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Abstract

Objective We calculated the short- and long-term care resource use and costs in adults with high-risk conditions for cardio-
vascular disease (HRCVD) as defined by the Canadian Cardiovascular Society dyslipidemia guidelines.

Methods We linked Alberta health databases to identify patients aged > 18 years with HRCVD between fiscal year (FY)
2012 and FY2016. The first HRCVD event was the index event. Patients were categorized into (1) primary prevention patients
and (2) secondary prevention patients at the index event and were followed until death, they moved out of the province, or
they were censored at March 2018. We calculated the resource use and costs for each of the 5 years after the index event.
Results The study included 459,739 HRCVD patients (13,947 [3%] were secondary prevention patients). The secondary
prevention patients were older (median age 61 years vs. 55 years; p < 0.001), and there were fewer females in this group
(30.4% vs. 51.3%; p < 0.001). The total healthcare costs in the first year decreased over time (FY2012: 1.16 billion Canadian
dollars (CAS$); FY2016: CA$1.05 billion; p < 0.001). An HRCVD patient incurred CA$12,068, CA$5626, and CA$4655
during the first, second, and fifth year, respectively (p for trend < 0.001). During the first year, healthcare costs per secondary
prevention patient (CA$36,641) were triple that for a primary prevention patient (CA$11,299; p < 0.001), primarily due to
higher hospitalization costs in secondary prevention patients (CA$26,896 vs. CA$6051; p < 0.001).

Conclusions The healthcare costs for HRCVD patients were substantial but decreased over time. The costs were highest in
the year following the index event and decreased thereafter. Secondary prevention patients incurred higher costs than the
primary prevention patients.

Key Points for Decision Makers

The Healthcare resource use and cost burden associated
with high-risk conditions for cardiovascular disease are
high, but decreased during the study period.

Resource use and costs are highest during the first year
after the diagnosis.

Secondary prevention patients use more resources and
Supplementary Information The online version contains incur higher costs than primary prevention patients.
supplementary material available at https://doi.org/10.1007/s4166

9-021-00257-8.

< Dat T. Tran
dttran @ualberta.ca

1" TInstitute of Health Economics, #1200-10405 Jasper Avenue,

Edmonton, AB T5J 3N4, Canada 1 Introduction

Faculty of Pharmacy and Pharmaceutical Sciences,

University of Alberta, Edmonton, AB, Canada Cardiovascular disease (CVD) is a public health issue in

many countries. Heidenreich et al. estimated that approxi-

Faculty of Medicine, Uni ity of Alberta, Ed ton, AB, . .
aently of Medicine, TRIVersily of ATberta, EEmonton mately 40% of the United States (US) population would have

Canada

A\ Adis


http://orcid.org/0000-0002-4969-7537
http://crossmark.crossref.org/dialog/?doi=10.1007/s41669-021-00257-8&domain=pdf
https://doi.org/10.1007/s41669-021-00257-8
https://doi.org/10.1007/s41669-021-00257-8

426

D.T.Tran et al.

CVD in 2030, which would result in a triple increase in the
total costs of CVD from US$445 billion to US$1094 billion
between 2010 and 2030 in the USA [1]. Similarly, CVD
could cost Europeans €170 billion each year [2]. In Canada,
it is estimated that CVD costs about 22 billion Canadian
dollars (CAS) a year and is considered the second leading
contributor to the national healthcare costs [3].

Dyslipidemia is an important risk factor for CVD.
Patients with an elevated level of low-density lipoprotein
cholesterol (LDL-C) have a higher risk for cardiac death
[4]. Several clinical guidelines have recommended a lipid-
lowering drug (LLD), for example, a statin, to lower the
risk of atherosclerotic CVD in patients with high-risk con-
ditions for CVD (HRCVD) [5, 6]. In the 2016 Canadian
Cardiovascular Society (CCS) Guidelines for the Manage-
ment of Dyslipidemia for the Prevention of Cardiovascular
Disease in the Adult, there are five groups of patients who
are acknowledged as having HRCVD and are recommended
to start statin treatment to prevent CVD events. They include
patients who have LDL-C levels > 5 mmol/L, clinical ath-
erosclerosis, abdominal aortic aneurysm, diabetes mellitus,
and chronic kidney disease [6, 7].

