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ABSTRACT

Introduction: There is little evidence on the
relationship between achieved low-density
lipoprotein cholesterol (LDL-C) levels and costs
in patients on lipid-lowering therapy (LLT). We
described healthcare resource use and costs
(direct and indirect) by achieved LDL-C in
patients receiving LLT after a recent myocardial
infarction (MI) in Spain.
Methods: This was a retrospective observa-
tional study of anonymized electronic medical
records from seven regions in Spain (BIG-PAC�

database; n = 1.9 million). Eligible patients were
adults (C 18 years) hospitalized for an MI
between January 2015 and December 2017,
treated with a statin and/or ezetimibe, and

having recorded LDL-C values at baseline and
during follow-up. Healthcare resource use and
direct and indirect costs (in 2018, €) were
described by achieved LDL-C levels during a
follow-up of 18 months.
Results: Of 6025 patients (mean age,
69.7 years; 77% male), only 11% achieved LDL-
C goals as defined in the 2016 ESC/EAS guide-
lines (\70 mg/dL), and just 1% reached the
lower target (\55 mg/dL) in the current 2019
guidelines. Achieving lower LDL-C levels trans-
lated to lower healthcare resource use and costs.
Mean total (direct and indirect) costs ranged
from €5044 for patients with LDL-C\55 mg/dL
to €7567 for patients with LDL-C C 130 mg/dL.
Conclusion: Very few patients achieved rec-
ommended LDL-C goals despite using LLT.
Achieving lower LDL-C levels after an MI might
be associated with lower healthcare resource use
and costs. Use of more intensive LLT, leading to
greater reductions in LDL-C, could therefore be
beneficial both from a clinical and an economic
perspective.
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Key Summary Points

Why carry out this study?

There is little evidence on the relationship
between achieved low-density lipoprotein
cholesterol (LDL-C) levels and resource use
and costs in patients on lipid-lowering
therapy (LLT) after a recent myocardial
infarction (MI).

In Spain, there is a substantial economic
burden (direct and indirect costs) associated
with patients experiencing a recent MI.

In this retrospective observational study,
electronic medical records of 6025
patients, hospitalized for anMIandonLLT,
were described, including achieved LDL-C
levels, healthcare resource use, and costs.

What did the study ask? What was the
hypothesis of the study?

This study aimed to determine the
effectiveness of LLT in reducing LDL-C
levels in real-world clinical practice, and
the subsequent impact on healthcare
resource use and related direct and
indirect costs.

What was learned from the study?

Achieving lower LDL-C levels in patients
treated with LLT who had a recent MI
might be associated with lower healthcare
resource use and costs.

What were the study
outcomes/conclusions?

Very few patients achieved recommended
LDL-C levels following a recent MI, with
only 11% of patients achieving the
recommended goal of\70 mg/dL at the
time of study, and 1% of patients
achieving the goal of\ 55 mg/dL in the
updated 2019 ESC/EAS guidelines.

Lower achieved LDL-C levels and higher
intensity of LLT both appeared to be
associated with lower healthcare resource
use and costs.

INTRODUCTION

Cardiovascular disease (CVD) is a leading cause
of morbidity and mortality throughout indus-
trialized countries [1–3], and it is the most
common cause of death in Spain [4]. An ele-
vated low-density lipoprotein cholesterol (LDL-
C) level is one of the most important modifiable
causal risk factors for CVD [5]. The management
of patients with elevated LDL-C levels involves
lipid-lowering therapy (LLT) with statins, eze-
timibe [3], proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors (evolocumab
and alirocumab), as well as novel LLT, such as
bempedoic acid and inclisiran. Studies in
patients receiving LLT have shown that the
lower the achieved LDL-C level, the lower the
risk of future cardiovascular events [3]. Many
patients, however, fail to achieve LDL-C targets
despite maximally tolerated LLT [6–8].

