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Baseline and on-statin treatment lipoprotein(a) levels for
prediction of cardiovascular events: individual patient-data
meta-analysis of statin outcome trials
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Summary

Background Elevated lipoprotein(a) is a genetic risk factor for cardiovascular disease in general population studies.
However, its contribution to risk for cardiovascular events in patients with established cardiovascular disease or on
statin therapy is uncertain.

Methods Patient-level data from seven randomised, placebo-controlled, statin outcomes trials were collated and
harmonised to calculate hazard ratios (HRs) for cardiovascular events, defined as fatal or non-fatal coronary heart
disease, stroke, or revascularisation procedures. HRs for cardiovascular events were estimated within each trial across
predefined lipoprotein(a) groups (15 to <30 mg/dL, 30 to <50 mg/dL, and =50 mg/dL, vs <15 mg/dL), before pooling
estimates using multivariate random-effects meta-analysis.

Findings Analyses included data for 29069 patients with repeat lipoprotein(a) measurements (mean age 62 years
[SD 8]; 8064 [28%] women; 5751 events during 95576 person-years at risk). Initiation of statin therapy reduced LDL
cholesterol (mean change -39% [95% CI —43 to —35]) without a significant change in lipoprotein(a). Associations of
baseline and on-statin treatment lipoprotein(a) with cardiovascular disease risk were approximately linear, with
increased risk at lipoprotein(a) values of 30 mg/dL or greater for baseline lipoprotein(a) and 50 mg/dL or greater for
on-statin lipoprotein(a). For baseline lipoprotein(a), HRs adjusted for age and sex (vs <15 mg/dL) were 1-04 (95% CI
0-91-1-18) for 15 mg/dL to less than 30 mg/dL, 1-11 (1-00-1-22) for 30 mg/dL to less than 50 mg/dL,
and 1-31 (1-08-1-58) for 50 mg/dL or higher; respective HRs for on-statin lipoprotein(a) were 0-94 (0-81-1-10), 1-06
(0-94-1-21), and 1-43 (1-15-1-76). HRs were almost identical after further adjustment for previous cardiovascular
disease, diabetes, smoking, systolic blood pressure, LDL cholesterol, and HDL cholesterol. The association of on-
statin lipoprotein(a) with cardiovascular disease risk was stronger than for on-placebo lipoprotein(a) (interaction
p=0-010) and was more pronounced at younger ages (interaction p=0-008) without effect-modification by any other
patient-level or study-level characteristics.

Interpretation In this individual-patient data meta-analysis of statin-treated patients, elevated baseline and on-statin
lipoprotein(a) showed an independent approximately linear relation with cardiovascular disease risk. This study
provides a rationale for testing the lipoprotein(a) lowering hypothesis in cardiovascular disease outcomes trials.
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Introduction
Lipoprotein(a) is composed of apolipoprotein(a) bound
covalently to apolipoprotein B of an LDL-like particle.” It
mediates atherogenicity via its LDL moiety, which has a
similar proportion of cholesterol content as traditional
LDL particles. Furthermore, lipoprotein(a) induces pro-
inflammatory responses® via accumulation of oxidised
phospholipids® and potentially exerts prothrombotic
effects via the plasminogen-like apolipoprotein(a) moiety.®
By contrast with other major lipoproteins, there is no app-
roved specific therapy to lower circulating plasma levels
of lipoprotein(a).

Epidemiological’ and genetic* evidence has accumula-
ted over the past decade showing that elevated lipo-
protein(a), driven primarily by the LPA gene," is associated

with increased risk of coronary heart disease, stroke,
peripheral arterial disease, and calcific aortic valve sten-
osis.””" These data have established lipoprotein(a) as a
cardiovascular disease risk factor, but the bulk of evidence
is based on studies including individuals without previous
cardiovascular disease and without intensive secondary
prevention therapies. By contrast, the role of elevated
lipoprotein(a) in patients with previous cardiovascular
disease events, on statin therapy or on other guideline-
recommended treatments, is less clear. Previous studies in
such patient populations have yielded inconsistent results,
with findings ranging from significant positive associa-
tions to null associations (eg, after acute coronary synd-
romes).” Moreover, findings of several studies—including
JUPITER” and AIM-HIGH"—have shown that elevated
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Research in context

Evidence before this study

We searched PubMed for clinical trials published up to

July 9, 2018, with the terms “Lipoprotein(a)” or “Lp(a)” plus
“statin” and “cardiovascular diseases”[MeSH]. Our review
identified seven statin trials (4D, 4S, FLARE, JUPITER, LIPID,
MIRACL, and TNT) that reported on the association of
lipoprotein(a) with cardiovascular risk. Interpretation of the
available evidence is complicated by inconsistent findings
across trials (positive vs null associations), limited statistical
power of single trials, scant availability of follow-up
lipoprotein(a) measurements, and differing definitions

of lipoprotein(a) categories across trials.

