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Abstract

During the initial wave of coronavirus disease of 2019 (COVID-19), patients were rapidly dis-

charged from acute hospitals in anticipation of an expected influx of patients with COVID-19.

Patients that were no longer receiving acute medical care but were waiting for their next desti-

nation (i.e., delayed hospital discharge) were particularly affected. The objectives of this study

were to examine the impact of COVID-19 onset on healthcare utilization and mortality among

those who experienced delayed discharge from acute care. We conducted a population-based

retrospective cohort study using linked administrative data. We included persons discharged

from acute care who experienced a delayed hospital stay between April 1, 2019 and Septem-

ber 30, 2020. The onset of COVID-19 was the exposure (March 1, 2020), while the period of

April 1, 2019 to February 29, 2020 was considered as a comparator. Primary outcomes

included healthcare utilization and mortality following discharge, stratified by care setting

(homecare, inpatient rehabilitation or long-term care). Multivariable logistic, zero-inflated Pois-

son regressions, and Cox proportional hazard models were used to examine the impact of

COVID-19 on outcomes while adjusting for covariates. Those discharged home were more

likely to receive homecare and physician visits within 30 days during COVID-19. The type of

visits examined included both in-person as well as virtual visits. Individuals discharged to inpa-

tient rehabilitation experienced lower rates of general physician visits but higher rates of spe-

cialist and homecare visits. Patients discharged to long-term care were significantly less likely

to receive a physician visit following COVID-19, and significantly more likely to be readmitted

within 7-days. There were no significant differences in mortality irrespective of discharge desti-

nation during the two time periods. Overall, the onset of the initial wave of COVID-19 signifi-

cantly impacted healthcare utilization among those with a delayed discharge but varied

depending on destination, with those in long-term care being most impacted.
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Introduction

The onset of coronavirus disease of 2019 (COVID-19) substantially and rapidly changed how

healthcare was being delivered across many countries. In Canada, delivery of healthcare dra-

matically changed in all sectors, including acute care, rehabilitation, long-term care, primary

care, and homecare. Hospitals across the country quickly adopted measures, such as cancelling

non-urgent procedures to reduce in-patient occupancy in anticipation of the potential surge of

patients with COVID-19. Primary and specialist care were also impacted with many physicians

quickly pivoting to virtual care rather than in-person visits [1]. Homecare was impacted dur-

ing the initial waves, with an initial 25% decrease in new assessments [2], and many long-term

care settings were not receiving additional patients from acute care or other settings [3].

Efforts to reduce acute care occupancy in the early months of COVID-19 directly impacted

individuals who had finished their acute medical care and were waiting for their next care set-

ting. Patients often referred to as those with delayed discharge, who would typically wait in

acute inpatient hospitals for their next point of care, were identified as a priority for discharge

during the pandemic in order to reduce in-patient occupancy and reduce risk of transmission

of COVID-19 [4–6]. A recent study showed that delayed discharge rates in acute inpatient hos-

pitals did not significantly change during the early COVID-19 pandemic [7], but the study did

not consider post-discharge care trajectories, including healthcare utilization, outcomes, and

overall experiences. Patients with a delayed discharge are mostly older adults with frailty, who

are already considered a disproportionately vulnerable population [7–11]. Older adults dis-

charged home, especially those with frailty, would likely require timely access to care including

primary or specialist care and homecare services to support acute, chronic, and daily living

needs [12].

COVID-19 significantly impacted how care was delivered in the community and may have

increased adverse outcomes for adults who are older with more complex medical and social

needs. Therefore, it is important to understand the post-acute outcomes during early COVID-

19 which will inform health system performance for future crises. The present study had the

following main objectives: to examine healthcare utilization and mortality rates, stratified by

destination, among those who experienced a delayed discharge during the first wave of the

COVID-19 pandemic in Ontario, Canada.

Methods

Study design and setting

We conducted a retrospective cohort study using linked administrative data from ICES (formerly

known as the Institute for Clinical Evaluative Sciences) Toronto, Ontario (www.ices.on.ca). ICES

is an independent, non-profit research institute funded by an annual grant from the Ontario

Ministry of Health (MOH) and Ministry of Long-Term Care (MLTC). Ontario is Canada’s most

populous province with more than 14.8 million residents. As a province within Canada that is

governed by the Canada Health Act, Ontario provides universal medical coverage to residents for

medically necessary services, including access to emergency departments, inpatient and outpa-

tient hospitals, physicians, and some homecare services (though homecare services are considered

extended health care services where each province or territory decides on the type and scope of

care that they publicly fund) [13].

Population

Persons with a delayed discharge from an acute care hospital in Ontario, Canada between

April 1, 2019 and September 30, 2020 were included. Persons needed to be discharged alive to
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be included in the study, and could be discharged home (with or without homecare), to inpa-

tient rehabilitation, or to long-term care. Persons discharged (transferred) to another acute

inpatient setting were excluded from the analyses.