In Spain, over half of all cardiovascular
morbidity is the result of myocardial infarction
(MI) and stroke [9]. Of individuals who experi-
ence a non-fatal MI or stroke, 10% will experi-
ence a subsequent event within 1 year, and 20%
will experience a subsequent event within
4 years [10–12]. Importantly, recurrent events
tend to be more severe than the initial ones,
and thus have a greater impact on the patient
and are associated with higher healthcare costs
[13, 14]. In Spain, annual direct costs associated
with MI and stroke are approximately €2.8 bil-
lion [9]. In addition, there is a substantial eco-
nomic impact of CVD as a result of productivity
loss, amounting to 25% of annual work days
following an MI or stroke [15]. To our knowl-
edge, however, the relationship between direct
and indirect costs and achieved LDL-C levels in
patients with a recent MI receiving LLT has not
been described.

A retrospective, observational study using
data from electronic medical records in Spain
was undertaken to describe the characteristics of
patients receiving LLT after an MI. In this pop-
ulation, the effectiveness of LLT in reducing
LDL-C levels in real-world clinical practice, and
the subsequent impact on healthcare resource
use and related direct and indirect costs were
described.
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METHODS

Study Design and Patient Population

This was a multicenter, longitudinal, retro-
spective observational study using the BIG-
PAC� administrative database (Atrys Health-
RLD; https://www.encepp.eu/encepp=/viewRes
ource.htm?id=29236), which includes anon-
ymized electronic medical records (EMR) from
1.9 million inhabitants from seven regions of
Spain [16]. The primary data was exported from
the computerized medical records of publicly
funded integrated health areas of public health,
including primary care centers and hospitals,
from seven Spanish regions. Prior to export to
BIG-PAC�, EMRs underwent rigorous
anonymization at the centers/hospitals of ori-
gin, in compliance with Organic Law 3/2018 on
the Protection of Personal Data and Guarantee
of Digital Rights (https://www.boe.es/eli/es/lo/
2018/12/05/3). Atrys Health-RLD had no access
to primary data sources. Study approval was
obtained from the Regional Ethics Research
Committee, and all study procedures were
conducted in accordance with the Declaration
of Helsinki.

Eligible patients were adults
(aged C 18 years) hospitalized for a first MI (in-
dex event) between January 2015 and December
2017 (index date), who had received at least two
LLT prescriptions (i.e., statins and/or ezetimibe)
in the 4 weeks after the event (Supplementary
Material; Fig. S1). Patients were required to have
LDL-C levels recorded at baseline (defined as
1 year before the index date and during hospi-
talization for the index event) and at least one
LDL-C level recorded in the year after the index
event (C 8 weeks after the index event). Patients
were excluded if they were transferred to
another center or region during the study per-
iod, were permanently institutionalized, had a
terminal disease, or were receiving dialysis.

Outcomes

Demographic and clinical characteristics were
collected during the baseline period. Data on
LDL-C levels and LLT use were collected at

baseline and during the 18 months of follow-
up. Intensity of LLT was defined according to
the Anatomical Therapeutic Chemical Classifi-
cation System [17], based on the expected LDL-
C reduction as follows: ezetimibe monotherapy
(approx. 20% reduction); low-intensity statin
(B 30%); moderate-intensity statin (31–40%);
high-intensity statin ([40% reduction); and
ezetimibe with a statin (variable reduction).

Data on healthcare resource use (i.e., medical
visits, days of hospitalization, emergencies,
diagnostic or therapeutic tests, and pharma-
ceutical prescriptions) and unit costs (Supple-
mentary Material; Table S1) were extracted from
the BIG-PAC� database and proprietary analyt-
ical accounting of Atrys Health-RLD. To esti-
mate indirect costs, days of sick leave were
extracted from the database and the associated
costs were calculated using the average inter-
professional salary in Spain as a proxy [18].

