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Abstract

Introduction

The aim of our study was to assess the initial impact of COVID-19 on total publicly-funded

direct healthcare costs and health services use in two Canadian provinces, Ontario and Brit-

ish Columbia (BC).

Methods

This retrospective repeated cross-sectional study used population-based administrative

datasets, linked within each province, from January 1, 2018 to December 27, 2020.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0290646 September 8, 2023 1 / 20

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Zeitouny S, Cheung DC, Bremner KE,

Pataky RE, Pequeno P, Matelski J, et al. (2023) The

impact of the early COVID-19 pandemic on

healthcare system resource use and costs in two

provinces in Canada: An interrupted time series

analysis. PLoS ONE 18(9): e0290646. https://doi.

org/10.1371/journal.pone.0290646

Editor: Masoud Behzadifar, Lorestan University of

Medical Sciences, ISLAMIC REPUBLIC OF IRAN

Received: February 2, 2023

Accepted: August 11, 2023

Published: September 8, 2023

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0290646

Copyright: © 2023 Zeitouny et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: In Ontario, the

dataset from this study is held securely in coded

form at ICES. While legal data sharing agreements

https://orcid.org/0000-0003-2544-767X
https://orcid.org/0000-0002-9985-2443
https://orcid.org/0000-0003-4746-5828
https://orcid.org/0000-0002-0178-5087
https://orcid.org/0000-0002-9806-9393
https://doi.org/10.1371/journal.pone.0290646
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0290646&domain=pdf&date_stamp=2023-09-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0290646&domain=pdf&date_stamp=2023-09-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0290646&domain=pdf&date_stamp=2023-09-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0290646&domain=pdf&date_stamp=2023-09-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0290646&domain=pdf&date_stamp=2023-09-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0290646&domain=pdf&date_stamp=2023-09-08
https://doi.org/10.1371/journal.pone.0290646
https://doi.org/10.1371/journal.pone.0290646
https://doi.org/10.1371/journal.pone.0290646
http://creativecommons.org/licenses/by/4.0/


Interrupted time series analysis was used to estimate changes in the level and trends of

weekly resource use and costs, with March 16–22, 2020 as the first pandemic week. Also,

in each week of 2020, we identified cases with their first positive SARS-CoV-2 test and esti-

mated their healthcare costs until death or December 27, 2020.

Results

The resources with the largest level declines (95% confidence interval) in use in the first

pandemic week compared to the previous week were physician services [Ontario: -43%

(-49%,-37%); BC: -24% (-30%,-19%) (both p<0.001)] and emergency department visits

[Ontario: -41% (-47%,-35%); BC: -29% (-35%,-23%) (both p<0.001)]. Hospital admissions

declined by 27% (-32%,-23%) in Ontario and 21% (-26%,-16%) in BC (both p<0.001).

Resource use subsequently rose but did not return to pre-pandemic levels. Only home care

and dialysis clinic visits did not significantly decrease compared to pre-pandemic. Costs for

COVID-19 cases represented 1.3% and 0.7% of total direct healthcare costs in 2020 in

Ontario and BC, respectively.

Conclusions

Reduced utilization of healthcare services in the overall population outweighed utilization by

COVID-19 patients in 2020. Meeting the needs of all patients across all services is essential

to maintain resilient healthcare systems.

Introduction

Healthcare news coverage in the latter part of 2022 was dominated by stories of a system in cri-

sis [1–3]. Worldwide, the COVID-19 pandemic challenged the resilience of health systems,

and revealed their strengths and limitations [4]. Analysis of the broad effects of the shock of

the COVID-19 pandemic on healthcare services can help health systems prepare for future cri-

ses. While Canadian healthcare systems strived to meet the needs of COVID-19 patients, their

immediate “ramp-down” strategies [5, 6] created backlogs in non-COVID-19 care [7] and

potentially compromised the healthcare, and possibly the health, of many patients [6, 8–11]. In

Ontario and British Columbia (BC), two provinces in Canada, non-COVID-19 healthcare ser-

vices were alternately reduced and restarted as COVID-19 case counts fluctuated in communi-

ties [12, 13].

The initial ramp-down started in March 2020 when Canadian healthcare systems began

reducing elective procedures and non-emergency care [5, 6, 8], and reconfiguring facilities in

preparation for COVID-19 patients [14, 15]. In Canada and internationally, there were reports

of major reductions in cancer screening [16–19], diagnosis [20], and treatment [21, 22] in

2020 compared to previous years, as well as lower numbers of hospital admissions [23, 24] and

emergency department (ED) visits [10, 11, 25–27]. While some non-COVID-19 care was tran-

sitioned from in-person to virtual [28–32] and from inpatient to outpatient [33], concerns

about delivering ideal care under COVID-19 circumstances were identified [34–36]. There is a

large body of literature focussing on individual disease groups or resource categories, but lim-

ited studies have evaluated the costs and healthcare resource use of the entire health system.

Thus, the aim of our study was to assess the initial impact of COVID-19 directives and

related mitigation measures on total healthcare costs and resource use across inpatient, outpa-

tient, and long-term care in a concerted fashion for the populations in two provinces within
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the Canadian universal health system. This broad scope of healthcare services addresses an

important information gap by allowing comparisons across resources for a holistic under-

standing of how the healthcare system reacted and which resources were prioritized within the

pandemic response. Specifically, we assessed the changes in the trends of publicly-funded

healthcare services use and direct healthcare costs in Ontario and BC.

