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751 85 Uppsala, Sweden;; 5Merck Sharp & Dohme, Gävlegatan 22, 113 30 Stockholm, Sweden; and 6Clinical Epidemiology Division, Department of Medicine, Solna, Karolinska
Institutet, 171 76 Stockholm, Sweden

Received 22 February 2020; editorial decision 24 February 2020; accepted 1 March 2020; online publish-ahead-of-print 6 March 2020

Aims To assess low-density lipoprotein cholesterol (LDL-C) treatment target attainment among myocardial infarction
(MI) patients according to the European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) dysli-
pidaemia guidelines from 2011 (LDL-C < 1.8 mmol/L or >_50% LDL-C reduction) and 2016 (LDL-C < 1.8 mmol/L
and >_50% LDL-C reduction).

...................................................................................................................................................................................................
Methods
and results

Using nationwide registers, we identified 44 890 patients aged 21–74 admitted for MI, 2013–17. We included
those attending follow-up visits at 6–10 weeks (n = 25 466) and 12–14 months (n = 17 117) after the event. Most
patients received high-intensity statin monotherapy [84.3% (6–10 weeks) and 69.0% (12–14 months)] or statins
with ezetimibe (2.7% and 10.2%). The proportion of patients attaining the 2011 LDL-C target was 63.8%
(6–10 weeks) and 63.5% (12–14 months). The corresponding numbers for the 2016 LDL-C target were 31.6%
(6–10 weeks) and 31.5% (12–14 months). At the 6- to 10-week follow-up, 37% of those not attaining the 2011
LDL-C target and 48% of those not attaining the 2016 target had an LDL-C level that was >_0.5 mmol/L from the
target. When comparing LDL-C measurements performed before vs. after the release of the 2016 guidelines, at-
tainment of the 2016 LDL-C target increased from 30.2% to 35.0% (6–10 weeks) and from 27.6% to 37.6% (12–
14 months).

...................................................................................................................................................................................................
Conclusion In a nationwide register, one out of three patients with a recent MI had not attained the LDL-C target of the 2011

ESC/EAS guidelines and two out of three patients had not attained the LDL-C target of the 2016 guidelines.
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Introduction

Reduction of low-density lipoprotein cholesterol (LDL-C) with sta-
tins in patients with myocardial infarction (MI) reduces the risk of re-
current cardiovascular events.1 Compared to low- or moderate-
intensity statin therapy, high-intensity statins, as well as the addition
of ezetimibe or proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors, can further improve outcomes.2–5

The introduction of novel LDL-C lowering therapies and the
mounting evidence regarding a causal association between LDL-C re-
duction and reduced cardiovascular risk have been reflected in guide-
line recommendations for treatment of dyslipidaemia in patients with
MI. In the 2011 European Society of Cardiology (ESC)/European
Atherosclerosis Society (EAS) dyslipidaemia guidelines, lifestyle mod-
ifications and statin therapy were recommended to achieve an LDL-
C goal of <1.8 mmol/L, or a >_50% reduction in LDL-C level for
patients who cannot achieve the LDL-C goal.6 In the 2016 update of
these guidelines, the LDL-C target was changed to an LDL-C goal of
<1.8 mmol/L and a >_50% LDL-C level reduction if the baseline LDL-
C level was between 1.8 and 3.5 mmol/L, with an added recommen-
dation to consider ezetimibe and/or an PCSK9 inhibitor for patients
who did not reach the target with maximally tolerated statin ther-
apy.7 In the latest ESC/EAS dyslipidaemia guidelines, released in
August 2019, the LDL-C target was updated to an LDL-C level of
<1.4 mmol and a >_50% LDL-C level reduction and the recommenda-
tions regarding use of ezetimibe and PCSK9 inhibitors were
strengthened.8