Population and data sources

Datasets at ICES were linked using unique encoded identifiers. These data are valid and reli-

able, as described by numerous published studies [14–16]. We captured hospitalizations as

well as procedures and diagnoses that occurred in hospital using the Canadian Institute of

Health Information (CIHI) and Discharge Abstract Database (DAD). We identified records of

emergency department visits using the National Ambulatory Care Reporting System (NACRS)

and records of outpatient physician visits and physician specialty information using the

Ontario Health Insurance Plan (OHIP) database. The Continuing Care Reporting System and

Long-Term Care Database provided information on residents in complex continuing care and

long-term care. Homecare was captured using the Home Care Database (HCD). We used

numerous data sources to determine comorbidity, such as the Ontario Asthma Dataset,

Congestive Heart Failure Dataset, Chronic Obstructive Pulmonary Disease Dataset, Ontario

Hypertension Dataset, Ontario Diabetes Dataset, Ontario Rheumatoid Arthritis Dataset, and

the Ontario Dementia Database. The Ontario Registered Persons Database provided demo-

graphic and mortality information [17–23]. The Ontario Drug Benefits Claims Database

(ODB) was used to capture prescription drug claims for those 65 years of age or older, receiv-

ing social assistance (Ontario Works, Ontario Disability Benefits Plan), or receiving support

for high-cost prescription drugs.

Exposure

The primary exposure was COVID-onset as of March 1, 2020.

Outcomes

Our main outcomes of interest included healthcare utilization and mortality in the 7-, 30- and

90-days following discharge. Healthcare utilization included emergency department visits,

acute care readmissions, physician visits (overall, specialists, general and family physicians; 30-

and 90-day, including in-person and virtual), and homecare visits (30- and 90-day). Both in-

person and virtual physician visits by a general or family physician or specialty physician were

included. Homecare visits were only examined for persons discharged home and/or post acute

rehabilitation stay. We investigated outcomes stratified by discharge destination which

included long-term care, homecare (including supportive living, with or without supports),

and inpatient rehabilitation. Patients who had a long-term care or inpatient rehabilitation

admission within 90 days post discharge of the index admission were grouped into the long-

term care or inpatient rehabilitation category, respectively.

Other variables

We described characteristics of the population by demographic information (age, sex), socio-

economic status (neighbourhood income), geography (rurality residence) and clinical status

prior to admission date (comorbidities and previous drug claims). Neighbourhood income

quintiles were calculated using census and postal code information. We determined urban and

rurality residential location using the Rurality Index of Ontario. This index ranges from 0 to

100 and considers population factors and distance to referral centres. Rural locations have a

score greater than or equal to 40 [24]. Using a validated multimorbidity algorithm at ICES,
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comorbidities were classified into 16 possible conditions, which included: acute myocardial

infarction, asthma, arthritis, depression, diabetes, cancer, chronic coronary syndrome, cardiac

arrythmia, congestive heart failure, chronic obstructive pulmonary disease, dementia, hyper-

tension, renal failure, rheumatoid arthritis, and stroke [25]. We used the ODB database to cap-

ture records of prescription medications dispensed to individuals insured through the

provincial drug plan in the year prior to the admission. Individuals are eligible for drug cover-

age if they are 65 years of age or older, reside in long-term care homes, receive homecare ser-

vices, have high prescription medication costs compared to their net household income or

receive social financial assistance through Ontario Works or Ontario Disability Benefits Plan.

Acute care admission characteristics (corresponding with the discharge date) included the

type of admission (planned, unplanned), clinical category (surgical, medical), length of stay,

frailty (decline in function in several organ systems) [26], and hospital harm [27]. Length of

stay was captured in days and categorized as intensive care unit (ICU), acute, and alternate

level of care (ALC). Alternate level of care is used to identify patients that no longer require the

resource intensity that is provided in their current care setting [28]. Frailty was measured

using a Hospital Frailty Risk Score (<5 low risk, 5–15 moderate risk, >15 high risk) [26]. The

Hospital Frailty Risk Score was derived from the International Statistical Classification of Dis-

eases and Related Health Problems Canadian Version (ICD-10-CA) codes and has been

shown to be a valid measure of frailty [26]. Hospital harm is defined by CIHI as a hospitaliza-

tion in which at least one unintended occurrence of a potentially preventable event occurs.

The ICD-10-CA codes were used to identify and categorize harm into four major categories:

1) healthcare-/medication-associated conditions (e.g., pressure injuries, wrong medications);

2) healthcare-associated infections (e.g., surgical site infections); 3) patient accidents (e.g.,

falls); and 4) procedure-associated conditions (e.g., post-operative bleeding) [27].

Statistical analysis

We used descriptive statistics to compare the demographic and clinical characteristics of

patients discharged after a delay pre-COVID-19 and after the onset. Standardized differences

were used to compare the populations as large sample sizes can result in statistical significance

of trivial differences. Standardized differences are the difference in the mean of a variable

between two groups, divided by the standard variation of that variable. We considered differ-

ences unimportant when below 10% (0.1) [29]. Multivariable logistic and zero-inflated Poisson

regression models examined the change in health care utilization following COVID-19 onset,

adjusting for covariates. Cox proportional survival models compared 30- and 90-day mortality.

Survival time was examined using Kaplan-Meier survival curves. Models were stratified by

destination (home, inpatient rehabilitation, and long-term care). Sensitivity analyses were con-

ducted to omit persons who had COVID-19 and died during the observation window. All

analyses were conducted at ICES using SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary,

NC, USA; www.sas.com).

Ethics approval

As a prescribed entity under Ontario’s privacy legislation, ICES is authorized to collect and use

healthcare data for the purposes of health system analysis, evaluation, and decision support.