Statistical Analysis

Data were summarized both by achieved LDL-C
levels, defined as the last on-treatment LDL-C level
recorded during follow-up (C 8 weeks after the
index date), and intensity of LLT. Achieved LDL-C
levels were categorized according to the 2016 and
2019 European Society for Cardiology (ESC)/
European Atherosclerotic Society (EAS) guidelines
for the management of dyslipidemias:\55 mg/
dL, 55–69 mg/dL, 70–99 mg/dL, 100–129 mg/dL,
and C 130 mg/dL [3, 19]. Healthcare resource use
and costs were assessed using baseline and follow-
up values. Costs were adjusted by age, sex, time
from diagnosis, CVD history, and comorbidities
(Charlson comorbidity index [20]) using analysis
of covariance (ANCOVA) with bootstrapping and
Poissonregressionmodels. Statistical analyseswere
conducted using IBM SPSS 27.

RESULTS

Patient Population and LDL-C Levels

In total, 6025 patients were included in the
analysis (Supplementary Material; Fig. S1), with
a mean (standard deviation) age of 69.7 (12.2)
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Table 1 Baseline characteristics, categorized by intensity of LLT

Ezetimibe
monotherapy

Statin therapy Ezetimibe with a
statin

Overall

Low Moderate High

Patients, n (%) 148 (2.5) 304

(5.0)

1453

(24.1)

3836

(63.7)

284 (4.7) 6025

(100)

Age (years), mean (SD) 69.0 (10.8) 71.4

(12.8)

72.6

(12.0)

68.6

(12.2)

68.5 (10.7) 69.7

(12.2)

Sex (Male), % 82.4 74.3 73.6 78.1 79.6 77.0

BMI (kg/m2), mean (SD) 28.8 (3.3) 28.2

(3.8)

29.0 (4.2) 29.0

(4.1)

29.3 (4.0) 28.9

(4.1)

Charlson comorbidity index, %

1 54.7 48.0 48.5 53.2 48.2 51.6

2 18.2 25.0 28.9 26.1 28.5 26.6

3? 27.0 27.0 22.6 20.8 23.2 21.8

Comorbidities, %

Cardiovascular history (%)

Hypertension 62.8 62.8 64.6 60.5 64.8 61.8

Atrial fibrillation 8.1 11.5 10.4 10.3 8.8 10.3

Heart failure 9.5 12.8 10.8 8.7 9.5 9.5

Stroke 7.4 9.5 7.6 8.6 9.2 8.4

Other comorbidities, %

Diabetes 31.8 28.6 32.8 28.7 31.7 29.9

Obesity 19.6 20.4 20.2 23.4 21.8 22.3

Depression 10.8 9.9 11.4 9.2 10.6 9.8

Neoplasia 10.8 11.5 9.4 8.5 9.2 8.9

Active smoking 7.4 7.2 6.1 9.7 7.7 8.6

Renal failure 10.8 10.5 7.8 8.1 8.5 8.2

Statin intolerance 10.8 3.6 2.8 2.2 2.8 2.7

Alcoholism 0.7 0.7 0.6 0.8 0.7 0.7

Concomitant medications,

mean (SD)

3.5 (1.1) 3.5 (1.1) 3.5 (1.2) 3.5 (1.1) 3.5 (1.2) 3.5 (1.1)

Concomitant medications, %

Antiplatelet agents 93.9 91.8 90.9 93.5 95.8 92.9

Beta-blockers 76.4 78.0 77.1 81.6 77.8 80.0

Antithrombotics 77.7 76.0 76.2 72.8 77.1 74.1

ARBs 68.2 69.1 68.5 67.2 70.1 67.7
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years (Table 1). Overall, 77% of patients were
male, and the most commonly reported
comorbidities included hypertension (61.8%),
diabetes (29.9%), and obesity (22.3%). Approx-
imately half of patients (51.6%) had a Charlson
comorbidity index of 1, with 26.6% and 21.2%,
respectively, having a Charlson comorbidity
index of 2 or 3. Overall, 63.7% of patients were
receiving high-intensity statin treatment, with a

further 4.7% receiving ezetimibe with a statin.
On average, patients were receiving more than
three concomitant medications, the most
common drug classes being antiplatelet agents
(92.9% of patients), beta-blockers (80.0%), and
antithrombotics (74.1%).