While the aggressive LDL-C target and treatment recommenda-
tions of the 2019 ESC/EAS guidelines are likely to substantially affect
lipid-lowering therapy among patients with MI, surprisingly little is
known about to what extent LDL-C targets of the previous guide-
lines have been reached. Previous studies on LDL-C target attain-
ment have used data from selected samples of patients,9–12 which
limits their generalizability, included patients with a broad range of
atherosclerotic cardiovascular disease (ASCVD) at various levels of
risk,10,12–14 or assessed LDL-C levels a long period after the event.13

Furthermore, there is a lack of data on the attainment of the >_50%
LDL-C reduction criteria, which is an important component of the
LDL-C target. Before the recommendations of the 2019 ESC/EAS
guidelines are fully implemented and translated into national and local
guidelines, it is crucial to assess to what extent the LDL-C targets of
the previous ESC/EAS guidelines have been achieved.

We used data from nationwide registers in Sweden, 2013–17, to
include patients with a recent MI and assess lipid-lowering therapy
and attainment of the LDL-C targets of the 2011 and 2016 ESC/EAS
guidelines at 6–10 weeks and 12–14 months after the event.

Methods

Study population
We used the Swedish Web-System for Enhancement and Development
of Evidence-Based Care in Heart Disease Evaluated According to
Recommended Therapies (SWEDEHEART) register15 to include all
patients, aged 18–74 years, admitted with an MI between 1 January 2013
and 1 October 2017, and who survived until discharge. During this
period, patients aged <75 years could participate in the SWEDEHEART

secondary prevention follow-up programme, including a first follow-up
visit at 6–10 weeks after the MI and a second follow-up visit after 12–
14 months.

One admission was randomly selected for patients with multiple
admissions for MI during the study period. For the analyses at the 6- to
10-week follow-up visit, we then excluded patients who (i) had unknown
statin or ezetimibe therapy at admission for the MI, (ii) had missing data
on LDL-C at index MI, (iii) died within 10 weeks after discharge, (iv)
received PCSK9 inhibitors at the index MI or follow-up visit, (v) had no
registered follow-up visit, (vi) had missing data on LDL-C at the follow-up
visit, or (vii) had unknown statin or ezetimibe therapy at the follow-up
visit. For the analyses at the 12- to 14-month follow-up visit, we further
excluded patients who (i) died before 14 months after discharge, (ii)
received PCSK9 inhibitors at the 12- to 14-month follow-up, (iii) had no
registered 12- to 14-month follow-up visit, (iv) had missing data on LDL-
C at the 12- to 14-month follow-up, or (v) had unknown statin or ezeti-
mibe therapy at the 12- to 14-month follow-up. We excluded patients
receiving PCSK9 inhibitors as few patients received these drugs during
the study period (n = 27).

Information about comorbidities was obtained from SWEDEHEART
and complemented by data from the National Patient Register, which
includes the inpatient care diagnoses of all hospital admissions in Sweden
since 1987.16 Data concerning medications at admission, in-hospital treat-
ments, discharge medications, and use of statins and ezetimibe at each
follow-up visit were collected in SWEDEHEART. Data on filled prescrip-
tions and the type of lipid-lowering therapy were obtained from the
Prescribed Drugs Register which includes all filled prescriptions in
Sweden.17 Date of death was obtained from the Swedish population
registry. LDL-C levels were recorded in SWEDEHEART; the standard
methods of measuring LDL-C at each hospital were used. Laboratories
serving Swedish hospitals are included in a nationwide laboratory quality
authority. Three times per year, the consistency of lipid measurements
across the laboratories is assessed, with deviations outside pre-specified
ranges of errors (total cholesterol, 5%; high-density lipoprotein-choles-
terol, 10%; and LDL-C, 12%) prompting recalibration. The regional ethics
committee in Stockholm approved the study (2018/1957/32).

