
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

McNaughton et al. BMC Cardiovascular Disorders           (2025) 25:82 
https://doi.org/10.1186/s12872-025-04492-3

BMC Cardiovascular Disorders

*Correspondence:
Candace D. McNaughton
candace.mcnaughton@utoronto.ca

Full list of author information is available at the end of the article

Abstract
Background  Health system disruptions since onset of the COVID-19 pandemic may have adversely impacted 
adherence to medications for common cardiovascular risk factors.

Methods  We examined adherence to and discontinuation of incident prescriptions for medications treating 
hypertension, dyslipidemia, diabetes, and atrial fibrillation in Ontario, Alberta, and Nova Scotia, Canada. We compared 
the recent period (April 1, 2020 through most recently available follow-up: September 30, 2021 for Ontario; March 
31, 2021 for Alberta; and March 31, 2022 for Nova Scotia) to the baseline, pre-pandemic period (April 1, 2014 through 
March 31, 2019). In each province, people aged ≥66 years with a valid health number and corresponding incident 
prescription were included. For each medication class, adherence in the recent period, defined as ≥ 0.80 proportion-
of-days-covered (PDC), was compared to the pre-pandemic period using modified Poisson regression with robust 
error variance, adjusted for patient characteristics. Similarly adjusted Cox proportional hazards models compared 
hazard of discontinuation over one year of follow-up between the two time periods.

Results  In the recent period, PDC ranged from 48.9% for dyslipidemia medications in Alberta to 82.2% for 
anticoagulants in Nova Scotia. Adherence was not different between periods, with the following exceptions: 
higher adherence in the recent period for antihypertensives (adjusted risk ratios [aRR] 1.08, 95% CI 1.06–1.10) 
and dyslipidemics (aRR 1.07, 95% CI 1.04–1.09) in Nova Scotia, and for antihyperglycemics (aRR 1.10, 95% CI 1.08–
1.14) and anticoagulants (1.15, 95% CI 1.12, 1.18) in Alberta. Adherence was lower in the recent period only for 
antihypertensives in Alberta (aRR 0.95, 95% CI 0.93, 0.97). One-year rates of discontinuation ranged from 20.9% for 
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Background
Cardiovascular and vascular diseases are among the lead-
ing causes of death and disability globally. Medications to 
treat vascular risk factors are among the most effective 
tools to reduce their risk [1]. Patient adherence to medi-
cal therapy for hypertension, hyperlipidemia, diabetes, 
and atrial fibrillation have been shown to improve quality 
of life, survival, and cardiovascular health outcomes [2, 
3].

With onset of the COVID-19 pandemic in 2020, health 
systems were disrupted by both direct changes to health-
care delivery and by indirect effects of public health pro-
tections (e.g., travel restrictions), temporary limitations 
in medication refills to prevent stockpiling and shortages, 
and patient-reported fear of infection [4–6]. Implemen-
tation of early pandemic-related policies were associated 
with lower medication adherence for chronic conditions 
such as asthma and inflammatory bowel disease [7]. Early 
identification of reduced adherence to medications for 
vascular risk factors is critical in preventing long-term 
negative consequences on cardiovascular events [1]. 
Potential impact on routine medical care, particularly 
medical care for cardiovascular and vascular risk factors, 
is not known. If identified, decline in medication adher-
ence or persistence may require investment of resources 
or policy changes to better support patient health; on the 
other hand, lack of signal of worse adherence suggests 
adaptations may have been effective.

Therefore, our objective was to test the hypothesis 
that there were changes in adherence to and discontinu-
ation of incident prescriptions for medications to treat 
hypertension, dyslipidemia, diabetes, or atrial fibrilla-
tion changed compared to before onset of the COVID-
19 pandemic in the three Canadian provinces of Ontario, 
Alberta, and Nova Scotia.

Methods
Study setting and population
To assess whether adherence or persistence to com-
mon cardiovascular medications changed after 2020 
across multiple universal health care systems, we cre-
ated cohorts of individuals with incident prescriptions 
for medications to treat hypertension, dyslipidemia, 
diabetes, or oral anticoagulation for patients with atrial 

fibrillation between April 1, 2014 and March 31, 2022 
in Ontario, Alberta, and Nova Scotia using population-
level, linked administrative datasets. Supplemental Table 
1 lists data sources for each variable, which include 
population-level administrative databases maintained 
in each province; these databases include vital statistics, 
sociodemographic data, and health system data, includ-
ing medication prescriptions, as well as outpatient and 
inpatient diagnosis and billing codes. Briefly, medication 
prescription data came from each province’s drug benefit 
programmes (administered by the provincial ministries 
of health), which cover drug expenses for all residents in 
Alberta and residents 65 years and older in Ontario and 
Nova Scotia, who are eligible for each province’s publicly 
funded health insurance plan.

Combined, the populations of Ontario, Alberta, and 
Nova Scotia account for 53% of the adult population of 
Canada; each province administers its own universal 
health care system, and data are not shared routinely 
between provinces, so cohorts for each medication class 
were also stratified by province. Inclusion criteria were: 
age 66–105 years; valid healthcare number (required for 
data linkage); at least 1 year of complete follow-up; and 
no prior history of hospitalization for stroke, acute myo-
cardial infarction, or peripheral artery disease (look-back 
window to the 2002, when the International Classifica-
tion of Diseases 10th edition (ICD-10) became available). 
We included adults aged 66 years and older because indi-
viduals 65 years and older are eligible for government 
funding of medication prescriptions in all three prov-
inces, thus ensuring a minimum look-back window of 
one year of prescription records.

In each province, we constructed four separate cohorts 
consisting of incident users of medications to treat: 
hypertension, dyslipidemia, diabetes, and anticoagula-
tion for atrial fibrillation. Definitions for each condition 
and corresponding medication classes are included in 
Supplemental Table 1. For each of the four cohorts, the 
index date was the date on which medication was first 
dispensed within the period. Incident users were defined 
as having no record of dispensed medication within the 
same class within the previous year (maximum look-back 
date for medications of April 1, 2013).

anticoagulants in the Alberta recent period to 56.7% for antihypertensives in the Ontario baseline period. The adjusted 
hazard of discontinuation was lower or unchanged in the recent period for all medication classes.

Conclusions  Despite significant health system disruptions since 2020, recent adherence to incident cardiovascular 
prescriptions was similar or better than before and rates of medication discontinuation were lower. However, 
interventions are still needed to improve existing, suboptimal adherence.

Keywords  Cardiovascular risk factors, Hypertension, Diabetes, Dyslipidemia, Atrial fibrillation, Medication adherence, 
Medication discontinuation, Healthcare delivery
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Ethics approval and consent to participate
This study adhered to the Declaration of Helsinki for 
medical research involving human subjects. Need for 
written informed consent was waived in Ontario in 
accordance with legislation, and in Nova Scotia and 
Alberta via review by institutional review boards (IRBs). 
Use of Ontario’s data in this project was authorized via 
legislation; Sect.  45 of Ontario’s Personal Health Infor-
mation Protection Act sets out confidentiality and safety 
requirements for use of administrative data for research 
without additional research ethics board/IRB approval. 
In accordance with this legislation, Ontario datasets were 
deterministically linked using unique encoded identifiers 
and analyzed at ICES (formerly the Institute for Clinical 
Evaluative Sciences); IRB approvals were obtained from 
the Nova Scotia Health Research Ethics Board (REB 
#1027801) and the University of Calgary Conjoint Health 
Research Ethics Board (REB22-0339), respectively.