We have previously reported that patients with HRCVD
who optimally controlled dyslipidemia had a lower mor-
tality, but incurred higher healthcare costs, than those who
did not. However, secondary prevention patients with opti-
mal control of dyslipidemia had a lower mortality without
additional healthcare costs [8]. Currently, little is known
about the overall health service utilization and cost burden
in patients with HRCVD who are recommended to start a
statin to control dyslipidemia to prevent CVD events and
mortality in short- and long-term care. Accordingly, we
assessed the resource use and healthcare cost burden in this
HRCVD patient population in Alberta, Canada, to address
this knowledge gap and to provide data for decision making
in cardiovascular care.

2 Methods

2.1 Data Source and Study Population

We used a cohort of 459,739 patients with HRCVD in the
province of Alberta which has been described previously
[8]. In brief, we linked seven administrative health data-
bases in Alberta (National Ambulatory Care Reporting
System, Discharge Abstract Database, Practitioner Claims,
Pharmaceutical Information Network, Laboratory, Popula-
tion Registry, and Vital Statistics [9]) to include patients
who were 18 years or older and had HRCVD between April
2012 and March 2017 (fiscal years [FY] 2012-2016). Con-
sistent with the CCS dyslipidemia guidelines, a patient was
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considered HRCVD if s/he had (1) an LDL-C test result >
5 mmol/L (hypercholesterolemia) or (2) a hospitalization,
ambulatory care visit, or practitioner claim where clinical
atherosclerosis, abdominal aortic aneurysm, diabetes mel-
litus, or chronic kidney disease were coded as either the
primary or secondary diagnoses during the study period
[6]. Criteria for patient inclusion are presented in detail in
Supplementary Table S1 (see the electronic supplementary
material). The first occurrence of these events was selected
as the index event. We excluded patients who died during the
index event and who had any of the above conditions during
the past year to create a cohort of newly diagnosed patients
with HRCVD. Patients were followed from the index event
until death, they moved out of the province, or they were
censored at March 2018, and they were categorized into
two mutually exclusive groups based on the index event:
primary and secondary prevention patients. A patient was
categorized as secondary prevention if s/he had a CVD event
(nonfatal myocardial infarction, ischemic stroke, revasculari-
zation, or other acute coronary syndrome hospitalization) at
the index event [6].

2.2 Main Outcomes

The main outcomes were healthcare resource utilization and
costs in patients with HRCVD in short- and long-term care
after the index event. Other outcomes included distribution
of healthcare resource utilization and costs by sex, age, pre-
vention purposes, and qualifying high-risk conditions.

2.3 Costing Methods

Costing methods have been described in detail previously
[8]. Briefly, we multiplied the Alberta cost of a standard
hospital stay (CSHS) [10] by the resource intensity weight
(RIW) value of a hospitalization or ambulatory care visit
to have the costs of the respective event. RIW is a meas-
ure to estimate resource consumption of each hospitaliza-
tion or care visit contingent on a patient’s case mix group.
The CSHS represents average direct care costs of a stand-
ard hospital stay or ambulatory care visit (RIW = 1.00)
(e.g., nursing, diagnostic, and therapeutic costs) [11]. The
Alberta CSHS values by year are provided in Supplementary
Table S2 (see the electronic supplementary material). The
costs for fee-for-service practitioner claims were based on
the paid amount recorded in the practitioner claims database.
The paid amount was not available in 10% of total claims;
for these, we used the system-assessed amount instead. We
multiplied the number of drug units dispensed by the price
of an unit dispensed provided by the Alberta Drug Benefit
List [12] to obtain the drug costs. Finally, we summed hospi-
talization, ambulatory, practitioner claims, and drug costs for
each patient to obtain total healthcare costs for each patient
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each year after the index event. All costs were inflated to
2019 Canadian dollar values using the Canadian Consumer
Price Index [13].

2.4 Sensitivity Analysis

A primary prevention patient could have a CVD event dur-
ing follow-up and became a secondary prevention patient.
Therefore, we conducted a sensitivity analysis where we
excluded primary prevention patients who had a CVD event
during follow-up from the per-patient cost calculation in the
year they had a CVD event and subsequent years to exam-
ine resource use and costs associated with solely primary
prevention.

