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Aims Clinical trials have demonstrated that a reduction in low-density lipoprotein cholesterol (LDL-C) reduces cardiovas-
cular (CV) events. This has, however, not yet been shown in a real-world setting. We aimed to investigate the asso-
ciation between LDL-C changes and statin intensity with prognosis after a myocardial infarction (MI).

Methods Patients admitted with MI were followed for mortality and major CV events. Changes in LDL-C between the Ml

and results and a 6- to 10-week follow-up visit were analysed. The associations between quartiles of LDL-C change and statin
intensity with outcomes were assessed using adjusted Cox regression analyses. A total of 40 607 patients were fol-
lowed for a median of 3.78 years. The median change in LDL-C was a 1.20 mmol/L reduction. Patients with larger
LDL-C reduction (1.85mmol/L, 75th percentile) compared with a smaller reduction (0.36 mmol/L, 25th percentile)
had lower hazard ratios (HR) for all outcomes (95% confidence interval): composite of CV mortality, MI, and is-
chaemic stroke 0.77 (0.70-0.84); all-cause mortality 0.71 (0.63—0.80); CV mortality 0.68 (0.57-0.81); Ml 0.81 (0.73—
0.91); ischaemic stroke 0.76 (0.62-0.93); heart failure hospitalization 0.73 (0.63-0.85), and coronary artery revascu-
larization 0.86 (0.79-0.94). Patients with >50% LDL-C reduction using high-intensity statins at discharge had a lower
incidence of all outcomes compared with those using a lower intensity statin.

Conclusions Larger early LDL-C reduction and more intensive statin therapy after M| were associated with a reduced hazard of
all CV outcomes and all-cause mortality. This supports clinical trial data suggesting that earlier lowering of LDL-C
after an Ml confers the greatest benefit.
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Graphical Abstract

Adjusted hazard ratio and incidence rates for major adverse cardiovascular
events by change in LDL-C 6-10 weeks after myocardial infarction
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Introduction

Epidemiological, genetic, and interventional studies indicate that
higher low-density lipoprotein cholesterol (LDL-C) levels cause ath-
erosclerotic cardiovascular (CV) events." Indeed, multiple clinical tri-
als have shown a decreased risk of CV-related morbidity associated
with lowering of LDL-C levels.>™ Hence, a cornerstone for second-
ary prevention of CV disease is treatment with LDL-C-lowering
therapies.®

Data suggest that regardless of pre-treatment LDL-C con-
centrations, the relative CV risk reduction acquired per unit
reduction of LDL-C is consistent.” Clinical trials have shown
that patients with higher baseline LDL-C levels appear to
benefit the most from LDL-C-lowering therapy, with a larger
absolute LDL-C lowering associated with the greatest reduc-
tion in mortality.® However, studies assessing this relationship
in trials of patients with predefined characteristics are often
not representative of patients seen in real-world clinical prac-
tice.” There is a paucity of information assessing the associ-
ation between early changes in LDL-C level and intensity of
statin therapy after a myocardial infarction (MI) with long-term
prognosis from real-life patient populations. The aim of this
study was to investigate the association between early LDL-C
changes and statin intensity with mortality and major adverse
CV outcomes after an Ml.

Myocardial infarction e Secondary prevention e LDL-C e Cardiovascular outcomes e Cardiovascular

Methods

Study population

This was an observational research study using data obtained from the
SWEDEHEART registry. SWEDEHEART is a Swedish nationwide Ml
quality registry that records patient characteristics, medication, and out-
comes as well as data on acute coronary care, coronary interventions,
and secondary prevention. All patients admitted with an Ml to any of the
74 coronary care units in Sweden are included in the registry.'® This study
included patients between 30 and <75 years of age, admitted for first or
recurrent M, between January 2006 and December 2016 and who were
alive at a follow-up visit within cardiac rehabilitation (CR), 6—10 weeks
after discharge. Patients who had no measurements of plasma LDL-C lev-
els were excluded (Supplementary material online, Figure S7). In the regis-
try, data on LDL-C were only available for patients <75 years of age and
at these two time points. If patients were hospitalized more than once
during the study time period, only the first hospitalization was included.
The register was cross-referenced with three mandatory national regis-
ters held by the National Board of Health and Welfare: the patient regis-
ter including all ICD codes for all hospital admissions, the cause of death
register, and the prescribed drug register containing data on all dispensed
prescription drugs.

