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Abstract

Purpose

Itis currently unclear how the shift towards virtual care during the 2019 novel coronavirus
(COVID-19) pandemic may have impacted chronic disease management at a population
level. The goals of our study were to provide a description of the levels of use of virtual care
services relative to in-person care in patients with chronic disease across Ontario, Canada
and to describe levels of healthcare utilization in low versus high virtual care users.

Methods

We used linked health administrative data to conduct a population-based, repeated cross-
sectional study of all ambulatory patient visits in Ontario, Canada (January 1, 2018 to Janu-
ary 16, 2021). Further stratifications were also completed to examine patients with COPD,
heart failure, asthma, hypertension, diabetes, mental iliness, and angina. Patients were
classified as low (max 1 virtual care visit) vs. high virtual care users. A time-series analysis
was done using interventional autoregressive integrated moving average (ARIMA) model-
ling on weekly hospitalizations, outpatient visits, and diagnostic tests.

Results

The use of virtual care increased across all chronic disease patient populations. Virtual care
constituted at least half of the total care in all conditions. Both low and high virtual care user
groups experienced a statistically significant reduction in hospitalizations and laboratory
testing at the start of the pandemic. Hospitalization volumes increased again only among
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the high users, while testing increased in both groups. Outpatient visits among high users
remained unaffected by the pandemic but dropped in low users.

Conclusion

The decrease of in-person care during the pandemic was accompanied by an increase in
virtual care, which ultimately allowed patients with chronic disease to return to the same visit
rate as they had before the onset of the pandemic. Virtual care was adopted across various
chronic conditions, but the relative adoption of virtual care varied by condition with highest
rates seen in mental health.

Introduction

The 2019 novel coronavirus (COVID-19) pandemic has forced healthcare systems to balance
the risk of COVID infection with the potential negative impacts of delaying care [1, 2]. This
has led to a significant adoption of virtual care services globally as a means to continue seeing
patients while minimizing the cost of contact [3-5]. In Ontario, Canada, in the first 3 months
of the pandemic 70% of all ambulatory visits were conducted virtually (telephone or video) [3,
6] and 86% of physicians conducted at least one virtual care visit [3].

With unprecedented levels of virtual care use, policy makers and payors are concerned
about the quality of care being delivered virtually and potential increases in costs due to higher
healthcare utilization. The COVID-19 pandemic has also led to challenges in the care of
patients with chronic disease [7, 8]. A study from the USA reported a 90% reduction in rates of
screening and prevention services [7]. Similarly, in Ontario, Canada, a study reported 89%
fewer preventative primary care visits [9]. Additionally, reports of hospitalizations across vari-
ous jurisdictions have demonstrated that there was a general decline in hospitalizations across
many chronic conditions, especially early in the pandemic [10-12]. Such reductions in in-per-
son visits and hospitalizations may lead to higher rates of future healthcare utilization during
later stages of the pandemic (e.g. hospitalizations, emergency department visits).

It is currently unclear how the shift towards virtual care during the pandemic may have
impacted chronic disease management and if virtual care was able to compensate for pan-
demic-related drops in in-person visits. The extent at which virtual care adoption was main-
tained throughout later stages of the pandemic is also still unknown. In Ontario, the most
populated province in Canada, the healthcare system is publicly funded and the data we used
covers all healthcare services used [13]. It, therefore, presents an opportunity to examine shifts
in care at a population-level.

The goals of our study were to provide a description of the levels of use of virtual care ser-
vices, relative to in-person care in patients with chronic disease across Ontario, Canada and to
describe levels of healthcare utilization in low versus high virtual care users.

Methods

This study received an ethics exemption provided by the Research Ethics Board of Women’s
College Hospital (REB # 2020-0106-E). This study will be conducted at the Institute for Clini-
cal Evaluative Sciences (ICES), which is a prescribed entity under section 45 of Ontario’s Per-
sonal Health Information Protection Act (PHIPA). The study will use only data that is already
de-identified and will be conducted under ICES’ stringent privacy regulations. It has been
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determined that studies/projects that fall under Section 451 of the Personal Health Informa-
tion Protection Act: Disclosure for planning and management of health system do not require
REB review and approval.