Exposure definitions
The primary exposure was time period. The baseline 
period was used as the referent time period and was 
defined as April 1, 2014 through March 31, 2019, to allow 
a minimum of one year follow-up for the baseline period, 
before major health care system disruptions associated 
with onset of the COVID-19 pandemic. We excluded 
April 1, 2019 to March 31, 2020 to provide a minimum 
of one year of follow-up for the baseline period, and to 
ensure everyone included had the same duration of fol-
low-up, patients who died within 365 days were excluded. 
This also excluded several months of widespread, tem-
porary disruptions to health care delivery that occurred 
early in the pandemic but were not reflective of longer-
term health system changes and likely would have biased 
results away from the null. The recent period, defined by 
onset of widespread health system disruptions that began 
during the early phase of the COVID-19 pandemic, 
began in all provinces on April 1, 2020 and ended at the 
most recent available data, which was different for each 
province at the time of this study: September 30, 2021 for 
Ontario, March 31, 2021 for Alberta, and March 31, 2022 
for Nova Scotia.

Outcome definitions
The primary outcome was the one-year medication 
adherence, defined by convention as the proportion of 
days covered (PDC) ≥ 80% for medication classes used to 
treat each condition (i.e., hypertension, dyslipidemia, dia-
betes, and atrial fibrillation, respectively) among incident 
users. (see Supplemental Table 1 for details) [8]. The sec-
ondary outcome of time-to-medication discontinuation, 
or, non-persistence was defined as the number of days 
between the index date (date of first prescription dispens-
ing, i.e., the index date) and interruption in prescription 

refills (i.e., 30 days or more after the date of expected pre-
scription refill).

Statistical analyses
All analyses are presented separately for each condi-
tion of interest (hypertension, dyslipidemia, diabetes, 
and atrial fibrillation) and province (Ontario, Alberta, 
and Nova Scotia). Descriptive statistics for patients with 
incident dispensation for medications to treat one of the 
conditions of interest were stratified by province and pre-
sented as median (interquartile range), or frequency and 
proportion, as appropriate.

Crude and adjusted analysis compared PDC ≥ 80% for 
the baseline period versus recent period. Because the 
outcome was not rare, an estimated odds ratio from a 
logistic regression model will over-estimate the relative 
risk [9]. Therefore, we used modified Poisson regres-
sion models that incorporated a robust variance estima-
tor to estimate the relative risk [10]. Adjusted models 
included the following clinically relevant covariates, cho-
sen a priori because they were associated with both the 
exposure and outcome while not being within the causal 
pathway between them: age (continuous), sex (male/
female), Charlson comorbidity index (< 2 or missing), and 
polypharmacy (≥ 5 prescribed medications at the time of 
index date), and community size. Analyses for Ontario 
and Nova Scotia were also adjusted for neighborhood 
income quintile, but these data were not available in 
Alberta.

Comparison of time-to-first-medication discontinu-
ation for the baseline period versus recent period was 
conducted using Cox proportional hazards models, using 
time period as a fixed binary covariate and the same 
adjusting covariates as above. In planned sensitivity anal-
yses, we used a less strict definition of non-persistence, 
defined as the first interruption in prescription refills lon-
ger than 90 days from the date of the last period covered.

For this hypothesis-generating analysis, the p-value 
threshold was set at 0.05 for all analyses. Analyses were 
conducted using STATA v18.0 (StataCorp LLC, Texas, 
USA) and SAS v9.4 (SAS Institute, Inc, Cary, NC).

Results
Baseline demographic characteristics for each cohort 
by province are reported in Table  1, and exclusions 
are reported in Supplemental Table 2. Median age for 
patients with incident prescriptions for antihyperten-
sives, dyslipidemics, and antihyperglycemics ranged from 
71 to 73 years, while patients started on anticoagulation 
for atrial fibrillation were slightly older, with median 
ages 73 to 78 years. Approximately half of patients with 
incident antihyperglycemics were female, while the pro-
portion of female patients for other conditions ranged 
between 53% and 56%. Baseline characteristics for 
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Ontario Alberta Nova Scotia
Baseline 
Period

Recent 
Period

Stand 
diff

Baseline 
Period

Recent 
Period

Stand 
diff

Baseline 
Period

Recent 
Period

Stand 
diff

n (%) unless otherwise specified
Individuals with an incident prescription for an antihypertensive medication
Population size, N 261,527 61,674 82,693 12,700 18,611 7025
Age, median years (Q1-Q3) 72 (68–78) 72 (68–77) 0.072 73 (69–79) 72 (69–78) 0.088 71 (68–77) 71 (68–75) 0.132
Female 145,410 

(55.6)
34,768 (56.4) 0.016 44,853 (54.2) 7053 (55.5) 0.026 10,361 

(55.7)
3,803 
(54.1)

0.031

Neighborhood income quintile 0.030
Highest 52,022 (19.9) 13,108 (21.3) 0.034 Not available Not 

available
3273 (17.6) 1298 (18.5)

Next to highest 49,781 (19.0) 12,233 (19.8) 0.020 3698 (19.9) 1348 (19.2)
Middle 52,874 (20.2) 12,390 (20.1) 0.003 3741 (20.1) 1446 (20.6)
Next to lowest 54,208 (20.7) 12,247 (19.9) 0.022 4133 (22.2) 1547 (22.0)
Lowest 51,951 (19.9) 11,518 (18.7) 0.030 3707 (19.9) 1370 (19.5)
Unknown 691 (0.3) 178 (0.3) 0.005 59 (0.3) 16 (0.2)
Rural residence 7,864 (12.8) 2,204 (13.7) 0.027 20,018 (24.2) 2734 (21.5) 0.064 7912 (42.5) 2829 (40.3) 0.052
Long-term care in prior 6 months 4534 (1.7) 828 (1.3) 0.032 1244 (1.5) 71 (0.56) 0.094 507 (2.7) 100 (1.4) 0.091
Hospitalization < 6 months before 
index date

17,526 (6.7) 4157 (6.7) 0.002 12,240 (14.8) 1534 (12.1) 0.080 1911 (10.3) 664 (9.5) 0.028

Charlson comorbidity index < 2 or 
missing

244,274 
(93.4)

58,073 (94.2) 0.031 71,114 (86.0) 11,496 
(90.5)

0.141 11,273 
(60.6)

4,518 
(64.3)

0.077

Polypharmacy 42,913 (16.4) 10,157 (16.5) 0.002 16,663 (20.2) 2742 (21.6) 0.035 6816 (36.6) 2439 (34.7) 0.040
Any hospitalization during 1-year 
follow-up

39,022 (14.9) 7753 (12.6) 0.068 14,875 (18.0) 1763 (13.9) 0.112 2684 
(14.4%)

849 
(12.1%)

0.069

Individuals with an incident prescription for a dyslipidemia medication
Population size, N 249,313 66,767 68,053 13,076 17,211 7304
Age, median years (Q1-Q3) 71 (68–76) 71 (68–75) 0.089 72 (68–77) 72 (68–76) 0.075 71 (68–76) 70 (68–75) 0.117
Female 133,896 

(53.7)
36,956 (55.4) 0.033 33,766 (49.6) 6932 (53.0) 0.068 9714 (56.4) 4028 (55.1) 0.026

Neighborhood income quintile 0.047
Highest 49,142 (19.7) 14,315 (21.4) 0.043 Not available Not 

available
2875 (16.7) 1346 (18.4)