Categorization of lipid-lowering therapies

and baseline LDL-C levels
Patients who filled a statin and/or ezetimibe prescription within the previ-
ous 180 days and had a registered use of the drug in SWEDEHEART
were considered as receiving statin and/or ezetimibe therapy at the index
MI and at each follow-up, respectively. The patient was considered as
exposed to the statin of the latest filled prescription if more than one pre-
scription was filled within the previous 180 days. The patients’ lipid-
lowering therapies were categorized into four groups: (i) not receiving
statins, (ii) low- or moderate-intensity statin therapy, (iii) high-intensity
statin therapy, and (iv) any statin combined with ezetimibe. High-intensity
statin therapy was defined as atorvastatin >_40 mg/day or rosuvastatin
>_20 mg/day. Statins that were not high-intensity statins were considered
as low- or moderate-intensity statins.18

A baseline (pre-treatment) LDL-C level is required in order to assess
the target of a >_50% reduction in LDL-C level. Thus, for patients without
ongoing lipid-lowering therapy at the index MI (80.2% of the study popu-
lation), the LDL-C level as measured at the index MI was used. For those
with ongoing lipid-lowering therapy (19.8%), the baseline LDL-C level
was extrapolated using the LDL-C level at the index MI and the LDL-C
reduction of the lipid-lowering therapy that the patient was receiving.
We sampled this LDL-C reduction from b probability density functions
derived from clinical trials, specific for each type and dose of
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lipid-lowering therapy, as presented and validated by Cannon et al.13

(Supplementary material online, Table S1).

Statistical analysis
First, we assessed lipid-lowering therapy at admission for the index MI
and at each follow-up visit. For the total population and for each category
of lipid-lowering therapy separately, we then assessed the proportion of
the patients at each follow-up visit who (i) had neither attained an LDL-C
level of <1.8 mmol/L nor an LDL-C level reduction of >_50%, (ii) had not
attained an LDL-C level of <1.8 mmol/L but attained a >_50% LDL-C re-
duction, (iii) had attained an LDL-C level of <1.8 mmol/L but not an LDL-
C level reduction of >_50%, and (iv) had attained both an LDL-C level of
<1.8 mmol/L and a >_50% LDL-C level reduction. Of these categories of
LDL-C target attainment, (ii)–(iv) represent attainment of the LDL-C tar-
get of the 2011 ESC/EAS guidelines and (iv) represents attainment of the
LDL-C target of the 2016 ESC/EAS guidelines. To assess potential
changes in lipid-lowering therapy and attainment of LDL-C targets associ-
ated with the introduction of the 2016 guidelines, we also assessed cate-
gories of lipid-lowering therapy and LDL-C target attainment at follow-
up visits occurring before vs. after the release date of the 2016 guidelines
(28 August 2016).

Next, we focused on the LDL-C target of the 2016 ESC/EAS guide-
lines. We described the patient characteristics by target attainment and
assessed the distance to LDL-C target attainment by calculating the add-
itional reduction in LDL-C level that patients who had not attained the
target would need to achieve in order to reach the LDL-C target. We
then assessed the association between patient characteristics, selected a
priori (Supplementary material online, Table S2), and LDL-C target
achievement using multivariable logistic regression.

Finally, in a sensitivity analysis, we assessed lipid-lowering therapy and
LDL-C target attainment among patients with available data from both
the 6- to 10-week and the 12- to 14-month follow-up visit. This analysis
was performed to assess whether the findings were affected by the exclu-
sion of patients between the two follow-up visits. Analyses were per-
formed in Stata version 15.0 (StataCorp LP, College Station, TX, USA).

Results

Study population
A total of 44 890 patients, aged 21–74 years, hospitalized with an MI
and surviving until discharge were identified. At first follow-up and at
second follow-up 25 466 and 17 117 patients, respectively, remained
after exclusion criteria were applied (Figure 1). The baseline charac-
teristics of those who were excluded and included in the analyses are
shown in Supplementary material online, Table S3. Compared to the
patients included in the analyses, those excluded before the 6- to 10-
week follow-up were more likely to have had a non-ST-elevation MI,
previous coronary intervention, more comorbidities, and to receive
high-intensity statins at admission (Supplementary material online,
Table S3).