Added value of this study
We obtained patient-level data from seven placebo-controlled
statin trials encompassing 29 069 patients and analysed the

lipoprotein(a) remains predictive for cardiovascular dis-
ease risk at LDL cholesterol levels less than 70 mg/dL,! but
other studies suggest a positive association only when LDL
cholesterol is raised.* Furthermore, a major limitation of
all post-hoc studies reporting lipoprotein(a) levels and
outcomes is that they included few patients with lipo-
protein(a) values above 50 mg/dL and, therefore, were
uniformly underpowered to test the hypothesis that ele-
vated lipoprotein(a) levels are associated with increased
cardiovascular event risk in the setting of statin therapy or
previous history of cardiovascular disease.

To test this hypothesis with adequate statistical power,
we established the Lipoprotein(a) Studies Collaboration,
a consortium of patient-level data from placebo-controlled
trials of statins with patient-level data for cardiovas-
cular disease outcomes and lipoprotein(a) measurements
at baseline and follow-up (ie, under statin treatment).
We report the results of this analysis in documenting the
associations of baseline and on-treatment lipoprotein(a)
with cardiovascular risk.

Methods

Trials included in the meta-analysis

To be eligible for the meta-analysis, randomised placebo-
controlled statin trials were required to have assayed lipo-
protein(a) concentration at baseline and follow-up, have
recorded incidence of cardiovascular disease outcomes
using well-defined criteria, and be willing to share patient
data at the individual level. We included data from
AFCAPS,” CARDS,* 4D,” JUPITER,” LIPID,*® MIRACL,”
and 4S™ trials. Study design, target population, and entry
criteria are summarised in table 1; more detailed des-
criptions of trial designs®** and lipoprotein(a) method-
ology and data"*™ were reported previously by each trial.
Trials not included in the meta-analysis were either not
allowed or unwilling to provide individual-patient data.
Because of contractual agreements on sharing individual-
patient data, other eligible trials could not be included in

relation of baseline and on-treatment lipoprotein(a) to risk of
major adverse cardiovascular events. Elevated lipoprotein(a) of
50 mg/dL or higher, at baseline or on-treatment, was associated
with an increased hazard ratio of cardiovascular events
independent of other cardiovascular risk factors and evident on
treatment with either statin or placebo.

Implications of all the available evidence

These data suggest that residual risk is present in patients with
elevated lipoprotein(a) that is not addressed by statins and
supports the rationale for outcomes trials to test specific
therapies to lower lipoprotein(a).

the meta-analysis. All contributing trials have obtained
ethics approval and patients’ informed consent.

Statistical analysis

We did analyses according to a prespecified plan, develo-
ped before any combined analyses. We log -transformed
lipoprotein(a) values. In all trials except 4S, the on-statin
concentration of lipoprotein(a) during follow-up was mea-
sured at one timepoint. In the 4S trial, the on-statin
amount of lipoprotein(a) was estimated as the geometric
mean of lipoprotein(a) values assessed at up to four
distinct timepoints. In the JUPITER trial, lipoprotein(a)
values were provided in nmol/L, which we divided by
2-4to convert to mg/dL.? In 4S, lipoprotein(a) values were
provided in I'U/L, which we divided by 19-07 to convert to
mg/dL. When information on lipoprotein(a) was miss-
ing either at baseline (0-5%) or at follow-up (5-5%), the
lipoprotein(a) value was mean-imputed from study-specific
mixed-effects models, which predicted lipoprotein(a)
values using fixed effects for assigned treatment, time in
study, and the interaction of the two variables, plus a
random intercept allowed to vary at the patient level.

Because conventional LDL cholesterol assays capture
cholesterol both in LDL and lipoprotein(a) particles,
we corrected LDL cholesterol values for lipoprotein(a)
cholesterol. Lipoprotein(a) mass is composed of about
30-45% cholesterol.® We used a conservative measure-
ment of the content of lipoprotein(a) cholesterol by
multiplying lipoprotein(a) mass (mg/dL) by 0- 30 to derive
lipoprotein(a) cholesterol, then we subtracted this value
from the measured LDL cholesterol to obtain LDL chol-
esterol corrected for lipoprotein(a) cholesterol (referred to
herein as LDL-C_, ).