LDL-C was reduced to a greater extent with
more intensive therapy compared with less
intensive therapy, with a reduction of 27.0% in

Table 1 continued

Ezetimibe
monotherapy

Statin therapy Ezetimibe with a
statin

Overall

Low Moderate High

Diuretics 27.7 31.6 31.3 26.8 28.9 28.2

Antihypertensives 3.4 4.3 4.1 3.0 4.2 3.4

ARB angiotensin II receptor blockers, BMI body mass index, LLT lipid-lowering therapy, SD standard deviation

Fig. 1 Mean LDL-C levels (baseline, follow-up, and change from baseline), according to intensity of LLT. Data expressed as
mean (SD). LDL-C low-density lipoprotein cholesterol, LLT lipid-lowering therapy, SD standard deviation
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patients receiving ezetimibe with a statin com-
pared with 25.1%, 13.3%, and 8.6% with high-,
medium-, and low-intensity statins, respec-
tively, and 6.9% with ezetimibe monotherapy
(Fig. 1). Only 641 patients (10.6%) achieved
LDL-C levels\70 mg/dL, as recommended in
the 2016 ESC/EAS guidelines for very high-risk
patients [19]. Furthermore, only 68 patients
(1.1%) achieved the more ambitious LDL-C goal
(\55 mg/dL) recommended in the current 2019
ESC/EAS guidelines [3]. Of the remaining
patients, 2213 (36.7%) had LDL-C 70–99 mg/dL,
1995 (33.1%) had LDL-C 100–129 mg/dL, and
1176 (19.5%) had LDL-C C 130 mg/dL.

Healthcare Resource Use

Overall, healthcare resource use tended to
increase with increasing achieved LDL-C levels,
although the relative contribution of the dif-
ferent components to the total varied with LDL-
C threshold (Table 2). Primary care visits were

the largest component of resource use (mean,
29.9 visits per patient), increasing with achieved
LDL-C from a mean of 27.6 visits per patient
with achieved LDL-C\ 55 mg/dL to 31.0 visits
in patients with achieved LDL-C C 130 mg/dL.
Laboratory tests were the second largest com-
ponent of resource use (mean, 3.3 per patient),
and were highest in patients with achieved LDL-
C\55 mg/dL (mean 4.0 per patient)
or C 130 mg/dL (mean 3.7 per patient). Mean
days in hospital increased from 0.1 day per
patient with achieved LDL-C\55 mg/dL to
2.0 days per patient in those with achieved LDL-
C C 130 mg/dL.

Productivity Loss

Productivity loss generally increased with
increasing LDL-C levels. The mean number of
sick leave days per patient in the 18-month
follow-up period was 40.8 overall, ranging from
34.6 days in patients with achieved LDL-

Table 2 Healthcare resource use during the 18 months after an MI, according to achieved LDL-C level

Achieved LDL-C (mg/dL) Overall
(n = 6025)< 55

(n = 68)
55–69
(n = 573)

70–99
(n = 2213)

100–129
(n = 1995)

‡ 130
(n = 1176)

Healthcare resource use

Primary care visits 27.6 (20.7) 29.9 (27.1) 29.5 (24.9) 29.7 (24.2) 31.0 (26.1) 29.9 (25.1)

Laboratory

requests

4.0 (5.1) 3.4 (3.6) 3.2 (3.2) 3.2 (3.1) 3.7 (1.9) 3.3 (3.0)

Specialized visits 2.5 (1.0) 2.8 (1.1) 2.7 (1.1) 3.2 (1.3) 3.2 (1.2) 3.0 (1.2)

Other tests 1.3 (0.5) 1.5 (0.6) 1.6 (0.6) 1.7 (0.7) 1.7 (0.8) 1.6 (0.7)