Methods

Data sources and settings

Our study analyzed healthcare utilization and costs using healthcare administrative datasets

that capture publicly-funded outpatient care, inpatient hospital and long-term care, home care

services, and prescription drugs for nearly all residents in Ontario and BC. In both provinces,

data are collected for administrative purposes by the provincial Ministries of Health, and

under the provincial universal health insurance plans [37, 38]. The datasets for Ontario are

housed at ICES [38]. These datasets were linked using unique encoded identifiers and analyzed

at ICES. Data from the BC Ministry of Health [39–46] were provided through Population Data

BC [47]. These datasets were linked using unique encoded identifiers and analyzed by the BC

research team. A description of the data sources is in S1 Table in S1 File.

This study was approved by the Research Ethics Boards at the University Health Network

in Toronto, Ontario and BC Cancer. ICES is an independent, non-profit research institute

whose legal status under Ontario’s health information privacy law allows it to collect and ana-

lyze healthcare and demographic data, without consent, for health system evaluation and

improvement. In BC, a waiver of consent was granted due to the nature of the data and mini-

mal risk of the study. Guidance on Reporting of studies Conducted using Observational Rou-

tinely-collected health Data (RECORD) statement was followed (S1 Checklist in S1 File) [48].

Study design and inclusion criteria. This was a repeated cross-sectional study from a

health system perspective. We examined repeated weekly patient-level measures of healthcare

costs and resource use using a micro-costing approach from January 1, 2018, to December 27,

2020, in Ontario and BC separately. In each weekly time interval, defined according to the cal-

endar of the International Organization of Standardization (ISO) [49–51], the study popula-

tion included all individuals who were alive and registered in the provincial public health plan

(Ontario Health Insurance Plan [52] (OHIP) and BC Medical Services Plan [45] (MSP),

respectively) for at least one day.

In order to estimate the costs incurred by COVID-19 patients, we identified people with

their first positive SARS-CoV-2 test result in each week of 2020 from the Ontario C19INTGR

COVID-19 database [53, 54] and the BC Ministry of Health COVID-19 Test Lab Data [46, 55]

and followed them until death or December 27, 2020, over two time periods: acute COVID-19,

defined as the first 4 weeks (inclusive) after the positive test, and post-acute COVID-19, from

the end of the acute COVID-19 period to end of observation [56, 57]. Individuals were in the

non-COVID-19 group as long as they did not have a positive SARS-CoV-2 test result.

Study outcomes and statistical analysis

Population characteristics of interest included age, sex, rural/urban residence [58, 59], neigh-

bourhood income quintile, Ontario Marginalization Index quintiles [60, 61] (Ontario only),

Ontario Local Health Integration Network (LHIN) [62] or BC Health Authority [63] of resi-

dence, and a measure of comorbidity derived from the weighted Aggregated Diagnosis Groups

(ADGs) from John’s Hopkins’ Adjusted Clinical Groups1 System (ACG1) version 10 [64,

65]. This score, developed using administrative data from Ontario, represents the relative risk

of one-year all-cause mortality [64]. Population characteristics as of January 1, 2020 were
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summarized using means and standard deviations for continuous variables, and frequencies

and percentages for categorical variables.

Databases and healthcare services used in our analyses are described in S2 Table in S1 File.

For our analyses of healthcare resource use in each weekly interval, we calculated rates per

10,000 person weeks of acute hospital admissions, emergency department visits, physicians’

services, same day surgery, outpatient prescription drug claims (restricted to prescription

drugs covered under the provincial drug benefit plan for eligible individuals in Ontario [66],

but including all prescription drugs dispensed in BC irrespective of the insurance payer), labo-

ratory tests including SARS-CoV-2 tests, home care services, and admissions to publicly-

funded long-term care (LTC) and complex continuing care (CCC) facilities. Rates of visits to

cancer clinics and dialysis clinics were included for Ontario only, as these were not made avail-

able in BC. We used standard established methods for estimating healthcare costs from admin-

istrative data [67, 68] and we computed the cost of health services used by active registered

residents, including hospitalization, emergency department visits, same day surgery, outpa-

tient clinics (Ontario only), physicians’ services, laboratory tests, home and community care,

LTC, CCC, and outpatient prescription medications. Costs for all years were expressed in 2020

Canadian dollars (CAD) using Statistics Canada’s Consumer Price Index for healthcare [69].

We generated descriptive analyses of healthcare service use, absolute cost of healthcare ser-

vices, and rates of utilization and costs per 10,000 person-weeks in each week from 2018 to

2020, in the full population.

The first analysis examined healthcare costs and utilization of select healthcare resources,

namely hospital admissions, emergency department visits, physicians’ services, dialysis clinics

(Ontario only) and cancer clinics (Ontario only), and home and community care in the full

population. Interrupted time series (ITS) analysis was used to estimate changes in the level and

trends of the study outcomes, with March 16–22, 2020, when COVID-19 was declared a pan-

demic in Canada, as the first week of the pandemic [5, 70–72]. ITS models were fit using linear

mixed effects regression (LMER) using a Gaussian likelihood on the weekly outcome rates.