2.5 Statistical Analysis

We reported patient characteristics using means (+ stand-
ard deviation), medians (interquartile ranges), counts, and
percentages where appropriate. Primary and secondary pre-
vention patients were compared using the Student ¢ test or
Kruskal-Wallis and y? tests for continuous and categorical
variables, respectively. Patient comorbidities were calcu-
lated using validated International Statistical Classification
of Diseases and Related Health Problems (ICD) codes [14].
Comorbidities were counted if they were recorded in any
secondary diagnosis of a hospitalization or ambulatory care
visit at the index event, or in any diagnosis of hospitaliza-
tions or ambulatory care visits during the year before the
index event. Poisson regression was used for incidence rate.
Negative binomial regression (zero-inflated model where
necessary) was used for count data (i.e., number of ambula-
tory care visits or number of hospital days), and a general-
ized linear model (GLM) with gamma distribution and log
link was used for cost data.

All analyses were performed using Stata version 14 (Stata
Corporation, College Station, Texas) and R version 3.5.2 (R
Foundation for Statistical Computing, Vienna). Two-sided p
values < 0.05 were considered statistically significant. This
study was approved by the Health Research Ethics Board
at the University of Alberta (IRB number: Pro00082020).

3 Results
3.1 Baseline Patient Characteristics

There were 480,473 HRCVD patients in Alberta between
FY2012 and FY2016. Of them, 4712 patients died during
the index event and 16,562 patients had an HRCVD event
during the year prior to the index event. After excluding
these patients, the final study cohort consisted of 459,739
patients. The flowchart in Fig. 1 depicts patient selection.

Secondary prevention patients (13,947 patients)
accounted for 3% of the study cohort. The secondary
prevention patients were older (median age 61 years vs.
56 years; p < 0.001), less likely to be females (30.4% vs.
51.3%; p < 0.001), and less likely to live in an urban area
(80.7% vs. 86.1%; p < 0.001) than their primary prevention
counterparts.

Patients with clinical atherosclerosis accounted for more
than half of the study cohort (57.4%) and the majority of the
secondary prevention patients (98%), while patients with
abdominal aortic aneurysm contributed the least (1.4%).
There were few patients with chronic kidney disease (0.1%)
in the secondary prevention group at baseline (Table 1).

Hypertension (9.3%) was the most common non-HRCVD
comorbidity and was present in 54.1% of the secondary pre-
vention patients. Charlson comorbidity score in secondary
prevention patients (mean = 1.6) was higher than that in
primary prevention counterparts (mean = 0.5; p < 0.001).
Secondary prevention patients had a shorter follow-up time
(median 40.2 months vs. 41 months; p < 0.001) and higher
mortality (9.4% vs. 5.2%; p < 0.001) during the study period
(Table 1).

3.2 Population Incidence Rate

Both the absolute number (FY2012: 97,281; FY2016:
87,520 patients; p < 0.001) and incidence rate (FY2012:
3225; FY2016: 2687 patients per 100,000 population; p
< 0.001) of new patients with HRCVD decreased during
the study period (Fig. 2). The incidence rate was higher in
females (2984 patients per 100,000 population) than it was
in males (2853 patients per 100,000 population; p < 0.001).

3.3 Resource Use and Healthcare Costs

In total, there were 2,277,597 ambulatory care visits,
2,268,600 hospital days, 11,652,714 practitioner claims,
and 10,684,899 drug dispensations for the study cohort in
the first year after the index event, corresponding to an aver-
age of 4.95 ambulatory care visits, 4.93 hospital days, 25.35
practitioner claims, and 23.24 drug dispensations per patient
during the first year. After that, health resource utilization
decreased during subsequent years in all areas. The number
of hospital days dropped the most (4.93 days in the first
year to 1.18 days in the fifth year, equal to a 76% drop; p <
0.001) (Table 2).