We defined the combined cardiovascular disease end-
point as the occurrence of fatal or non-fatal coronary heart
disease, stroke, or any coronary or carotid revascularisation
procedures. In quantifying associations of on-treatment
lipoprotein(a) with cardiovascular risk, we considered all
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Years of Target population Lipid entry criteria (mmol/L) Comparator to Included in cardiovascular disease outcome
baseline placebo definition
Myocardial Stable Stroke Revascular- Other
infarction  angina isation
AFCAPS®  1990-93  Primary prevention Total cholesterol 4-65-6-82, LDL Lovastatin20mg  Yes Yes Yes Yes Yes*
cholesterol 3-36-4-91, triglycerides <4-52, HDL
cholesterol <1-16 (men) and <1-22 (women)
CARDS*  1997-2001 Type 2 diabetes LDL cholesterol <4-14, triglycerides <678 Atorvastatin 10 mg  Yes No Yes Yes No
4D7 1998-2002 Type 2 diabetes and haemodialysis LDL cholesterol 2-07-4-92, triglycerides <11-3  Atorvastatin20 mg  Yes No Yes Yes No
JUPITER®  2003-06 Primary prevention with C-reactive protein  LDL cholesterol <3-4, triglycerides <5-65 Rosuvastatin 20 mg  Yes No Yes Yes Yest
>2 mg/dL
LIPID® 1990-92  Previous myocardial infarction or unstable  Total cholesterol 4-0-7-0, triglycerides <5-0 Pravastatin40mg  Yes No Yes Yes No
angina
MIRACL®  1997-99 Acute coronary syndrome Total cholesterol <7-0 Atorvastatin 80 mg  Yes No Yes Yes No
45 1989-90 Previous myocardial infarction or angina Total cholesterol 5:5-8-0, triglycerides <2.5 Simvastatin20mg ~ Yes No No Yes No
*Transient ischaemic attack, peripheral vascular disease, sudden death, and deaths from other cardiovascular causes. tDeaths from other cardiovascular causes.
Table 1: Design features of contributing trials

cardiovascular events that occurred after randomisation
because any change in lipoprotein(a) under statin therapy
is anticipated to occur within a short period (sensitivity
analyses omitted the initial period of follow-up).”

We estimated associations of lipoprotein(a) with cardio-
vascular disease risk using a two-step approach: we first
calculated estimates within each study separately, then
pooled these estimates across studies using multivariate
random-effects meta-analysis.” We calculated hazard
ratios (HRs) using Cox proportional hazard regression
models; these models used time on study as a timescale,
were stratified by trial arm, and compared prespecified
lipoprotein(a) groups (<15 mg/dL, 15 to <30 mg/dL,
30 to <50 mg/dL, and =50 mg/dL). We tested the
assumption for the proportionality of hazards using
Schoenfeld residuals, and the assumption was met. The
analysis had four inter-related principal aims. First, to
analyse shapes of associations, we calculated pooled HRs
over lipoprotein(a) groups and plotted them against
pooled geometric means of lipoprotein(a) concentrations
within each category.” Second, to ascertain the extent of
confounding, we adjusted HRs progressively for age, sex,
previous cardiovascular disease, diabetes, smoking, sys-
tolic blood pressure, LDL-C_,, and HDL cholesterol
(multivariable adjusted model). We made further adjust-
ments for body-mass index (BMI) and estimated glome-
rular filtration rate (eGFR) in the subset of patients in
whom these data were available. Third, to investigate
whether the predictive value of lipoprotein(a) concentra-
tions at follow-up differed between patients randomly
allocated statin or placebo, we fit interaction models by
trial arm. Fourth, to investigate effect-modification by
individual-patient and study-level characteristics, we did
formal tests of interaction and meta-regression analyses
with these variables. Little variability was noted within
each trial of the proportion of patients with previous
cardiovascular disease and with a history of diabetes at
baseline (eg, secondary vs primary cardiovascular disease

prevention trials, diabetes as inclusion or exclusion
criterion) and, hence, we investigated effect-modification
by these characteristics at the study level instead of at the
patient level. We assessed between-trial heterogeneity
with the I2 statistic.* We did analyses with Stata version
14.1 MP. We used two-sided statistical tests and calculated
95% Cls. We judged p values less than 0- 05 significant for
principal analyses; for subgroup analyses, we used a
Bonferroni-corrected significance level of p<0-007 (for
seven subgroups).