Next to highest 47,769 (19.2) 13,465 (20.2) 0.025 3385 (19.7) 1430 (19.6)
Middle 50,091 (20.1) 13,304 (19.9) 0.004 3560 (20.7) 1494 (20.5)
Next to lowest 52,082 (20.9) 13,377 (20.0) 0.021 3853 (22.4) 1598 (21.9)
Lowest 49,655 (19.9) 12,132 (18.2) 0.044 3491 (20.1) 1419 (19.4)
Unknown 574 (0.2) 174 (0.3) 0.006 47 (0.3) 17 (0.2)
Rural residence 27,834 (11.2) 8023 (12.0) 0.027 15,408 (22.6) 2776 (21.2) 0.034 7,122 

(41.4)
3,015 
(41.3)

0.012

Long-term care in prior 6 months 1,812 (0.7) 424 (0.6) 0.011 549 (0.8) 62 (0.5) 0.042 289 (1.7) 64 (0.9) 0.072
Hospitalization < 6 months before 
index date

13,685 (5.5) 3794 (5.7) 0.008 10,919 (16.0) 1713 (13.1) 0.084 1691 (9.8) 627 (8.6) 0.043

Charlson comorbidity index < 2 or 
missing

233,585 
(93.7)

62,884 (94.2) 0.021 56,533 (83.1) 11,473 
(87.7)

0.133 10,009 
(58.2)

4,630 
(63.4)

0.107

Polypharmacy 57,168 (22.9) 14,916 (22.3) 0.014 18,031 (26.5) 3677 (28.1) 0.036 7,580 
(44.0)

2,861 
(39.2)

0.099

Any hospitalization during 1-year 
follow-up

31,789 (12.8) 7037 (10.5) 0.069 11,926 (17.5) 1773 (13.6) 0.110 2,348 
(13.6%)

794 
(10.9%)

0.085

Individuals with an incident prescription for an antihyperglycemic medication
Population size, N 102,955 31,080 28,616 4862 6195 2700
Age, median years (Q1-Q3) 72 (68–77) 72 (68–77) 0.023 72 (68–77) 72 (68–77) 0.048 71 (68–76) 71 (68–75) 0.037
Female 52,141 (50.6) 15,632 (50.3) 0.007 13,471 (47.1) 2231 (45.9) 0.024 3105 (50.1) 1295 (48.0) 0.043

Table 1  Baseline characteristics, stratified by province, for people with an incident prescription for an antihypertensive medication, 
dyslipidemia medication, antihyperglycemic medication, and anticoagulation medication*
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baseline and recent periods were overall similar within 
each province. Across provinces, the monthly average 
number of incident prescriptions was 1,925 for antihy-
pertensives, 1,824 for dyslipidemics, 763 for antihypergly-
cemics, and 424 for anticoagulants for atrial fibrillation.

Medication adherence by condition and province
PDC ≥ 80% in the baseline and recent periods (Fig. 1) var-
ied by medication classes and provinces, ranging from as 
low as 48.9% (for dyslipidemic medications in the recent 
period in Alberta) to as high as 82.2% (for anticoagu-
lants in the recent period in Nova Scotia). By medication 

classes and within provinces, PDC ≥ 80% was highest for 
oral anticoagulants and lowest for dyslipidemics.

Within medication classes, we did not detect differ-
ences in medication adherence for the recent period 
compared with the baseline period were found (Fig.  2, 
Supplemental Table 3), with the following exceptions: 
adjusted risk ratios (aRR) for adherence were higher in 
the recent period for antihypertensive and dyslipidemic 
medications in Nova Scotia (aRR 1.08 [95% CI 1.06–1.10] 
and 1.07 [95% CI 1.04–1.09], respectively), and for anti-
hyperglycemics and anticoagulants in Alberta (aRR 
1.10 [95% CI 1.08–1.14] and 1.15 [95% CI 1.12–1.18], 

Ontario Alberta Nova Scotia
Baseline 
Period

Recent 
Period

Stand 
diff

Baseline 
Period

Recent 
Period

Stand 
diff

Baseline 
Period

Recent 
Period

Stand 
diff

Neighborhood income quintile 0.068
Highest 17,431 (16.9) 5537 (17.8) 0.023 Not available Not 

available
952 (15.4) 465 (17.2)

Next to highest 19,052 (18.5) 6043 (19.4) 0.024 1236 (19.9) 515 (19.1)
Middle 21,093 (20.5) 6267 (20.2) 0.008 1221 (19.7) 562 (20.8)
Next to lowest 22,378 (21.7) 6701 (21.6) 0.004 1469 (23.7) 591 (21.9)
Lowest 22,741 (22.1) 6453 (20.8) 0.032 1301 (21.0) 556 (20.6)
Unknown 260 (0.3) 79 (0.3) 0 16 (0.3) 11 (0.4)
Rural residence 11,199 (10.9) 3393 (10.9) 0.001 7083 (24.8) 1001 (20.6) 0.100 2672 (43.1) 1095 (40.6) 0.053
Long-term care in prior 6 months 2116 (2.1) 482 (1.6) 0.038 358 (1.3) 25 (0.5) 0.079 142 (2.3) 43 (1.6) 0.051
Hospitalization < 6 months before 
index date

5832 (5.7) 1948 (6.3) 0.025 2975 (10.4) 470 (9.7) 0.024 504 (8.1) 177 (6.6) 0.061

Charlson comorbidity index < 2 or 
missing

92,516 (89.9) 28,086 (90.4) 0.017 22,125 (77.3) 4063 (83.6) 0.158 2,546 
(41.1)

1,167 
(43.2)

0.043

Polypharmacy 39,342 (38.2) 12,997 (41.8) 0.074 10,778 (37.7) 1925 (39.6) 0.040
Any hospitalization during 1-year 
follow-up

13,219 (12.8) 3462 (11.1) 0.052 4695 (16.4) 673 (13.8) 0.072 864 
(13.9%)

314 
(11.6%)

0.069

Individuals with a diagnosis of atrial fibrillation and incident prescription for an anticoagulant medication
Population size, N 61,561 16,086 15,435 2622 1534 561
Age, median years (Q1-Q3) 77 (71–84) 76 (71–83) 0.049 78 (72–84) 77 (71–84) 0.037 75 (70–81) 73 (69–79) 0.183
Female 33,690 (54.7) 8580 (53.3) 0.028 8083 (52.4) 1397 (53.3) 0.018 767 (50.0) 265 (47.2) 0.055
Neighborhood income quintile 0.102
Highest 12,475 (20.3) 3430 (21.3) 0.026 Not available Not 

available
263 (17.1) 117 (20.9)

Next to highest 11,193 (18.2) 3064 (19.0) 0.022 281 (18.3) 103 (18.4)
Middle 12,167 (19.8) 3172 (19.7) 0.001 328 (21.4) 109 (19.4)
Next to lowest 12,990 (21.1) 3236 (20.1) 0.024 350 (22.8) 117 (20.9)
Lowest 12,565 (20.4) 3126 (19.4) 0.024 312 (20.3) 115 (20.5)
Unknown 171 (0.3) 58 (0.4) 0.015
Rural residence 7847 (12.7) 2200 (13.7) 0.027 4215 (27.3) 695 (26.5) 0.018 671 (43.7) 216 (38.5) 0.210
Long-term care in prior 6 months 1783 (2.9) 353 (2.2) 0.045 417 (2.7) 58 (2.2) 0.032 44 (2.9) 10 (1.8) 0.072
Hospitalization < 6 months before 
index date

