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Background: The COVID-19 pandemic led to global disruptions in non-urgent
health services, affecting health outcomes of individuals with ambulatory-care-
sensitive conditions (ACSCs).

Methods: We conducted a province-based study using Ontario health
administrative data (Canada) to determine trends in outpatient visits and
hospitalization rates (per 100,000 people) in the general adult population for
seven ACSCs during the first pandemic year (March 2020—March 2021) compared
to previous years (2016-2019), and how disruption in outpatient visits related to
acute care use. ACSCs considered were chronic obstructive pulmonary disease
(COPD), asthma, angina, congestive heart failure (CHF), hypertension, diabetes,
and epilepsy. We used time series auto-regressive integrated moving-average
models to compare observed versus projected rates.

Results: Following an initial reduction (March—May 2020) in all types of visits,
primary care outpatient visits (combined in-person and virtual) returned to pre-
pandemic levels for asthma, angina, hypertension, and diabetes, remained below
pre-pandemic levels for COPD, and rose above pre-pandemic levels for CHF
(104.8 vs. 96.4, 95% Cl: 89.4-104.0) and epilepsy (29.6 vs. 24.7, 95% Cl: 22.1-27.5)
by the end of the first pandemic year. Specialty visits returned to pre-pandemic
levels for COPD, angina, CHF, hypertension, and diabetes, but remained above
pre-pandemic levels for asthma (954 vs. 79.5, 95% Cl: 70.7-89.5) and epilepsy
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(53.3 vs. 45.6, 95% Cl: 41.2-50.5), by the end of the year. Virtual visit rates
increased for all ACSCs. Among ACSCs, reductions in hospitalizations were most
pronounced for COPD and asthma. CHF-related hospitalizations also decreased,
albeit to a lesser extent. For angina, hypertension, diabetes, and epilepsy,
hospitalization rates reduced initially, but returned to pre-pandemic levels by the
end of the year.

Conclusion: This study demonstrated variation in outpatient visit trends for
different ACSCs in the first pandemic year. No outpatient visit trends resulted in
increased hospitalizations for any ACSC; however, reductions in rates of asthma,
COPD, and CHF hospitalizations persisted.

KEYWORDS

COVID-19 pandemic, ambulatory care sensitive conditions, outpatient visits, inpatient

visits, ARIMA, trends

1 Introduction

The COVID-19 pandemic led to significant disruptions in the
accessibility and provision of non-urgent health services in Canada
and globally that affected the management and health outcomes of
patients (1). Ambulatory-care-sensitive conditions (ACSCs) are health
conditions for which timely access to outpatient care and effective
management is known to improve prognosis and prevent emergency
department (ED) visits and hospitalizations (2). Thus, inpatient visits
for ACSCs are usually accepted as an indicator of the quality and
accessibility of outpatient care (3).

Previous studies on the impact of the COVID-19 pandemic on the
management, treatment, and care of ACSC patients were limited in
several ways: they focused only on the initial parts of the pandemic (4,
5) and failed to note trends once events had settled down and became
more routine; they typically focused on a specific type of health service
use (i.e., ED visits or hospitalizations) without exploring how
disruption in outpatient visits related to acute care use, and either
examined an individual single chronic disease without comparing
trends between different chronic conditions or aggregated “chronic
diseases” as an outcome (6-13).

In our recent population-based study, we did not observe an
increase in ED visits or hospital admission rates for all ACSCs
combined in a general adult population during the first year of the
pandemic, despite a reduction in outpatient visit rates at the beginning
of the pandemic (12). These findings were corroborated by global
trends in chronic disease health service utilization during the
COVID-19 pandemic (14-18). However, we may have failed to find
trends for individual diseases in our aggregate results (12) due to
disease-specific healthcare needs, natural history, development, and
progression (19).

Therefore, to address gaps in the literature and understand how
disruption in outpatient visits related to acute care use, we conducted

Abbreviations: ACSCs, Ambulatory-Care-Sensitive Conditions; CHF, congestive
heart failure; Cls, confidence intervals; DAD, Discharge Abstract Database; ED,
emergency department; NACRS, National Ambulatory Care Reporting System
Database; OHIP, Ontario Health Insurance Plan; RPDB, Registered Persons

Database.
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a province-based cohort study to compare actual (observed) and
projected (counterfactual estimates based on pre-COVID-19
pandemic periods) trends in outpatient and inpatient visits for seven
separate ACSCs — asthma, chronic obstructive pulmonary disease
(COPD), angina, congestive heart failure (CHF), hypertension,
diabetes mellitus, and epilepsy - in the general adult population.
We hypothesized a steep reduction in outpatient and inpatient visits
for seven separate ACSCs during the initial phase of the pandemic
(March-May 2020) compared to the pre-pandemic data, followed by
a slow recovery during the later phase of the pandemic. We also
hypothesize variations in trends for different ACSCs.

2 Materials and methods

2.1 Study design

We used provincial health administrative data from Ontario,
Canada, during the first year of the COVID-19 pandemic (March
2020-March 2021) to compare to similar periods in previous years
(January 2016-December 2019). Ontario is the most populous
province of Canada, with a population of more than 14.5 million (20)
and universal health insurance.

ICES is an independent non-profit institution and a prescribed
entity under Personal Health Information Protection Act (PHIPA) in
Ontario. Under section 45 of PHIPA, ICES is authorized to collect
personal health information without consent to compile statistical
information or analysis concerning managing, allocating resources to,
monitoring, evaluating or planning for the health system. Projects that
use health administrative databases collected by ICES under section
45 of PHIPA are exempt from REB review. This study was authorized
under section 45 of PHIPA and approved by Privacy and Legal Office
at ICES.