The mean [standard deviation (SD)] age of the study population at
the index MI was 62 (9) years, 25% were women, 41% presented
with an ST-elevation MI, 20% had diabetes mellitus, and 80% had no
ongoing statin therapy. In total, 7336 (28.8%) of the 6- to 10-week
follow-up visits and 6630 (38.7%) of the 12- to 14-month follow-up
visits occurred after the release of the 2016 ESC/EAS guidelines.
Mean (SD) LDL-C was 3.2 (1.1) mmol/L (index MI), 1.9 (0.7) mmol/L

(6- to 10-week follow-up), and 1.9 (0.8) mmol/L (12- to 14-month
follow-up).

Lipid-lowering therapy and attainment of
LDL-C <1.8 mmol/L and/or �50%
reduction
Figure 2 shows the proportion of patients by category of lipid-
lowering therapy and by attainment of an LDL-C level of <1.8 mmol/
L and a >_50% reduction in LDL-C. At the 6- to 10-week follow-up,
most patients had either high-intensity statin monotherapy (84.3%)
or the combination of any statin with ezetimibe (2.7%). The corre-
sponding numbers at the 12- to 14-month follow-up were 69.0% and
10.2%. In total, 63.8% (6–10 weeks) and 63.5% (12–14 months) of the
patients had attained the LDL-C target of the 2011 guidelines as they
had achieved an LDL-C level of <1.8 mmol/L or an LDL-C reduction
of >_50%. Roughly half of the patients [51.2% (6–10 weeks) and 51.3%
(12–14 months)] reached an LDL-C of <1.8 mmol/L, while the pro-
portion attaining an LDL-C reduction of >_50% was 44.2% (6–
10 weeks) and 43.7% (12–14 months). The proportion of patients
attaining both an LDL-C level of <1.8 mmol/L and an LDL-C reduc-
tion of >_50% (the 2016 ESC/EAS target) was 31.6% at the 6- to 10-
week follow-up and 31.5% at the 12- to 14-month follow-up.

When follow-up visits occurring before and after the introduction
of the 2016 guidelines were analysed separately, we observed an in-
crease in the use of combination therapy with statins and ezetimibe,

Admission for MI
1 January 2013–1 October 2017,

aged 18–74 years, 
and survived until discharge

(n=44890)

Study population
at 6–10 weeks

(n=25,466)

Study population
at 12–14 months

(n=17,117)

Excluded (n=19,424)

  Missing LDL-C at index MI (n=8,702)
  PCSK9 inhibitors at index MI (n=3)
  Unknown statin or ezetimibe therapy at index MI (n=153)
  Died within 10 weeks after MI (n=380)
  No registered first follow-up visit (n=8,198)
  Missing LDL-C at first follow-up visit (n=1,944)
  Unknown statin or ezetimibe therapy at first follow-up visit (n=34)
  PCSK9 inhibitors at first follow-up visit (n=10)

  Excluded (n=8,349)

  Not enough follow-up time for 12–14 month visit (n=5103)
  Missing LDL-C at second follow-up (n=730)
  Unknown statin or ezetimibe therapy at second follow-up (n=146)
  Died before second follow-up (n=257)
  No registered second follow-up visit (n=2,099)
  PCSK9 inhibitors at second follow-up visit (n=14)

Figure 1 Flowchart for study population. LDL-C, low-density
lipoprotein cholesterol; MI, myocardial infarction; PCSK9, propro-
tein convertase subtilisin/kexin type 9.
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especially at the 12- to 14-month follow-up. Concurrently, a larger
proportion of patients at the 6- to 10-week follow-up had attained an
LDL-C level of <1.8 mmol/L (49.5% before the release of the 2016
guidelines vs. 55.3% after the release) and an LDL-C reduction of
>_50% (43.0% vs. 47.3%), with similar findings at the 12- to 14-month
follow-up. Accordingly, a larger proportion of patients attained the
2016 LDL-C target after the introduction of the 2016 guidelines
(35.0% at 6–10 weeks and 37.6% at 12–14 months) compared to be-
fore these guidelines were released (30.2% and 27.6%) (Figure 2 and
Supplementary material online, Table S4).