Visual inspection of the weekly outcome data over the study period informed the specification

of the fixed and random effects: for the fixed effects, a linear time trend in study week was esti-

mated for the pre-period, a wild-point indicator was used for the first week of the pandemic,

and a quadratic function in week number was used in the pandemic period. Indicator variables

for the last week of December, the first week of January, and weeks with other statutory holi-

days were also included as fixed effects. Each of the above terms was allowed to interact with

an indicator variable for province, which afforded separate estimates for each province while

fitting only one generalized linear mixed model per outcome. A random intercept for each

week of the ISO calendar (i.e., week number within year) was specified as a means of modelling

shared seasonal effects and reducing residual autocorrelation [73]. We examined autocorrela-

tion plots both with and without inclusion of the lag-1 outcome as a predictor and determined

that its inclusion was generally helpful in ensuring acceptable levels of residual autocorrelation

for the final model fits. Alpha of 0.05 was adopted as the threshold for statistical significance.

Analyses were conducted using SAS version 9.4 and R version 3.6.1.

A second analysis compared the use of each resource in each week of 2020 to the average

weekly use of the resource over both 2018 and 2019, and plotted the percent change in each

week of 2020.

A third analysis tabulated healthcare cost estimates in each quarter (consecutive 13 weeks)

of 2020 for the full population. The percent change in cost for each resource in each quarter of

2020 compared to its pre-pandemic level was calculated.

A fourth analysis calculated the percentage of the absolute healthcare costs incurred by indi-

viduals who tested positive for COVID-19 in 2020 in each province, and segregated by
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duration since COVID-19 infection, relative to the direct healthcare costs incurred by the full

population in 2020.

Results

Description of study populations

In the first week of 2020, the study populations included 14,973,016 individuals in Ontario and

5,123,554 in BC (Table 1). In Ontario, the mean (standard deviation) age was 41.2 (23.0) years,

50.6% of individuals were female, 89.7% of the population resided in urban areas, and 89.1%

had a weighted ADG score between -19 and 20. The BC study population had a mean age of

42.2 (23.0) years, 50.6% were female, 88.8% resided in urban areas, and 86.9% had an ADG

score between -19 and 20.

Resource use by category

The estimated coefficients of the ITS model are presented in S3 to S6 Tables in S1 File. At the

declaration of the pandemic in Canada (March 16 to 22, 2020) as compared to the last pre-pan-

demic week (March 9 to 15, 2020), the largest level declines (95% confidence interval) in

resource use were physician service claims [Ontario: -43% (-49% to -37%), p<0.001; BC: -24%

(-30% to -19%), p<0.001] and ED visits [Ontario: -41% (-47 to -35%), p<0.001; BC: -29%

(-35% to -23%), p<0.001] (Fig 1a and 1b). These corresponded to immediate level drops of

1,437 (1,259 to 1,616) physician service claims per 10,000 person-weeks in Ontario and 518

(347 to 689) claims per 10,000 person-weeks in BC in the week of March 16, 2020 (S3 Table in

S1 File). Similarly, ED visits decreased by 34 (30 to 38) visits per 10,000 person-weeks in

Ontario and 17 (12 to 22) visits per 10,000 person-weeks in BC (S4 Table in S1 File). Sharp

level declines in hospital admissions were also seen in both provinces [Ontario: -27% (-32% to

-23%), p<0.001; BC: -21% (-26% to -16%), p<0.001] (Fig 1c). These corresponded to decreases

of 4 (3 to 5) and 4 (3 to 4) admissions per 10,000 person-weeks in Ontario and BC, respectively

(S5 Table in S1 File).

There was also a decline in visits to cancer clinics in Ontario [-11% (-16% to -6%),

p<0.001], corresponding to a decrease of 2 (1 to 3) visits per 10,000 person-weeks (S1 Fig in

S1 File). Of the resources analyzed with ITS, only home care services and visits to dialysis clin-

ics did not demonstrate statistically significant decreases in March 2020 [home care p = 0.11

and p = 0.70 in Ontario and BC, respectively; dialysis p = 0.58, Ontario] (S2 Fig in S1 File).

Weekly resource use (by category) in 2020 versus historical averages

Fig 2a and 2b show the overlaid patterns of select resource categories in each week of 2020 nor-

malized to their two-year pre-pandemic average in Ontario and BC, highlighting the different

ways the pandemic impacted each resource. In the first pandemic week, same day surgery vis-

its sharply decreased by 69% in Ontario and 48% in BC, compared with the weekly averages of

2018 and 2019, while ED visits and hospital admissions decreased by 28% and 35% in Ontario,

respectively, and 31% and 38% in BC. Even with gradual returns toward pre-pandemic levels,

many resources notably remained below full capacity by December 2020. In both Ontario and

BC, ED visits were still at least 10% (Ontario) and 7% (BC) below pre-pandemic levels from

July 2020 to September 2020, only to decrease again for the remainder of 2020.