2.2 Data sources
ICES invested in health informatics for population health and

health services research and housed individual-level high-quality
health administrative databases on publicly funded services,
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(ED visits or
hospitalizations) within Ontario (21). These databases are regularly

including outpatient and inpatient visits
updated and validated for accuracy (22, 23)." The Registered
Persons Database (RPDB) contains data on vital statistics,
demographics and residence location. The Ontario Health
Insurance Plan (OHIP) database captures 95% of physician billing.
The National Ambulatory Care Reporting System Database
(NACRS) records ED visits. The Discharge Abstract Database
(DAD) records hospitalizations, and the Canadian Census includes
neighborhood socioeconomic details. The COVID-19 Integrated
Testing Dataset includes all available COVID-19 diagnostic
laboratory results in Ontario. In Ontario, Canada, physician billing
codes in response to COVID-19 were effective since March 14,
2020, and extended until September 30, 2022 (24). These databases
were linked using unique encoded identifiers. Please see
Supplementary Table S1 for details on the ICES databases used.

2.3 Population and setting

We adopted an open-cohort design where all adult Ontario
residents (18 years and older) prior to and during the COVID-19
pandemic (January 2016-March 2021) who were alive at the
beginning of each month were considered for inclusion.
We excluded individuals younger than 18years old, older than
105 years old, those who are not Ontario residents and with missing
information on sex. The open cohort design allows individuals to
enter the cohort as they age or leave the cohort when they die or
move out of the province compared to a closed cohort with a fixed
membership when after it is defined and follow-up begins, no one
can be added to a cohort. We selected an open- vs. a closed-cohort
study design to represent a real-world situation. We considered
March 17, 2020, when the state of emergency was declared in
Ontario (25), as the start of the pandemic. Follow-up continued
until March 31, 2021.

2.4 Time frame definitions

To avoid arbitrarily chosen categorization of the main period of
interest (first year of the pandemic), observed versus projected rates
with 95% confidence intervals (CIs) were visualized monthly. Only for
comparisons, the main period of interest was divided into four time
periods (26): (i) pre-COVID-19: January-February 2020; (ii) Wave I:
March-May 2020; (iii) Summer Lull: June-August 2020; and (iv)
Wave II: September 2020-March 2021.

On March 15, 2020, the Ministry of Health in Ontario requested
to ramp down non-emergent clinical activities to liberate health
system capacity (27). Effective March 14, 2020, temporary billing
codes were introduced to allow remote outpatient sleep clinic visits to
continue. After an initial increase in the number of COVID-19 cases
in March-May 2020 (Wave I), a reduction was noted during

1 https://datadictionary.ices.on.ca/Applications/DataDictionary/Default.aspx
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June-August 2020 (Summer Lull), with a steep increase since
September 2020 (Wave II) (28).

2.5 Outcomes

The primary outcomes were outpatient visits, ED visits, and
hospitalizations, with the most responsible diagnosis for ACSCs
considered separately (see Supplementary Table S2 for definition
details) (29, 30). Outpatient visits were categorized by: (i) combined
(virtual or in-person) primary care visits, (ii) combined (virtual or
in-person) visits from a specialist with a relevant specialty
(respirologist, cardiologist, endocrinologist, neurologist, internal
medicine), and (ii) virtual outpatient visits. In Ontario, physician
billing codes in response to the COVID-19 pandemic, including
virtual visits (phone or video), were implemented on March 14, 2020,
and extended until December 1, 2022 (24).

These outcomes were chosen because they reflect the acute and
ambulatory care people receive for some of the most prevalent chronic
diseases. We also wanted to assess how outcomes changed relative to
each other to obtain a more fulsome understanding of the impact of
the pandemic.

2.6 Statistical analyses

We used a similar analytic approach from our previous study of
combined ACSCs patterns (12). Briefly, we aggregated data monthly
to create a 63-period time series from January 2016 to March 2021
and calculated monthly rates as the number of events per 100,000
people. Auto-regressive integrated moving-average (ARIMA)
modelling was used to calculate projected outcome rates based on
observed monthly rates from similar periods in previous years
(January 2016-December 2019). Specifically, to account for
underlying trends and seasonality, ARIMA models regress a series of
current observed rates on past values, fitting autoregressive and
moving-average terms (31). We used SAS software’s adaption of the
United States Census Bureau’s X-13ARIMA-SEATS program (X13)
(32, 33), which also includes an automated model selection procedure
(34). The selection procedure uses multiple algorithms to select
ARIMA terms and the best fitting model using the Bayesian
Information Criterion (32). Please see more details in the Data
Supplement (Supplementary Text S1; Supplementary Figure S1).

The ARIMA procedure was chosen to allow for an automated
model specification that would create projections taking into account
secular and seasonal trends. We could then easily compare observed
rates to projected rates and their 95% confidence intervals to
determine how pandemic trends differed from what would
be expected based on historic trends.

There is no definitive guidance on how many time points are
required to apply ARIMA modelling (35). A minimum of 50 time
points has been recommended (31), but this has no empirical basis and
has not been tested formally. In uncomplicated cases, ARIMA can
perform satisfactorily with short time series, as long as there are
enough time points to estimate all parameters on the ARIMA model
(36). In the presence of seasonality, there should be enough time points
to identify the seasonal effects and to account for seasonal differencing.

frontiersin.org
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TABLE 1 Monthly crude rates of outpatient visits for the separate Ambulatory Care Sensitive Conditions (ACSCs) during the first year of the COVID-19 pandemic with the crude rate ratios (RR) and confidence
intervals (Cl) to compare to similar periods in previous years.