Compared to primary prevention patients, secondary pre-
vention patients had a higher number of ambulatory care
visits (13.66 vs. 4.68 visits; p < 0.001), longer hospital stay
(18.32 vs. 4.52 days; p < 0.001), higher number of practi-
tioner claims (37.72 vs. 24.96 claims; p < 0.001), and higher
number of drug dispensations (45.59 vs. 22.54 dispensa-
tions; p < 0.001) during the first year.
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Fig.1 Patient selection flowchart. *(1) A patient identified in the
laboratory database was reallocated to the hospital cohort if the test
was conducted during hospitalization. (2) A patient identified in the
ambulatory care database was reallocated to the hospital cohort if that

LLD accounted for 7.3% of all drug dispensations during
the first year and increased to 8.3% during the fifth year after
the index event (p < 0.001). The proportion of LLD was
higher in secondary prevention patients (15.4% during the
first year) compared to that in primary prevention patients
(7% during the first year; p < 0.001). Statins were the most
frequent LLD prescription (92.4%). On a per patient basis,
only 28.7% of patients used LLD during the first year after
the index event. This proportion was lower in the primary
prevention patients (26.4%) than it was in the secondary
prevention patients (85.3%; p < 0.001). However, while the
proportion of patients with LLD remained relatively stable
over time after the index event in the primary prevention
patients, it decreased gradually in the secondary prevention
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patient was hospitalized within 1 day. (3) A patient identified in the
physician database was reallocated to the hospital cohort if the claim
originated from a hospitalization. FY fiscal year, HRCVD high-risk
conditions for cardiovascular disease, pt patient

group (71.7% and 65.6% in the third and fifth year, respec-
tively, both p < 0.001).

Overall, the total healthcare cost for patients with
HRCVD during the first year following the index event
was CA$5548.1 million during the study period, and the
cost decreased over time (FY2012: CA$1161.1; FY2016:
CA$1053.5 million; p < 0.001). Hospitalization (55.4%)
accounted for most of the cost (Fig. 3).

Patients with HRCVD incurred highest care costs dur-
ing the first year following the index event (CA$12,068),
more than double the care costs during the year prior to
the index event (CA$5036) and subsequent years (CA$5626
during the second year and CA$4655 during the fifth year;
p < 0.001). Care costs during the first year were higher in
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Table 1 Baseline ch.aracter istics Variable All patients Primary Secondary pre- p
of the study population prevention vention patients
patients
Patients, N 459,739 445,792 (97) 13,947 (3)
Females, n (%) 232,704 (50.6) 228,471 (51.3) 4233 (30.4) < 0.001
Age, in years, mean (SD) 55.4 (16.3) 55.2 (16.3) 62 (13.6) < 0.001
Age, in years, median (IQR) 56 (44-66) 56 (44-66) 61 (53-71) < 0.001
Age group, n (%)
18-39 years 82,072 (17.9) 81,504 (18.3) 568 (4.1) < 0.001
40-49 years 76,976 (16.7) 75,248 (16.9) 1728 (12.4)
50-59 years 114,128 (24.8) 110,015 (24.7) 4113 (29.5)
60-69 years 98,249 (21.4) 94,529 (21.2) 3720 (26.7)
> 70 years 88,314 (19.2) 84,496 (19) 3818 (27.4)
Urban residence, n (%) 394,981 (85.9) 383,729 (86.1) 11,252 (80.7) < 0.001
Household income, n (%)
$0-$40,000 6210 (1.4) 5993 (1.3) 217 (1.6) < 0.001
$40,000-$60,000 41,464 (9) 40,009 (9) 1455 (10.4)
$60,000-$80,000 99,555 (21.7) 96,074 (21.6) 3481 (25)
$80,000-$100,000 97,326 (21.2) 94,354 (21.2) 2972 (21.3)
> $100,000 215,184 (46.8) 209,362 (47) 5822 (41.7)
HRCVD conditions, n (%)
Clinical atherosclerosis 263,717 (57.4) 250,049 (56.1) 13,668 (98) < 0.001
Abdominal aortic aneurysm 6244 (1.4) 6103 (1.4) 121 (0.9)
Diabetes 128,926 (28) 128,824 (28.9) 102 (0.7)
Chronic kidney disease 20,420 (4.4) 20,408 (4.6) 12 (0.1)
Hypercholesterolemia 40,452 (8.8) 40,408 (9.1) 44 (0.3)
Non-HRCVD comorbidities, n (%)
Chronic pulmonary disease 16,581 (3.6) 15,384 (3.5) 1197 (8.6) < 0.001
Hypertension 42,831 (9.3) 35,282 (7.9) 7549 (54.1) < 0.001
Atrial fibrillation 9737 (2.1) 8451 (1.9) 1286 (9.2) < 0.001
Dementia 4154 (0.9) 3847 (0.9) 307 (2.2) < 0.001
Rheumatoid disease 4481 (1) 4351 (1) 130 (0.9) 0.603
Peptic ulcer 2223 (0.5) 2115 (0.5) 108 (0.8) < 0.001
Liver disease 3964 (0.9) 3869 (0.9) 95 (0.7) 0.019
Hemiplegia or paraplegia 2614 (0.6) 1511 (0.3) 1103 (7.9) < 0.001
Cancer 9495 (2.1) 9110 (2) 385 (2.8) < 0.001
Metastatic cancer 3563 (0.8) 3421 (0.8) 142 (1) 0.001
Charlson comorbidity score, mean (SD) 0.6 (1.2) 0.5(1.2) 1.6 (1.3) < 0.001
Follow-up time, in months, median (IQR) 41 (25.5-57.1) 41 (25.5-57.1) 40.2 (24.3-56.8) < 0.001
Mortality, n (%) 24,399 (5.3) 23,089 (5.2) 1310 (9.4) < 0.001