Days in hospital 0.1 (0.8) 0.8 (2.4) 1.1 (3.4) 1.7 (4.3) 2.0 (4.7) 1.4 (3.9)

Radiology

requests

0.7 (1.0) 0.9 (1.3) 0.9 (1.2) 0.9 (1.1) 0.9 (1.2) 0.9 (1.2)

Emergency room

visits

0.3 (0.5) 0.5 (1.8) 0.5 (0.9) 0.7 (1.2) 0.9 (1.4) 0.6 (1.2)

Productivity loss

Days of sick leave 34.6 (61.5) 35.7 (69.3) 41.6 (69.6) 41.1 (79.7) 41.3 (78.6) 40.8 (74.8)

Data expressed as mean (SD)
LDL-C low-density lipoprotein cholesterol, MI myocardial infarction, SD standard deviation
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C\55 mg/dL and 35.7 days in those with
achieved LDL-C 55–69 mg/dL, to 41.6, 41.1, and
41.3 days in patients with achieved LDL-C
70–99 mg/dL, 100–129 mg/dL, and C 130 mg/
dL, respectively.

Direct and Indirect Costs

Descriptive statistics of direct and indirect costs,
by achieved LDL-C levels and LLT intensity, are
presented in Tables S2 and S3 in the Supple-
mentary Material, respectively.

On the basis of the ANCOVA with boot-
strapping model, both direct and indirect costs
decreased with decreasing achieved LDL-C
levels (Fig. 2). Mean direct costs during the
18 months after an MI were €2714 in patients
with LDL-C\ 55 mg/dL, €3645 in those with
LDL-C 55–69 mg/dL, €3901 in those with LDL-C
70–99 mg/dL, €4412 in those with LDL-C
100–129 mg/dL, and €4730 in those with LDL-
C C 130 mg/dL. Similarly, indirect costs were
€2331, €2401, €2407, €2619, and €2837,
respectively. In general, when patients were
categorized according to intensity of LLT, total
costs (direct and indirect) tended to decrease
with intensity of LLT treatment (Fig. 3).

The ANCOVA with bootstrapping and the
Poisson regression models provided very con-
sistent results (Supplementary Material;
Tables S4 and S5).

DISCUSSION

Results from this analysis of electronic medical
records in Spain showed that, despite the use of
statin and/or ezetimibe, very few patients
achieved recommended LDL-C levels after
experiencing an MI. Indeed, only 11% of
patients achieved the goal of \70 mg/dL,
which was the recommended LDL-C level
reported in the ESC/EAS guidelines at the time
the study was conducted [19]. Furthermore, just
1% achieved the goal of\ 55 mg/dL, which was
the updated recommendation in the current
2019 ESC/EAS guidelines [3]. This is despite 64%
of patients receiving high-intensity statin ther-
apy and a further 5% receiving ezetimibe with a
statin. For all treatment intensities, however,
the LDL-C decrease observed was generally
lower than reported in clinical trials [21–24]. In
a simulation study using the Swedish nation-
wide SWEDEHEART register, including patients

Fig. 2 Mean costs during the 18 months post-MI,
according to achieved LDL-C level (ANCOVA with
bootstrapping model). Costs are corrected by ANCOVA
based on pairwise comparisons between the estimated

marginal averages. ANCOVA analysis of covariance, LDL-
C low-density lipoprotein cholesterol, LLT lipid-lowering
therapy, MI myocardial infarction
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who had attended a follow-up visit 6–10 weeks
after an MI, 82.9% of patients would be eligible
for intensified lipid-lowering therapy according
to the 2019 ESC/EAS guidelines [25]. In addi-
tion, 84.3% of patients were receiving
monotherapy with high-intensity statins, and
the use of ezetimibe, as either monotherapy or
in combination, was very low. The 2019 ESC/
EAS guidelines recommend the use of high-in-
tensity statins, and the addition of ezetimibe
and PCSK9 inhibitors if LDL-C goals are not
met. In the SWEDEHEART study, when the use
of high-intensity statins followed by add-on LLT
with ezetimibe was simulated, LDL-C goals were
met by almost 50% of patients. Furthermore,
when use of alirocumab or evolocumab was
simulated in those patients eligible for a PCSK9
inhibitor, around 90% of patients attained their
LDL-C goal [25].