14,343 (23.3) 3637 (22.6) 0.016 8636 (56.0) 1528 (58.3) 0.047 550 (35.9) 188 (33.5) 0.049

Charlson comorbidity index < 2 or 
missing

48,692 (79.1) 12,780 (79.4) 0.009 9472 (61.4) 1656 (63.2) 0.037 747 (48.7) 292 (52.1) 0.067

Polypharmacy 31,202 (50.7) 7838 (48.7) 0.039 7996 (51.8) 1365 (52.1) 0.005 776 (50.6) 280 (49.9) 0.013
Any hospitalization during 1-year 
follow-up

17,940 (29.1) 4372 (27.2) 0.044 5468 (35.4) 868 (33.1) 0.049 253 
(16.5%)

72 (12.8%) 0.081

* Baseline period is April 1, 2014 to March 31, 2019. Recent period for Ontario is April 1, 2020 to September 30, 2021, for Alberta is April 1, 2020 to March 31, 2021, and 
for Nova Scotia April 1, 2020 to March 31, 2022. For age, standardized difference refers to the difference in mean values

Table 1  (continued) 



Page 6 of 11McNaughton et al. BMC Cardiovascular Disorders           (2025) 25:82 

respectively); adherence for antihypertensives was only 
lower in the recent period in Alberta (aRR 0.95 [95% CI 
0.93–0.97]).

Medication discontinuation by condition and province
Overall, medication discontinuation within one year 
occurred less often in the recent period compared to the 
baseline period (Fig. 2), ranging from as low as 20.9% (for 
anticoagulants in the recent period in Alberta) to as high 
as 56.7% (for antihypertensives in the baseline period 
in Ontario). Of the medication classes, discontinuation 
was least common for anticoagulants; otherwise, how-
ever, there was heterogeneity with regards to discon-
tinuation across medication classes and provinces. The 
adjusted hazards of discontinuation over one year were 
lower in the recent period compared with the baseline 
period, with the exceptions of antihyperglycemics and 
oral anticoagulants in Nova Scotia, for which there was 
no detected difference in the hazard of discontinuation. 
In Ontario, adjusted hazard ratios (aHRs) for discontinu-
ation in the recent period compared to the pre-pandemic 
period ranged from an aHR of 0.75 (95% CI 0.82–0.85) 
for antihyperglycemics to 0.85 (95% CI 0.84–0.86) for 

antihypertensives. In Alberta, aHR ranged from 0.59 
(95% CI 0.54–0.64) for oral anticoagulants, to 0.82 (95% 
CI 0.78–0.86) for antihyperglycemics. In Nova Scotia, 
aHR for discontinuation in the recent period was 0.84 
(95% CI 0.79–0.89) for antihypertensives, with aHR of 
0.90 (95% CI 0.85–0.95) for discontinuation of dyslip-
idemics. Results were similar using a 90-day window to 
define discontinuation (Supplemental Table 4).

Discussion
In this population-level study of incident prescriptions 
for medications to treat the common cardiovascular risk 
factors of hypertension, dyslipidemia, diabetes, and atrial 
fibrillation, we did not find evidence of recent declines 
in adherence. Despite widespread, long-term changes 
in healthcare delivery [4, 11–13], adherence to common 
cardiovascular medications was similar or better in the 
recent period. Furthermore, rates of medication discon-
tinuation were also overall lower across conditions in the 
recent period compared with the baseline period, indi-
cating that our findings did not reflect short-term stock-
piling or other brief, temporary changes in adherence 

Fig. 1  Medication adherence (proportion of days covered ≥ 80%) for people with an incident prescription for antihypertensive medication, dyslipidemia 
medication, antihyperglycemic medication, and anticoagulation medication*
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behaviors but instead may reflect a new or continued 
trend in medication adherence and persistence.

This work is unique in its focus on population-level 
adherence and persistence to incident prescriptions for 
common cardiovascular risk factors in universal health 
care systems managed by three different Canadian prov-
inces. Our study adds to our understanding of recent 
trends in management of common chronic conditions 
such as lung disease, autoimmune conditions, which 
have generally identified a decline in adherence associ-
ated with onset of the COVID-19 pandemic [7, 14–16]. 
Our findings of similar or even improved cardiovascular 
medication adherence is a notable contrast that warrants 
further investigation. We cannot determine whether or to 
what degree sustained or improved adherence may have 
been related to the cardiovascular conditions, which can 
reasonably be managed via telemedicine and which was 
expanded in some locations as part of initial pandemic 
health system restructuring [17], or attributed to char-
acteristics of the health systems or patients themselves. 
Identifying evidence of resilience despite significant 
health system disruptions and the worst global pandemic 
in a century may provide lessons to draw from and build 
on in future health system disruptions.

Rapid and widespread implementation of telemedicine 
may have offset fewer in-person visits while still allow-
ing provision of high-quality medical care. Unlike other 
conditions that require complex care coordination or 

in-person interventions, response to treatment for hyper-
tension, diabetes, dyslipidemia, and atrial fibrillation 
can be assessed by laboratory or home measurements, 
and medication changes can be performed remotely. 
Effectiveness of telemedicine programs varies by condi-
tion, implementation, patient population, and payment 
structure [4, 11, 18–24]. Rapid, widespread expansion 
of telemedicine may have lowered previous barriers to 
access such as patient travel, time off work, and arranging 
caregivers, but further investigation is required to fully 
understand the uptake and impact of telemedicine across 
patient populations.

Other factors may have also played a role in our find-
ings. Cardiovascular risk factors may have been priori-
tized by both patients and clinicians, given public health 
messaging regarding their importance as risk factors for 
severe COVID-19 [25, 26]. Health system innovations, 
such as expanded pharmacist services including refill-
ing chronic prescriptions for patients unable to access 
their family physician, providing vaccinations at local 
pharmacies may have supported medication adherence, 
and recent expansion of pharmacist scope-of-practice 
to include prescribing medications for low acuity condi-
tions [12, 13]. Finally, limits on prescription durations 
during the first several months of the pandemic may 
have encouraged adherence by requiring more frequent 
and regular engagement with a healthcare professional, 
which is associated with better medication adherence, 

Fig. 2  Medication discontinuation within one year of initiation*
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or otherwise changed patterns of medication adherence 
[27–29]. 

While it is reassuring that we did not find evidence of 
recent declines in medication adherence and in some 
cases found evidence that adherence improved slightly, 
it is important to note that improved medication adher-
ence to common cardiovascular conditions is vital. 
Despite effective medical treatments, many patients con-
tinue to have uncontrolled but treatable cardiovascular 
risk factors because of suboptimal medication adher-
ence. Renewed focus on prevention, early detection, and 
appropriate management of common cardiovascular risk 
factors is needed. Heart disease and stroke caused more 
deaths in 2021 than all forms of cancer and low respira-
tory tract infections, combined [30]. Previously declining 
or plateaued trends in incidence of cardiovascular risk 
factors and disease have stalled or even reversed in recent 
years [31, 32], and there is growing evidence that long-
term effects of SARS-CoV-2 may further add to cardio-
vascular disease burden in coming decades [33]. , [34–37] 
While our analyses are overall reassuring and did not find 
overt evidence of deterioration in adherence for common 
cardiovascular medications, the overall adherence could 
be improved for all as PDC in the ranges of 50–80% in 
older adults at highest risk of cardiovascular disease are 
not optimal. Thus, continued investment of financial and 
human resources will be vital to ensure sustained success 
and potentially improve it over the coming years.