Among patients receiving statins with ezetimibe, 53.2% attained an
LDL-C level of <1.8 mmol/L at the 6- to 10-week follow-up and
43.4% attained the 2016 ESC/EAS target of both this LDL-C goal and
an LDL-C reduction of >_50% (Figure 3). The corresponding numbers
were 53.9% and 34.0% for those receiving monotherapy with high-
intensity statins and 40.2% and 16.1% for those with low- or
moderate-intensity statins. LDL-C target attainment by category of

lipid-lowering therapy at follow-up visits occurring before vs. after
the release of the 2016 ESC guidelines are shown in Supplementary
material online, Figure S1.

Factors associated with attainment of
the 2016 ESC LDL-C target
Characteristics of patients included in the analysis at each follow-up
by achievement of 2016 LDL-C target are shown in Table 1. In the
multivariable logistic regression analyses, several factors were associ-
ated with LDL-C target achievement; for example, at both follow-
ups, current smoking, previous MI, and previous stroke were associ-
ated with a lower likelihood of achieving the LDL-C target, while
more intensive lipid-lowering therapy and diabetes mellitus were
associated with a higher likelihood of achieving the LDL-C target
(Supplementary material online, Table S5). The median (interquartile
range) distance to the 2011 ESC/EAS LDL-C target among those

6-10-week 
follow-up

12-14-month
follow-up

Total study period
(1 January, 2013 - 1 October, 2017)

Before release of 
the 2016 ESC/EAS guidelines

(1 January, 2013- 28 August, 2016)

After release of 
the 2016 ESC/EAS guidelines

(29 August, 2016- 1 October, 2017)

Statin with ezetimibe

Low/moderate-intensity statins

No statin

High-intensity statins

≥1.8 mmol/L & <50% LDL-C reduction 

≥1.8 mmol/L & ≥50% LDL-C reduction 

<1.8 mmol/L & <50% LDL-C reduction 

<1.8 mmol/L & ≥50% LDL-C reduction 

100%

0%

100%

0%

100%

0%

100%

0%

Lipid-lowering therapy LDL-C target attainment

n=25,466

n=17,117

n=18,130

n=10,487

n=7,336

n=6,630

2016 LDL-C target attained

2011 LDL-C target attained

Figure 2 Achievement of an LDL-C level of <1.8 mmol/L and a >_50% reduction in LDL-C level and lipid-lowering therapies at 6–10 weeks and 12–
14 months after myocardial infarction for the total study period and for follow-up visits occurring before and after the release of the 2016 ESC/EAS
guidelines. ESC, European Society of Cardiology; EAS, European Atherosclerosis Society; LDL-C, low-density lipoprotein cholesterol.
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.who had not attained the target was 0.3 (0.1–0.7) mmol/L at the 6- to
10-week follow-up and 0.4 (0.2–0.8) mmol/L at the 12- to 14-month
follow-up with 37% and 40% of the patients at each of the follow-up
visits having a distance to the target that was >_0.5 mmol/L. The corre-
sponding numbers for the 2016 ESC/EAS LDL-C target were 0.5
(0.2–0.8) mmol/L at the 6- to 10-week follow-up and 0.5 (0.2–0.9)
mmol/L at the 12- to 14-month follow-up. At both follow-up visits,
48% of these patients had a distance to the 2016 target that was
>_0.5 mmol/L (Figure 4, Supplementary material online, Table S6). In
the sensitivity analyses of patients who had LDL-C data available at
both the 6- to 10-week and 12- to 14-month follow-up, findings
regarding lipid-lowering therapy and LDL-C target attainment were
largely similar to those in the main analyses (Supplementary material
online, Table S7).