Secure access to these data is governed by policies and procedures that are approved by the

Information and Privacy Commissioner of Ontario. The use of data was authorized under sec-

tion 45 of Ontario’s Personal Health Information Protection Act [30], which does not require

review by a Research Ethics Board.
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Results

Patient and hospital stay characteristics

We identified 58788 patients from April 1, 2019 to September 30th 2020 and 17504 patients

between March 1, 2020 to September 30, 2020 who experienced a delayed discharge (see

Table 1). In comparing the profile of patients before and after the onset of COVID-19, there

were few meaningful differences of sociodemographic or clinical characteristics. In both time

periods, most patients experiencing a delayed discharge were older (75 years or more), of

female sex, living in neighbourhoods with lower income, and experienced multiple chronic

conditions (5 or more).

There were differences in the acute care length of stay and the number of days with a dis-

charge delay, with fewer days in hospital during COVID-19 (standardized differences >0.1).

The median number of days in acute care (length of stay) was 10 days (IQR: 5–18) in the pre-

COVID-19 period, compared to a median of 9 days during the pandemic (IQR: 5–16). Average

length of stay also decreased from 15.8 days (SD = 20.0) pre-COVID-19 to 13.4 days

(SD = 13.9) during the first COVID-19 wave (Table 1). For patients experiencing a delayed

discharge, the median number of delayed days remained unchanged before and after COVID-

19 (IQR: 3–15 pre-COVID-19, vs IQR: 2–14 during COVID-19).

Impact of COVID-19 on healthcare utilization and mortality

Table 2 provides a descriptive overview of healthcare utilization and mortality by destination

among patients who experienced a delayed discharge. The number of physician visits post-dis-

charge were generally higher when comparing the pandemic period to pre-pandemic for those

who went home, and lower for those who went to long-term care (standardized mean

differences� 0.1), with visits not substantially changed for those discharged to inpatient rehabili-

tation. The average rate of emergency department visits and acute readmissions did not change

substantially compared to prior to the COVID-19 pandemic (standardized mean

differences< 0.1). Zero-inflated Poisson regression models were conducted to examine the

impact of COVID-19 on emergency department visits, physician visits and homecare visits, after

adjusting for covariates. Multivariate logistic regression models were used to examine the impact

of COVID-19 on hospital readmissions, after adjusting for covariates (see Tables 3 and 4).

Patients discharged to home setting

Compared to pre-COVID-19, patients discharged home were more likely to visit a general or

family practitioner during the first 30-days after discharge (RR = 1.17, 1.11–1.24), as well as

90-days post-discharge (RR = 1.10, 1.07–1.13) during the first wave of the COVID-19 pan-

demic. Patients discharged home were significantly more likely to have specialist visits during

the first 30- and 90- days after discharge compared to the previous time-period (30-days

RR = 1.17, 1.11–1.24, 90 days: 1.10,1.07–1.13). There were slightly more homecare visits in

30-days post discharge (RR = 1.01, 1.00–1.01) during the pandemic period compared to pre-

pandemic. There were no identified differences due to COVID-19 in emergency department

visits, readmissions, or mortality among this group.

Patients discharged to an inpatient rehabilitation setting

By comparison, patients discharged to an inpatient rehabilitation setting were less likely to be

visited by a general or family practitioner within the first 30 days following discharge from

acute care during the COVID-19 period compared to pre-pandemic (RR = 0.90, 0.89–0.92).

Conversely, there were higher rates of specialist visits compared to time periods before
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Table 1. Comparison of patients with a delayed discharged by time period (pre vs onset of COVID-19), Ontario, Canadaa.

Characteristics Pre COVID-19 April 1,

2019-Feb 29, 2020

First Wave of COVID-19 Pandemic; March

1-September 30 2020

Standardized Difference (Pre

vs. Onset)

# of Unique Patients N = 41284 N = 17504

Length of Stay Mean (SD)

Total (days) 33.12(43.33) 25.78(24.16) 0.21

Intensive Care Unit (days) 2(9.35) 1.65(6.57) 0.04

Acute (days) 15.85(20.04) 13.38(13.84) 0.14

Delayed Discharge (days) 17.27(34.95) 12.4(18.6) 0.17

Age

Mean (SD) 76.78(14.56) 76.79(14.78) 0.00

Median (IQR) 80(70–87) 80(69–87)

Sex

Female 22694(54.97) 9701(55.42) 0.01

Male 18590(45.03) 7803(44.58)

Neighbourhood Income

Q1 (Low) 11581(28.05) 4944(28.24) 0.00

Q2 9401(22.77) 3977(22.72) 0.00

Q3 7804(18.9) 3276(18.72) 0.00

Q4 6436(15.59) 2811(16.06) 0.01

Q5 (High) 6062(14.68) 2496(14.26) 0.01

Rural

No 37496(90.82) 15860(90.61) 0.01

Yes 3788(9.18) 1644(9.39)

Comorbidities

0 745(1.8) 340(1.94) 0.01

1 1397(3.38) 598(3.42) 0.00

2 2657(6.44) 1155(6.6) 0.01

3 4216(10.21) 1801(10.29) 0.00

4 5598(13.56) 2398(13.7) 0.00

5+ 26671(64.6) 11212(64.05) 0.01

# of Unique Drugs Dispensed Prior to

Admissionb Mean (SD)

12.28(7.11) 12.11(6.98) 0.02

Hospital Harmc

# Harm Admissions 8419(20.39) 3413(19.5) 0.02

Care/Medications 4913(11.9) 1977(11.29) 0.02

Infections 4303(10.42) 1759(10.05) 0.01

Patient Accidents 554(1.34) 213(1.22) 0.01

Procedure 1025(2.48) 389(2.22) 0.02

Hospital Frailty Score Mean (SD) 8.5(5.37) 8.57(5.29) 0.01

Hospital Frailty

Low risk (< 5) 12106(29.32) 4971(28.4) 0.02

Moderate (5–15) 24205(58.63) 10420(59.53) 0.02

High risk (> 15) 4973(12.05) 2113(12.07) 0.00

Discharge Destination Post Index, n (%)