Health system changes and associations with changes 
in population-level health since 2020 have been complex 
and mixed. On the one hand, there is clear evidence of 
declines in access to primary care since 2020, with rising 
wait times for diagnostic imaging, surgeries, and special-
ity care and primary care [34–42] and evidence of bar-
riers to access to care for asthma, inflammatory bowel 
disease, and seizure disorders [7, 43–45]. On the other 
hand, health systems rapidly deployed resources and 
restructured in early phases of the pandemic to ensure 
acute medical and surgical care [46, 47]. Recent increases 
is incident prescriptions for antihypertensive and anti-
hyperglycemic medications may be explained by patient 
access to medical care for diabetes and hypertension 
despite health system disruptions, rising patient need, or 
both [31]. 

Further work is needed to fully identify barriers and 
facilitators of reliable, sustainable management of chronic 
cardiovascular risk factors in the face of health system 
disruptions and family physician shortages, including 
comparison across different types of health systems.

Limitations
While we examined management of common vascular 
risk factors from several angles, it is possible that we did 
not detect other potential changes to the management of 

common cardiovascular conditions. Our findings apply 
to people who were able to access health care and may 
not generalize, for example, to people unable to access 
medical care or use telemedicine, people < 66 years of 
age, or to countries without universal healthcare. Further, 
we were unable to adjust for or explore potential hetero-
geneity across race or ethnicity because they are not cur-
rently measured consistently across Canada, nor were 
we able to adjust for socioeconomic status measured by 
neighborhood income quintile because that data were 
not available in Alberta. Future work should address pos-
sible effect modification by age, health system, and social 
determinants of health.

We cannot determine the cause for sustained or 
improved medication adherence with these available 
data. For example, sustained or improved adherence 
that occurred after onset of the COVID-19 pandemic 
may have been unrelated to the pandemic or resulting 
health policies. In the case of diabetes medications, rapid 
uptake of weekly dosed antihyperglycemic medications 
predated onset of the pandemic, patients with pre-dia-
betes of higher socioeconomic status may have had bet-
ter access to clinicians and may have been more likely to 
start medical therapy than otherwise similar patients of 
lower socioeconomic status [48–50]. We did not include 
insulin as a category of anti-hyperglycemia medica-
tions. Adequate adherence was defined by convention as 
PDC ≥ 0.80, although this threshold may not reflect the 
disease control threshold for all conditions [8]. Finally, 
the longer-term influence of early pandemic healthcare 
disruptions are not known, so our findings may not gen-
eralize as health systems continue to evolve, including 
more recent changes to telemedicine compensation [1–
3], worsening primary care access shortages, and reports 
of new barriers to access to chronic care including emer-
gency department closures and increasing fragmentation 
of medical care [42, 51, 52].

Conclusion
Patients prescribed new cardiovascular medications 
since 2020 were similarly or more adherent to medication 
compared with those who initiated these medications in 
2014–2019, and they were less likely to discontinue these 
medications. Despite disruptions in healthcare in 2020–
2021 and a growing shortage of family doctors, this sug-
gests the population was able to access routine vascular 
preventive treatments during the study. However, future 
interventions are needed to address current, suboptimal 
medication adherence, as is ongoing monitoring to assess 
adherence trends over time.

Abbreviations
aHR	� Adjusted hazard ratio
aRR	� Adjusted risk ratio
ICD-10	� International Classification of Diseases 10th edition



Page 9 of 11McNaughton et al. BMC Cardiovascular Disorders           (2025) 25:82 

PDC	� Proportion days covered

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​2​-​0​2​5​-​0​4​4​9​2​-​3.

Supplementary Material 1

Acknowledgements
This study was supported by ICES, which is funded by an annual grant from 
the Ontario Ministry of Health (MOH) and the Ministry of Long-Term Care 
(MLTC). 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/or information compiled and provided by the Ontario 
MOH and Canadian Institute for Health Information (CIHI). The analyses, 
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. This study also received 
support from Health Data Nova Scotia (HDNS) and Alberta Health Services 
Analytics, which provided access to the necessary data for conducting 
analyses in Nova Scotia and Alberta, respectively.We thank IQVIA Solutions 
Canada Inc. for use of their Drug Information File.

Author contributions
AY originated the research question and obtained funding. AY, CDM, AC, and 
PCA analysed and interpreted the data. All authors read and approved the 
final manuscript.

Funding
AY holds a National New Investigator Award from the Heart & Stroke 
Foundation of Canada. This study was supported by Canadian Institutes of 
Health Research (Operating grant 179897).

Data availability
The datasets generalized and/or analysed during the current study are not 
publicly available due to privacy and security requirements, but portions may 
be available with institutional approval from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
This study adhered to the Declaration of Helsinki for medical research 
involving human subjects. Need for written informed consent was waived 
in Ontario in accordance with legislation, and in Nova Scotia and Alberta 
via review by institutional review boards (IRBs). Use of Ontario’s data in this 
project was authorized via legislation; Sect. 45 of Ontario’s Personal Health 
Information Protection Act sets out confidentiality and safety requirements 
for use of administrative data for research without additional research ethics 
board/IRB approval. In accordance with this legislation, Ontario datasets were 
deterministically linked using unique encoded identifiers and analyzed at 
ICES (formerly the Institute for Clinical Evaluative Sciences); IRB approvals were 
obtained from the Nova Scotia Health Research Ethics Board (REB #1027801) 
and the University of Calgary Conjoint Health Research Ethics Board (REB22-
0339), respectively.

Competing interests
The authors declare no competing interests.

Consent for publication
Not applicable.

Disclosures
The authors report no disclosures.

Author details
1ICES, Toronto, ON, Canada
2Sunnybrook Health Sciences Centre, Sunnybrook Research Institute, 
University of Toronto, Room V1 39, 2075 Bayview Ave, Toronto, ON, 
Canada
3Department of Medicine, University of Toronto, Toronto, ON, Canada
4Institute of Health Policy, Management and Evaluation, University of 
Toronto, Toronto, ON, Canada
5Western University of Health Sciences, Pomona, CA, USA
6Departments of Emergency Medicine, Cumming School of Medicine, 
University of Calgary, Calgary, AB, Canada
7Department of Community Health Sciences, Cumming School of 
Medicine, University of Calgary, Calgary, AB, Canada
8Department of Clinical Neurosciences, Cumming School of Medicine, 
University of Calgary, Calgary, AB, Canada
9Centre for Health Informatics, Cumming School of Medicine, University 
of Calgary, Calgary, AB, Canada
10Cumming School of Medicine, O’Brien Institute for Public Health, 
University of Calgary, Calgary, AB, Canada
11Hotchkiss Brain Institute, Cumming School of Medicine, University of 
Calgary, Calgary, AB, Canada
12Department of Medicine, Cumming School of Medicine, University of 
Calgary, Calgary, AB, Canada
13Department of Radiology, Cumming School of Medicine, University of 
Calgary, Calgary, AB, Canada
14Faculty of Nursing, Faculty of Medicine & School of Public Health, 
University of Alberta, Edmonton, AB, Canada
15Department of Industrial Engineering, Dalhousie University, Nova 
Scotia, Canada
16Department of Community Health and Epidemiology, Department of 
Medicine (Neurology), Dalhousie University, Nova Scotia, Canada
17Ted Rogers Centre for Heart Research, Toronto, ON, Canada
18Department of Medical Imaging, University Health Network, University 
of Toronto, Toronto, ON, Canada
19Department of Medicine, University of British Columbia, Vancouver, BC, 
Canada
20Department of Medicine, Division of Neurology, McMaster University, 
and Population Health Research Institute, Hamilton, ON, Canada

Received: 6 September 2024 / Accepted: 13 January 2025

References
1.	 Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, et al. 