Exposure variables
Blood samples were drawn in a fasting state within 24 h after hospital ad-
mission for the index event, and within 2 weeks of the CR visit. In most
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cases, LDL-C was assessed by the Friedewald equation [LDL-C = total
cholesterol - HDL-C - (0.45 X triglycerides)].

Statin usage and intensity were identified based on data collected from
the prescribed drug register and the SWEDEHEART registry (details and
definitions in  Supplementary material online, Table S1). The usage was
assessed at the time of admission—referred to as ongoing therapy, at dis-
charge, at the CR visit, and at 8-12 months after the index event.

Outcomes

Included outcomes were: all-cause mortality; CV mortality; Ml; ischaemic
stroke; hospitalization for heart failure; coronary artery revascularization
(coronary artery bypass grafting or percutaneous coronary intervention);
a composite of CV mortality, MI, and ischaemic stroke (i.e. major adverse
CV event [MACE]); and a composite of CV mortality, M, ischaemic
stroke, and coronary artery revascularization (major vascular event).
Outcomes were censored until the CR visit (Supplementary material on-
line, Figure S2 and Table S2).

Statistical analyses

Continuous variables are presented as medians, quartiles 1 and 3 (Qf1,
Q3), and groups compared using Kruskal-Wallis tests. Categorical varia-
bles are presented as counts and percentages, and groups compared
using *tests. The difference in LDL-C between the MI hospitalization
and the CR visit was calculated. The patients were stratified according to
quartile change in LDL-C level from index event to the CR visit.
Demographics and other baseline characteristics were compared across
these quartiles. In addition, the patients were stratified according to in-
crease/no reduction, <50%, and >50% reduction in LDL-C. The relation
of change in LDL-C and statin intensity to each clinical outcome is pre-
sented as cumulative Kaplan—Meier curves and analysed with Cox pro-
portional hazards models with LDL-C values both as a continuous and as
a categorical variable (see Supplementary material online for method
validity).

Secondary analyses were performed to take the potential LDL-C de-
cline after ischaemic onset as well as the size of myocardial damage into
account. These included time from onset of Ml symptoms to LDL-C sam-
pling and left ventricular ejection fraction into the models. The
Friedewald equation may be biased in patients with high triglycerides and
very low LDL-C levels, and alternative methods have been proposed.'!?
To account for this, all analyses were also made by an additional LDL-C
calculation (see Supplementary material online). Lastly, a stratification
was made by ongoing statin therapy at admission for index event.

Cardiovascular and mortality event rates were calculated 12 months
after the index event and at the end of available follow-up period. Hazard
ratios (HR) were calculated comparing the LDL-C change at the 75th
percentile with the LDL-C change at the 25th percentile as reference, as
well as for 1 mmol/L change in LDL-C. Analyses were adjusted for clinical
characteristics and established cardiovascular risk factors (Supplementary
material online, Table S3). The relationships between change in LDL-C, as
well as statin intensity and outcomes, were explored using restricted
cubic splines to allow for non-linearity, as well as with a linear model.
Furthermore, the association between degree of LDL-C change and
event rate was assessed.

The recently suggested E-value' for both the observed association es-
timate (adjusted HR) and the limit of the confidence interval closest to
the null was calculated. The E-value is defined as the minimum strength of
association that one or more unmeasured confounders would need to
have with both the treatment and the outcome to fully explain away a
specific treatment-outcome association, conditional on the measured
covariates.