Study design

We used linked health administrative data to conduct a population-based, repeated cross-sec-
tional study of all ambulatory patient visits in Ontario, Canada beginning January 1, 2018 and
extending to the 2nd week of January, 2021. We identified visits weekly in the total Ontario
population, and for subpopulations of patients with chronic disease.

Data sources. We used the following administrative databases: the Ontario Health Insur-
ance Plan (OHIP) for physician claims, the Canadian Institutes of Health Information Dis-
charge Abstract Database (CIHI-DAD) for information about all hospitalizations, the CIHI
National Ambulatory Care Reporting System (NACRS) for hospital- and community-based
ambulatory care including ED visits, the Ontario Drug Benefit Database (ODB) for prescrip-
tion medication data for those >65 years old, the ICES Physician Database (IPDB) for data on
physician specialty, the Ontario Mental Health Reporting Systems (OMHRS) for psychiatric
hospitalizations and the Ontario Laboratories Information System (OLIS) for community-
and hospital-based laboratories. Databases were linked using unique identifiers and analyzed
at ICES (the Institute for Clinical Evaluative Sciences). Together these databases cover all of
healthcare activity in Ontario. Use of these databases for the purposes of this study was autho-
rized under §45 of Ontario’s Personal Health Information Protection Act, which does not
require review by a research ethics board (REB). Nonetheless, the study also received an REB
exemption approval from Women’s College Hospital REB (REB # 2020-0106-E). All data was
de-identified at ICES and individual patient consent was waived.

Population

For each week of our study period (Jan 1, 2018- Jan 16, 2021), we identified all ambulatory
care visits (in-person and virtual care visits) over the study period using relevant provider bill-
ing codes (see S1 File for full list of billing codes). We excluded claims for any patient who was
a non-Ontario resident and/or had an invalid or missing health card number.

Further stratifications were also completed for circumscribed patient populations: COPD,
heart failure, asthma, hypertension, and diabetes if they had at least one entry in the corre-
sponding disease-specific registry at ICES [13] any time prior to their index visit (their first
visit during the observation window). Patients with mental illness were identified by at least
one outpatient claim with a primary care provider visit linked to psychiatric diagnostic codes,
or a mental health service code or any code by a psychiatrist in the past 3 years. Angina
patients were identified by at least one ED visit with the relevant ICD-9 or 10 code in the past
12 months (see S1 File for details on diagnostic codes used in the definitions).

Analysis

For each week of our study period (Jan 1, 2018- Jan 16, 2021) we examined the number and
rate per 1000 of in-person and virtual care visits across all age groups and the percentage of
ambulatory visits that were virtual (versus in-person) for all patients eligible for healthcare ser-
vices in Ontario.

To examine differences in healthcare utilization between patients who use virtual care and
those who do not, we classified patients into two groups based on their use of virtual care. Low
virtual care users had at least one visit (virtual or in-person) after the onset of the pandemic
(March 14, 2020) and they could have a maximum of one virtual care visit during the entire
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period. Patients who had no virtual care visits were also included in the low virtual care group,
but they had to have at least one in-person visit in order to be included. This means we
excluded patients who did not receive care at all during the pandemic period (after March 14,
2020). Patients in the high virtual care use group had to have at least 2 virtual care visits. There
was no limit on the number of in-person visits patients could have in either group. To deter-
mine the level of healthcare utilization in each group, we examined the number of weekly hos-
pitalizations, total ambulatory (outpatient) visits, ED visits, diagnostic tests, lab tests, and
prescriptions for those over 65 years of age, from January 2018 to September 2020. A time-
series analysis was done using interventional autoregressive integrated moving average
(ARIMA) modelling. Interventional ARIMA is a common technique used to better understand
the impact of a significant event to time series data and to forecast future observations while
accounting for components such as trend, seasonality, and autocorrelation [14]. A step func-
tion beginning on March 14, 2020 was applied to the model in order to determine whether
there were significant shifts in utilization in each of the two groups before versus during the
pandemic.

