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Aims Lipoprotein(a) [Lp(a)] levels are generally constant throughout an individual’s lifetime, and current guidelines recommend
that a single measurement is sufficient to assess the risk of coronary artery disease (CAD). However, it is unclear whether
a single measurement of Lp(a) in individuals with acute myocardial infarction (Ml) is indicative of the Lp(a) level six months
following the event.

Methods Lp(a) levels were obtained from individuals with non—ST-elevation myocardial infarction (NSTEMI) or ST-elevation myocar-

and results dial infarction (STEMI) (n = 99) within 24 h of hospital admission and after six months, who were enrolled in two rando-
mized trials of evolocumab and placebo, and in individuals with NSTEMI or STEMI (n=9) who enrolled in a small
observation arm of the two protocols and did not receive study drug, but whose levels were obtained at the same time
points. Median Lp(a) levels increased from 53.5 nmol/L (19, 165) during hospital admission to 58.0 nmol/L (14.8, 176.8)
six months after the acute infarction (P = 0.02). Subgroup analysis demonstrated no difference in the baseline, six-month,
or change between the baseline and six-month Lp(a) values between the STEMI and NSTEMI groups and between the group
which received evolocumab and the group that did not.

Conclusion This study demonstrated that Lp(a) levels in individuals with acute Ml are significantly higher six months after the initial event.
Therefore, a single measurement of Lp(a) in the peri-infarction setting is not sufficient to predict the Lp(a)-associated CAD
risk in the post-infarction period.

Registration Evolocumab in Acute Coronary Syndrome Trial [EVACS I] NCT03515304, Evolocumab in Patients with Acute Myocardial
Infarction [EVACS I], NCT04082442

* Corresponding author. Tel: +410-502-9453, Fax: 410-367-2224, Email: tleucke1@jhmi.edu

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0002-5343-8714
https://orcid.org/0000-0003-2569-6617
mailto:tleucke1@jhmi.edu
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjopen/oead035

E. Ziogos et al.

Graphical Abstract

Baseline

| e—y

Acute Myocardial

Infarction Repeat
(N=108) : Measurement
‘mﬁ”él;\ Lipoprotein(a)

]

: Tpnte,

T

Keywords

Lipoprotein(a) [Lp(a)] is a low-density lipoprotein like particle contain-
ing apolipoprotein B covalently linked to a carbohydrate-rich protein
termed apolipoprotein(a) [apo(a)]. Mechanistic and epidemiologic
studies indicate that Lp(a) levels are significantly associated with cardio-
vascular risk, and Mendelian randomization studies indicate a causal
link."? Although serum concentrations vary greatly among individuals,
epidemiologic studies indicate that each individual’s level is relatively
constant, consistent with genetic studies indicating 70-95% heritability.
Repeat testing of Lp(a) levels in UK Biobank participants demonstrated
that Lp(a) concentrations are generally stable®, and current guidelines
recommend that a single level is sufficient to assess Lp(a)-related car-
diovascular risk in stable primary and secondary prevention settings.**

However, a single Lp(a) measure obtained during an acute infarction
may not be indicative of subsequent values in the stable setting.
Lipoprotein(a) levels are decreased in individuals with severe, life-
threatening conditions, such as sepsis and severe burns.'
Lipoprotein(a) may be an acute-phase reactant’, and cytokine release
associated with the inflammatory response to the infarct may result
in acute changes similar to those seen in other inflammatory condi-
tions." Additionally, statin therapy is often instituted or up titrated in
the hospital setting, and statins may influence Lp(a) levels. For these rea-
sons, we tested whether an Lp(a) level obtained at the time of an acute
myocardial infarction is indicative of a subsequent level obtained in the
stable outpatient setting six months following the event.