Outcomes 2017-19 Pre- RR 2017-19 Wave | RR 2017-19 Summer RR 2017-19 Wave Il RR
COVID (95%Cl) 2020 (95%Cl) Lull 2020 (95%Cl) 2020-21  (95%Cl)
2020
January—February March—May June—August September—March
Monthly rates per Monthly rates per Monthly rates per Monthly rates per
100,000 people 100,000 people 100,000 people 100,000 people
Chronic obstructive pulmonary disease (COPD)
0.90 0.79 0.78 0.75
Primary care 160.09 143.80 159.29 126.40 136.38 105.73 150.41 112.55
(0.74-1.09) (0.71-0.89) (0.70-0.86) (0.68-0.82)
1.03 0.86 0.97 1.09
Relevant specialty 68.45 70.19 78.08 66.77 70.72 68.40 71.75 78.13
(0.92-1.15) (0.78-0.94) (0.90-1.04) (1.00-1.19)
1.55 64.82 63.42 20.42
Virtual, total 1.75 271 2.06 133.27 1.97 124.67 6.33 129.20
(0.99-2.42) (43.36-96.92) (46.38-86.72) (8.16-51.10)
Asthma
0.95 1.26 1.02 0.89
Primary care 213.10 20220 207.87 261.25 183.35 187.04 207.82 184.68
(0.76-1.19) (1.08-1.46) (0.92-1.13) (0.79-1.00)
1.10 1.00 113 1.23
Relevant specialty 73.34 80.50 82.41 82.41 75.63 85.54 77.72 95.39
(0.96-1.25) (0.90-1.11) (1.05-1.22) (1.13-1.33)
113.88 86.76
2.11 17.13
Virtual, total 2.03 4.28 2.34 266.99 (75.91- 255 221.10 (57.52- 12.68 217.24
(1.39-3.19) (5.77-50.82)
170.85) 130.87)
Angina
0.88 0.75 0.85 0.86
Primary care 40.04 35.09 43.55 32.70 39.59 33.80 38.92 33.42
(0.75-1.03) (0.67-0.84) (0.77-0.95) (0.78-0.94)
1.03 0.81 0.91 1.00
Relevant specialty 51.27 52.87 58.85 47.52 58.08 52.84 55.73 55.94
(0.81-1.32) (0.75-0.87) (0.84-0.98) (0.89-1.13)
s 132.69 279.61 35.84
Virtual, total 0.39 0.45 o 26’ 516 0.36 4758 (42.52- 0.20 55.71 (110.69- 1.55 55.42 (10.79-
R 414.12) 706.36) 119.03)
Congestive heart failure (CHF)
1.04 0.99 1.09 111
Primary care 92.13 95.53 101.61 100.17 95.55 104.48 94.02 104.75
(0.93-1.16) (0.93-1.04) (1.02-1.17) (1.05-1.18)
1.10 0.91 1.10 1.13
Relevant specialty 84.06 92.09 96.05 87.33 88.91 97.59 90.23 101.55
(0.98-1.23) (0.84-0.98) (1.02-1.18) (1.05-1.21)
(Continued)
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TABLE 1 (Continued)

Outcomes

2017-19 Pre-
COVID
2020

January—February

Monthly rates per
100,000 people

RR
(95%Cl)

2017-19 Wave |

2020

March—May

Monthly rates per
100,000 people

RR
(95%Cl)

2017-19 Summer

Lull 2020

June—August

Monthly rates per
100,000 people

RR
(95%Cl)

2017-19 Wave Il

2020-21

September—March

Monthly rates per
100,000 people

RR
(95%Cl)

29 221.55 249.52 32.67
1.
Virtual, total 0.53 0.68 (1.08-1.55) 0.50 110.97 (147.33- 0.45 112.43 (168.60- 331 108.04 (10.10-
o 333.18) 369.28) 105.66)
Diabetes
1.07 0.80 0.97 1.04
Primary care 1510.50 1611.26 1676.76 1335.98 1585.48 1545.17 1596.48 1659.51
(0.95-1.19) (0.73-0.87) (0.92-1.03) (0.97-1.12)
1.11 1.03 1.19 1.19
Relevant specialty 333.58 369.86 373.44 385.52 343.01 406.69 353.61 421.41
(1.02-1.21) (0.95-1.12) (1.12-1.26) (1.10-1.29)
168.96 183.11
2.39 34.10 (11.11-
Virtual, total 5.71 13.67 6.68 1128.21 (105.42— 7.22 1322.19 (117.05- 39.07 1333.93
(1.45-3.95) 104.62)
270.80) 286.46)
Hypertension
1.01 0.80 0.89 0.95
Primary care 1681.99 1695.46 1851.64 1487.88 1716.44 1533.65 1744.27 1660.16
(0.90-1.13) (0.75-0.86) (0.83-0.96) (0.88-1.02)
1.00 0.75 0.91 1.05
Relevant specialty 111.20 110.88 126.98 95.81 112.29 101.95 113.98 119.33
(0.89-1.11) (0.70-0.81) (0.85-0.97) (0.97-1.13)
) 6.28 1053.13 167.75 7.46 1117.46 149.84 38.18 1119.79 29.33
71
Virtual, total 5.35 14.48 (94.98- (94.34- (9.69-88.73)
(1.30-5.65)
296.26) 238.00)
Epilepsy
Primary care 27.23 25.34 0.93 28.05 25.68 0.92 27.19 29.25 1.08 26.61 29.63 1.11
(0.83-1.04) (0.87-0.96) (1.01-1.14) (1.04-1.19)
Relevant specialty 43.40 45.60 1.05 47.57 46.73 0.98 43.86 48.38 1.10 44.66 53.26 1.19
(0.95-1.16) (0.89-1.08) (1.04-1.17) (1.10-1.29)
Virtual, total 1.06 1.55 1.47 1.12 52.26 46.53 1.20 60.19 50.29 2.49 63.33 25.40 (12.20-
(1.13-1.90) (31.63-68.45) (40.36-62.67) 52.87)

In bold: statistically significant. CI, confidence intervals; ED, emergency department; RR, rate ratios.
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TABLE 2 Monthly crude rates of hospitalizations and emergency department (ED) for the separate Ambulatory Care Sensitive Conditions (ACSCs) during the first year of the COVID-19 pandemic with the crude rate
ratios (RR) and confidence intervals (Cl) to compare to similar periods in previous years.