Long-term care 9002(21.81) 3118(17.81) 0.10

Home without support 14523(35.18) 6641(37.94) 0.06

(Continued)
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COVID-19 at 30-days (RR = 1.06, 1.01–1.10) and 90-days post-discharge (RR = 1.09, 1.07–

1.12). The likelihood of receiving homecare visits in the inpatient rehabilitation setting was

also significantly higher at 30-days (RR = 1.02, 1.00–1.04) and 90-days (RR = 1.01, 1.00–1.01)

post-discharge during the pandemic period compared to pre-pandemic. There were no differ-

ences due to COVID-19 in emergency department visits, readmissions, or mortality among

this group.

Patients discharged to long-term care

Patients discharged to long-term care had a significantly lower likelihood of being seen by a

general or family practitioner during the first 30-days and 90-days after discharge (RR = 0.73,

0.71–0.75), RR = 0.80, 0.78–0.82). Similarly, patients discharged to long-term care were signifi-

cantly less likely to be seen by a specialist during the first 30- and 90- days after discharge com-

pared to a period prior to COVID-19 (RR = 0.85, 0.75–0.95, RR = 0.72, 0.68–0.77,

respectively). There were no differences in emergency department visits, or mortality among

this group. However, 7-day readmissions were significantly higher among patients discharged

to long-term care during COVID-19 compared to the previous time-period (OR = 1.25, 1.02–

1.53); with no significant differences between time-periods for 30-day readmissions

(OR = 1.11, 0.97–1.27).

Discussion

In this population-based study using administrative health data, we examined the impact of

the onset of COVID-19 on health care utilization and mortality rates following discharge from

acute care among patients who experienced a delay. We identified that subsequent healthcare

utilization varied by destination, with physician visits being the most impacted. Persons dis-

charged home were more likely to have physician visits post-discharge during the initial onset

of the pandemic compared to pre-pandemic. Conversely, persons discharged to long-term

care were less likely to be seen by physicians and had higher readmission rates within the first

7 days post-discharge. However, we did not identify significant changes in short term mortal-

ity for any of the destinations.

Our finding of increased physician visits post discharge during the initial COVID-19 onset

period for those discharged home may be a result of the efforts of primary care to address the

shifting demands from acute to community. The rapid shift to virtual care that had occurred

likely facilitated the ability to provide care for patients in the community [1, 31]. In the general

population, physician visits initially dropped during the initial onset of COVID-19 but

rebounded with the offering of virtual care [1, 32]. Numerous factors might be contributing to

these findings, which include patient, clinician and system driven considerations. For example,

persons initially going to inpatient rehabilitation may have more complex health and social

Table 1. (Continued)

Characteristics Pre COVID-19 April 1,

2019-Feb 29, 2020

First Wave of COVID-19 Pandemic; March

1-September 30 2020

Standardized Difference (Pre

vs. Onset)

Home with support 17759(43.02) 7745(44.25) 0.02

Abbreviations: SD = standard deviation; IQR = interquartile range
aComparisons conducted upon discharge for index hospital admission
bNumber of unique drugs dispensed in the year prior to index admission, only includes drugs dispensed among those who are eligible for the Ontario Drug Benefit plan
cHospital Harm as per the Canadian Institute for Health Information Hospital Harm Index. We considered differences unimportant when below 10% (0.1)

https://doi.org/10.1371/journal.pone.0309155.t001
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needs rendering the need for more specialists during their rehabilitation stay. Virtual visits

may have been less ideal to address medical assessment and treatment as well as rendering

challenges if limited with access to technology. Furthermore, lower rates of virtual physician

Table 2. Healthcare utilization and mortality following a delayed discharged in acute care, stratified by discharge destination and time period (pre vs onset of

COVID-19), Ontario, Canada.

Home (with or without support) Inpatient Rehabilitation Long-Term Carea

n = 21164 n = 25504 n = 12120

Outcomes Pre† Post/Onset
††

Std.

Diff

Pre Post/Onset Std.

Diff

Pre Post/

Onset

Std.

Diff

Mortality post index discharge, n (%)

Within 30 days 912 (6.28) 440 (6.63) 0.01 1578 (8.89) 677 (8.74) 0.01 814 (9.04) 322

(10.33)

0.04

Within 90 days 1955

(13.46)

927 (13.96) 0.01 2685

(15.12)

1104

(14.25)

0.02 1510

(16.77)

584

(18.73)

0.05

Acute Hospital Re-admissions

Within 7 days post discharge (index admission),

Mean (SD)

0.07 (0.27) 0.07 (0.27) 0.01 0.03 (0.18) 0.03 (0.17) 0.01 0.04 (0.19) 0.05 (0.22) 0.05

Within 30 days post discharge (index admission),

Mean (SD)

0.21 (0.48) 0.21 (0.48) 0.00 0.12 (0.36) 0.12 (0.35) 0.00 0.11 (0.35) 0.13 (0.37) 0.04

Emergency Department Visits

Within 30 days post index discharge, Mean (SD) 0.21 (0.67) 0.19 (0.72) 0.03 0.08 (0.33) 0.08 (0.33) 0.02 0.11 (0.39) 0.09 (0.36) 0.05