HRCVD high-risk conditions for cardiovascular disease, IQR interquartile range, SD standard deviation

males (CA$12,730) than in females (CA$11,422; p < 0.001)
and were highest in the most senior group (CA$19,130 in
patients aged > 70 years) compared to the costs in younger
patients (CA$10,389 in patients aged < 70 years; p < 0.001)
(Table 3 and Supplementary Table S4, see the electronic
supplementary material).

Care costs for secondary prevention patients (CA$36,641)
were triple those for primary prevention patients
(CA$11,299; p < 0.001) during the first year, primarily

due to higher hospitalization costs in secondary prevention
patients (CA$26,896; 73.4% of total care costs), compared
to primary prevention patients (CA$6051; 53.6% of total
care costs; p < 0.001). The care costs for secondary pre-
vention patients in subsequent years were still higher than
those for primary prevention patients, but the extra costs
narrowed gradually to CA$395 in the fifth year (CA$5038
vs. CA$4643; p = 0.194) (Table 3 and Fig. 4).
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Care costs during the first year were higher in patients
with abdominal aortic aneurysm (CA$27,861; p < 0.001)
and chronic kidney disease (CA$21,466; p < 0.001)
and were lowest in patients with hypercholesterolemia
(CA$4232; p < 0.001). From the second year, patients with
chronic kidney disease had the highest care costs com-
pared to the other four HRCVD conditions (Supplementary
Table S5, see the electronic supplementary material).

3.4 Sensitivity Analysis

After excluding 7421 primary prevention patients who had
a CVD event during the first year following the index event,
438,371 primary prevention patients remained for year 1
analysis. Number of ambulatory care visits and hospital
days per primary prevention patient during the first year fol-
lowing the index event decreased from 4.68 visits and 4.52
days, respectively, to 4.51 visits and 4.29 days, respectively
(both p < 0.001). As a result, the total care costs per primary
prevention patient during the first year following the index
event decreased from CA$11,299 to CA$10,661 (p < 0.001)
(Tables 2, 3, and Supplementary Table S3 [see the electronic
supplementary material]). However, the distribution of costs
by type of services remained relatively the same (Supple-
mentary Figure S1).
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4 Discussion

Our population-based study of HRCVD patients in Alberta
during FY2012-2016 found that despite the decrease in the
incidence of HRCVD and associated healthcare costs over
the study period, healthcare resource utilization and costs for
this population were still substantial. During the first year
following the index event, the study cohort attended more
than 2 million ambulatory care visits, spent more than 2
million days in hospital, accounted for more than 10 million
practitioner claims, and had more than 10 million drug dis-
pensations. This level of resource utilization translated into
a total 1-year healthcare cost of CA$5.5 billion over a period
of 5 years for the provincial healthcare system. On a per
patient basis, a patient with HRCVD incurred CA$12,068
in healthcare costs during the first year and CA$4655 during
the fifth year after the index event. On a per-patient basis,
secondary prevention patients used more resources and
incurred higher healthcare costs than primary prevention
patients during each of the 5 years followed up. However,
it should be noted that in the setting of primary prevention,
yearly event rates are lower and duration of treatment is
typically longer, so the overall costs for it might be higher.
Resource use and healthcare costs were higher in males and
the elderly population compared to that in females and the
younger population, respectively.