Outcomes 2017-19 Pre- RR 2017-19 Wave | RR 2017-19 Summer RR 2017-19 Wave Il RR
COVID (95%Cl) 2020 (95%Cl) Lult 2020 (95%Cl) 2020-21  (95%Cl)
2020
January—February March—May June—August September—March
Monthly rates per Monthly rates per Monthly rates per Monthly rates per
100,000 people 100,000 people 100,000 people 100,000 people
Hospitalizations for ACSCs
0.88 0.56 0.63 0.49
COPD 23.30 20.49 20.12 11.26 15.47 9.78 19.3 9.42
(0.70-1.10) (0.48-0.65) (0.58-0.69) (0.43-0.56)
0.86 0.54 0.54 0.45
Asthma 1.70 1.47 1.66 0.90 1.23 0.66 1.55 0.70
(0.70-1.05) (0.43-0.68) (0.44-0.65) (0.39-0.52)
0.84 0.60 0.81 0.77
Angina 3.03 2.53 3.13 1.87 3.04 2.48 2.90 223
(0.74-0.95) (0.53-0.67) (0.75-0.89) (0.70-0.85)
1.05 0.70 0.94 0.86
CHF 18.62 19.51 20.15 14.20 17.29 16.18 18.61 16.09
(0.95-1.15) (0.65-0.81) (0.91-0.96) (0.82-0.92)
1.07 0.87 1.05 0.94
Diabetes 5.02 5.38 5.02 436 4.84 5.08 5.09 4.80
(0.94-1.23) (0.82-0.92) (0.98-1.13) (0.89-1.00)
1.06 0.68 0.98 1.01
Hypertension 1.57 1.66 1.68 115 1.51 1.48 1.62 1.64
(0.92-1.22) (0.58-0.80) (0.85-1.12) (0.91-1.13)
1.03 0.74 0.91 0.94
Epilepsy 2.55 2.62 2.63 1.96 2.69 243 2.60 244
(0.90-1.17) (0.65-0.81) (0.84-0.98) (0.88-1.01)
Emergency department (ED) visits for ACSCs
0.88 0.54 0.59 0.46
COPD 4521 39.80 4037 21.93 32.13 19.04 39.14 17.82
(0.71-1.10) (0.46-0.64) (0.55-0.64) (0.41-0.51)
0.89 0.63 0.54 0.45
Asthma 17.20 15.24 17.03 10.69 13.96 7.47 16.82 7.58
(0.72-1.10) (0.49-0.80) (0.47-0.60) (0.39-0.52)
0.88 0.68 0.83 0.79
Angina 8.80 7.73 9.07 6.17 8.56 7.06 8.51 671
(0.80-0.97) (0.62-0.74) (0.78-0.88) (0.73-0.85)
1.00 0.64 0.87 0.81
CHF 24.54 24.49 2647 17.07 22.96 20.01 24.07 19.61
(0.88-1.13) (0.58-0.71) (0.84-0.90) (0.76-0.87)
1.02 0.69 0.90 0.86
Diabetes 13.67 13.88 14.10 9.79 13.72 12.37 13.39 1151
(0.90-1.14) (0.63-0.76) (0.86-0.94) (0.81-0.91)
112 0.68 0.93 0.96
Hypertension 23.79 26.54 24.80 16.87 20.52 19.12 24.34 23.33
(1.04-1.20) (0.59-0.78) (0.85-1.02) (0.89-1.03)
1.00 0.74 0.82 0.87
Epilepsy 6.70 6.69 7.15 532 7.41 6.08 6.92 6.00
(0.92-1.09) (0.68-0.82) (0.76-0.88) (0.83-0.91)

In bold: statistically significant. CI, confidence intervals; ED, emergency department; RR, rate ratios.
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TABLE 3 Observed and projected monthly rates and 95% confidence intervals (Cl) estimated by ARIMA Models for outpatient visits for the separate Ambulatory Care Sensitive Conditions (ACSCs) during the first
year of the COVID-19 pandemic: rates were calculated as the number of events per 100,000 people at risk.