Physician Visits 30 Days Post Index Discharge

Primary care physician visits

Mean (SD) 1.04 (1.63) 1.47 (2.06) 0.23 1.92 (3.86) 1.91 (3.69) 0.00 2.39 (3.22) 1.99 (2.78) 0.13

Median (IQR) 1 (0–1) 1 (0–2) 0 (0–2) 0 (0–2) 1 (0–3) 1 (1–2)

Specialist visits

Mean (SD) 0.6 (1.07) 0.71 (1.22) 0.10 0.81 (1.53) 0.86 (1.57) 0.03 0.43 (1.05) 0.32 (0.83) 0.12

Median (IQR) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–0)

Physician Visits 90 Days Post Index Discharge

Primary care physician visits

Mean (SD) 2.5 (3.56) 3.32 (4.44) 0.20 4.47 (7.78) 4.55 (7.24) 0.01 5.41 (6.09) 4.46 (4.92) 0.17

Median (IQR) 2 (0–3) 2 (1–4) 2 (1–4) 2 (1–5) 3 (2–6) 3 (2–5)

Specialist visits

Mean (SD) 1.65 (2.48) 1.82 (2.66) 0.07 2.23 (3.07) 2.45 (3.24) 0.07 1.11 (2.21) 0.75 (1.53) 0.19

Median (IQR) 1 (0–2) 1 (0–3) 1 (0–3) 2 (0–3) 0 (0–2) 0 (0–1)

Homecare visits

Within 30 days post index discharge

Mean (SD) 15.46

(16.14)

15.28 (16.41) 0.01 1.89 (4.43) 2 (4.65) 0.03

Median (IQR) 9 (1–30) 9 (0–30) 0 (0–1) 0 (0–2)

Within 90 days post index discharge

Mean (SD) 38.3 (41.9) 37.81 (42.35) 0.01 15.32

(23.57)

15.78

(23.97)

0.02

Median (IQR) 20 (2–72) 20 (2–70) 3 (0–22) 3 (0–23)

†Pre COVID-19: April 1 2019-Feb 29, 2020
††Post-COVID March 1-September 30

Abbreviations: Std. Diff = standardized difference; SD = standard deviation; IQR = interquartile range; GP/FP = general practitioner/family practitioner
a If patients were admitted to long-term care within 90 days post discharge then they were included in long-term care group.

Standardized differences were used to compare the populations admitted before and after COVID-19 onset. We considered differences unimportant when below 10%

(0.1)

https://doi.org/10.1371/journal.pone.0309155.t002
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visits for some chronic diseases, such as hypertension, may stem from the necessity of physical

examinations, as opposed to other diseases in which a comprehensive patient history via vir-

tual visit may suffice for disease management. This is in line with findings measuring virtual

access to care among patients with chronic conditions in Ontario [31].

Our findings regarding lower physician visits among patients in long-term care have been

observed in other settings. CIHI also noted less medical care being provided in long-term care

settings with fewer physician visits [33]. Patient profiles also seemed to differ during the pan-

demic period, which may have influenced physician visits. For example, one study found that

older Ontarians living with dementia and Parkinson’s Disease were admitted to nursing

homes at significantly lower rates during the pandemic, while also having lower rates of hospi-

tal visits and higher mortality compared to before the pandemic [34].

Future research is warranted to understand experiences with care transitions for patients

and their care partners during the onset of COVID-19. Our study highlighted relatively

Table 3. Impact of the first wave of COVID-19 on health outcomes among patients with a delayed discharge in acute care, stratified by discharge destination,

adjusting for covariates.

Outcome Odds Ratiob or Relative Riskc, 95%CI by Discharge Destination

Home (N = 21,164) Inpatient Rehabilitation (N = 25,504) Long-term Care (N = 12,120)

Mortalitya

30 days 1.04 (0.93–1.17) 1.04 (0.95–1.14) 1.12 (0.98–1.28)

90 days 1.03 (0.95–1.12) 1.00 (0.93–1.07) 1.09 (0.99–1.20)

Readmissionsb

7-day Readmissions 1.06 (0.94–1.19) 1.00 (0.85–1.19) 1.25 (1.02–1.53)

30-day Readmissions 1.00 (0.93–1.08) 1.06 (0.97–1.16) 1.11 (0.97–1.27)

Emergency Departmentc

30 days 1.07 (0.95–1.20) 1.10 (0.85–1.43) 0.87 (0.63–1.20)

aCox Proportional Hazard Ratios
bModel: Multivariate Logistic Regressions
c Model: Zero-Inflated Poissons Regressions

Covariates: Age, sex, income quintile, rurality, comorbidity, number of drugs previous year, frailty, hospital harm within index admission

https://doi.org/10.1371/journal.pone.0309155.t003

Table 4. Impact of the first wave of COVID-19 on healthcare utilization, stratified by discharge destination, adjusting for covariates.