While dyslipidemia is a known and established risk factor
for CVD, most studies focus on cost-effectiveness analysis
of LLD, not the overall cost burden of the condition. Other
studies estimate the cost burden of CVD [1, 3] or specific
conditions such as myocardial infarction [15, 16] or heart
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Table 2 Resource utilization in patients with HRCVD by year from incidence in Alberta, Canada

Variable Year 1 Year 2 Year 3 Year 4 Year 5

All patients, N 459,739 450,581 359,847 269,591 178,686

Ambulatory care visits, n 2,277,597 1,351,092 1,008,036 719,032 435,398

Ambulatory care visits, mean 4.95 (4.92-4.99) 3(2.97-3.03) 2.80 (2.77-2.83) 2.67 (2.63-2.70) 2.44 (2.40-2.48)
(95% CI)

Hospital days, n 2,268,600 688,549 521,703 367,600 210,878

Hospital days, mean (95% CI) 4.93 (4.83-5.04) 1.53 (1.49-1.56) 1.45 (1.41-1.49) 1.36 (1.32-1.40) 1.18 (1.14-1.22)

Practitioner claims, n 11,652,714 7,678,075 5,958,638 4,324,522 2,642,950

Practitioner claims, mean (95%
Ch

Drug dispensations, n

25.35 (25.25-25.44)

10,684,899
23.24 (23.05-23.44)

9,434,838

Drug dispensations, mean (95%
CI)

Primary prevention patients, N 445,792 437,221

Ambulatory care visits, n 2,087,135 1,299,025

Ambulatory care visits, mean 4.68 (4.65-4.72) 2.97 (2.94-3)
(95% CI)

Hospital days, n 2,013,079 657,035

Hospital days, mean (95% CI) 4.52 (4.41-4.62) 1.50 (1.47-1.54)

Practitioner claims, n 11,126,637 7,422,261

Practitioner claims, mean (95%
CI)

Drug dispensations, n

24.96 (24.87-25.05)

10,049,055
22.54 (22.34-22.74)

8,957,230

Drug dispensations, mean (95%
CI)

Secondary prevention patients, N 13,947 13,360

Ambulatory care visits, n 190,462 52,067

Ambulatory care visits, mean 13.66 (13.36-13.95) 3.90 (3.71-4.09)
(95% CI)

Hospital days, n 255,521 31,514

Hospital days, mean (95% CI) 18.32 (17.65-18.99) 2.36 (2.09-2.63)

Practitioner claims, n 526,077 255,814

Practitioner claims, mean (95%  37.72 (36.99-38.45)

CD)
Drug dispensations, n

635,844 477,608

Drug dispensations, mean (95%
CI)

17.04 (16.96-17.11)

20.94 (20.74-21.14)

16.98 (16.90-17.05)

20.49 (20.28-20.69)

19.15 (18.66-19.63)

16.56 (16.47-16.64) 16.04 (15.94-16.14) 14.79 (14.68-14.91)

7,762,473
21.57 (21.32-21.82)

5,851,013
21.70 (21.42-21.99)

3,753,776
21.01 (20.66-21.36)

349,231
975,766
2.79 (2.76-2.83)

261,596
697,326
2.67 (2.63-2.70)

173,373
422,424
2.44 (2.40-2.48)

498,361 353,551 203,267
143 (1.39-147)  135(1.31-1.39)  1.17 (1.13-1.21)
5,771,373 4,192,650 2,564,685

16.53 (16.44-16.61) 16.03 (15.93-16.13) 14.79 (14.68-14.91)

7,401,364
21.19 (20.94-21.44)

5,580,250
21.33 (21.04-21.62)