Discussion

In this study including patients with a recent MI from a nationwide
register (2013–17), we found that although most of the patients
received high-intensity statins at 12–14 months after the event,
around one in three patients had not attained an LDL-C level of
<1.8 mmol/L or an LDL-C reduction of >_50%, as was recommended
in the 2011 ESC/EAS guidelines for the management of dyslipidae-
mias. Half of the patients had not attained the LDL-C goal of

<1.8 mmol/L and two out of three patients had not attained this
LDL-C goal and reached a >_50% reduction in LDL-C levels, as was
recommended in the 2016 ESC/EAS guidelines. Around 4 out of 10
of the patients who did not attain the 2011 LDL-C target and half of
those not attaining the 2016 LDL-C target had an LDL-C level that
was >_0.5 mmol/L from the target.

Reflecting the mounting data of benefits associated with LDL-C
lowering and the introduction of new LDL-C lowering therapies,
each update of the ESC/EAS dyslipidaemia guidelines has included a
more aggressive LDL-C target for patients with MI. The recently
released ESC/EAS guidelines now recommend an LDL-C goal of
<1.4 mmol/L and a >_50% LDL-C reduction for this group of patients.
Meanwhile, uncertainty has remained regarding attainment of the
LDL-C targets recommended in previous guidelines for patients with
MI. In a study based on a convenience sample of patients from 18
countries, 37% of the 1071 patients with acute coronary syndrome
had reached an LDL-C of <1.8 mmol/L at 120 days after the event.9

In another study including 7824 patients from 27 countries, inter-
viewed 0.5–2 years after an elective coronary artery bypass grafting,
elective percutaneous coronary intervention, or an acute coronary
syndrome, only 29.0% of the patients had attained an LDL-C level of
<1.8 mmol/L.12 However, these studies as well as other previous
analyses of LDL-C target attainment have had limitations, including
the use of data from selected samples of patients with limited gener-
alizability,9–12 or broad samples of patients with a wide range of

Figure 3 Achievement of an LDL-C level of <1.8 mmol/L and a >_50% reduction in LDL-C level by category of lipid-lowering therapy at 6–10 weeks
and 12–14 months after myocardial infarction. LDL-C, low-density lipoprotein cholesterol.
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Table 1 Characteristics of the study population 6–10 weeks (n 5 25 466) and 12–14 months (n 5 17 117) after MI, by
attainment of the LDL-C target of the 2016 ESC/EAS dyslipidaemia guidelines

6- to 10-week follow-up 12- to 14-month follow-up

LDL-C target

not reached

(n 5 17 420)

LDL-C target

reached

(n 5 8046)

LDL-C target

not reached

(n 5 11 729)

LDL-C target

reached

(n 5 5388)

At index event

Age (years) 63 ± 8 62 ± 9 63 ± 8 62 ± 8

Age category (years), n (%)

18–44 542 (3) 323 (4) 351 (3) 165 (3)

45–54 2579 (15) 1363 (17) 1767 (15) 852 (16)

55–64 5737 (33) 2619 (33) 3854 (33) 1768 (33)

65–74 8562 (49) 3741 (46) 5757 (49) 2603 (48)

Women, n (%) 4402 (25) 1852 (23) 2933 (25) 1180 (22)

BMI category (kg/m2)

<25 4798 (28) 2006 (26) 3256 (28) 1339 (26)

25 to <30 7686 (45) 3695 (47) 5272 (46) 2456 (47)

>_30 4475 (26) 2149 (27) 2897 (25) 1453 (28)

Total cholesterol (mmol/L) 5.0 ± 1.3 5.1 ± 1.0 5.0 ± 1.3 5.2 ± 1.1

LDL-cholesterol (mmol/L) 3.1 ± 1.2 3.2 ± 0.9 3.1 ± 1.2 3.3 ± 1.0

HDL-cholesterol (mmol/L) 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4

Triglycerides (mmol/L) 1.6 ± 0.9 1.6 ± 0.9 1.6 ± 0.9 1.6 ± 0.9

Type of MI, n (%)

STEMI 7341 (42) 3227 (40) 4840 (41) 2239 (42)

NSTEMI 10 079 (58) 4819 (60) 6889 (59) 3149 (58)

Received PCI 9908 (85) 12 003 (87) 10 033 (86) 4702 (87)