Utilization Relative Riskc, 95%CI by Discharge Destination

Home (N = 21,164) Inpatient Rehabilitation (N = 25,504) Long-term Care (N = 12,120)

Homecarec

30 days 1.01 (1.00–1.01) 1.02 (1.00–1.04)

90 days 1.00 (0.99–1.00) 1.01 (1.00–1.01)

General Practitioner/

Family Practitioner Visitsc

30 days 1.44 (1.39–1.49) 0.90 (0.89–0.92) 0.73 (0.71–0.75)

90 days 1.33 (1.30–1.35) 0.99 (0.98–1.01) 0.80 (0.78–0.82)

Specialist Visitsc

30 days 1.17 (1.11–1.24) 1.06 (1.01–1.10) 0.85 (0.75–0.95)

90 days 1.10 (1.07–1.13) 1.09 (1.07–1.12) 0.72 (0.68–0.77)

cModel: Zero-Inflated Poissons

Covariates: Age, sex, income quintile, rurality, comorbidity, number of drugs previous year, frailty, hospital harm within index admission

https://doi.org/10.1371/journal.pone.0309155.t004

PLOS ONE Care trajectories for persons with a delayed hospital discharge during COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0309155 September 27, 2024 9 / 14

https://doi.org/10.1371/journal.pone.0309155.t003
https://doi.org/10.1371/journal.pone.0309155.t004
https://doi.org/10.1371/journal.pone.0309155


positive system performance outcomes in those discharged home or to inpatient rehabilitation

settings. More specifically, we did not observe an increase in mortality rates in response to

reduced length of stay, patient, care partner and clinician experiences may have been less opti-

mal. Specifically, though it appeared that people received services when discharged from hos-

pital, it is unclear what the quality of those services were, particularly as the system became

increasingly strained throughout the subsequent phases of the pandemic. Evidence suggests

that policy changes driving rapid recruitment of homecare workers may have inadvertently

resulted in recruitment of healthcare workers with insufficient training, with a detrimental

impact on quality of care [35]. Research among patients with dementia living in long-term

care homes found that up to 50% of healthcare providers reported a decrease in the perceived

quality of care that was provided [36]. Staffing challenges and lower COVID-19 preparedness

were also associated with a greater perceived decrease in quality of care in long-term care

homes [36]. Identification of unmet healthcare needs among the adult Canadian population

further suggests that quality of care was compromised during the COVID-19 pandemic [36,

37]. In addition, there is a need to understand factors that contributed to persons seeking hos-

pital care during the pandemic. While there were policy changes restricting hospital admis-

sions and procedures, patient level factors may have also contributed to the likelihood of

seeking care (e.g., anxiety related to care provided in emergency and acute care settings) [38].

To further unpack care experiences, there is a need for qualitative and/or mixed-methods

research. In addition, development of interventions to improve patient follow-up after acute

care, and particularly in the setting of long-term care may ensure that these patients are receiv-

ing the care they need. A more fulsome understanding of experiences may provide an oppor-

tunity to study structures, processes, and outcomes around care transitions and consequences

of different discharge scenarios, especially among long-term care settings. Since some hospitals

were able to rapidly reduce occupancy (including delayed discharge rates) during the pan-

demic, understanding the lived experiences of patients, care partners, healthcare providers,

and system administrators can be used to inform optimal care transitions and policies going

forward in the post-pandemic period.

Limitations

There are several limitations which should be acknowledged. Firstly, the data reflects delayed

discharge rates during the first wave of COVID-19 and not subsequent waves. Health systems

evolved in response efforts with each wave and as such, we cannot generalize that delayed dis-

charge rates remained consistent for subsequent waves. Secondly, the data represents popula-

tion level delayed discharge rates within Ontario, and cannot be generalized to other provinces

or territories in Canada, since every province and territory had unique policies to address

health system planning and delivery during the pandemic. However, the province of Ontario

presents a unique opportunity for exploring the impact of COVID-19 to inform practice and

policy for future health care crises. Administrative databases in Ontario hold health data for

the full population, and are not limited to a particular subset of the population. This increases

generalizability, particularly to settings such as other Western countries that responded simi-

larly to the outbreak of COVID-19 [39].

Conclusion

Overall, the onset of COVID-19 significantly impacted healthcare utilization among those

with a delayed discharge but varied depending on destination. Those discharged to the com-

munity had higher physician visits and homecare visits, suggesting that primary and commu-

nity care resources mobilized to address the acute needs of individuals. However, those
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discharged to long-term care had higher readmission rates within 7 days post discharge.

Future research is warranted to understand the extent to which care needs were met for

patients and their care partners.

Acknowledgments

This document used data adapted from the Statistics Canada Postal CodeOM Conversion File,

which is based on data licensed from Canada Post Corporation, and/or data adapted from the

Ontario Ministry of Health Postal Code Conversion File, which contains data copied under

license from ©Canada Post Corporation and Statistics Canada. Parts of this material are based

on data and information compiled and provided by the Canadian Institute for Health Infor-

mation (CIHI) and the MOH. This study was supported by the Ontario Health Data Platform

(OHDP), a Province of Ontario initiative to support Ontario’s ongoing response to COVID-

19 and its related impacts. No endorsement by the OHDP, its partners or the Province of

Ontario is intended or should be inferred. Parts of this material are based on data and informa-

tion provided by Ontario Health (OH). The opinions, results, view, and conclusions reported

in this paper are those of the authors and do not necessarily reflect those of OH. No endorse-

ment by OH is intended or should be inferred. Adapted from Statistics Canada, this project

used Census 2016; this does not constitute an endorsement by Statistics Canada of this prod-

uct. We thank IQVIA Solutions Canada Inc for use of their Drug Information File. The analy-

ses, conclusions, opinions and statements expressed herein are solely those of the authors and

do not reflect those of the funding or data sources; no endorsement is intended or should be

inferred. At the time of study conception, Dr. Guilcher was supported by a CIHR Embedded

Clinician Scientist Salary Award on Transitions of Care working with Ontario Health (Quality;

formerly Health Quality Ontario). Dr. Guilcher is currently supported by the University of

Toronto Centre for the Study of Pain Scientist Salary Award. Dr. Kuluski is the Mathias Gysler

Research Chair in Patient and Family Centred Care and Dr. Wodchis is the Research Chair in

Implementation and Evaluation Science, both supported through Trillium Health Partners

Foundation.