Results
Overall virtual care use

Between January 1, 2018 and January 15, 2021 there were just over 215 million virtual and in-
person ambulatory care visits (73 460 386 in 2018, 73 629 600 in 2019 and 68 032 404 in 2020).
Of these, 33 million visits were conducted virtually (933 099 in 2018, 1 234 082 in 2019 and 30
858 723 in 2020). The majority of virtual visits across the entire period (93%) occurred during
the pandemic after the temporary virtual codes were introduced by the Ontario Ministry of
Health in March 2020. Between March 15, 2020 and January 15, 2021, there were just over 32
million virtual visits completed. The average rate of virtual care visits was 48 visits per 1000
patients per week. The average rate of in-person visits was 34 visits per 1000 per week. In com-
parison, the average rate of virtual care before the pandemic was 1.4 visits per 1000 patients
per week.

Between March 15 and July 1, 2021, total ambulatory care reduced by 22%, in-person visits
reduced by 75%, and 69% of ambulatory care occurred virtually (12.1 million visits). Virtual
care never dropped below 50% of all ambulatory care throughout the pandemic period (Fig 1).

Total number of virtual visits by week, 2018-2020
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Fig 1. Total number of virtual and in-person visits (line) and percent virtual care use out of total ambulatory care
(bars). *All ambulatory visits = both in-person and virtual.
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The majority of virtual care (94%) was delivered through the new billing codes, which allowed
for phone or video visits through any platform.

On a weekly basis, an average of 20 006 providers out of 23 835 practicing physicians (84%)
provided at least one virtual care visit. Psychiatrists had the highest rates of virtual care with
about 90% of care being virtual in the early months of the pandemic and mostly staying above
80% throughout the entire pandemic.

Virtual care use among patients with chronic disease

The use of virtual care increased in March 2020 across all chronic disease patient populations
examined (Fig 2). The highest rates of virtual care visits were seen in CHF (151 visits per week
per 1000 patients), COPD (126 visits per week per 1000 patients), and angina patients (116 vis-
its per week per 1000 patients) (Table 1). The increase in virtual care use was associated with a
sharp decline of in-person visits in March due to the start of the first Ontario lockdown. Across
all conditions examined, in-person care decreased by 72-93%. This sharp decrease was fol-
lowed by a gradual increase in in-person visits, but on average for the entire period examined
after March 14, virtual care constituted at least half of the total care (55% of total care in CHF,
56% in COPD, 58% in hypertension and diabetes, 62% in asthma and angina and 72% in men-
tal health care).

Healthcare utilization among low and high virtual care users

Hospitalizations. High virtual care users had more hospitalizations than low virtual care
users (average weekly volumes across conditions ranged from 1306-4205 admissions in high
users versus 196-817 admissions in low users). Trends were similar across the four patient
populations. Both low and high virtual care user groups experienced a statistically significant
reduction in hospitalizations at the start of the pandemic on Mar 14, 2020 (from one month
before to one month after Mar 14, average weekly volumes across conditions dropped from
233-896 to 176-605 admissions in low users and from 1496-5539 to 1040-3791 admissions in
high users, p < .0001) (Fig 3). Despite the significant drop at the beginning of the pandemic,
hospitalization volumes began to increase again among the high users (1379-5245 visits in
first week of June 2020) as the pandemic progressed but hospitalization remained low among
the low users (167-678 admissions in first week of June 2020). The percent change in the aver-
age number of hospitalizations from pre to post Mar 14, 2020 is shown in Table 2.

Outpatient visits. High virtual care users had higher outpatient visit volumes than low
users (average weekly volumes across conditions ranged from 41,164-382,929 visits in high
users versus 5865-68,724 visits in low users). Across all four patient populations, there was a
statistically significant drop in visits among low virtual care users at the onset of the pandemic
(from one month before to one month after Mar 14, average weekly volumes across conditions
dropped from 6484-77,274 to 3794-44,062 visits, p < .0001), and visit volumes remained stag-
nant afterwards (4213-46,909 visits in first week of June 2020) (Fig 4). However, the number
of outpatient visits among high users remained unaffected by the pandemic (44,777-421,875
visits at one month before to 42,407-402,199 visits at one month after Mar 14, p>0.5). High
volumes were maintained throughout, and even appeared to be increasing during the pan-
demic (51,656-489,404 in first week of June 2020).