Missing data on covariates were imputed with multiple imputations by
chained equations. For most variables, there were no or very scarce miss-
ing data. All analyses were performed at the Uppsala Clinical Research
Center, Uppsala University, Uppsala, Sweden using R Core Team (2019)
R Foundation for Statistical Computing, Vienna, Austria.

The Regional Ethics Committee in Stockholm approved the study in
accordance with the Helsinki Declaration (approval numbers 2012/6013/
2 and 2018/1957-32).

Results

Baseline patient characteristics

A total of 40 607 Ml patients were included, yielding 168 769 patient-
years of observation with a median follow-up of 3.8 years (Q1, Q3:
1.9, 6.5, range from time of CR visit to 11years). The median LDL-C
at the time of the index event was 3.1 (2.4, 3.9) mmol/L for the whole
population, 3.4 (2.8, 4.1) mmol/L for statin naive patients, and 2.2 (1.8,
2.8) mmol/L for patients with ongoing statin therapy. Patients in the
quartile with the largest LDL-C reduction were less likely to have
comorbidities such as hypertension, diabetes mellitus, prior MI, and
prior coronary revascularization compared with those with the small-
est LDL-C reduction (Table 1).

Statin therapy and low-density lipopro-

tein cholesterol change

The median change in LDL-C was a 1.2 mmol/L reduction. The largest
mean LDL-C reduction was achieved in statin naive patients dis-
charged with a high-intensity statin (mean reduction 1.7 mmol/L),
whereas low- and medium-intensity statin therapy resulted in a mean
LDL-C reduction of 1.2mmol/L in these patients. In patients with
low- or medium-intensity statin therapy at admission, the average
LDL-C reduction was 0.6 mmol/L when discharged with a high-
intensity statin, whereas no change in statin therapy resulted in a re-
duction of 0.1 mmol/L. Ezetimibe was used by 459 patients (1%) at
the time of the index event and 2767 (7%) after the CR visit. See
Supplementary material online, Table S4 and Figure S3 for absolute
LDL-C values and statin intensity during the study period.

Study outcomes

During follow-up, 2991 (7%) patients died from any cause, 3000 (7%)
had a recurrent MI, and 4609 (11%) patients had a MACE. The un-
adjusted frequency of all outcomes was higher in the quartiles with
less LDL-C reduction (Supplementary material online, Figure $4). The
distribution of event curves through all 11 years of follow-up across
quartiles of LDL-C change showed a stepwise lower risk of all out-
comes with larger LDL-C reduction (Figure 1, Supplementary material
online, Figure S5). Patients in the 75th percentile of LDL-C
reduction (1.85mmol/L) had a lower hazard of all outcomes com-
pared with patients in the 25th percentile (0.36 mmol/L) (Figure 2).
The reduction in HR appeared linear across the interquartile range of
LDL-C reduction for MACE (Figure 3), all-cause mortality, and Ml
(Supplementary material online, Figure S6).