The notable exception was a transient increase of up to 48% in the number of prescription

drug claims in May and June 2020 in Ontario, coinciding with a change in dispensing policies

(limited to a 30-day supply rather than 100-day supply per prescription to limit drug

PLOS ONE Impact of COVID-19 on healthcare system resource use and costs in two provinces in Canada

PLOS ONE | https://doi.org/10.1371/journal.pone.0290646 September 8, 2023 5 / 20

https://doi.org/10.1371/journal.pone.0290646


Table 1. Characteristics of the individuals in the first week of 2020 in Ontario and British Columbia.

Characteristic Ontario (N = 14,973,016) British Columbia (N = 5,123,554)

Age in years

Mean (SD) 41.2 (23.0) 42.2 (23.0)

Median (IQR) 41 (23–59) 42 (24–60)

Sex (N, (%))

Female 7,582,509 (50.6%) 2,590,900 (50.6%)

Male 7,390,507 (49.4%) 2,532,555 (49.4%)

Unknown/missing 101 (0.0%)

Rural/Urban residence1 (N (%))

Urban 13,429,437 (89.7%) 4,547,778 (88.8%)

Rural/small town 1,506,012 (10.1%) 542,364 (10.6%)

missing 37,567 (0.3%) 33,414 (0.65)

Neighbourhood income quintile (N, (%))

1 (lowest) 2,932,526 (19.6%) 1,006,951 (19.6%)

2 2,926,151 (19.5%) 1,005,234 (19.6%)

3 3,009,569 (20.1%) 1,027,220 (20%)

4 3,031,126 (20.2%) 1,040,260 (20.3%)

5 (highest) 3,030,496 (20.2%) 954,329 (18.6%)

Missing 43,148 (0.3%) 89,562 (1.2%)

Ontario Marginalization Index2 (N (%))

Missing all dimensions 591,376 (3.9%)

Deprivation

1 (lowest) 3,336,479 (22.3%)

2 3,042,928 (20.3%)

3 2,735,771 (18.3%)

4 2,601,692 (17.4%)

5 (highest) 2,664,770 (17.8%)

Dependency

1 (lowest) 4,001,343 (26.7%)

2 2,928,380 (19.6%)

3 2,507,571 (16.7%)

4 2,402,262 (16.0%)

5 (highest) 2,542,084 (17.0%)

Instability

1 (lowest) 3,215,152 (21.5%)

2 2,746,005 (18.3%)

3 2,626,851 (17.5%)

4 2,571,331 (17.2%)

5 (highest) 3,222,301 (21.5%)

Ethnic diversity

1 (lowest) 2,216,225 (14.8%)

2 2,353,671 (15.7%)

3 2,563,036 (17.1%)

4 3,059,575 (20.4%)

5 (highest) 4,194,864 (28.0%)

ADG score3 (N (%))

-40 to -20 34,937 (0.2%) 14,724 (0.3%)

-19 to 0 5,815,952 (38.8%) 1,897,905 (37%)

(Continued)
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stockpiling). In BC, the number of prescription drug claims remained relatively stable, with

only a small increase of 19% in the first week of the pandemic in 2020.

Three distinct patterns were observed: I) a sharp decline and slow recovery, mostly to lower

than pre-pandemic levels (as above); II) a saw-tooth pattern in same-day surgery, illustrating

Table 1. (Continued)

Characteristic Ontario (N = 14,973,016) British Columbia (N = 5,123,554)

1 to 20 7,535,924 (50.3%) 2,554,776 (49.9%)

21 to 40 1,008,343 (6.7%) 368,381 (7.2%)

41 to 60 116,868 (0.8%) 28,753 (0.6%)

61 to 80 8,248 (0.1%) 904 (0.0%)

missing 452,744 (3.0%) 258,113 (5.0%)

Ontario Local Health Integration Network (N (%))

Erie St. Clair 692,031 (4.6%)

South West 1,044,956 (7.0%)

Waterloo Wellington 852,754 (5.7%)

Hamilton Niagara Haldimand Brant 1,550,091 (10.4%)

Central West 1,058,630 (7.1%)

Mississauga Halton 1,319,817 (8.8%)

Toronto Central 1,355,793 (9.1%)

Central 2,041,614 (13.6%)

Central East 1,711,708 (11.4%)

South East 524,688 (3.5%)

Champlain 1,454,377 (9.7%)

North Simcoe Muskoka 522,892 (3.5%)

North East 591,516 (4.0%)

North West 252,144 (1.7%)

Shared/Split < = 54

missing < = 54

British Columbia Health authority (N (%))

Interior 829,497 (16.2%)

Fraser 1,901,542 (37.1%)

Vancouver Coastal 1,213,904 (23.7%)

Vancouver Island 853,537 (16.7%)

Northern 296,183 (5.8%)

missing 28,893 (0.5%)