Laboratory testing. Laboratory claims were higher overall among high virtual care users
than low users (average weekly volumes across conditions ranged from 83,480-606,752 tests in
high users versus 14,533-128,354 tests in low users). Both high user and low user patients
across all four conditions experienced a significant drop in testing volumes coinciding with
the start of the pandemic (from one month before to one month after Mar 14, average weekly
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volumes appeared to gradually increase again in both user groups as the pandemic progressed
(in the first week of June 2020, low users: 9898-75,890 tests and high users: 82,270-604,512

and from 95,972-756,319 to 39,506-264,035 tests in high users, p < .0001) (Fig 5). However,
tests).

volumes across conditions dropped from 16,230-155,905 to 5462-38,297 tests in low users

e—=\/irtual ==|n-person ===Total

Fig 2. Weekly rate of virtual and in-person care visits per 1000 by medical condition.

https://doi.org/10.1371/journal.pone.0267218.9002
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Table 1. Average weekly visit rates per 1000 patients by modality (virtual or in-person) before (Jan 2018 to Mar 2020) and during (Mar 2020 to Jan 2021) the pan-
demic across chronic conditions.

Virtual

In-
Person

Total

Virtual

In-
Person

Total

Virtual

In-
Person

Total

COPD
Before COVID- | During COVID-
19 19
3.4 126.2
220.7 98.5
224.1 224.7
Angina
Before COVID- | During COVID-
19 19
3.4 116.4
187.3 70.3
190.6 186.7
Asthma
Before COVID- | During COVID-
19 19
2.3 70.7
122.9 44.1
125.2 114.8

https://doi.org/10.1371/journal.pone.0267218.t001

CHF Mental Health
% Before COVID- | During COVID- % Before COVID- | During COVID- %
change 19 19 change 19 19 change
3612 2.0 151.3 7465 4.0 101.6 2440
-55.4 250.6 124.6 -50.3 150.3 39.8 -73.5
0.3 252.6 275.9 9.2 154.3 141.4 -8.4
Diabetes
% Before COVID- | During COVID- %
change 19 19 change
3324 1.8 108.8 5944
-62.5 184.6 77.6 -58.0
-2.0 186.4 186.4 0
Hypertension
% Before COVID- | During COVID- %
change 19 19 change
2974 1.6 92.2 5663
-64.1 165.5 67.9 -59.0
-8.3 167.1 160.0 -4.2

The p,d,q values of the best fit ARIMA models are reported in S1 File. Figures showing
emergency department visits, prescriptions for those over 65 years of age and total patient cost
for low and high virtual care users are also provided in S1 File.

Discussion

Our study examining data over the first 9 months of the COVID-19 pandemic showed that vir-
tual care adoption (telephone and video) constituted at least 50% of all ambulatory care in
Ontario, Canada. The strong adoption of virtual care in combination with some return of in-
person care over later stages of the pandemic allowed physicians to maintain adequate levels of
care for chronic disease patients during the pandemic. Virtual care was adopted across all
chronic conditions examined, but the degree of uptake of virtual care varied. Differences in
adoption rates of virtual care need to be considered when designing best practices of care and
policies surrounding the continued use of virtual care. Patients who used more virtual care
appeared to be higher users of the healthcare system in general before and during the pan-
demic. This suggests that higher use patients who had access to the healthcare system before
the pandemic received similar access to the healthcare system during the pandemic though a
combination of care services including virtual care. The percentage of visits that were virtual
in Ontario, Canada (59%) was higher than rates reported in other countries such as the USA
(30%) and Australia (42%) [4, 15, 16]. While there was some increase of in-person care in the
May to September of 2020, the high adoption of virtual care was largely maintained through-
out waves of the pandemic. Psychiatry had the highest rates of virtual care use during the pan-
demic. The use of any virtual care in psychiatry is enabled to a greater extent than other
specialties simply due to the fact that most psychiatry visits do not require a physical examina-
tion [17]. Interestingly, while psychiatry previously reported 3 times the average rates of virtual
care use in Ontario before the pandemic, these rates reduced to about double the rate of virtual
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Fig 3. Weekly hospitalizations in high versus low virtual care users by medical condition, January 2018 to September 2020.
https://doi.org/10.1371/journal.pone.0267218.9g003