Heart Disease and Stroke Statistics-2022 update: a Report from the American 
Heart Association. Circulation. 2022;145:e153–639.

2.	 Peacock E, Joyce C, Craig LS, Lenane Z, Holt EW, Muntner P, et al. Low 
medication adherence is associated with decline in health-related quality 
of life: results of a longitudinal analysis among older women and men with 
hypertension. J Hypertens. 2020. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​H​​J​H​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​
2​5​9​0.

3.	 Cohen MJ, Shaykevich S, Cawthon C, Kripalani S, Paasche-Orlow MK, Schnip-
per JL. Predictors of medication adherence postdischarge: the impact of 
patient age, insurance status, and prior adherence. J Hosp Med. 2012;7:470–5.

4.	 Canadian Institute for Health Information. Canadian COVID-19 Intervention 
Timeline. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​i​h​i​​.​c​a​​/​e​n​/​​c​a​​n​a​d​​i​a​n​​-​c​o​v​​i​d​​-​1​9​​-​i​n​​t​e​r​v​​e​n​​t​i​o​n​-​t​i​m​e​l​i​n​e 
Published October 13, 2022. Last accessed October 5, 2023.

5.	 Canadian institute for Health Information. COVID-19’s impact on hospital 
services. Published December 9. 2021. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​i​h​i​​.​c​a​​/​e​n​/​​c​o​​v​i​d​​-​1​9​​-​r​e​s​​o​
u​​r​c​e​​s​/​i​​m​p​a​c​​t​-​​o​f​-​​c​o​v​​i​d​-​1​​9​-​​o​n​-​​c​a​n​​a​d​a​s​​-​h​​e​a​l​​t​h​-​​c​a​r​e​​-​s​​y​s​t​e​m​s​/​h​o​s​p​i​t​a​l​-​s​e​r​v​i​c​e​s 
Last accessed: October 5, 2023.

6.	 Huggins A, Husaini M, Wang F, Waken RJ, Epstein AM, Orav EJ, et al. Care dis-
ruption during COVID-19: a National Survey of Hospital leaders. J Gen Intern 
Med. 2023;38:1232–8.

7.	 Olmastroni E, Galimberti F, Tragni E, Catapano AL, Casula M. Impact of COVID-
19 pandemic on adherence to chronic therapies: a systematic review. Int J 
Env Res Public Health. 2023;20.

8.	 Dalli LL, Kilkenny MF, Arnet I, Sanfilippo FM, Cummings DM, Kapral MK, et 
al. Towards better reporting of the proportion of days covered method in 

https://doi.org/10.1186/s12872-025-04492-3
https://doi.org/10.1186/s12872-025-04492-3
https://doi.org/10.1097/HJH.0000000000002590
https://doi.org/10.1097/HJH.0000000000002590
https://www.cihi.ca/en/canadian-covid-19-intervention-timeline
https://www.cihi.ca/en/covid-19-resources/impact-of-covid-19-on-canadas-health-care-systems/hospital-services
https://www.cihi.ca/en/covid-19-resources/impact-of-covid-19-on-canadas-health-care-systems/hospital-services


Page 10 of 11McNaughton et al. BMC Cardiovascular Disorders           (2025) 25:82 

cardiovascular medication adherence: a scoping review and new tool TEN-
SPIDERS. Br J Clin Pharmacol. 2022;88:4427–42.

9.	 Zhang J, Yu KF. What’s the relative risk? A method of correcting the odds ratio 
in cohort studies of common outcomes. JAMA. 1998;280:1690–1.

10.	 Zou G. A modified Poisson Regression Approach to prospective studies with 
Binary Data. Am J Epidemiol. 2004;159:702–6.

11.	 Bulletin 221102 — Ontario Virtual Care Program. Video Visit Payment Option 
End | OHIP INFOBulletins 2022 | ontario.ca. ​h​t​t​p​​:​/​/​​w​w​w​.​​o​n​​t​a​r​​i​o​.​​c​a​/​d​​o​c​​u​m​e​​n​t​
/​​o​h​i​p​​-​i​​n​f​o​​b​u​l​​l​e​t​i​​n​s​​-​2​0​​2​2​/​​b​u​l​l​​e​t​​i​n​-​​2​2​1​​1​0​2​-​​o​n​​t​a​r​​i​o​-​​v​i​r​t​​u​a​​l​-​c​​a​r​e​​-​p​r​o​​g​r​​a​m​-​v​i​d​e​
o​-​v​i​s​i​t​-​p​a​y​m​e​n​t. Accessed 7 May 2024.

12.	 Pharmacist Prescribing. Initiating, Adapting and Renewing Prescriptions. 
OCPInfo.com. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​c​p​i​​n​f​o​​.​c​o​m​​/​r​​e​g​u​​l​a​t​​i​o​n​s​​-​s​​t​a​n​​d​a​r​​d​s​/​p​​r​a​​c​t​i​​c​e​-​​p​o​l​i​​
c​i​​e​s​-​​g​u​i​​d​e​l​i​​n​e​​s​/​a​​d​a​p​​t​a​t​i​​o​n​​s​-​r​e​n​e​w​i​n​g​-​p​r​e​s​c​r​i​p​t​i​o​n​s​/. Accessed 30 May 2024.

13.	 Healthcare services available. from pharmacists | novascotia.ca. ​h​t​t​p​​s​:​/​​/​n​o​v​​a​s​​
c​o​t​​i​a​.​​c​a​/​d​​h​w​​/​p​h​​a​r​m​​a​c​a​r​​e​/​​h​e​a​​l​t​h​​c​a​r​e​​-​s​​e​r​v​i​c​e​s​.​a​s​p. Accessed 30 May 2024.

14.	 Ramey OL, Silva Almodóvar A, Nahata MC. Medication adherence in 
Medicare-enrolled older adults with asthma before and during the corona-
virus disease 2019 pandemic. Ann Allergy Asthma Immunol off Publ Am Coll 
Allergy Asthma Immunol. 2022;128:561–e5671.

15.	 Liu L, Silva Almodóvar A, Nahata MC. Medication adherence in Medicare-
enrolled older adults with asthma and chronic obstructive pulmonary 
disease before and during COVID-19 pandemic. Ther Adv Chronic Dis. 
2023;14:20406223231205796.

16.	 Ruksakulpiwat S, Zhou W, Niyomyart A, Wang T, Kudlowitz A. How does the 
COVID-19 pandemic impact medication adherence of patients with chronic 
disease? A systematic review. Chronic Illn. 2023;19:495–513.

17.	 Lee JS, Bhatt A, Pollack LM, Jackson SL, Chang JE, Tong X, et al. Telehealth use 
during the early COVID-19 public health emergency and subsequent health 
care costs and utilization. Health Aff Sch. 2024;2:qxae001.

18.	 Cadilhac DA, Prvu Bettger J. Health Policy and Health Services Delivery in the 
era of COVID-19. Stroke. 2021;52:2177–9.