Role of the funding source

The funders had no role in study design, data collection,
data analysis, or writing of the report. AL is an employee
of one of the funders and secured funding for the meta-
analysis and provided input on data interpretation. PW
and ST had full access to all data in the study and
had final responsibility for the decision to submit for
publication.

Results

Of 45044 patients enrolled in the seven trials, 15975 (35%)
were excluded because of missing lipoprotein(a) mea-
surements at both baseline and follow-up, leaving
29069 patients for analysis (appendix). Few differences
were noted in baseline characteristics of patients with or
without available lipoprotein(a) measurements (appendix).
Baseline characteristics of the 29069 patients are shown
in table 2. At trial entry, mean age was 62 years (SD 8),
8064 (28%) patients were women, 15252 (52%) had
previous cardiovascular disease, 5177 (18%) had diabetes,
4847 (17%) were current smokers, mean systolic blood
pressure was 137 mm Hg (SD 18), and mean LDL-C_,
was 3-30 mmol/L (SD 0-67). The concentration of
lipoprotein(a) at baseline was low-to-normal (median
11 mg/dL [IQR 5-29]). In cross-sectional analyses, the
baseline lipoprotein(a) concentration was higher in women
(% mean difference adjusted for age, 12% [95% CI 3 to 21]),
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AFCAPS* CARDS* 4D" JUPITER® LIPID*® MIRACL® 45 Total

Baseline

Patients (n) 1005 2470 1249 9612 7863 2431 4439 29069

Lipoprotein(a) (mg/dL) 7 (3-17) 9(5-22) 12 (5-42) 11(5-23) 14 (7-44) 10 (5-29) 10 (4-28) 11(5-29)
<15 733 (73%) 1658 (67%) 709 (57%) 5896 (61%) 4118 (52%) 1481 (61%) 2654 (60%) 17249 (59%)
15to <30 134 (13%) 310 (13%) 129 (10%) 1867 (19%) 1147 (15%) 362 (15%) 781 (18%) 4730 (16%)
30to <50 84 (8%) 212 (9%) 140 (11%) 851 (9%) 877 (11%) 223 (9%) 714 (16%) 3101 (11%)
50 54 (5%) 290 (12%) 271 (22%) 998(1 %) 1721 (22%) 365 (15%) 290 (7%) 3989 (14%)

Age (years) 59(7) 62(8) 66 (8) 66 (8) 61(8) 65(11) 59 (7) 62(8)

Sex
Women 173 (17%) 779 (32%) 576 (46%) 3556 (37%) 1333 (17%) 820 (34%) 827 (19%) 8064 (28%)
Men 832 (83%) 1691 (68%) 673 (54%) 6056 (63%) 6530 (83%) 1611 (66%) 3612 (81%) 21005 (72%)

Previous cardiovascular disease 0 6 (<1%) 513 (41%) 0 7863 (100%) 2431 (100%) 4439 (100%) 15252 (52%)

Diabetes 32 (3%) 2470 (100%) 1249 (100%) 0 676 (9%) 548 (23%) 202 (5%) 5177 (18%)

Current smoking 130 (13%) 551 (22%) 108 (9%) 1492 (16%) 735 (9%) 693 (29%) 1138 (26%) 4847 (17%)

Systolic blood pressure (mm Hg) 136 (17) 144 (16) 146 (22) 136 (17) 134 (19) 128 (20) 139 (20) 137 (18)

LDL-C,,, (mmol/L) 2.75(0-78) 300 (0-86) 2.57 (0-49) 368 (0-74) 3:04 (0-86) 4-74(0-66) 3:30(0:67)

HDL cholesterol (mmol/L) 1-64 (0-50) 0-94 (0-34) 135 (0-40) 0-96 (0-24) 120 (0:31) 119 (0-30) 121(035)

Body-mass index (kg/m”) 26 3) 29.(4) 28(5) 29(6) 28(5) 26 3) 28(5)

eGFR (mL/min) 75 (17) 71(17) 73(17)

Apolipoprotein B (g/L) 116 (0-24) 1-10 (0:30) 1.08 (0-21) 1:33(0-25) 1.16 (0-18) 117 (0-23)