Abbreviations: ADGs -Adjusted Diagnostic Groups; IQR- interquartile range; N- number of people; SD- standard deviation.
1 Rural/urban residence was determined using the postal code indicator [58] in British Columbia and the Statistics Canada definition [59] in Ontario. Rural postal codes

are for areas serviced by rural route drivers and/or postal outlets [58]. Statistics Canada defines rural and small town as areas with populations of less than 10,000

persons and outside the commuting zones of urban centres with populations of 10,000 or more, based on the current census population count [59].
2 The Ontario Marginalization Index is an area-level measure that was developed using 42 variables from the Canada Census. It includes four dimensions, measured in

quintiles: material deprivation (based on income, parental status, education, and employment), ethnic diversity (proportion of individuals self-identifying as a visible

minority, and recent immigrants), dependency (proportion of individuals aged 0 to 14 and 65 years and older, or unemployed/unpaid), and residential instability (based

on the type and density of dwellings, families, and individuals) [60].
3The Aggregated Diagnosis Group (ADG) score assigns positive or negative weights to the ADGs derived from John’s Hopkins’ Adjusted Clinical Groups1 System

(ACG1) version 10 Aggregated Diagnosis Groups (ADGs) [65], depending on the magnitude and direction of their association with the probability of one-year

mortality [64]. Because calculation of the ADG score requires data covering the previous year, we were unable to report ADG scores for newborns and other people who

had less than one year of OHIP or MSP coverage before the first week of 2020.
4Small cell sizes cannot be reported to comply with ICES privacy rules.

https://doi.org/10.1371/journal.pone.0290646.t001
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the stop-and-start nature of the ramp-down and ramp-up strategies as well as seasonal vari-

ability (e.g., statutory holidays); and III) stable resources that fluctuated by a relatively small

margin, such as home care in both provinces, prescription drugs in BC, and dialysis and cancer

clinics in Ontario.

Fig 1. Number of a) physician services claims, b) emergency department visits, and c) hospital admissions per 10,000

person-weeks in each ISO week from January 1, 2018 to December 27, 2020 in Ontario and British Columbia (BC).

These data were analyzed using interrupted time series (ITS). The vertical line in each graph indicates the first week of

the pandemic, March 16 to March 22, 2020.

https://doi.org/10.1371/journal.pone.0290646.g001
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Healthcare costs

The ITS analyses showed that in the week of March 16 to 23, 2020, total direct healthcare costs

declined by 27% (23% to 31%, p<0.001) in Ontario and 18% (14% to 22%, p<0.001) in BC,

compared to the final pre-pandemic week. These equate to decreases of $161,407 ($140,009 to

$182,805) and $72,689 ($49,126 to $96,253) per 10,000 person-weeks in each province, respec-

tively (Fig 3, S6 Table in S1 File).

Fig 2. Percentage change in use per 10,000 person-weeks in 2020 compared with the average weekly use in 2018 and

2019 in (a) Ontario and (b) British Columbia for hospital admissions, same day surgery visits, laboratory tests (do not

include SAR-CoV-2 tests), long-term care admissions, outpatient prescription drug claims, and cancer clinic and

dialysis clinic visits (Ontario only). This shows the overlaid performance of select resource categories in each ISO week

of 2020 normalized to their two-year pre-pandemic average in Ontario and British Columbia. The vertical line

indicates the first week of the pandemic, March 16 to March 22, 2020.

https://doi.org/10.1371/journal.pone.0290646.g002
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As shown in Tables 2 and 3, the total costs for the healthcare services included in this study

in the first quarter of 2020 were $10.1 billion in Ontario and $3.2 billion in BC, 6.2% and 2.5%

lower than the average quarterly cost in 2018 and 2019, respectively (S7 and S8 Tables in S1

File). The total costs in the second quarter were approximately $8.3 billion in Ontario and $2.8

billion in BC, 23% and 12% lower than pre-pandemic, respectively. In Ontario, total costs

increased to $9.8 billion and almost $10.2 billion in the third and fourth quarters, respectively,

but the latter was still 5.5% below the average pre-pandemic quarterly cost. In BC, total costs

increased in the third and fourth quarters of 2020 to $3.1 billion and almost $3.3 billion respec-

tively, approximately equal to and almost 4% higher than pre-pandemic. Some of the resources

for which quarterly costs decreased during the pandemic appeared to return to pre-pandemic

levels more than others. In Ontario, costs for same day surgery and physician services (primary

care providers) were as high as pre-pandemic levels by the last quarter of 2020. In BC, the costs

for same day surgery and services of both specialist and primary care providers were higher

than in the pre-pandemic years in the last two quarters of 2020.

In both provinces, hospitalization, physician services, and outpatient prescription drugs

made up the largest components of total cost, and hospitalization was the main driver for the

absolute cost declines in the second quarter of 2020 (Tables 2 and 3). In Ontario, the quarterly

costs for visits to cancer and dialysis clinics, outpatient prescription drugs and cancer drugs

covered by the New Drug Funding Program [75] were higher in 2020 than in the previous two

years.

Direct healthcare costs for COVID-19

The total costs in 2020 for all healthcare services included in this study were approximately

$12.4 billion in BC and $38.4 billion in Ontario. During this time, costs for cases with a

Fig 3. Total healthcare costs per 10,000 person-weeks (in 2020 CAD) in each ISO week from January 1, 2018 to

December 27, 2020 in Ontario and British Columbia (BC). These data were analyzed using interrupted time series

(ITS). The vertical line indicates the first week of the pandemic, March 16 to March 22, 2020.

https://doi.org/10.1371/journal.pone.0290646.g003
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positive SARS-Cov-2 test from diagnosis to death or censoring were approximately $89.8 mil-

lion in BC and $504 million in Ontario, representing 0.7% and 1.3% of total costs in BC and

Ontario, respectively (S9 Table in S1 File).