Outcomes Observed Projected (95% ClI) Observed Projected (95% Cl) Observed Projected (95% ClI) Observed Projected (95%
Cl)
Pre-COVID Wave | Summer Lull Wave Il
January—February 2020 March—May 2020 June—August 2020 September 2020—-March 2021
COPD
ACSC specialty 70.19 65.99 (60.14-72.41) 66.77 80.35 (73.10-88.31) 68.40 71.35 (64.24-79.25) 78.13 72.49 (64.60-81.35)
Primary care 143.80 139.73 (126.88-153.87) 126.40 142.86 (129.61-157.48) 105.73 121.05 (109.64-133.65) 112.55 133.96 (120.92-148.41)
Virtual visit 271 2.78 (2.35-3.21) 133.27 3.13 (2.66-3.60) 124.67 2.96 (2.38-3.54) 129.20 3.18 (2.42-3.93)
Asthma
ACSC specialty 80.50 74.21 (66.25-83.13) 82.41 84.11 (75.08-94.22) 85.54 76.78 (68.55-86.01) 95.39 79.54 (70.66-89.54)
Primary care 202.20 189.90 (168.13-214.49) 261.25 196.79 (173.13-223.69) 187.04 171.15 (149.96-195.32) 184.68 188.29 (163.85-216.44)
Virtual visits 428 4.57 (4.00-5.14) 266.99 4.30 (3.52-5.09) 221.10 4.56 (3.30-5.83) 217.24 4.80 (3.00-6.60)
Angina
ACSC specialty 52.87 50.63 (42.42-58.84) 47.52 60.43 (51.97-68.89) 52.84 62.08 (52.91-71.25) 55.94 62.14 (51.34-72.93)
Primary care 35.09 33.82 (30.86-37.06) 32.70 36.54 (33.34-40.05) 33.80 33.15 (30.25-36.33) 33.42 33.05 (30.07-36.33)
Virtual visit 0.45 0.30 (0.06-1.38) 47.58 0.14 (0.03-0.80) 55.71 0.15 (0.02-1.03) 55.42 0.15 (0.02-1.03)
CHF
ACSC specialty 92.09 86.87 (80.17-94.13) 87.33 103.80 (95.37-112.97) 97.59 94.68 (86.42-103.73) 101.55 97.53 (88.34-107.70)
Primary care 95.53 95.11 (88.53-102.18) 100.17 103.71 (96.54-111.43) 104.48 97.61 (90.85-104.87) 104.75 96.42 (89.40-104.00)
Virtual visit 0.68 0.45 (0.08-0.81) 110.97 0.45 (0.08-0.81) 11243 0.45 (0.08-0.81) 108.04 0.45 (0.08-0.81)
Diabetes
ACSC specialty 369.86 358.38 (335.34-382.99) 385.52 404.39 (374.13-437.13) 406.69 370.98 (340.49-404.20) 421.41 384.98 (351.37-421.84)
Primary care 1611.26 1,470.68 (1,366.01-1,583.37) 1335.98 1,675.04 (1,554.45-1,804.99) 1545.17 1,580.98 (1,466.51-1,704.38) 1659.51 1,626.34 (1,502.23-1,760.89)
Virtual visit 13.67 12.66 (11.33-14.00) 1128.21 13.02 (11.67-14.38) 1322.19 14.11 (12.13-16.08) 1333.93 15.45 (12.34-18.55)
Hypertension
ACSC specialty 110.88 104.71 (95.50-114.80) 95.81 124.65 (113.44-136.97) 101.95 109.09 (98.19-121.21) 119.33 110.77 (97.96-125.30)
Primary care 1695.46 1,635.88 (1,514.66-1,766.80) 1487.88 1,826.44 (1,690.92-1,972.82) 1533.65 1,613.51 (1,470.97-1,769.86) 1660.16 1,699.95 (1,543.27-1,872.75)
Virtual visit 14.48 13.50 (12.45-14.54) 1053.13 15.57 (14.22-16.91) 1117.46 16.36 (14.14-18.58) 1119.79 18.03 (14.76-21.30)
Epilepsy
ACSC specialty 45.60 43.70 (39.80-47.97) 46.73 48.70 (44.26-53.58) 48.38 45.21 (41.05-49.79) 53.26 45.62 (41.21-50.52)
Primary care 25.34 24.05 (22.23-26.03) 25.68 26.03 (23.96-28.27) 29.25 24.93 (22.75-27.32) 29.63 24.65 (22.09-27.50)
Virtual visit 1.55 1.38 (1.14-1.63) 52.26 1.45 (1.18-1.72) 60.19 1.46 (1.14-1.78) 63.33 1.4 (1.02-1.85)

Similar periods in previous years (2016-2019) were used to calculate projected rates. In bold: observed rates outside the projected 95% confidence intervals of projected rates were considered as significantly different.

‘e 19 eysiazpuay

020152T'$202'Yand}/685¢ 0T


https://doi.org/10.3389/fpubh.2023.1251020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

U1eaH J1gNd Ul S491UO0S

TABLE 4 Observed and projected monthly rates and 95% confidence intervals (Cl) estimated by ARIMA Models for hospitalizations and emergency department (ED) for the separate Ambulatory Care Sensitive
Conditions (ACSCs) during the first year of the COVID-19 pandemic: rates were calculated as the number of events per 100,000 people at risk.

‘e 19 eysiazpuay

80

610" uISIa1U0L

Outcomes Observed Projected (95% Observed Projected (95% Observed Projected (95% Observed Projected (95%
Cl) Cl) Cl) Cl)
Pre-COVID Wave | Summer Lull Wave I
January—February 2020 March—May 2020 June—August 2020 September 2020—-March 2021
ED visit
Asthma 15.24 16.12 (13.65-19.04) 10.69 15.51 (13.04-18.43) 7.47 12.72 (10.66-15.18) 7.58 15.28 (12.77-18.30)
COPD 39.80 40.19 (34.89-46.31) 21.93 39.17 (32.66-47.00) 19.04 31.63 (25.89-38.65) 17.82 37.39 (30.42-45.98)
Angina 7.73 7.69 (7.05-8.38) 6.17 7.97 (7.29-8.71) 7.06 7.55 (6.84-8.32) 6.71 7.65 (6.84-8.55)
CHF 24.49 2539 (23.33-27.44) 17.07 27.29 (25.23-29.35) 20.01 23.35 (21.29-25.41) 19.61 24.84 (22.76-26.92)
Hypertension 26.54 25.45 (23.21-27.68) 16.87 26.18 (23.89-28.47) 19.12 22.08 (19.59-24.58) 23.33 26.19 (23.28-29.10)
Diabetes 13.88 13.53 (12.84-14.26) 9.79 13.91 (13.17-14.70) 12.37 13.43 (12.66-14.25) 11.51 13.41 (12.64-14.24)
Epilepsy 6.69 6.51 (6.04-7.01) 5.32 6.96 (6.46-7.50) 6.08 7.11 (6.60-7.66) 6.00 6.73 (6.24-7.26)
Hospitalizations
Asthma 1.47 1.68 (1.32-2.14) 0.90 1.69 (1.33-2.15) 0.66 1.21 (0.95-1.54) 0.70 1.51 (1.18-1.93)
COPD 20.49 20.79 (18.21-23.73) 11.26 19.52 (16.50-23.09) 9.78 15.21 (12.64-18.30) 9.42 18.43 (15.22-22.32)
Angina 2.53 2.64 (2.31-3.02) 1.87 277 (2.42-3.17) 248 2.60 (2.27-2.98) 2.23 2.58 (2.25-2.96)
CHF 19.51 19.50 (18.40-20.68) 14.20 20.87 (19.64-22.18) 16.18 17.94 (16.85-19.11) 16.09 19.68 (18.46-20.99)
Hypertension 1.66 1.61 (1.30-1.99) 115 1.58 (1.28-1.96) 1.48 1.59 (1.28-1.97) 1.64 1.59 (1.28-1.98)
Diabetes 538 5.10 (4.62-5.59) 4.36 5.07 (4.57-5.57) 5.08 4.89 (4.38-5.41) 4.80 5.08 (4.56-5.60)
Epilepsy 2.62 2.54 (2.23-2.89) 1.96 2.60 (2.28-2.97) 243 2.68 (2.35-3.06) 2.44 259 (2.27-2.97)

Similar periods in previous years (2016-2019) were used to calculate projected rates. In bold: observed rates outside the projected 95% confidence intervals of projected rates were considered as significantly different.