Overall, total (direct and indirect) costs
remained high, rising to more than €7500 in the
18 months after an MI for patients with the

highest LDL-C levels (C 130 mg/dL) and for
those receiving low-to-moderate-intensity LLT.
The largest cost categories were hospitalizations
(up to 30% of direct costs) and primary care
visits (up to 28%). Lower achieved LDL-C levels
and higher intensity of LLT both appeared to be
associated with lower healthcare resource use
and costs. The exceptions to this trend were the
two subgroups of patients receiving ezetimibe,
but as only 148 patients (2%) received ezetimibe
monotherapy and 284 patients (5%) received
ezetimibe with a statin, this may be an artifact
of the small sample sizes.

The results of this analysis are broadly con-
sistent with previous analyses of healthcare
resource use in patients with atherosclerotic
CVD. For example, a study of productivity loss
and indirect costs associated with acute coro-
nary syndrome and stroke in Spain showed that
total indirect costs were €11,366 in the year
after the event [15]. Although the sample size in
this study was limited, these Spanish patients

Fig. 3 Mean costs during the 18 months post-MI,
according to intensity of LLT (ANCOVA with boot-
strapping model). Costs are corrected by ANCOVA based
on pairwise comparisons between the estimated marginal

averages. ANCOVA analysis of covariance, LDL-C low-
density lipoprotein cholesterol, LLT lipid-lowering ther-
apy, MI myocardial infarction
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were part of a larger European study, which
reported a mean indirect cost in the year after
the event of €13,953 [26]. In an analysis by the
European Heart Network, the direct costs asso-
ciated with ischemic heart disease in Spain in
2015 were €1.5 billion, while the direct costs
associated with cerebrovascular disease were
€1.2 billion [9]. Indirect costs associated with
the two conditions were €1.9 billion and
€0.9 billion, respectively.

The main strength of the study is the use of
the BIG-PAC� database, which is highly repre-
sentative of the general Spanish population.
The results of our analysis can be therefore
broadly generalized to the Spanish population,
although the analysis does not account for
potential differences in clinical practice, demo-
graphics, and socioeconomic conditions
between different regions.

A potential limitation is selection bias, as
older and more frail patients are likely to have
worse outcomes, because of their overall con-
dition and because they are more likely to
receive lower-intensity LLT. While there were
no obvious differences in demographics or
clinical characteristics across patient groups in
our study, it is possible that there are other
potential confounding factors that were not
accounted for. In addition, there may be over-
representation of patients with high LDL-C
levels in the BIG-PAC� database, as patients
with well-controlled lipid levels are less likely to
seek care and have their LDL-C levels monitored
frequently than those who are not well con-
trolled. It should also be noted that the calcu-
lations of cost in the study do not include ‘‘out-
of-pocket’’ costs incurred directly by patients or
costs related to caregivers. In addition, as dis-
cussed earlier, the LDL-C percentage reduction
observed in this study was generally lower than
reported in clinical trials. This could be poten-
tially explained by poor adherence to and per-
sistence with oral LLT. Adherence to and
persistence with LLT were not accounted for in
our study, which constitutes a potential limi-
tation. Finally, this study was descriptive in
nature and no formal statistical testing was
performed.

CONCLUSIONS

This analysis of real-world data from a medical
records database in Spain showed that very few
patients achieved recommended LDL-C levels
after experiencing a recent MI, despite receiving
LLT (i.e., a statin and/or ezetimibe). Achieving
lower LDL-C levels after a recent MI might be
associated with lower healthcare resource use
and costs, and thus use of more intense LLT,
leading to a greater reduction in LDL-C, might
be beneficial from both a clinical and an eco-
nomic perspective.
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