Between the index event and the CR visit, 10 995 (27%) had an
LDL-C reduction of 50% or more, and 23 055 patients (57%) had an
LDL-C reduction of <50% (Figure 4A). Of the remaining 6557 (16%)
who had no reduction or an increase in LDL-C, 56% were treated
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Table | Patient characteristics at admission for index event
LDL-C reduction from index event to cardiac rehabilitation visit (mmol/L)
Variable Overall <0.36 0.36-1.17 1.17-1.85 >1.85
Number of patients 40 607 10 262 10152 10131 10 062
Demographics
Age (years) 64 (57-69)  [0] 66 (59-71) 64 (57-69) 63 (56-69) 62 (55-68)
Female 10321 (25%) [0] 2741 (27%) 2427 (24%) 2427 (24%) 2726 (27%)
BMI (kg/m?) 27 (25-30) [2761] 27 (25-30) 27 (25-30) 27 (25-30) 27 (25-30)
Medical history
Current smoker 11902 (30%) [882] 2753 (28%) 3193 (32%) 3079 (31%) 2877 (29%)
Hypertension 16927  (42%) [3] 5498 (54%) 4342 (43%) 3721 (37%) 3366 (34%)
Diabetes mellitus 7768  (19%) [55] 3234 (32%) 2021 (20%) 1351 (13%) 1162 (12%)
Prior myocardial infarction 4935 (12%) [3] 2793 (27%) 1182 (12%) 554 (6%) 406 (4%)
Prior revascularization® 5400  (13%) [3] 3230 (32%) 1248 (12%) 538 (5%) 384 (4%)
Prior heart failure 989 (2%) [0] 604 (6%) 232 (2%) 90 (1%) 63 (1%)
Prior ischaemic stroke 1512 (4%) [28] 751 (7%) 381 (4%) 207 (2%) 173 (2%)
Laboratory variables
LDL-C (mmol/L) 31 (24-39) [0] 2.1 (1.7-27) 2.8 (2.3-32) 34 (3.0-3.8) 43 (3.84.8)
eGFR 87 (73-96)  [589] 84 (68-94) 88 (74-96) 88 (75-96) 88 (76-96)
Systolic blood 150 (130-170) [511] 145 (130-165) 150 (130-167) 150 (133-170) 155 (137-173)
pressure (mmHg)
Diastolic blood 88  (77-100) [1613] 84 (74-95) 86 (75-98) 90 (79-100) 90 (80-100)
pressure (mmHg)
Lipid-lowering therapy
Ongoing statin therapy
No therapy 31263  (77%) [0] 4335 (42%) 7737 (76%) 9521 (94%) 9670 (96%)
Low intensity 719 (2%) 370 (4%) 257 (2%) 63 (1%) 29 (<1%)
Medium intensity 7289  (18%) 4592 (45%) 1895 (19%) 486 (5%) 316 (3%)
High intensity 1336 (3%) 965 (9%) 263 (3%) 61 (1%) 47 (1%)

Patient characteristics at admission, overall, and by LDL-C reduction quartile. Values are medians (interquartile ranges) and n (%) for categorical variables. [n] is numbers of miss-

ing values.

BMI, body mass index; eGFR, estimated glomerular filtration rate calculated by the Chronic Kidney Disease Epidemiology Collaboration equation; LDL-C, low-density lipopro-

tein cholesterol.

?Prior revascularization is defined as percutaneous coronary intervention or coronary artery bypass grafting.

with low- or medium-intensity statin, 33% with high-intensity, and
10% were not treated with statins. The magnitude of reduction in
LDL-C was directly related to the event rates of MACE, all-cause
mortality, and major vascular event (Figure 4B). Patients with >50%
reduction in LDL-C and a high-intensity statin after the CR visit had a
lower incidence of all outcomes compared with patients achieving
>50% reduction in LDL-C with a low- or medium-intensity statin
(Figure 5, Supplementary material online, Table S5 and Figures S7 and
$8). Among patients receiving high-intensity statin therapy, comparing
those achieving <50% to >50% reduction in LDL-C, the event curves
started to separate for MACE, MI, and coronary revascularization
after ~4 months (Supplementary material online, Figures S7 and S8).
For all-cause and CV mortality, the event curve separation was
observed after 1year. The curve separation was not as apparent in
patients receiving medium-intensity statins. Patients with LDL-C in-
crease or no reduction had higher event rates and an increased risk
of all outcomes (Figures 3, 4B, and 5, Supplementary material online,
Figures S7 and $8) compared with patients with any LDL-C reduction.

The association between degree of LDL-C reduction and event
rate reduction was assessed: for every 1 mmol/L reduction in LDL-C,
there was an ~25% relative event rate reduction for major vascular
events (Figure 6). Similar associations were observed for the separate
outcomes of MACE, all-cause mortality, MI, and with an even larger
reduction in event rate for hospitalization for heart failure.