020152T'$£202'Yand}/685¢ 0T


https://doi.org/10.3389/fpubh.2023.1251020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Kendzerska et al.

Usually, at least 4-5years of data is recommended to forecast for
1-2years, which was implemented in our study. More historical data
also allows for greater flexibility in ARIMA model parameter selection
as higher order models require more observations (36).

For each outcome, we used the best fitting model identified using the
selection procedure described above to project monthly rates for 13 months
following February 2020. While comparing observed vs. projected rates,
we considered observed rates outside the projected 95% ClIs to
be significantly different (37). We graphically presented comparisons
between observed and projected monthly rates as a time series. Mean rates
across the four time periods were presented in tabular form.

All data analyses were performed using SAS (version 9.4 using
SAS Enterprise guide version 7.15.3) following Ontario privacy
standards in the secure environment at ICES.

2.6.1 Subgroup analysis

We stratified analyses by sex and age group (18-24, 25-34, 35-49,
50-64, and 65years and older).

3 Results

In March 2020, there were 12,211,898 adults in Ontario: 51.1%
females and 21.9% 65 years and older.

10.3389/fpubh.2023.1251020

Variations in rates and rate ratios of outpatient visits, ED visits,
and hospitalizations compared to similar periods in previous years
were found between ACSC, as presented in Tables 1-4 and
Supplementary Tables S4-59. Rates of virtual outpatient visits were
significantly elevated during the first year of the pandemic for all
ACSCs (Tables 1, 3).

3.1 Respiratory conditions

3.1.1 Asthma

Primary care visit rates were higher than projected during
Wave I (261.3 vs. 196.8, 95% CI: 173.1-223.7), but returned to
projected during Summer Lull and Wave II (Figure 1). Specialty
visit rates remained as projected during Wave I and Summer Lull
and were higher than projected during Wave II (95.4 vs. 79.5, 95%
CI: 70.7-89.5) (Figure 1). We observed significant reductions in
ED visits and hospitalizations vs. projected rates during the first
year of the pandemic (Figure 1).

During Wave I, primary care visits were above projected for
all, but individuals 65 years or older. Similarly, specialist care
during Wave II remained above projected for all, but individuals
65years or older. Age and sex did not influence inpatient
visit trends.
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FIGURE 1
Observed versus projected monthly rates per 100,000 people at-risk for asthma: (A) Acute care visits: emergency department (ED) visits or
hospitalizations; (B) Outpatient visits: primary care or relevant specialty visits; ambulatory-care-sensitive conditions (ACSCs).
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3.1.2 COPD

We observed a significant reduction in primary care visit rates
during the first year of the pandemic (112.6 vs. 134.0, 95% CI: 120.9—-
148.4 during Wave II) (Figure 2). Observed speciality visit rates were
lower than projected during Wave I, but then returned to projected
during Summer Lull and Wave II (Figure 2). Further, during the first
year of the pandemic, we observed significant reductions in ED visits
and hospitalizations observed vs. projected rates (Figure 2).

Age and sex did not influence outpatient and inpatient
visit trends.

3.2 Cardiometabolic conditions

3.2.1 Angina

Primary care visit rates were lower than projected during Wave I,
but then returned to projected during Summer Lull and Wave II (33.4
vs. 33.1, 95% CI: 30.1-36.3 during Wave II) (Figure 3). Specialty visit
rates were lower than projected during Wave I and Summer Lull and
returned to projected during Wave II (55.9 vs. 62.1, 95% CI: 51.3—
72.9) (Figure 3). We observed significant reductions in ED visits and

10.3389/fpubh.2023.1251020

hospitalizations rates vs. projected rates during Waves I and IT, which
returned to projected during Summer Lull (Figure 3).

Primary and specialty care visits, ED visits and hospitalizations
rates remained as projected during the first year of the pandemic for
individuals 18-34years old. In females, hospitalizations remained
below projected during the first year of the pandemic. In men,
hospitalizations returned to projected during Summer Lull and
Wave II.

3.2.2 CHF

Primary outpatient visit rates remained as projected during Wave
I and Summer Lull and became significantly higher than projected
during Wave IT (104.8 vs. 96.4, 95% CI: 89.4-104.0) (Figure 4).
Specialty visits were reduced during Wave I and then returned to the
projected during Summer Lull and Wave II (Figure 4). We observed
significant reductions in ED visits and hospitalizations rates vs.
projected rates during the first year of the pandemic (Figure 4).

Primary care visit rates remained as projected during the first
year of the pandemic for individuals 18-34 and older than 65 years
old. Specialty care visit rates remained as projected during the first
year of the pandemic for individuals 18-34 years old. The ED visits
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FIGURE 2
Observed versus projected monthly rates per 100,000 people at-risk for chronic obstructive pulmonary disease (COPD): (A) Acute care visits:
emergency department (ED) visits or hospitalizations; (B) Outpatient visits: primary care or relevant specialty visits; ambulatory-care-sensitive
conditions (ACSCs).
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and hospitalizations remained as projected for individuals
18-49 years old.

3.2.3 Hypertension

Primary care and specialty visits were reduced during Wave I and
returned to projected during Summer Lull and Wave II (Figure 5).
There was a significant decrease in ED visit rates during Wave I and
Summer Lull, which returned to the projected during Wave IT (23.3 vs.
26.2, 95% CI: 23.3-29.1) (Figure 5). We observed a significant
reduction in hospitalizations rates only during Wave I, which returned
to the projected during Summer Lull and Wave II (Figure 5).