Baseline Lp(a) measurements were obtained in individuals with non—
ST-elevation myocardial infarction (NSTEMI) or ST-elevation myocar-
dial infarction (STEMI) within 24 h of hospital admission and after 6
months from 99 participants, who were enrolled in two randomized,
double-blind trials of evolocumab and placebo (Evolocumab in Acute
Coronary Syndrome [EVACS []; ClinicalTrials.gov, NCT03515304 and
Evolocumab in Patients With STEMI [EVACS |I]; ClinicalTrials.gov
Identifier: NCT04082442).° The results from the evolocumab and pla-
cebo groups are combined for this report comparing baseline, and re-
peat Lp(a) values as the baseline values were obtained before the
one-time only administration of the study drug during the index admis-
sion, and the follow-up values were obtained after at least six months
following the administration of either placebo or evolocumab, which
has a half-life of 11-17 h.” We also included nine patients with acute in-
farctions enrolled in a small observation arm of the above protocols
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who did not receive study drug but whose levels were obtained at
the same time points. Additionally, high-sensitivity C-reactive protein
(hsCRP) levels were measured in the entire cohort to assess
inflammation.

Lipoprotein(a) levels are expressed in nmol/L and were calculated
using the Quest Diagnostics immunoturbidimetric assay at both base-
line and follow-up. Lipoprotein(a) values were not normally distributed
and are presented as medians (Q1 and Q3) and compared using the
Wilcoxon matched pairs signed rank test. Table 1 presents the demo-
graphic and clinical variables of the enrolled participants. Mean (+SD)
age was 59.3 + 12.3 years, 35% were women and 32% were African
American. The median Lp(a) level was 53.5 nmol/L (19, 165) at baseline.
After six months, Lp(a) increased to 58.0 nmol/L (14.8, 176.8), P = 0.02
(Figure 1A). Subgroup analysis of the groups revealed that Lp(a) levels
increased from baseline to after six months in both the group which re-
ceived evolocumab (P=0.038) and the group which did not (P=
0.016). There were also no differences in Lp(a) between the two
groups at baseline (P=0.12) and at six months (P =0.25), and in the
change from baseline to six months (P = 0.79). Further subgroup ana-
lysis based on the type of infarct revealed that Lp(a) was higher after
six months when compared to baseline in both individuals with
NSTEMI (P=0.016) and those with STEMI (P =0.039). Comparison
of individuals with NSTEMI and STEMI also showed no differences in
Lp(a) levels at baseline (P =0.86) and at six months (P=0.54) and in
the change from baseline to follow-up (P = 0.27). Generalized estima-
tion analysis adjusting for group assignment (received evolocumab or
did not receive evolocumab) and type of myocardial infarction (Ml)
(NSTEMI or STEMI) demonstrated that neither the group assignment
(P=0.46) nor the type of Ml (P=0.24) influenced the change in
Lp(a) levels. Although the median Lp(a) change in the entire cohort
was modest, 32 of 108 participants had an absolute change of at least
25 nmol/L; 24 with an increase of >25 nmol/L and 8 with a decrease
of >25 nmol/L (Figure 1C). In addition, we created quartiles based on
the baseline distribution of Lp(a) and determined how many patients
changed quartiles based on the second measurement. We observed
that 21 of the 108 participants changed quartiles; 12 moved up one
quartile and 9 moved down one quartile. A linear regression analysis de-
monstrated that for each 1 nmol/L higher baseline Lp(a), there was an
increase between the baseline and follow-up Lp(a) levels of 0.13 nmol/L
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Table 1 Population characteristics and baseline and 6-months lipoprotein(a), other lipid, and hsCRP levels

Variable

Total cohort (n = 108)

Age (years), mean + SD
STEMI

NSTEMI

Women

African American

BMI (kg/m2), mean + SD
Diabetes mellitus
Insulin-treated
Hypertension

Current cigarette smoking
Previous myocardial infarction
PCI

CABG

Peripheral artery disease

593+123
33 (31%)
75 (69%)
38 (35%)
35 (32%)
29.2 + 6.4
34 (31%)
16 (15%)
69 (64%)
31 (29%)
25 (23%)
71 (66%)
13 (12%)
5 (5%)

Statin treatment

Baseline (n = 108)

After 6 months (n = 108)

No statin or low-intensity statin
Moderate- or high-intensity statin

Lipid levels and hsCRP

Total cholesterol (mg/100 mL), mean + SD
Triglycerides (mg/100 mL), median (IQR)
HDL-C (mg/100 mL), mean + SD

LDL-C (mg/100 mL), mean + SD
Non-HDL-C (mg/100 mL), mean + SD
ApoB (mg/100 mL), mean + SD
Lipoprotein(a) (nmol/L), median (IQR)

55 (51%) 5(5%)