care use during the pandemic. This relative reduction is likely due to the substantial shift to
virtual care across other patient populations who previously did not have access to virtual care.
The pandemic led to an overall decrease of total ambulatory care (virtual or in-person)
across all chronic diseases studied. This reduction in ambulatory visits and testing has been
reported elsewhere [7, 10], with some reporting more severe impacts in diabetes management

Table 2. Percent change in the average number of hospitalizations, outpatient visits and lab testing from pre to post Mar 14, 2020.

Hospitalizations Outpatient Visits Lab Testing
Low Users High Users Low Users High Users Low Users High Users
CHF -9.4% 32.2% -31.5% 27.5% -34.3% -5.6%
MH -19.4% 28.1% -34.0% 31.0% -42.4% -6.9%
COPD -17.2% 17.3% -38.7% 14.5% -42.2% -17.1%
Diabetes -24.8% 21.4% -39.1% 15.1% -39.6% -16.9%

(Low users = minimum of 1 ambulatory in-person or virtual visit but maximum of 1 virtual visit after March 14, 2020; High users = minimum of 2 virtual visits after
March 14, 2020).

https://doi.org/10.1371/journal.pone.0267218.t002
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Fig 4. Weekly outpatient visits in high versus low virtual care users by medical condition, January 2018 to September 2020.

https://doi.org/10.1371/journal.pone.0267218.9g004

[8]. It has been suggested that the causes of these reductions in utilization are multifactorial
and include patient avoidance of care, increased threshold of hospitalizations from providers,
and changes in lifestyle and self-management in the context of lockdown measures and social
distancing [10]. The decrease in total ambulatory care was a result of a very sharp drop of in-
person care due to COVID-19 restrictions. Restrictions on in-person care, however, were
accompanied by an increase in virtual care, which ultimately allowed patients with chronic dis-
ease to return to the same visit rate as they had before the onset of the pandemic and this find-
ing is consistent with reports from other jurisdictions [18, 19]. This was likely due to both
patients and providers adopting virtual care as part of their routine care and enabling the con-
version of pre-pandemic in-person visits into virtual visits where possible [19].

The early weeks of the pandemic were also accompanied by reductions in hospitalization
across both high and low virtual care users, while outpatient care reduced only for low virtual
care users. Given both acute and outpatient care use was higher before the pandemic for high
virtual care users relative to that of low virtual care users, it is likely that these patients were
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https://doi.org/10.1371/journal.pone.0267218.9g005

sicker before the pandemic and required continuous care during the pandemic. As more than
half of the outpatient care was delivered virtually, the outpatient care that these patients
received would have included a substantial virtual component. This finding supports the idea
that virtual care afforded continued access to care for patients who were higher users of the
healthcare system and likely sicker. This finding is consistent with reports that patients with
greater disease burden having greater use of virtual care services during the pandemic [5, 18].
More stable patients with chronic disease had some contact with the system but were likely
advised to hold off on care until the risk of infection from COVID-19 reduces. This reduction
on non-urgent care was likely partially due to restrictions on elective procedures in the prov-
ince in effect during the early stages of the pandemic, but it may also be a result of changes in
physician prescribing and testing practices [18].

Limitations

Study limitations include limitations associated with health administrative data analysis, such
as reliance on diagnostic billing codes and a lack of clinical details leading to an inability to
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report on what the reasons for visits were. Most chronic disease diagnostic codes have been
validated [13], which improves our confidence. The biggest limitation of this study is that the
data is collected in the context of a pandemic. It is unclear to what extent some of the relation-
ships we see with virtual care are due to the fact that patients were receiving virtual care or due
to the pandemic itself, where virtual care was likely the predominant method to receive any
care. These findings should be re-examined once the pandemic is over and both in-person and
virtual care are equally accessible. Finally, as the billing codes in Ontario do not distinguish
between video and phone, we were unable to report with confidence on relative use of tele-
phone versus video.