Primary care pattern was similar across age and sex subgroups.
Specialty visit rates remained as projected for the entire year in
individuals 25-34years old. Hospitalization rates remained as
projected in individuals 18-64 years old.

3.2.4 Diabetes

During Wave I, we observed a significant reduction in primary
care visit rates (1,336.0 vs. 1,675.0, 95% CI: 1,554.5-1,805.0); rates
returned to the projected during Summer Lull and Wave II (Figure 6).
The specialty visit rates were reduced compared to the projected
during Wave I and then returned to the projected (Figure 6).
We observed a significant reduction in ED visit rates during the first

10.3389/fpubh.2023.1251020

year of the pandemic (Figure 6). A significant reduction in
hospitalization rates was observed only during only Wave I, which
returned to the projected during Summer Lull and Wave II (Figure 6).

Primary care rates increased above projected during Wave II in
individuals 18-34years old. Specialty visit rates increased above
projected during Wave II in individuals 18-49 years old and females.
Hospitalization rates remained as projected for individuals 35-64 years
old for the entire year.

3.3 Epilepsy

While outpatient primary care visits remained as projected
during Wave I, rates increased significantly above the projected
during Summer Lull and Wave II (29.6 vs. 24.7, 95% CI: 22.1-27.5
during Wave II) (Figure 7). Specialty visits remained as projected
during Wave I and Summer Lull, then increased significantly
during Wave II (53.26 vs. 45.62, 95% CI: 41.21-50.52) (Figure 7).
We observed a significant reduction in ED visit rates during the first
year of the pandemic (Figure 7). A significant reduction in
hospitalization rates was observed only during Wave I, which
returned to the projected during Summer Lull and Wave II
(Figure 7).
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FIGURE 3
Observed versus projected monthly rates per 100,000 people at-risk for angina: (A) Acute care visits: emergency department (ED) visits or
hospitalizations; (B) Outpatient visits: primary care or relevant specialty visits; ambulatory-care-sensitive conditions (ACSCs).
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Age and sex did not influence outpatient care visit rates.
Hospitalization rates remained as projected among individuals 18-24
and 34-49years old.

4 Discussion

We conducted a population study of trends in outpatient
visits, ED visits, and hospitalizations in the first year of the
COVID-19 pandemic and found notable variations for seven
ACSCs. While initial reductions in outpatient visits resolved
towards the end of the first year, they remained low for
COPD. Encouragingly, these reductions did not result in more
hospitalizations for any ASCS; in fact, hospitalizations were low
for asthma, COPD, and CHEF. To the best of our knowledge, ours
is the first population study examining trends in all outpatient
visits, ED visits, and hospitalizations for seven ACSCs. Its
examination of seven ACSC conditions and their rates compared
to previous years reveal significant disruption in the healthcare
system lasting well beyond the initial shock at the beginning of the
pandemic. Luckily this shock did not seem to lead to an
overwhelming number of hospitalizations, and it is important to
understand how catastrophe was avoided.

10.3389/fpubh.2023.1251020

Regardless of outpatient visit trends, observed ED visits and
hospitalizations did not exceed projected rates in post-pandemic
periods. Rates of ED visits remained below projected during the
first year of the pandemic for asthma, COPD, angina, diabetes,
and epilepsy, and returned to projected for CHF and
hypertension. Among the seven ACSCs, reductions in inpatient
visits (both ED visits and hospitalizations) were most pronounced
for COPD and asthma. CHF-related hospitalizations also
consistently decreased during the pandemic, albeit to a
lesser extent.

There are several possible explanations for why low rates of
outpatient visits did not result in more ED visits and hospitalizations
as would be expected of ACSCs. First, patients avoided the ED and
hospital because they feared catching COVID-19 (1, 38-40). This is
concerning because not seeking care may have resulted in them
being admitted later with more advanced disease (41-43). Second,
a focus on COVID-19 meant essential healthcare services were not
available for non-COVID-19 conditions, thus limiting resources for
ACSC patients (44-46). Third, lower rates of screening and
diagnostic testing prevented the recognition of patients requiring
hospitalization (47, 48). Fourth, there was a true decrease in need
for ACSC hospitalizations because stay-at-home orders led to fewer
circulating seasonal respiratory viruses, less air pollution, and
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FIGURE 4
Observed versus projected monthly rates per 100,000 people at-risk for congestive heart failure (CHF): (A) Acute care visits: emergency department
(ED) visits or hospitalizations; (B) Outpatient visits: primary care or relevant specialty visits; ambulatory-care-sensitive conditions (ACSCs).
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patients having more time to focus on their health (1, 49, 50). In
support of the latter, we demonstrated the most pronounced
reductions in inpatient visits for COPD and asthma as a possible
unintended benefit. In addition, an increase in adherence to
medications for asthma and COPD was also noted this time (51—
53). Fifth, low rates of outpatient visits may not have resulted in
more ED visits and hospitalizations because virtual care was able to
effectively replace in-person visits (1, 45, 54). Finally, it may not
be one of these explanations, but many of them in combination.
Future research on which of these explanations/strategies are most
prominent is important to guide where resources are best placed for
the next pandemic. Given the possible importance of respiratory
viruses as a trigger for exacerbations of certain ACSCs, maybe more
resources should be devoted to preventing the spread of respiratory
infection through ventilation and vaccination as a public health
intervention. Virtual care and stay-at-home orders are arguably
effective strategies. Nonetheless, those strategies are greatly
disruptive and have their own risks; therefore, more studies to learn
how to refine these strategies should be done in anticipation of
future pandemics or other disasters.