Discussion

Our study systematically examined the initial effects of the COVID-19 pandemic on total

direct healthcare resource use and costs in two Canadian provinces with universal healthcare,

demonstrating the heterogeneous impact of the pandemic across healthcare resources. Early in

the pandemic, healthcare resources were reallocated to meet the anticipated and real demands

of patients with COVID-19 [5, 6, 8]. However, while we observed immediate decreases in use

of physician services, hospital admissions, and emergency department visits, it is reassuring

that visits to dialysis clinics, an essential and life-sustaining resource, did not appear to

decrease during the first year of the COVID-19 pandemic. Similarly, the rate of home care

Table 2. Total and resource-specific absolute costs (in 2020 CAD) per quarter in 2020 and percentage change from 2018 and 2019 for all individuals in Ontario.

For readability, costs are rounded to the nearest thousand dollars; the percentages were calculated using costs estimated to the nearest dollar.

Time period1

Healthcare Resource 2020 Q1 (% change from

baseline2)

2020 Q2 (% change from

baseline2)

2020 Q3 (% change from

baseline2)

2020 Q4 (% change from

baseline2)

Hospitalization 2,292,816,000 (-1.30) 1,866,980,000 (-19.63) 2,196,786,000 (-5.44) 2,096,122,000 (-9.77)

Emergency Department visits 393,967,000 (-11.54) 318,317,000 (-28.52) 409,792,000 (-7.98) 374,548,000 (-15.90)

Same Day Surgery 374,287,000 (-6.22) 147,305,000 (-63.09) 351,769,000 (-11.86) 419,817,000 (5.19)

Physician services -PCPs 567,953,000 (-6.34) 524,437,000 (-13.52) 611,157,000 (0.78) 664,930,000 (9.65)

Physician services—specialists 1,618,475,000 (-10.45) 1,169,682,000 (-35.28) 1,643,082,000 (-9.08) 1,800,056,000 (-0.40)

Non-physicians services3 33,994,000 (-23.73) 8,742,000 (-80.38) 37,154,000 (-16.62) 40,527,000 (-9.05)

Cancer clinic visits 399,238,000 (15.50) 365,542,000 (5.75) 377,951,000 (9.34) 383,799,000 (11.03)

Dialysis clinic visits 186,204,000 (-1.86) 204,059,000 (7.55) 204,555,000 (7.81) 206,629,000 (8.90)

Outpatient clinic visits4 604,722,000 (-22.02) 222,653,000 (-71.29) 392,279,000 (-49.41) 458,938,000 (-40.82)

Laboratory tests5 147,212,000 (-31.23) 83,230,000 (-61.12) 141,209,000 (-34.04) 149,342,000 (-30.24)

Outpatient prescription drug

claims6
1,630,616,000 (0.37) 1,664,768,000 (2.48) 1,657,124,000 (2.01) 1,789,378,000 (10.15)

New Drug Funding Program

drugs7
154,663,000 (22.33) 156,457,000 (23.75) 165,206,000 (30.67) 165,894,000 (31.22)

Home Care services 898,032,000 (0.63) 820,858,000 (-8.02) 857,717,000 (-3.89) 899,304,000 (0.77)

Long-term Care 446,526,000 (-26.19) 374,418,000 (-38.11) 313,848,000 (-48.12) 256,946,000 (-57.53)

Complex Continuing Care 202,774,000 (-3.42) 187,796,000 (-10.56) 185,961,000 (-11.43) 181,155,000 (-13.72)

Mental health inpatient care 159,682,000 (-5.92) 126,533,000 (-25.45) 140,870,000 (-17.00) 137,599,000 (-18.93)

SARS-CoV-2 tests 2,900,000 (n/a) 58,902,000 (n/a) 109,424,000 (n/a) 161,485,9000 (n/a)

TOTAL 10,114,061,000 (-6.17) 8,300, 682,000 (-22.99) 9,795,884,000 (-9.12) 10,186,469,000 (-5.50)

1 Time periods comprise 13 weeks
2 Baseline equals the average cost per quarter in 2018 and 2019, based on S8 Table in S1 File.
3 Non-physician services covered by the Ontario Health Insurance Plan include care provided by optometrists, podiatrists, physiotherapists, and other allied health

professionals, for eligible individuals [74]
4 Outpatient hospital clinics, other than dialysis and cancer
5 Excludes SARS-CoV-2 tests
6 Outpatient prescription drugs for eligible individuals, aged 65 years and older or who meet other criteria [66]
7 The New Drug Funding Program reimburses cancer centres for expensive intravenous cancer chemotherapy [75, 76]

Abbreviations: PCPs: Primary care providers; NDFP- New Drug Funding Program; Q—Quarter

https://doi.org/10.1371/journal.pone.0290646.t002
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services did not significantly change, and the decline in visits to cancer clinics in Ontario was

smaller than the declines of other resources, suggesting some degree of prioritization of home

care and cancer care, although we did not examine the types of services provided.