Author Contributions

Conceptualization: Sara J. T. Guilcher, Yu Qing Bai, Walter P. Wodchis, Susan E. Bronskill,

Kerry Kuluski.

Data curation: Yu Qing Bai.

Formal analysis: Yu Qing Bai.

Funding acquisition: Sara J. T. Guilcher, Yu Qing Bai, Susan E. Bronskill, Kerry Kuluski.

Investigation: Sara J. T. Guilcher, Yu Qing Bai, Walter P. Wodchis, Susan E. Bronskill, Kerry

Kuluski.

Methodology: Sara J. T. Guilcher, Yu Qing Bai, Walter P. Wodchis, Susan E. Bronskill, Kerry

Kuluski.

Project administration: Sara J. T. Guilcher, Kerry Kuluski.

Resources: Sara J. T. Guilcher, Walter P. Wodchis, Kerry Kuluski.

Software: Yu Qing Bai.

Supervision: Sara J. T. Guilcher, Yu Qing Bai, Kerry Kuluski.

Validation: Yu Qing Bai.

PLOS ONE Care trajectories for persons with a delayed hospital discharge during COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0309155 September 27, 2024 11 / 14

https://doi.org/10.1371/journal.pone.0309155


Visualization: Yu Qing Bai.

Writing – original draft: Sara J. T. Guilcher, Laleh Rashidian.

Writing – review & editing: Sara J. T. Guilcher, Yu Qing Bai, Walter P. Wodchis, Susan E.

Bronskill, Laleh Rashidian, Kerry Kuluski.

References
1. Fu R, Sutradhar R, Li Q, Eskander A. Virtual and in-person visits by Ontario physicians in the COVID-19

era. Journal of Telemedicine and Telecare. 2022:1357633X221086447. https://doi.org/10.1177/

1357633X221086447 PMID: 35296163

2. Canadian Institute for Health Information. COVID-19’s impact on home care.

3. Oldenburger D, Baumann A, Crea-Arsenio M, Deber R, Baba V. COVID-19 Issues in Long-Term Care

in Ontario: A Document Analysis. Healthcare policy = Politiques de sante. 2022; 17(Sp):53–65. https://

doi.org/10.12927/hcpol.2022.26854 PMID: 35848556

4. Gustavson AM, Toonstra A, Johnson JK, Ensrud KE. Reframing Hospital to Home Discharge from

"Should We?" to "How Can We?": COVID-19 and Beyond. Journal of the American Geriatrics Society.

2021; 69(3):608–9. https://doi.org/10.1111/jgs.17036 PMID: 33470419

5. Shahid Z, Kalayanamitra R, McClafferty B, Kepko D, Ramgobin D, Patel R, et al. COVID-19 and Older

Adults: What We Know. Journal of the American Geriatrics Society. 2020; 68(5):926–9. https://doi.org/

10.1111/jgs.16472 PMID: 32255507

6. Kokudo N, Sugiyama H. Hospital capacity during the COVID-19 pandemic. Global health & medicine.

2021; 3(2):56–9. https://doi.org/10.35772/ghm.2021.01031 PMID: 33937565

7. Guilcher SJT, Bai YQ, Wodchis WP, Bronskill SE, Kuluski K. An interrupted time series study using

administrative health data to examine the impact of the COVID-19 pandemic on alternate care level

acute hospitalizations in Ontario, Canada. CMAJ Open. 2023; 11(4):E621–E9. https://doi.org/10.9778/

cmajo.20220086 PMID: 37437954

8. Bo M, Fonte G, Pivaro F, Bonetto M, Comi C, Giorgis V, et al. Prevalence of and factors associated with

prolonged length of stay in older hospitalized medical patients. Geriatr Gerontol Int. 2016; 16(3):314–

21. https://doi.org/10.1111/ggi.12471 PMID: 25752922

9. Costa AP, Hirdes JP. Clinical Characteristics and Service Needs of Alternate-Level-of-Care Patients

Waiting for Long-Term Care in Ontario Hospitals. Healthcare policy = Politiques de sante. 2010; 6

(1):32–46. PMID: 21804837

10. Rojas-Garcia A, Turner S, Pizzo E, Hudson E, Thomas J, Raine R. Impact and experiences of delayed

discharge: A mixed-studies systematic review. Health expectations: an international journal of public

participation in health care and health policy. 2018; 21(1):41–56. https://doi.org/10.1111/hex.12619

PMID: 28898930

11. Jones A, Lapointe-Shaw L, Brown K, Babe G, Hillmer M, Costa A, et al. Short-term mortality and pallia-

tive care use after delayed hospital discharge: a population-based retrospective cohort study. BMJ Sup-

portive & Palliative Care. 2024:spcare-2023-004647. https://doi.org/10.1136/spcare-2023-004647

PMID: 38195118

12. Kuluski K, Ho JW, Hans PK, Nelson M. Community Care for People with Complex Care Needs: Bridging

the Gap between Health and Social Care. Int J Integr Care. 2017; 17(4):2. https://doi.org/10.5334/ijic.