Conclusions

In conclusion, in this population-based, repeated cross-sectional study in the largest province
of Canada, where a universal healthcare system supports reimbursements of virtual care dur-
ing the pandemic, we find that virtual care was adopted across various chronic conditions, but
the relative adoption of virtual care varied by condition. Further, more than half of ambulatory
care was virtual. allowing for regular visits for patients with chronic conditions to be main-
tained during the pandemic. Patients who became greater users of virtual care were generally
high users of the healthcare system before and during the pandemic, suggesting that virtual
care provided continued access to care for patients who were higher users and potentially
sicker. These findings suggest that proper frequency of visits of chronic disease patients can be
maintained through a mix of in-person and virtual visits even in cases where the disease sever-
ity is higher. Long-term studies should examine, however, whether the quality of care received
through a mixed in-person and virtual care model is the same as that received through in-per-
son care alone in order to inform policy decisions about their continued use in the healthcare
system.

Supporting information

S1 File.
(DOCX)

Author Contributions

Conceptualization: Vess Stamenova, Cherry Chu, Ahmad Shakeri, R. Sacha Bhatia.
Data curation: Andrea Pang, Jiming Fang.

Formal analysis: Cherry Chu, Andrea Pang, Jiming Fang.

Funding acquisition: Vess Stamenova, R. Sacha Bhatia, Mina Tadrous.
Investigation: R. Sacha Bhatia, Mina Tadrous.

Methodology: Vess Stamenova, Cherry Chu, Ahmad Shakeri, Peter Cram, Onil Bhattachar-
yya, R. Sacha Bhatia, Mina Tadrous.

Project administration: Vess Stamenova.
Supervision: R. Sacha Bhatia, Mina Tadrous.
Validation: Vess Stamenova, Mina Tadrous.
Visualization: Vess Stamenova, Mina Tadrous.

Writing - original draft: Vess Stamenova, Cherry Chu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267218  April 25, 2022 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267218.s001
https://doi.org/10.1371/journal.pone.0267218

PLOS ONE

Virtual care use in patients with chronic disease during the COVID-19 pandemic

Writing - review & editing: Vess Stamenova, Cherry Chu, Andrea Pang, Jiming Fang,

Ahmad Shakeri, Peter Cram, Onil Bhattacharyya, R. Sacha Bhatia, Mina Tadrous.

References

1.

10.

11.

12

13.

14.

15.

16.

Bhatia RS, Shojania KG, Levinson W. Cost of contact: redesigning healthcare in the age of COVID.
BMJ Qual Saf [Internet]. 2020 Aug 6 [cited 2020 Sep 15]; Available from: https://qualitysafety.bmj.com/
content/early/2020/08/05/bmjgs-2020-011624 PMID: 32763977

Saglietto A, D’Ascenzo F, Zoccai GB, Ferrari GMD. COVID-19 in Europe: the Italian lesson. The Lan-
cet. 2020 Apr 4; 395(10230):1110-1. https://doi.org/10.1016/S0140-6736(20)30690-5 PMID:
32220279

Bhatia RS, Chu C, Pang A, Tadrous M, Stamenova V, Cram P. Virtual care use before and during the
COVID-19 pandemic: a repeated cross-sectional study. cmajo. 2021 Jan; 9(1):E107-14.

Mehrotra A, Bhatia RS, Snoswell CL. Paying for Telemedicine After the Pandemic. JAMA. 2021 Feb 2;
325(5):431. https://doi.org/10.1001/jama.2020.25706 PMID: 33528545

Weiner JP, Bandeian S, Hatef E, Lans D, Liu A, Lemke KW. In-Person and Telehealth Ambulatory Con-
tacts and Costs in a Large US Insured Cohort Before and During the COVID-19 Pandemic. JAMA Net-
work Open. 2021 Mar 23; 4(3):e212618. https://doi.org/10.1001/jamanetworkopen.2021.2618 PMID:
33755167