Several other studies examined changes in cancer care during the COVID-19 pandemic. A

study in Ontario found that visits for cancer systemic therapy and radiation therapy were 3.5%

and 21% lower, respectively, in the year after March 31, 2020 than in the prior year [77].

Another Canadian study predicted increased cancer-related deaths in the long-term as a result

of diagnostic and treatment delays [78]. In England, the mean number of weekly radiation

therapy courses delivered by the National Health Service decreased by 20%, 6% and 12% in

April, May and June 2020, respectively, compared to the same months in 2019 [22]. The great-

est decreases were in treatment for prostate and non-melanoma skin cancers. In both Ontario

and England, increased use of hypofractionated radiation regimens explained some of the

decreased number of visits [22, 77]. With respect to cancer detection, studies in Japan and Bra-

zil reported reductions in the numbers of mammograms performed and increases in the pro-

portions of patients diagnosed with advanced breast cancer in the pandemic period compared

to before [16, 17]. Therefore, there is some evidence from these studies and ours that efforts to

maintain cancer treatment were made early in the pandemic, while cancer screening was

reduced. The long-term impacts of cancer care delays and deferrals leading to more severe pre-

sentations are yet to be revealed [16, 78]. Similar to other studies [26, 27], we found that the

rates of ED visits significantly declined at the start of the pandemic compared to the last pre-

pandemic week, by 41% in Ontario and 24% in BC, and never returned to pre-pandemic levels

in 2020. This is consistent with ED avoidance by people with milder conditions, diversion of

human and diagnostic resources away from urgent care, as well as significant decreases in

infections associated with lockdown measures. With respect to changes in patterns of emer-

gency medical care, a study in the Canadian city of Calgary, Alberta, reported 35% and 59%

Table 3. Total and resource-specific absolute costs per quarter in 2020 (in 2020 CAD) and percentage change from 2018 and 2019 for all individuals in British

Columbia. For readability, costs are rounded to the nearest thousand dollars; the percentages were calculated using costs estimated to the dollar.

Time period1

Healthcare Resource 2020 Q1 (% change from

baseline2)

2020 Q2 (% change from

baseline2)

2020 Q3 (% change from

baseline2)

2020 Q4 (% change from

baseline2)

Hospitalization 1,035,153,000 (3.61%) 856,947,000 (-14.22%) 975,646,000 (-2.34%) 993,398,000 (-0.57%)

Emergency Department visits 117,862,000 (-2.54%) 92,464,000 (-23.54%) 113,586,000 (-6.08%) 103,295,000 (-14.59%)

Same day surgery visits 168,190,000 (-1.24%) 112,204,000 (-34.12%) 179,589,000 (5.45%) 192,480,000 (13.02%)

Physician services -PCPs 274,998,000 (1.68%) 241,926,000 (-10.55%) 279,829,000 (3.46%) 286,545,000 (5.95%)

Physician services -Specialists 204,454,000 (1.13%) 202,343,000 (0.09%) 209,495,000 (3.62%) 230,057,000 (13.79%)

Other Medical Services Plan

services3
439,771,000 (1.26%) 318,661,000 (-26.63%) 408,462,000 (-5.95%) 433,980,000 (-0.07%)

Medical Services Plan (all) 919,223,000 (1.35%) 762,930,000 (-15.88%) 897,785,000 (-1.01%) 950,582,000 (4.81%)

Outpatient prescription drug

claims

839,383,000 (5.72%) 803,697,000 (1.23%) 824,063,000 (3.79%) 865,868,000 (9.06%)

Home Care services 140,628,000 (-6.41%) 148,747,000 (-1.01%) 148,850,000 (-0.94%) 149,161,000 (-0.73%)

SARS-CoV-2 tests 44,000 (n/a) 72,000 (n/a) 251,000 (n/a) 1,780,000 (n/a)

TOTAL 3,220,483,000 (2.52%) 2,777,062,000 (-11.60%) 3,139,771,000 (-0.05%) 3,256,564,000 (3.66%)

1 Time periods comprise 13 weeks
2 Baseline equals the average cost per quarter in 2018 and 2019, based on S9 Table in S1 File.
3 Other Medical Services Plan services include records for diagnostic procedures, procedures and other services

Abbreviations: PCPs: Primary care providers; Q- quarter

https://doi.org/10.1371/journal.pone.0290646.t003
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fewer patients presenting to adult and pediatric hospital EDs, respectively from December 2019

to June 2020 compared with the same months in the previous two years [26]. Corresponding

reductions of 26% to 30% in overall consultations were observed in 20 emergency departments

in Germany during the first 3 waves of COVID-19 from March 2020 to June 2021 [27].

Similarly, analyses from 18 hospitals in BC reported decreases of 57% and 70% in visits to

pediatric and general hospital EDs, respectively, by children aged 0 to 18 years during the first

6 weeks of the pandemic compared with the same weeks in the previous year [10]. One study

in Ontario examined ED and hospital admissions with mental health diagnoses from January

2019 to March 2021, and found sharp decreases of 37% and 30% in rates of ED visits and hos-

pital admissions, respectively, in April 2020 compared with April 2019 [79]. Rates of ED visits

for mental health diagnoses increased by July 2020 only to gradually decrease again.

