications for most persons
<65 years of age, copayment costs covered by pri-
vate insurance, or community-level services such
as supportive housing. Second, although 96% of
exposed persons were matched to unexposed per-
sons, unmatched exposed persons were more likely
to live in lower income neighborhoods, in urban ar-
eas, had higher ACG scores and were more likely
to be frail compared with the matched exposed,
making findings less generalizable to persons with
these characteristics. Third, administrative data lack
information to accurately define PCC, which is why
we used costs incurred during the postacute phase
as a proxy to estimate the economic burden attribut-
able to PCC. However, as PCC diagnosis becomes
more reliably captured within administrative data-
sets, future analyses could adopt a direct approach
to estimate healthcare costs associated with PCC.
Finally, our study reflects early pandemic experi-
ences, when the likelihood of severe illness requir-
ing hospitalization was higher, leading to increased
healthcare costs. COVID-19 and associated health-
care costs may differ in contemporary times with
the emergence of novel variants, vaccinations, treat-
ments, and changes in clinical practice that were not
assessed in this study.

Our study strengths included that because of
Ontario’s public single-payer system, most of the
community dwelling population was eligible for this

716

study and the cohort was well matched. Of note, the
absence of COVID-19-attributable costs at baseline
suggested minimal residual confounding. Further-
more, matching to historic controls ensured that
changes in healthcare delivery during the pandemic
did not affect the unexposed group, which could bias
attributable cost estimates for COVID-19. The use
of several linked administrative databases enabled
the characterization of COVID-19-attributable costs
across a broad range of cost categories, providing a
comprehensive view of COVID-19 healthcare costs.
Finally, a phase-of-care approach enabled a com-
parison of acute versus postacute costs and the use of
joinpoint regression enabled a data-driven approach
to defining phase length.

Our findings offer insights into clinically relevant
phase-specific costs, which can inform budget plan-
ning to ensure each healthcare sector is appropriately
resourced. Inpatient care emerges as a major cost cat-
egory, emphasizing the need for hospital resources.
Of note, the costs associated with COVID-19 extend
beyond the acute phase, indicating a growing effect
of PCC on healthcare systems. This growth under-
scores the importance of allocating resources not
only for immediate care but also for the long-term
needs of persons with PCC, who will likely require
ongoing access to healthcare services, including di-
agnostics, medications, and specialized treatments.
Furthermore, our findings suggest that certain pop-
ulations may experience disproportionate impacts,
underscoring the need to address socioeconomic
disparities through tailored healthcare policies. Poli-
cymakers can use those findings to prioritize invest-
ments and to assess the value of COVID-19 interven-
tions to inform current policy decision-making and
pandemic planning.

In conclusion, SARS-CoV-2 infection is associated
with increased healthcare costs in the year following
onset, with differential cost patterns in the acute and
postacute phases, consistent with the evolving clini-
cal understanding of PCC. Our findings have major
implications for stakeholders responding to PCC at
the health system level. Determining phase-specific
healthcare costs for SARS-CoV-2 infection can inform
future health sector budget and pandemic planning.
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