Glazier RH, Green ME, Wu FC, Frymire E, Kopp A, Kiran T. Shifts in office and virtual primary care dur-
ing the early COVID-19 pandemic in Ontario, Canada. CMAJ. 2021 Feb 8; 193(6):E200-10. https://doi.
org/10.1503/cmaj.202303 PMID: 33558406

Wright A, Salazar A, Mirica M, Volk LA, Schiff GD. The Invisible Epidemic: Neglected Chronic Disease
Management During COVID-19. J GEN INTERN MED. 2020 Sep 1; 35(9):2816—7. https://doi.org/10.
1007/s11606-020-06025-4 PMID: 32666485

Chudasama YV, Gillies CL, Zaccardi F, Coles B, Davies MJ, Seidu S, et al. Impact of COVID-19 on rou-
tine care for chronic diseases: A global survey of views from healthcare professionals. Diabetes & Meta-
bolic Syndrome: Clinical Research & Reviews. 2020 Sep 1; 14(5):965-7. https://doi.org/10.1016/j.dsx.
2020.06.042 PMID: 32604016

Stephenson E, Butt DA, Gronsbell J, Ji C, O’Neill B, Crampton N, et al. Changes in the top 25 reasons
for primary care visits during the COVID-19 pandemic in a high-COVID region of Canada. PLOS ONE.
2021 Aug 12; 16(8):€0255992. https://doi.org/10.1371/journal.pone.0255992 PMID: 34383844

Blecker S, Jones SA, Petrilli CM, Admon AJ, Weerahandi H, Francois F, et al. Hospitalizations for
Chronic Disease and Acute Conditions in the Time of COVID-19. JAMA Internal Medicine. 2021 Feb 1;
181(2):269-71. https://doi.org/10.1001/jamainternmed.2020.3978 PMID: 33104158

Filippo OD, D’Ascenzo F, Angelini F, Bocchino PP, Conrotto F, Saglietto A, et al. Reduced Rate of Hos-
pital Admissions for ACS during Covid-19 Outbreak in Northern Italy. New England Journal of Medicine
[Internet]. 2020 Apr 28 [cited 2022 Jan 6]; https://www.nejm.org/doi/10.1056/NEJMc2009166 PMID:
32343497

Butt JH, Ostergaard L, Gerds TA, Lauridsen MD, Kragholm K, Schou M, et al. The association between
cardiovascular disease admission rates and the coronavirus disease 2019 lockdown and reopening of a
nation: a Danish nationwide cohort study. Eur Heart J Qual Care Clin Outcomes. 2022 Jan 5; 8(1):14—
22. https://doi.org/10.1093/ehjgcco/qcab021 PMID: 33730160

Schull MJ, Azimaee M, Marra M, Cartagena RG, Vermeulen MJ, Ho MM, et al. ICES: Data, Discovery,
Better Health. International Journal of Population Data Science [Internet]. 2019 [cited 2021 Jul 30]; 4(2).
Available from: https://ijpds.org/article/view/1135

Schaffer AL, Dobbins TA, Pearson S-A. Interrupted time series analysis using autoregressive integrated
moving average (ARIMA) models: a guide for evaluating large-scale health interventions. BMC Medical
Research Methodology. 2021 Mar 22; 21(1):58. https://doi.org/10.1186/s12874-021-01235-8 PMID:
33752604

Patel SY, Mehrotra A, Huskamp HA, Uscher-Pines L, Ganguli |, Barnett ML. Variation In Telemedicine
Use And Outpatient Care During The COVID-19 Pandemic In The United States: Study examines varia-
tion in total US outpatient visits and telemedicine use across patient demographics, specialties, and
conditions during the COVID-19 pandemic. Health Affairs. 2021 Feb 1; 40(2):349-58. https://doi.org/
10.1377/hlthaff.2020.01786 PMID: 33523745

Alexander GC, Tajanlangit M, Heyward J, Mansour O, Qato DM, Stafford RS. Use and Content of Pri-
mary Care Office-Based vs Telemedicine Care Visits During the COVID-19 Pandemic in the US. JAMA
Netw Open. 2020 Oct 2; 3(10):e2021476. https://doi.org/10.1001/jamanetworkopen.2020.21476 PMID:
33006622