Lipid-lowering therapy at admission, n (%)

No statins 13 782 (79) 6762 (84) 9376 (80) 4415 (82)

Low- or moderate-intensity statin 2613 (15) 862 (11) 1746 (15) 688 (13)

High-intensity statin 915 (5) 363 (5) 539 (5) 246 (5)

Statin with ezetimibe 110 (1) 59 (1) 68 (1) 39 (1)

Smoking status, n (%)

Never smoker 5810 (34) 2988 (38) 4055 (35) 1984 (37)

Former smoker 6183 (36) 2801 (35) 4198 (36) 1911 (36)

Current smoker 5088 (30) 2115 (27) 3285 (28) 1414 (27)

Comorbidities, n (%)

Hypertension 8939 (51) 4394 (55) 5538 (48) 2430 (45)

Diabetes mellitus 3396 (19) 1685 (21) 2256 (19) 1066 (20)

Previous MI 2904 (17) 849 (11) 1801 (15) 623 (12)

Previous PCI 2505 (14) 749 (9) 1574 (13) 557 (10)

Previous CABG 694 (4) 206 (3) 420 (4) 158 (3)

Congestive heart failure 514 (3) 127 (2) 277 (2) 99 (2)

Previous stroke 844 (5) 278 (3) 536 (5) 163 (3)

COPD 896 (5) 280 (3) 554 (5) 183 (3)

Renal insufficiencya 1806 (11) 676 (9) 1169 (10) 445 (8)

Peripheral artery disease 512 (3) 154 (2) 323 (3) 86 (2)

Cancer 259 (1) 106 (1) 160 (1) 59 (1)

At 6- to 10-week follow-up

LDL-cholesterol (mmol/L) 2.1 ± 0.7 1.3 ± 0.3 2.0 ± 0.7 1.6 ± 0.6

Lipid-lowering therapy, n (%)

No statin 999 (6) 102 (1) 554 (5) 100 (2)

Low- or moderate-intensity statin 1870 (11) 358 (4) 1348 (11) 286 (5)

High-intensity statin 14 168 (81) 7292 (91) 9627 (82) 4854 (90)

Continued
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ASCVD at various levels of risk,10,12–14 as well as LDL-C level assess-
ments performed a long period after the event.13 Our study expands
the knowledge of LDL-C target attainment by including a large popu-
lation representative of patients seen in routine clinical practice and
by using LDL-C data from the time of the MI, as well as from follow-
up visits at 6–10 weeks and 12–14 months after the event.
Importantly, while previous studies have reported the attainment of
an LDL-C level of <1.8 mmol/L, none has assessed the criteria of
achieving a >_50% reduction in LDL-C. Our analyses showed that
around two out of five patients who had attained an LDL-C level of
<1.8 mmol/L did not reach the LDL-C target of the 2016 ESC/EAS
guidelines as they had not achieved a >_50% reduction in LDL-C
levels.

While estimation of the effect of expanded lipid-lowering therapy
was outside the scope of this paper, we note that 84.3% of the
patients received high-intensity statins and 2.7% received statins with
ezetimibe at the 6- to 10-week follow-up, with the corresponding
numbers being 69.0% and 10.2% at the 12- to 14-month follow-up.
As such, the potential for further LDL-C reduction with improved
uptake of statin therapy seems limited, while a larger proportion of
patients were not receiving ezetimibe. However, we also note that
only 4 out of 10 of the patients who received combination therapy
with statins and ezetimibe attained the 2016 LDL-C target at 6–
10 weeks after the event, indicating a need for use of PCSK9 inhibi-
tors if lower LDL-C levels are to be achieved in these patients. In line
with these observations, simulation studies in broad populations of
patients with ASCVD indicate that although improvements in LDL-C
target attainment can be achieved by increasing statin coverage and
intensity and add-on treatment with ezetimibe, a non-negligible pro-
portion would also need PCSK9 inhibitors.13,19 For example, in a
simulation model study of patients with ASCVD in the USA, only
25.2% had an LDL-C of <1.8 mmol/L; when intensification of lipid-
lowering therapy was modelled, 99.3% of the patients could achieve

an LDL-C level of <1.8 mmol/L, including 67.3% with statin mono-
therapy, 18.7% with statins plus ezetimibe, and 14% with add-on
PCSK9 inhibitor.19