2944 PMID: 28970760

13. Martin D, Miller AP, Quesnel-Vallée A, Caron NR, Vissandjée B, Marchildon GP. Canada’s universal

health-care system: achieving its potential. The Lancet. 2018; 391(10131):1718–35. https://doi.org/10.

1016/S0140-6736(18)30181-8 PMID: 29483027

14. Ackroyd-Stolarz S, Bowles SK, Giffin L. Validating administrative data for the detection of adverse

events in older hospitalized patients. Drug, healthcare and patient safety. 2014; 6:101–8. https://doi.

org/10.2147/DHPS.S64359 PMID: 25143755

15. Levy ARO’Brien BJ, Sellors C, Grootendorst P, Willison D. Coding accuracy of administrative drug

claims in the Ontario Drug Benefit database. The Canadian journal of clinical pharmacology = Journal

canadien de pharmacologie clinique. 2003; 10(2):67–71. PMID: 12879144

16. Steele LS, Glazier RH, Lin E, Evans M. Using administrative data to measure ambulatory mental health

service provision in primary care. Med Care. 2004; 42(10):960–5. https://doi.org/10.1097/00005650-

200410000-00004 PMID: 15377928

PLOS ONE Care trajectories for persons with a delayed hospital discharge during COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0309155 September 27, 2024 12 / 14

https://doi.org/10.1177/1357633X221086447
https://doi.org/10.1177/1357633X221086447
http://www.ncbi.nlm.nih.gov/pubmed/35296163
https://doi.org/10.12927/hcpol.2022.26854
https://doi.org/10.12927/hcpol.2022.26854
http://www.ncbi.nlm.nih.gov/pubmed/35848556
https://doi.org/10.1111/jgs.17036
http://www.ncbi.nlm.nih.gov/pubmed/33470419
https://doi.org/10.1111/jgs.16472
https://doi.org/10.1111/jgs.16472
http://www.ncbi.nlm.nih.gov/pubmed/32255507
https://doi.org/10.35772/ghm.2021.01031
http://www.ncbi.nlm.nih.gov/pubmed/33937565
https://doi.org/10.9778/cmajo.20220086
https://doi.org/10.9778/cmajo.20220086
http://www.ncbi.nlm.nih.gov/pubmed/37437954
https://doi.org/10.1111/ggi.12471
http://www.ncbi.nlm.nih.gov/pubmed/25752922
http://www.ncbi.nlm.nih.gov/pubmed/21804837
https://doi.org/10.1111/hex.12619
http://www.ncbi.nlm.nih.gov/pubmed/28898930
https://doi.org/10.1136/spcare-2023-004647
http://www.ncbi.nlm.nih.gov/pubmed/38195118
https://doi.org/10.5334/ijic.2944
https://doi.org/10.5334/ijic.2944
http://www.ncbi.nlm.nih.gov/pubmed/28970760
https://doi.org/10.1016/S0140-6736%2818%2930181-8
https://doi.org/10.1016/S0140-6736%2818%2930181-8
http://www.ncbi.nlm.nih.gov/pubmed/29483027
https://doi.org/10.2147/DHPS.S64359
https://doi.org/10.2147/DHPS.S64359
http://www.ncbi.nlm.nih.gov/pubmed/25143755
http://www.ncbi.nlm.nih.gov/pubmed/12879144
https://doi.org/10.1097/00005650-200410000-00004
https://doi.org/10.1097/00005650-200410000-00004
http://www.ncbi.nlm.nih.gov/pubmed/15377928
https://doi.org/10.1371/journal.pone.0309155


17. Austin PC, Daly PA, Tu JV. A multicenter study of the coding accuracy of hospital discharge administra-

tive data for patients admitted to cardiac care units in Ontario. Am Heart J. 2002; 144(2):290–6. https://

doi.org/10.1067/mhj.2002.123839 PMID: 12177647

18. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying patients with physi-

cian-diagnosed asthma in health administrative databases. Can Respir J. 2009; 16(6):183–8. https://

doi.org/10.1155/2009/963098 PMID: 20011725

19. Gershon A, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying individuals with phys-

cian diagnosed COPD in health administrative databases. COPD: J Chron Obstruct Pulmon Dis. 2009;

6(5):388–94. https://doi.org/10.1080/15412550903140865 PMID: 19863368

20. Schultz SE, Rothwell DM, Chen Z, Tu K. Identifying cases of congestive heart failure from administra-

tive data: a validation study using primary care patient records. Chronic Dis Inj Can. 2013;33.

21. Hux J, Ivis F, Flintoft V, Bica A. Diabetes in ontario: determination of prevalence and incidence using a

validated administrative data algorithm. Diabetes Care. 2002; 25(3):512–6. https://doi.org/10.2337/

diacare.25.3.512 PMID: 11874939

22. Guttmann A, Nakhla M, Henderson M, To T, Daneman D, Cauch-Dudek K. Validation of a health admin-

istrative data algorithm for assessing the epidemiology of diabetes in Canadian children. Pediatr Diabe-

tes. 2010; 11(2):122–8. https://doi.org/10.1111/j.1399-5448.2009.00539.x PMID: 19500278

23. Tu K, Campbell N, Chen Z, Cauch-Dudek K, McAlister F. Accuracy of administrative databases in iden-

tifying patients with hypertension. Open Med. 2007; 1(1):e18. https://doi.org/10.1161/01.CIR.

0000080290.39027.48 PMID: 20101286

24. Kralj B. Measuring Rurality—RIO2008 BASIC: Methodology and Results. OMA Economics Depart-

ment; 2008.
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