PLOS ONE | https://doi.org/10.1371/journal.pone.0267218  April 25, 2022 12/13


https://qualitysafety.bmj.com/content/early/2020/08/05/bmjqs-2020-011624
https://qualitysafety.bmj.com/content/early/2020/08/05/bmjqs-2020-011624
http://www.ncbi.nlm.nih.gov/pubmed/32763977
https://doi.org/10.1016/S0140-6736%2820%2930690-5
http://www.ncbi.nlm.nih.gov/pubmed/32220279
https://doi.org/10.1001/jama.2020.25706
http://www.ncbi.nlm.nih.gov/pubmed/33528545
https://doi.org/10.1001/jamanetworkopen.2021.2618
http://www.ncbi.nlm.nih.gov/pubmed/33755167
https://doi.org/10.1503/cmaj.202303
https://doi.org/10.1503/cmaj.202303
http://www.ncbi.nlm.nih.gov/pubmed/33558406
https://doi.org/10.1007/s11606-020-06025-4
https://doi.org/10.1007/s11606-020-06025-4
http://www.ncbi.nlm.nih.gov/pubmed/32666485
https://doi.org/10.1016/j.dsx.2020.06.042
https://doi.org/10.1016/j.dsx.2020.06.042
http://www.ncbi.nlm.nih.gov/pubmed/32604016
https://doi.org/10.1371/journal.pone.0255992
http://www.ncbi.nlm.nih.gov/pubmed/34383844
https://doi.org/10.1001/jamainternmed.2020.3978
http://www.ncbi.nlm.nih.gov/pubmed/33104158
https://www.nejm.org/doi/10.1056/NEJMc2009166
http://www.ncbi.nlm.nih.gov/pubmed/32343497
https://doi.org/10.1093/ehjqcco/qcab021
http://www.ncbi.nlm.nih.gov/pubmed/33730160
https://ijpds.org/article/view/1135
https://doi.org/10.1186/s12874-021-01235-8
http://www.ncbi.nlm.nih.gov/pubmed/33752604
https://doi.org/10.1377/hlthaff.2020.01786
https://doi.org/10.1377/hlthaff.2020.01786
http://www.ncbi.nlm.nih.gov/pubmed/33523745
https://doi.org/10.1001/jamanetworkopen.2020.21476
http://www.ncbi.nlm.nih.gov/pubmed/33006622
https://doi.org/10.1371/journal.pone.0267218

PLOS ONE Virtual care use in patients with chronic disease during the COVID-19 pandemic

17.  Ongiir D, Perlis R, Goff D. Psychiatry and COVID-19. JAMA. 2020 Sep 22; 324(12):1149-50. https://
doi.org/10.1001/jama.2020.14294 PMID: 32960247

18. Yuan N, Pevnick JM, Botting PG, Elad Y, Miller SJ, Cheng S, et al. Patient Use and Clinical Practice
Patterns of Remote Cardiology Clinic Visits in the Era of COVID-19. JAMA Network Open. 2021 Apr 5;
4(4):e214157. https://doi.org/10.1001/jamanetworkopen.2021.4157 PMID: 33818619

19. Smithson R, Roche E, Wicker C, Smithson R, Roche E, Wicker C. Virtual models of chronic disease
management: lessons from the experiences of virtual care during the COVID-19 response. Aust Health
Review. 2021 Feb 15; 45(3):311-6. https://doi.org/10.1071/AH20190 PMID: 33583487

PLOS ONE | https://doi.org/10.1371/journal.pone.0267218  April 25, 2022 13/13


https://doi.org/10.1001/jama.2020.14294
https://doi.org/10.1001/jama.2020.14294
http://www.ncbi.nlm.nih.gov/pubmed/32960247
https://doi.org/10.1001/jamanetworkopen.2021.4157
http://www.ncbi.nlm.nih.gov/pubmed/33818619
https://doi.org/10.1071/AH20190
http://www.ncbi.nlm.nih.gov/pubmed/33583487
https://doi.org/10.1371/journal.pone.0267218