Secondary analyses

The early effect of myocardial ischaemia on LDL-C levels, as well as
the influence of the degree of myocardial damage on LDL-C levels,
was explored in secondary analyses. Neither of these adjustments
altered the overall results (see details in Supplementary material on-
line). The overall results were also confirmed in fitting linear LDL-C
reduction into Cox regression models (Supplementary material on-
line, Figure $9). For statin naive patients, the results were almost iden-
tical to those of the total study population (Supplementary material
online, Figure 10A). There were no associations between LDL-C
change and outcomes in patients with ongoing statin therapy at the
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time of the index MI (Supplementary material online, Figures S10B and
$11). Furthermore, the overall results for the total population were
LDL-C
(Supplementary material online, Figures S12 and $13).

almost identical when using alternative equation

Discussion

In this nationwide study of Ml patients, early LDL-C reduction after
Ml was associated with lower incidence and reduced adjusted hazard
of MACE, all-cause mortality, CV mortality, Ml, ischaemic stroke, hos-
pitalization for heart failure, and coronary revascularization. These
findings were most evident in patients with the largest LDL-C reduc-
tion, whereas patients that did not have a reduction, or had an in-
crease in LDL-C, had the highest risk. The relationship between LDL-
C reduction and event rate decline was linear and comparable to the
Cholesterol Treatment Trialists’ Collaboration meta-analysis of statin
treatment trials.”

Previous large-scale, observational studies examining the long-term
effects related to LDL-C reduction immediately following Ml are limited.
In a Taiwanese register-based study on patients with stable CV disease,
failure to achieve an LDL-C target level of <2.6 mmol/L, irrespective of
statin use, was associated with increased risk of MACE." In patients with
ongoing statins and established CV disease, no additional risk reduction
could be shown in those reaching LDL-C < 1.8mmol/L."> However, a
lower event rate for MACE was seen after 6 months in patients with
established CV disease reaching LDL-C of 1.8-2.6 mmol/L vs. those reach-
ing 2.6-33mmolL." In our study, the results robustly showed that the
larger the LDL-C decline, the lower the risk. This was consistent for all
outcomes assessed and quantified by assessing proportional reduction of
event rates by degree of mean absolute LDL-C reduction.

Interestingly, we observed a large reduction in hospitalization for
heart failure, on par with mortality, with larger LDL-C reduction. This
finding may be due to a true effect of intensive LDL-C lowering on
reducing the final stages of ischaemic heart disease, or of an unbal-
anced baseline population.
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(coronary artery bypass grafting or percutaneous coronary artery intervention).
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MACE, major adverse cardiovascular event is the composite outcome of cardiovascular mortality, myocardial infarction, and ischaemic stroke. Major
vascular event is the composite outcome of cardiovascular mortality, myocardial infarction, ischaemic stroke, and coronary revascularization.

Comparing patients achieving >50% LDL-C reduction, we found lower
incidence of all CV events and all-cause mortality in patients with high-
intensity statin therapy, compared with those treated with low- or
medium-intensity statins. Our results are analogous with data from a pre-
vious observational study in patients with established CV disease showing
reduced hazard in patients receiving more intensive compared with less
intensive therapy after discharge and revealing differences in event rates
for mortality already at 6 months."® Reduced mortality rates with intensive
statin therapy were also seen in a smaller study in patients hospitalized for
a coronary heart disease."”” However, in a study where the majority of
patients had ongoing statin therapy, no significant differences in the 1-year
rates of death, Ml, or target-vessel revascularization were seen when
treated with high-intensity vs. lower intensity statins, altthough there was a
trend towards reduced mortality.'® The risk reduction in our study was
also similarly less apparent in patients with ongoing statin therapy. In the
ODYSSEY OUTCOMES trial with a large proportion of patients achieving
LDL-C reduction of >50%, the risk of death declined with lower achieved
LDL-C, similarly as in our study."”