53 (49%) 103 (95%)
Baseline (n = 108) After 6 months (n = 108) P-value
162.7 +40.7 138.1+36.2 <0.0001
98 [71.5, 150] 95 [74,163.5] 0.95
48.6 +14.6 482+125 0.35
93 +348 69.1+305 <0.0001
114+ 38 89.9+353 <0.0001
82.8 +22.1 716 £256 <0.0001
53.5[19, 165] 58[14.8,176.8] 0.02
12.9 [4.1, 54.9] 15[0.7,3.9] <0.0001

hsCRP (mg/dL), median (IQR)

ApoB, apolipoprotein B; BMI, body mass index; CABG, coronary artery bypass graft during admission; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive
protein; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; NSTEMI, non—ST-elevation myocardial infarction; PCl, percutaneous coronary intervention during

admission; SD, standard deviation; STEMI, ST-elevation myocardial infarction.

(P=0.006). Generalized estimated equation analysis was also per-
formed to examine whether the extent of myocardial necrosis, as-
sessed by the peak troponin | level during the hospital admission, was
associated with the changes in Lp(a) values and showed no correlation
between the two variables. In addition, a linear regression model with
the Lp(a) difference as the outcome variable revealed that baseline sta-
tin therapy as well as the change in statin therapy during the trial did
not impact the change of Lp(a) levels between baseline and follow-up
(P> 0.5). In contrast to the trajectory of Lp(a), hsCRP significantly de-
creased from 12.9 mg/dL during index hospital admission to 1.5 mg/dL
after six months, P < 0001 (Figure 1D), and the changes in the two va-
lues were not correlated.

Pathophysiologic studies indicate that Lp(a) has proatherogenic ef-
fects similar to and independent of those of LDL-cholesterol® as well
as proinflammatory effects, potentially due to oxidized phospholipids
carried by the Lp(a) molecule. Additionally, apo(a) contains a sequence
that structurally resembles plasminogen and may therefore have pro-
thrombotic and antifibrinolytic effects. The early post-acute infarct set-
ting is associated with an increased risk for recurrent events, and
management strategies are often instituted in the hospital setting to

decrease that risk. Although there are no currently available therapeutic
options that specifically lead to Lp(a) reduction, emerging antisense
oligonucleotide and small interfering RNA treatments”'° targeting hep-
atic production of apo(a) are currently being tested in phase 3 clinical
trials. The clinical decision as to whether to implement those therapies
is likely to be dependent, in part, on the extent to which the values
obtained in the hospital setting during the event are indicative of subse-
quent values.

To our knowledge, this is the first study to assess the change in Lp(a)
levels between those obtained in the acute infarction setting and those
obtained six months following the event. Our results demonstrate that
Lp(a) significantly increases by at least 25 nmol/L in over 20% of pa-
tients. The trajectory is not similar to that of hsCRP and suggests
that Lp(a) does not behave as an acute-phase reactant in the acute in-
farct setting. A limitation of the study is that it was not possible to ob-
tain levels in the participants prior to the infarction. The lower level we
observed in the acute infarction setting may not necessarily be due to a
transient decrease as it is possible that the higher levels we observed six
months following the event may be a long-term consequence of the in-
farct, rather than a return to lower, prior infarct values. In addition, it is
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Figure 1 (A, B) Scatterplots depicting data points representing the paired baseline and follow-up Lp(a) values, presented as medians with interquartile
ranges, n = 108. Levels below 9 nmol/L were not detectable and are censored for the data in B, n = 89. (C) Graphical illustration indicating percentage of
study participants with an absolute Lp(a) change greater than (up arrow) and less than (down arrow) 25 nmol/L from baseline to follow-up. (D)
Scatterplots depicting data points representing the absolute Lp(a) and hsCRP changes from baseline to after six month follow-up. Lp(a), lipoprotein(a);

hsCRP, high-sensitivity C-reactive protein.

not clear that the differences we observed between the baseline and
six-month values are clinically meaningful as the changes are relatively
modest and only re-classified the original quartile in a minority of the
patients. This is particularly true for those with a low Lp(a) baseline level

as any change is not likely to result in an increase sufficient to impact
treatment decisions. Regardless, we can conclude that a level obtained
in the infarct setting alone may not necessarily be relied upon to predict
the long-term risk imparted by Lp(a).
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