3,585,199
20.68 (20.32-21.04)

10,616 7995 5313
32,270 21,706 12,974
3.04 (2.90-3.18)  2.71(2.54-2.89)  2.44

(2.25-2.63)
23,342 14,049 7611
2.20(1.95-2.45)  1.76(1.51-2.01) 143 (1.19-1.67)
187,265 131,872 78,265
17.64 (17.14-18.14)  16.49 (15.94-17.05) 14.73 (14.03-15.43)
361,109 270,763 168,577

45.59 (44.54-46.64) 35.75 (34.46-37.04) 34.02 (32.61-35.42) 33.87 (31.88-35.86) 31.73 (29.71-33.75)

CI confidence interval, HRCVD high-risk conditions for cardiovascular disease,

failure [17, 18]. In the context of prevalent dyslipidemia,
population aging in Canada, and the known relationship
between dyslipidemia and CVD risk, the present study pro-
vides policy makers with additional insights on the overall
cost burden on healthcare in patients with HRCVD who are
recommended to start a statin to control dyslipidemia to pre-
vent CVD events and mortality [6, 19, 20]. We found that
the healthcare costs associated with HRCVD were substan-
tial but decreased during the study period. These findings
are in line with a recent study on the costs of myocardial
infarction in Alberta between 2004 and 2013 that reported
a decreasing trend in both the total healthcare costs and the
costs per hospitalization. The decrease in healthcare costs

and HRCVD incidence could be an indication of success in
primary prevention efforts, a result of advancement in dis-
ease management (such as myocardial infarction), as well as
decreased hospital length of stay over time [16, 21].
Despite CCS recommendation of statins for patients with
HRCVD [6], we found a low proportion of LLD use, which
was even suboptimal in secondary prevention patients. This
result corresponds with other reports of low LLD use in
the literature [22, 23]. The low LLD uptake, in combina-
tion with decreased LLD use over time in secondary pre-
vention patients who need LLD the most to prevent a CVD
recurrence, highlights the need to improve care practice
for patients with HRCVD to better control dyslipidemia in
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Fig. 3 First-year healthcare costs for patients with HRCVD in Alberta, in millions (2019 Canadian dollar values), 2012-2016. HRCVD high-risk
conditions for cardiovascular disease

Table 3 Care costs per patient with HRCVD by year from incidence (2019 Canadian dollar values) in Alberta, Canada

Variable, mean (95% CI) Year 1 Year 2 Year 3 Year 4 Year 5
Patient, N 459,739 450,581 359,847 269,591 178,686
Total care costs 12,068 (11,947-12,188) 5626 (5559-5693) 5379 (5310-5448) 5158 (5073-5243) 4655 4557-4752)

Ambulatory care
Hospitalization
Practitioner claims
Drug

Care costs by sex
Male
Female

Care costs by age
18-39 years
40-49 years
50-59 years
60-69 years
> 70 years

Care costs by prevention purpose

Primary prevention

Secondary prevention

1947 (1935-1960)
6684 (6579-6789)
2301 (2291-2311)
1136 (1102-1169)

12,730 (12,542-12,918)
11,422 (11,271-11,572)

9689 (9403-9977)
8318 (8084-8553)
10,351 (10,091-10,612)
12,637 (12,390-12,884)
19,130 (18,835-19,425)

11,299 (11,179-11,419)
36,641 (35,747-37,535)

1166 (1155-1176)
2018 (1976-2061)
1437 (1429-1444)
1005 (964-1057)

5441 (5336-5546)
5807 (5723-5891)

4002 (3853-4151)
3980 (3850-4110)
4920 (4760-5080)
5965 (5836-6095)
9317 (9156-9478)

5571 (5503-5640)
7419 (7041-7796)

1097 (1085-1109)
1890 (1847-1933)
1390 (1381-1398)
1002 (960-1044)

5131 (5031-5231)
5621 (5525-5717)

3748 (3574-3922)
3878 (3712-4044)
4605 (4472-4738)
5691 (5561-5822)
9116 (8937-9296)

5341 (5271-5412)
6616 (6229-7003)

1046 (1033-1060)
1786 (1740-1832)
1340 (1331-1350)
985 (926-1045)