19.	 Mehrotra A, Bhatia RS, Snoswell CL. Paying for Telemedicine after the pan-
demic. JAMA. 2021;325:431–2.

20.	 Virtual Care Code Changes – Recognition of Patient Management Time. 2022. ​
h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​l​b​e​​r​t​a​​d​o​c​t​​o​r​​s​.​o​​r​g​/​​s​e​r​v​​i​c​​e​s​/​​p​h​y​​s​i​c​i​​a​n​​s​/​c​​o​m​p​​e​n​s​a​​t​i​​o​n​-​​b​i​l​​l​i​n​g​​/​b​​
i​l​l​​i​n​g​​-​h​e​l​​p​/​​b​i​l​​l​i​n​​g​-​t​i​​p​s​​/​v​i​​r​t​u​​a​l​-​c​​a​r​​e​-​c​o​d​e​-​c​h​a​n​g​e​s​-​p​t​-​m​g​m​t​-​t​i​m​e. Accessed 7 
May 2024.

21.	 Canada H, Nova Scotia Virtual Care Action Plan. 2021. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​a​n​a​​d​a​.​​c​a​
/​e​​n​/​​h​e​a​​l​t​h​​-​c​a​n​​a​d​​a​/​c​​o​r​p​​o​r​a​t​​e​/​​t​r​a​​n​s​p​​a​r​e​n​​c​y​​/​h​e​​a​l​t​​h​-​a​g​​r​e​​e​m​e​​n​t​s​​/​b​i​l​​a​t​​e​r​a​​l​-​a​​g​r​
e​e​​m​e​​n​t​-​​p​a​n​​-​c​a​n​​a​d​​i​a​n​​-​v​i​​r​t​u​a​​l​-​​c​a​r​​e​-​p​​r​i​o​r​​i​t​​i​e​s​​-​c​o​​v​i​d​-​​1​9​​/​n​o​v​a​-​s​c​o​t​i​a​-​a​c​t​i​o​n​-​p​l​a​
n​.​h​t​m​l. Accessed 7 May 2024.

22.	 Patel SY, Mehrotra A, Huskamp HA, Uscher-Pines L, Ganguli I, Barnett ML. 
Trends in Outpatient Care Delivery and Telemedicine during the COVID-19 
pandemic in the US. JAMA Intern Med. 2020. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​i​n​t​​
e​r​n​m​​e​d​​.​2​0​2​0​.​5​9​2​8.

23.	 Buis LR, Brown LK, Plegue MA, Kadri R, Laurie AR, Guetterman TC, et al. 
Identifying inequities in video and Audio Telehealth services for Primary Care 
encounters during COVID-19: repeated cross-sectional, observational study. J 
Med Internet Res. 2023;25:e49804.

24.	 Nelson LA, Spieker AJ, Mayberry LS, McNaughton C, Greevy RA. Estimating 
the impact of engagement with digital health interventions on patient 
outcomes in randomized trials. J Am Med Inf Assoc. 2021;29:128–36.

25.	 Treskova-Schwarzbach M, Haas L, Reda S, Pilic A, Borodova A, Karimi K, 
et al. Pre-existing health conditions and severe COVID-19 outcomes: an 
umbrella review approach and meta-analysis of global evidence. BMC Med. 
2021;19:212.

26.	 Warren-Gash C, Davidson JA, Strongman H, Herrett E, Smeeth L, Breuer J et al. 
Severe COVID-19 outcomes by cardiovascular risk profile in England in 2020: 
a population-based cohort study. Lancet Reg Health – Eur. 2023;27.

27.	 David J, Visvalingam S, Norberg MM. Why did all the toilet paper disappear? 
Distinguishing between panic buying and hoarding during COVID-19. 
Psychiatry Res. 2021;303:114062.

28.	 Schäfer C. Reimagining medication adherence: a novel holistic model for 
hypertension therapy. Patient Prefer Adherence. 2024;18:391–410.

29.	 Morrissey EC, Durand H, Nieuwlaat R, Navarro T, Haynes RB, Walsh JC, et al. 
Effectiveness and content analysis of interventions to enhance medication 
adherence and blood pressure control in hypertension: a systematic review 
and meta-analysis. Psychol Health. 2017;32:1195–232.

30.	 2024 Heart Disease and Stroke Statistics. A Report of US and Global Data 
From the American Heart Association | Circulation. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​h​a​j​​o​u​r​​n​a​l​s​​.​
o​​r​g​/​​d​o​i​​/​f​u​l​​l​/​​1​0​.​​1​1​6​​1​/​C​I​​R​.​​0​0​0​0​0​0​0​0​0​0​0​0​1​2​0​9. Accessed 7 May 2024.

31.	 Yu AYX, Austin PC, Jackevicius CA, Chu A, Holodinsky JK, Hill MD, et al. Popula-
tion trends of New prescriptions for Antihyperglycemics and Antihyperten-
sives between 2014 and 2022. J Am Heart Assoc. 2024;13:e034118.

32.	 Sayed A, Abramov D, Fonarow GC, Mamas MA, Kobo O, Butler J, et al. Rever-
sals in the decline of heart failure mortality in the US, 1999 to 2021. JAMA 
Cardiol. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​c​a​r​​d​i​o​.​​2​0​​2​4​.​0​6​1​5.

33.	 Choi HK, Maity M, Qureshi M, Haider A, Kapadia S, Fuerte S, et al. Multifac-
eted impact of the Coronavirus Disease 2019 (COVID-19) pandemic on 
ST-Elevation myocardial infarction (STEMI): a literature review of incidence, 
treatment modalities, and outcomes. Cureus. 2024;16:e57288.

34.	 Canadian Institute for Health Information. Canadians waiting longer for prior-
ity surgeries and diagnostic imaging compared with pre-pandemic period. 
Accessed May 2, 2024.

35.	 Saggaf MM, Anastakis DJ. The impact of COVID-19 on the Surgical Wait Times 
for Plastic and reconstructive surgery in Ontario. Plast Surg. 2023;31:338–49.

36.	 COVIDSurg C. Electronic address: dnepogodiev@doctors.org.uk. Nowcasting 
waiting lists for elective procedures and surgery in England: a modelling 
study. Lancet Lond Engl. 2023;402(Suppl 1):S74.

37.	 Duong D, Vogel L. National survey highlights worsening primary care access. 
CMAJ. 2023;195:E592–3.

38.	 Spending on primary care: first estimates. Paris, France: Organisation for 
Economic Co-operation and Development. 2018. Available from: ​h​t​t​p​​s​:​/​​/​w​w​
w​​.​o​​e​c​d​​.​o​r​​g​/​h​e​​a​l​​t​h​/​​h​e​a​​l​t​h​-​​s​y​​s​t​e​​m​s​/​​S​p​e​n​​d​i​​n​g​-​​o​n​-​​P​r​i​m​​a​r​​y​-​C​​a​r​e​​-​P​o​l​​i​c​​y​-​B​r​i​e​f​-​D​
e​c​e​m​b​e​r​-​2​0​1​8​.​p​d​f. Accessed May 2024.

39.	 Alexandrino da Silva MF, Oliveira Portela FS, Sposato Louzada AC, Teivelis MP, 
Amaro Junior E, Wolosker N. National Cross-sectional Epidemiological Analy-
sis of the impact of Pandemic COVID-19 on vascular procedures in Public 
Health System: 521,069 procedures over 4 years. Ann Vasc Surg. 2024;98:7–17.

40.	 Balas M, Vasiliu D, Austria G, Felfeli T. The impact of the COVID-19 pandemic 
on wait-Times for Ophthalmic surgery in Ontario, Canada: a Population-based 
study. Clin Ophthalmol. 2023;17:1823–31.