Our findings on timing of events in relation to the index Ml are
similar to the PROVE IT* and the A—Z? trials comparing high- and
low-intensity statin therapy, where the event curves for the com-
bined endpoints diverged early, within a few months. In contrast, the
intensified LDL-C lowering therapy with ezetimibe in addition to
high-dose statin in the IMPROVE-IT? trial did not show differences in
events until after 1 year. Similarly, in the two outcomes trials studying
effects of proprotein convertase subtilisin—kexin type 9 (PCSK9)
inhibitors*® in addition to high-intensity standard of care, the diver-
gence for the combined primary endpoints was apparent later, at 6—
12 months. The discrepancies in the timing of the results between
our study and these three trials with lipid-lowering therapy in addition
to statin therapy might be expected. An explanation could be that the
present study identifies early LDL-C lowering, whereas in the PCSK9
inhibitor trials, the additional LDL-C reduction occurred later.
Furthermore, in these three trials, the proportion of subjects with on-
going, high-intensity statin therapy was high, possibly delaying a bene-
ficial effect of additional treatments. Indeed, in a subgroup analysis of
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FOURIER in patients with a recent M, the effect of LDL-C lowering
was larger and appeared earlier when compared with patients with a
12" Overall, both in our study and in those clinical tri-
als cited above, the benefit of reducing LDL-C on CV outcomes was

more remote M

consistent. Furthermore, given the observational nature of the study,

the suggested pleiotropic effects of statins cannot be addressed %

Strengths and limitations

Due to Sweden having universal and publicly funded health care with
100% of the coronary care units reporting to SWEDEHEART, we
were able to follow a large proportion of the total Swedish Ml popu-
lation. The high-quality data in the Swedish registers have been previ-
ously validated.** Thus, this study yields important information on
long-term trends with limited selection bias, loss to follow-up, and
with very few missing data. Still, there are limitations in our study.
Due to the observational nature of the study design, it is vulnerable
to systematic errors such as classification bias or residual confounding
as well as the inability to establish causality. However, the E-values'?
estimated from the Cox regression analyses, range from 1.3 to 2.3.
This suggests that in order to believe that there is no causal relation-
ship between e.g., CV mortality and a larger reduction in LDL-C,
there would need to be one or more unmeasured confounders that
increase the risk of CV mortality 2.3 times (E=2.3) and are at the
same time 2.3 times more common in the group with the larger LDL-
C reduction. This seems unlikely given the vast amount of knowledge
available regarding CV risk factors.

To take early LDL-C decline caused by to the MI*® into account,
secondary analyses were performed including time span between is-
chaemic symptom onset and laboratory sampling, and the extent of
myocardial damage estimated by left ventricular ejection fraction.
None of these factors affected the results. Using the commonly used
Friedewald equation to calculate LDL-C may introduce some impre-
cision. In patients with high triglyceride levels, above 4.5 mmol/L, the
equation is inaccurate, and these patients were excluded.
Furthermore, the equation does not take atherogenic particles such
as lipoprotein (a) into account causing underestimation of the athero-
genic risk by solely using LDL-C,® and may also show negative bias at
low LDL-C levels.""'? To account for some of these limitations, the
analyses were recalculated with an alternative LDL-C calculation.
Additionally, as evaluation of adherence to the drug therapies was
not available, data on prescription filling were used as a proxy for
drug adherence. Approximately 13% of patients had stopped filling
their statin prescriptions 8-12months after the index event.
Discontinuation of statin treatment could be due to adverse events
or low adherence.

Conclusion

Early and aggressive LDL-C lowering after Ml appears to reduce the
risk of major CV outcomes and mortality. For the first time, to our
knowledge, large-scale observational data now substantiate the risk
reductions seen in clinical trials. The results suggest that the benefit of
LDL-C-lowering may be extended to the general Ml population with
effects as early as after 6 months.

Supplementary material

Supplementary material is available at European Heart Journal online.
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