Our study was consistent with others that demonstrated
reductions in outpatient care during the pandemic. For example,

10.3389/fpubh.2023.1251020

there was a significant decrease in diabetes-related outpatient care
visits at the beginning of the pandemic, with a rebound in the later
stages (55, 56), and an increase in telemedicine utilization (56).
We found an increase in outpatient primary care visits for asthma
in the first two months of the pandemic, which may be explained
by an overlap in symptoms between asthma and COVID-19 and
limited access to COVID-19 testing and specialists at the beginning
of the pandemic. This was in contrast to existing literature, where a
reduction in outpatient primary care visits for asthma was observed
(57, 58). Our findings also agreed with studies demonstrating a
decline in in-person medical visits for chronic cardiovascular
conditions at the beginning of the pandemic, specifically reductions
in hospitalizations and ED visits by 25-85% (16, 59-61), 40-80%
(62, 63), and 16% (16) for angina, CHE and hypertension,
respectively. Inpatient and ED visits for COPD or asthma declined
by approximately 40 and 80%, respectively, at the beginning of the
pandemic (15, 64, 65). Similarly, epilepsy-related hospitalizations
and ED visits were found to be significantly decreased (4-38%)
during the early stages of the COVID-19 pandemic despite
antiepileptic medication shortages and increased barriers to
in-person tests such as EEG monitoring (9, 66-68). Again, public
health restrictions and lock-down measures might have led to
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improved home management of epilepsy (67), which is supported
by high patient satisfaction and lower no-show rates associated with
telehealth solutions such as electronic seizure journals, mobile apps,
and video conferencing (69).

Our study extends these previous findings by detailing the
health system response, which is important for many reasons.
First, we demonstrated that - despite the introduction of virtual
care and adaptations - disruptions in the health care system and,
specifically, the care provided for certain diseases such as COPD
persisted until the end of the first year of the pandemic. Some
may argue that this is the “new normal” and extends beyond the
first year and/or reverberates in other ways in the population.
Second, should another crisis occur, perhaps in the form of a new
COVID-19 variant, our findings can guide a future response by
suggesting where resources are best placed to maintain the health
of the population. In addition, predicted mortality and
morbidity rates from observed trends would allow the healthcare
system to anticipate the impact of future pandemics. Finally, the
first year of the pandemic held a lot of uncertainty, which caused
a lot of stress and anxiety. Our results can be used to inform the
and healthcare what
future pandemics.

public providers to expect in

10.3389/fpubh.2023.1251020

Our study has number of strengths, including its inclusion of a
large complete population, near-complete data during the first year of
the pandemic on acute as well as ambulation care trends, monthly
level analysis, open cohort study design, and the use of ARIMA
modelling to project rates to account for any underlying trends and
seasonality before the COVID-19 pandemic.

This study also has limitations. First, we were able to observe
trends in outpatient visits and hospitalizations, but lacked detailed
knowledge on what those health services were being used for.
Second, while we can speculate on reasons for people not using
health services, we lack knowledge of individual patient and
healthcare provider motivations. Third, there are many other
influences on the healthcare system we did not capture that could
have influenced trends in ACSCs, such as visits for non-ACSCs such
as COVID-19, delays and a backlog of surgery, which hospitals
worked to correct, and health human resources issues with many
providers experiencing illness and burnout. Next, with cross-
national differences in COVID-19 pandemic-related shutdowns,
public health and government mandates related to outbreak control,
and resumptions to pre-pandemic levels of healthcare system
functioning (70), these trends may have been different in different
countries. Finally, it is still not clear what the persistent reductions
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FIGURE 6
Observed versus projected monthly rates per 100,000 people at-risk for diabetes: (A) Acute care visits: emergency department (ED) visits or
hospitalizations; (B) Outpatient visits: primary care or relevant specialty visits; ambulatory-care-sensitive conditions (ACSCs).
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FIGURE 7
Observed versus projected monthly rates per 100,000 people at-risk for epilepsy: (A) Acute care visits: emergency department (ED) visits or
hospitalizations; (B) Outpatient visits: primary care or relevant specialty visits; ambulatory-care-sensitive conditions (ACSCs).

in COPD, asthma and CHF signify, and it is possible they have led ~ ICES. While legal data sharing agreements between ICES and data
to poor outcomes beyond the first year of the pandemic. It is also  providers (e.g., healthcare organizations and government) prohibit
not clear if the recovery of the other ACSC was sustained beyond  ICES from making the dataset publicly available, access may
that first year; thus, further study of the second years up until today  be granted to those who meet pre-specified criteria for confidential
is needed. Further studies are also needed to explore trends by the  access, available at www.ices.on.ca/DAS (email: das@ices.on.ca). The
COVID-19 hotspot status. full dataset creation plan and underlying analytic code are available
from the authors upon request, understanding that the computer
programs may rely upon coding templates or macros that are unique
5 Conclusion to ICES and are, therefore, either inaccessible or may require
modification. Requests to access the datasets should be directed to
In this province-based study, we demonstrated variation in  ICES data sharing, das@ices.on.ca.
outpatient visit trends for different ACSCs in the first year of the
COVID-19 pandemic. No outpatient visit trends resulted in increased
hospitalizations for any ACSC; however, reductions in rates of asthma, Ethics statement
COPD, and CHF hospitalizations persisted. Future research should
examine healthcare use beyond the first year of the pandemic to The studies involving humans were approved by ICES. ICES is an
determine if these trends continued and/or how they reverberated to  independent non-profit institution and a prescribed entity under
impact the health of the population. Personal Health Information Protection Act (PHIPA) in Ontario.
Under section 45 of PHIPA, ICES is authorized to collect personal
health information without consent to compile statistical information
Data availabili ty statement or analysis concerning managing, allocating resources to, monitoring,
evaluating or planning for the health system. The studies were
The datasets presented in this article are not readily available ~ conducted in accordance with the local legislation and institutional
because the dataset from this study is held securely in coded form at ~ requirements. Written informed consent for participation was not
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required from the participants or the participants' legal guardians/next
of kin
institutional requirements.

in accordance with the national legislation and
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