41.	 Chart 1: impacts experienced by health care workers during the COVID-19 
pandemic, by occupation, Canada, September to November 2021. In: Survey 
on health care workers’ experiences during the pandemic (SHCWEP). Ottawa, 
ON: Statistics Canada; 2022. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​1​5​​0​.​s​​t​a​t​​c​a​n​.​​g​c​​.​c​a​​/​n​1​​
/​d​a​i​​l​y​​-​q​u​​o​t​i​​d​i​e​n​​/​2​​2​0​6​​0​3​/​​c​g​-​a​​0​0​​1​-​p​n​g​-​e​n​g​.​h​t​m. Last accessed May 2, 2024.

42.	 Varner C. Emergency departments are in crisis now and for the foreseeable 
future. CMAJ. 2023;195:E851–2.

43.	 Cheng AYY, Goldenberg R, Krawchenko I, Tytus R, Hahn J, Liu A, et al. Impact 
of the COVID-19 Pandemic on Antihyperglycemic Prescriptions for Adults 
With Type 2 Diabetes in Canada: A Cross-sectional Study. Can J Diabetes. 
2023;47:398–404.

44.	 Ismail H, Marshall VD, Patel M, Tariq M, Mohammad RA. The impact of the 
COVID-19 pandemic on medical conditions and medication adherence in 
people with chronic diseases. J Am Pharm Assoc JAPhA. 2022;62:834–839.e1.

45.	 Menon S, Sander JW. Effects of the COVID-19 pandemic on medication 
adherence: In the case of antiseizure medications, A scoping review. Seizure. 
2021;93:81–7.

46.	 Barrett K, Khan YA, Mac S, Ximenes R, Naimark DMJ, Sander B. Estimation of 
COVID-19-induced depletion of hospital resources in Ontario, Canada. CMAJ. 
2020;192:E640–6.

47.	 Balvardi S, Cipolla J, Touma N, Vallipuram T, Barone N, Sivarajan R, et al. Impact 
of the Covid-19 pandemic on rates of emergency department utilization 
and hospital admission due to general surgery conditions. Surg Endosc. 
2022;36:6751–9.

48.	 ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 
Summary of Revisions: Standards of Care in Diabetes—2023. Diabetes Care. 
2023;46 Suppl 1:S5–9.

49.	 Gasoyan H, Pfoh ER, Schulte R, Sullivan E, Le P, Rothberg MB. Association of 
patient characteristics and insurance type with anti-obesity medications 
prescribing and fills. Diabetes Obes Metab. 2024;26:1687–96.

50.	 Assari S, Moghani Lankarani M, Piette JD, Aikens JE. Socioeconomic Status 
and Glycemic Control in Type 2 Diabetes; Race by Gender Differences. 
Healthcare. 2017;5:83.

51.	 Richardson B, November 23 YH, 2022. Proof Point: Canada needs more doc-
tors—and fast. RBC Thought Leadership. 2022. ​h​t​t​p​​s​:​/​​/​t​h​o​​u​g​​h​t​l​​e​a​d​​e​r​s​h​​i​p​​.​r​b​​
c​.​c​​o​m​/​p​​r​o​​o​f​-​​p​o​i​​n​t​-​c​​a​n​​a​d​a​​-​n​e​​e​d​s​-​​m​o​​r​e​-​d​o​c​t​o​r​s​-​a​n​d​-​f​a​s​t​/. Accessed 7 May 
2024.

http://www.ontario.ca/document/ohip-infobulletins-2022/bulletin-221102-ontario-virtual-care-program-video-visit-payment
http://www.ontario.ca/document/ohip-infobulletins-2022/bulletin-221102-ontario-virtual-care-program-video-visit-payment
http://www.ontario.ca/document/ohip-infobulletins-2022/bulletin-221102-ontario-virtual-care-program-video-visit-payment
https://www.ocpinfo.com/regulations-standards/practice-policies-guidelines/adaptations-renewing-prescriptions/
https://www.ocpinfo.com/regulations-standards/practice-policies-guidelines/adaptations-renewing-prescriptions/
https://novascotia.ca/dhw/pharmacare/healthcare-services.asp
https://novascotia.ca/dhw/pharmacare/healthcare-services.asp
https://www.albertadoctors.org/services/physicians/compensation-billing/billing-help/billing-tips/virtual-care-code-changes-pt-mgmt-time
https://www.albertadoctors.org/services/physicians/compensation-billing/billing-help/billing-tips/virtual-care-code-changes-pt-mgmt-time
https://www.albertadoctors.org/services/physicians/compensation-billing/billing-help/billing-tips/virtual-care-code-changes-pt-mgmt-time
https://www.canada.ca/en/health-canada/corporate/transparency/health-agreements/bilateral-agreement-pan-canadian-virtual-care-priorities-covid-19/nova-scotia-action-plan.html
https://www.canada.ca/en/health-canada/corporate/transparency/health-agreements/bilateral-agreement-pan-canadian-virtual-care-priorities-covid-19/nova-scotia-action-plan.html
https://www.canada.ca/en/health-canada/corporate/transparency/health-agreements/bilateral-agreement-pan-canadian-virtual-care-priorities-covid-19/nova-scotia-action-plan.html
https://www.canada.ca/en/health-canada/corporate/transparency/health-agreements/bilateral-agreement-pan-canadian-virtual-care-priorities-covid-19/nova-scotia-action-plan.html
https://doi.org/10.1001/jamainternmed.2020.5928
https://doi.org/10.1001/jamainternmed.2020.5928
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001209
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001209
https://doi.org/10.1001/jamacardio.2024.0615
https://www.oecd.org/health/health-systems/Spending-on-Primary-Care-Policy-Brief-December-2018.pdf
https://www.oecd.org/health/health-systems/Spending-on-Primary-Care-Policy-Brief-December-2018.pdf
https://www.oecd.org/health/health-systems/Spending-on-Primary-Care-Policy-Brief-December-2018.pdf
https://www150.statcan.gc.ca/n1/daily-quotidien/220603/cg-a001-png-eng.htm
https://www150.statcan.gc.ca/n1/daily-quotidien/220603/cg-a001-png-eng.htm
https://thoughtleadership.rbc.com/proof-point-canada-needs-more-doctors-and-fast/
https://thoughtleadership.rbc.com/proof-point-canada-needs-more-doctors-and-fast/


Page 11 of 11McNaughton et al. BMC Cardiovascular Disorders           (2025) 25:82 

52.	 New Health Workforce Data Report Confirms Staffing Shortage is Worsening, 
Particularly in Ontario Long-Term Care Homes. Ontario Nurses’ Association. ​h​t​
t​p​s​:​​​/​​/​w​w​​w​.​​o​n​​a​​.​o​​r​​g​/​n​​e​​w​​s​-​p​​o​​s​t​​s​/​2​​0​2​​4​0​​2​2​9​-​​c​i​h​i​-​r​e​p​o​r​t​/. Accessed 7 May 2024.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.ona.org/news-posts/20240229-cihi-report/
https://www.ona.org/news-posts/20240229-cihi-report/

	﻿Incident prescriptions for common cardiovascular medications: comparison of recent versus pre-2020 medication adherence and discontinuation in three universal health care systems
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study setting and population
	﻿Ethics approval and consent to participate
	﻿Exposure definitions
	﻿Outcome definitions
	﻿Statistical analyses

	﻿Results
	﻿Medication adherence by condition and province
	﻿Medication discontinuation by condition and province

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