In aggregate, these findings demonstrate that the healthcare system was able to continue

providing life-sustaining care to patients who needed it, for example those receiving hemodial-

ysis. However, the use of services appeared to decline according to the severity of conditions

they are intended to treat, with greater reductions in the use of elective procedures, and pre-

ventive, screening, and routine care than urgent and semi-urgent services [35, 80, 81]. Further-

more, after sharp initial declines in use, recovery was slow for many healthcare resources, and

their use did not return to pre-pandemic levels by December 2020. Notably, the recovery was

much less than needed to manage the backlogs (areas above the curves with negative values,

and below the zero-axis), which raises concerns about the residual unmet healthcare needs of

the population. This could be a compounding effect if unmet needs resulted in acute events

that could have been avoided with earlier care.

The direct healthcare costs for COVID-19 cases in 2020 corresponded to a modest share of

the healthcare costs for the full populations in Ontario and BC, at 1.3% and 0.7%, respectively.

The magnitude of the resources used by COVID-19 patients was far outweighed by reduced

service utilization in the general population. However, the economic impact of COVID-19

includes costs for vaccines, personal protective equipment, improving indoor air quality, paid

sick leave, and other support beyond the direct healthcare costs measured in our study [82,

83]. Furthermore, much of the human burden of COVID-19 and long COVID-19 have not yet

been estimated [84], and may be beyond our metrics.

In anticipation of future health crises, it is critical to ensure an equitable allocation of

resources and a “reserve” within the healthcare system. A resilient healthcare system must

respond to the needs of COVID-19 patients while preserving standards of care for all patients,

and preserving access to care for its community [85]. Resilient hospitals and healthcare sys-

tems must implement changes that will be able to meet any challenges they may encounter

and that will be useful even during normal times [85]. Our data suggested that such a reserve

was not present within the Canadian universal healthcare system. In planning for COVID-19

recovery phases, integration and communication among policy makers, health economists,

and clinicians across services may be necessary to help the healthcare system adapt to crises

[86], inform resource allocation, and prioritize recovery efforts.

Strengths and limitations

Strengths of this study include the use of comprehensive population-wide data which included

almost all healthcare resource use in two populous Canadian provinces with provincial pub-

licly-funded healthcare. This study used standardized methods to estimate resource use and

costs [87, 88], ensuring valid outcome measures. However, some of the absolute differences in

the service rates between provinces may be due to differences in the scope of the data available

in Ontario and BC and underlying program structure.
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Despite the comprehensiveness of our patient-level data, we were not able to measure the

unmet healthcare needs of those who did not access resources. Furthermore, we could not cap-

ture the expenditures related to health systems, such as costs associated with infrastructure

changes or the rapid adoption of telehealth initiatives. While health system directives were a

major factor in the observed changes, some of the reductions in healthcare use may also have

been driven by patients’ avoidance of medical settings [80]. However, social distancing behav-

iours, directives, or patients’ motivation are likely to have acted as mediators, rather than con-

founders, of the changes in healthcare costs and use that we observed. That is, the behavioural

changes and policies are part of the COVID-19 pandemic effect, rather than confounding the

true effect.

Although the ITS analysis allowed us to project a counterfactual (based on pre-pandemic

secular trends had the pandemic not occurred), we cannot comment on the appropriateness

of this benchmark. However, this is likely to represent a conservative bias as a return to pre-

COVID-19 trends and levels does not account for the backlog accrued during COVID-19.

Our study covered the immediate responses of the healthcare system to the shocks of the

first two waves of COVID-19. Subsequent time periods with waves of new COVID-19 vari-

ants and relaxation of public health measures would require different methods to answer dif-

ferent questions. Finally, even though the experiences in Ontario and BC may not represent

those in all of Canada or other countries, their similar patterns suggest that other provinces

might have responded in much the same way to the initial challenges of the COVID-19 pan-

demic, and may serve as a blueprint for other publicly-funded healthcare systems in the

world.

In summary, our study confirms that the overall use of physician services, hospital admis-

sions, and emergency department visits greatly decreased in response to the initial COVID-

19 pandemic, while life-sustaining dialysis care was maintained, as were home care services

and cancer care in Ontario. Thus, resource optimization appeared to be appropriate to the

degree of necessary care. However, recovery for many healthcare resources was slow after

sharp declines, and the resultant backlogs raise concerns about residual unmet needs. Finally,

in Ontario and BC, the direct healthcare costs for COVID-19 cases in 2020 represented were

outweighed by reduced costs in the general population consequent to decreased resource

use.

Conclusions

We observed decreased costs and rates of use for most healthcare resources in two Canadian

provinces with predominantly publicly-funded healthcare following the declaration of the

COVID-19 pandemic and the associated initial mitigation measures. These changes may have

compromised the care of many non-COVID-19 patients in efforts to prepare for the antici-

pated demand of care for patients with COVID-19. These findings highlight the need for more

flexible and sustainable systems that can ensure timely access to adequate care for all individu-

als. Monitoring to detect and immediately address backlogs could avoid the need for supra-

normal levels of activity to "catch up" the system. Further research on the potential conse-

quences of delayed and cancelled medical care will be necessary to mitigate risks in access and

quality of healthcare services, address backlog recovery, and avoid healthcare system collapse.
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