In our analyses of LDL-C measurements performed before vs.
after the introduction of the 2016 guidelines, we observed that the
proportion of patients attaining the 2016 ESC/EAS LDL-C target had
increased from 30.2% to 35.0% at 6–10 weeks after the event and
from 27.6% to 37.6% at 12–14 months after the event. Concurrently,
use of ezetimibe had increased, although the proportion receiving
this drug was still small. The increase in treatment intensity may re-
flect uptake of the LDL-C target of the 2016 guidelines, as well as the
publication of the IMPROVE-IT trial of ezetimibe in 2015,3 and the
subsequent inclusion of the drug in the 2016 ESC/EAS dyslipidaemia
guidelines, as well as the 2015 ESC guidelines for management of
acute coronary syndromes.7,20

Our study has limitations. For the analyses including patients
attending the 6- to 10-week follow-up visit, we excluded 19 424
(43.3%) of the patients meeting the inclusion criteria, the majority
due to missing data on LDL-C levels or no registered follow-up visit.
Compared to those included in the analyses, the excluded patients
were slightly older, less likely to have ST-elevation MI and more likely
to have had a previous MI, although their LDL-C levels were compar-
able to those of the study population. As patients who do not attend
follow-up visits may have decreased adherence to lifestyle recom-
mendations and drug treatment, it is possible that we have overesti-
mated the proportion attaining the LDL-C target. Moreover,
exposure to drugs was defined based on filled prescriptions; we had
no data on adherence. Finally, the methodology for measurement of
LDL-C levels varied across hospitals in Sweden. This reflects the situ-
ation in real-world clinical practice.

In this study using nationwide data from patients with a recent MI
who were followed up to 12–14 months after the event, one out of
three patients had not attained an LDL-C level of <1.8 mmol/L or a

............................................................. .............................................................

....................................................................................................................................................................................................................

Table 1 Continued

6- to 10-week follow-up 12- to 14-month follow-up

LDL-C target

not reached

(n 5 17 420)

LDL-C target

reached

(n 5 8046)

LDL-C target

not reached

(n 5 11 729)

LDL-C target

reached

(n 5 5388)

Statin with ezetimibe 383 (2) 294 (4) 200 (2) 148 (3)

At 12- to 14-month follow-up

LDL-cholesterol (mmol/L) — — 2.2 ± 0.8 1.3 ± 0.3

Lipid-lowering therapy, n (%)

No statin — — 1424 (12) 142 (3)

Low- or moderate-intensity statin — — 1597 (14) 385 (7)

High-intensity statin — — 7952 (68) 3866 (72)

Statin with ezetimibe — — 756 (6) 995 (18)

Values are represented as means ± standard deviation or n (%).
Missing values (first follow-up; second follow-up): total cholesterol (n = 165; 80), triglycerides (n = 1989; 1141), HDL-cholesterol (n = 217; 91), BMI (n = 657; 444), smoking sta-
tus (n = 481; 270), and renal insufficiency (n = 346; 271).
BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; ESC, European Society of Cardiology; EAS, European
Atherosclerosis Society; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; PCI,
percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
aDefined as an estimated glomerular filtration rate of <60 mL/min/1.73 m2, based on the Chronic Kidney Disease Epidemiology Collaboration equation.
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..>_50% reduction in LDL-C levels, as recommended in the 2011 ESC/
EAS guidelines and two out of three had not attained both an LDL-C
level of <1.8 mmol/L and a >_50% reduction in LDL-C levels, as rec-
ommended in the 2016 ESC/EAS guidelines. Attainment of the LDL-
C targets recommended in the previous ESC/EAS guidelines for the
management of dyslipidaemia has been limited.

Supplementary material

Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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