4940 (4822-5058)
5371 (5249-5492)

3545 (3358-3732)
3700 (3482-3918)
4499 (4307-4691)
5503 (5360-5647)
8665 (8468-8861)

5135 (5048-5221)
5923 (5512-6335)

955 (939-971)
1560 (1509-1611)
1221 (1210-1232)
918 (848-988)

4476 (4327-4626)
4827 (4701-4953)

3190 (2915-3465)
3300 (3088-3511)
4166 (3948-4384)
4899 (4743-5055)
7815 (7601-8030)

4643 (4543-4742)
5038 (4637-5440)

CI confidence interval, HRCVD high-risk conditions for cardiovascular disease
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Fig.4 Distribution of costs per patient by year from incidence in Alberta, 2012-2016

this high-risk population. We have reported previously that
patients with HRCVD who optimally control dyslipidemia
gain additional health benefits compared to those who do not
[8]. Hence, a multi-pronged approach for both physicians
and patients could be considered to improve LLD uptake and
adherence, and subsequently improve prevention efforts in
the high-risk populations for CVD. First, guideline adher-
ence among prescribers may be the most important oppor-
tunity. Bradley et al. reported that 59% of statin-eligible
patients had never been offered a statin [23]. Even though
the differences in the US and Canadian healthcare systems
may limit generalization to the Canadian context, this find-
ing does suggest physician perception of patients’ risk and
of guideline adherence plays a critical role in the prevention
of CVD. In addition, drug packaging and funding could also
be an important factor for LLD adherence. Fixed-dose com-
bination LLD has been reported to result in higher adher-
ence than multi-pill therapies [24] and subsequently result
in cost savings [25], and an increased out-of-pocket payment
has been shown to have a negative effect on statin adher-
ence [26]. Education on perceived side effects of LLD could
also help improve LLD uptake and adherence [23]. Further,
in the era of rapid development in digital health, use of a
wearable device such as a reminder assistant could improve
LLD adherence as seen in other chronic diseases like chronic
obstructive pulmonary disease [27, 28].

In addition to control of blood lipids, which has the high-
est population attributable risk for myocardial infarction
[29], innovative prevention measures targeting other modi-
fiable risk factors for CVD in general should be enhanced to
improve prevention efforts and reduce healthcare cost bur-
den in this high-risk population. Kahn et al. estimated that
implementing all recommended CVD prevention activities
(i.e., providing aspirin and LLD, lowering blood pressure,
reducing weight, and smoking cessation) would result in
an additional 244 million quality-adjusted life-years over
a period of 30 years for the US adult population, and most
of the prevention activities are cost-effective from a soci-
etal perspective and are cost saving from a healthcare sys-
tem perspective [30]. Similarly, Yang et al. reported that a
supplement of plant sterol-enriched foods for a high-risk
population could be cost-effective in preventing CVD events
from a societal perspective and could result in cost savings
for healthcare systems if consumers bear the costs of the
food supplements [31]. Therefore, better involvement and
participation from other sectors and patients in CVD preven-
tion could help relieve the healthcare cost burden in an era
of ever-increasing healthcare costs in developed countries,
including Canada [32].

Our study provides novel data on the resource use and
healthcare cost burden in the short- and long-term care of
patients with HRCVD. However, it has limitations. First,
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resource use and costs incurred in privately funded health-
care facilities (i.e., privately funded practitioners or reha-
bilitation facilities) were not included. In a publicly funded
healthcare system in Alberta, these costs should be very
small and should not affect the study results. Secondly, the
drug costs did not include dispensing fee, so the healthcare
cost burden could even be higher than the present estimates.
Lastly, we focused solely on the healthcare costs and did
not include indirect costs in the estimates. Heidenreich et al.
estimated that productivity losses could be as high as 55%
of the direct medical costs for CVD in 2015 in the USA
[1]. Therefore, the real economic burden associated with
HRCVD in Alberta could be substantially higher.

5 Conclusion

This population-based study of patients who are at high risk
for cardiovascular disease shows that the burden of health-
care costs associated with the conditions is substantial but
decreases over time. The long-term care costs are much less
than the costs incurred during the first year after diagnosis.
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