On-statin

Patients (n) 504 1255 616 4802 3941 1200 2218 14536

Time to lipoprotein(a) repeat 1.0 (1-.0-1.0) 2.5(2:0-2-8) 0-5(0-5-0-5) 1.0 (1-.0-1-0) 1.0 (1-.0-1.0) 0-2(0-2-0-2) 2.5 (2:5-2'5) 1.0 (1-0-1-0)

(years)

Lipoprotein(a) (mg/dL) 7(3-19) 8(4-22) 11 (5-40) 11(4-25) 13 (6-43) 11(5-33) 11(4-33) 11(5-32)
<15 366 (73%) 864 (69%) 351 (57%) 2912 (61%) 2106 (53%) 707 (59%) 1268 (57%) 8574 (59%)
15t0 <30 59 (12%) 134 (11%) 60 (10%) 868 (18%) 548 (14%) 175 (15%) 321 (15%) 2165 (15%)
30to0 <50 43 (9%) 103 (8%) 73 (12%) 417 (9%) 439 (11%) 96 (8%) 375 (17%) 1546 (11%)
250 36 (7%) 154 (12%) 132 (21%) 605 (13%) 848 (22%) 222 (19%) 254 (12%) 2251 (15%)

% change in lipoprotein(a) vs -1% (-6 to 4) -13% (-15t0-10)  -6% (-9to-3) 2% (1to3) -7% (-8 t0-5) 9% (6to 12) 15% (13to 17) -0-4%

baseline (95% Cl) (-7to7)

LDL-C,,, (mmol/L) 1.68 (0-58) 1.73(0-78) 1:43 (0-70) 257 (0-71) 1.56 (077) 2:97 (0:70) 1.99 (0-70)

% change in LDL-C,,, vs baseline -37% -41% -43% -29% -47% -37% -39%

(95% Cl) (-38t0-36) (-43t0-39) (-44t0-42) (-30t0-29) (-49 to-46) (-37t0-36) (-43t0-35)

Cardiovascular disease incidence

Follow-up (years) 56 (4-8-6-2) 41(31-4-8) 2-4(1-4-3-7) 2:0(1:5-2-4) 5-4(3-1-6-0) 0:3(0-3-0-3) 53(3:9-55) 3-0(15-53)

Events, overall (n) 68 170 338 234 3040 537 1364 5751

Events, statin arm (n) 31 71 166 81 1428 258 568 2603

Data are mean (SD), number of patients (%), or median (IQR), unless stated otherwise. Percentages might not total 100% because of rounding. Total mean (SD) and % change (95% Cl) were calculated by pooling

study-specific estimates with random-effects meta-analysis. eGFR=estimated glomerular filtration rate. LDL-C

corr

=LDL cholesterol corrected for lipoprotein(a) cholesterol.

Table 2: Patients’ characteristics

lower in patients with diabetes, and unrelated to smoking
(respective % mean differences adjusted for age and sex,
—17% [-24 to -9] and 2% [-3 to 8]). Furthermore, LDL-

C..., log, triglycerides, BMI, and systolic blood pressure
were associated with a lower concentration of
lipoprotein(a), and HDL cholesterol was associated with
higher lipoprotein(a) concentrations (respective % mean
differences adjusted for age and sex per SD,
~16% [95% CI 23 to 8], ~12% [15 to 9], 7% [-10 to =5],
—-2% [-5 to 0], and 7% [3 to 11]). Baseline lipoprotein(a)
was not associated with age (% mean difference adjusted
for sex per SD, —1% [95% CI -2 to 1]).

14536 patients were randomly allocated statin treat-
ment (table 2). Initiation of statin therapy reduced
LDL-C,, by 39% (95% CI 35-43). The effect of statin
treatment on lipoprotein(a) concentration was hetero-
geneous across trials; the pooled percentage change was
-0-4% (95% CI -7 to 7), with three trials showing a mean
increase (between 2% and 15%) and four trials showing a
mean decrease (between —1% and —13%) in lipoprotein(a)
(table 2). The median concentration of lipoprotein(a) on
statin therapy was 11 mg/dL (IQR 5-32). The age-adjusted
and sex-adjusted correlation between baseline and
follow-up log, lipoprotein(a) was comparable in patients
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assigned statin treatment and those allocated placebo
(r=0-948 vs r=0-952).

During 95576 person-years at risk (median follow-up
3.0 years [IQR 1-5-5-3]), 5751 cardiovascular events were
recorded, of which 2603 occurred in patients allocated
statin treatment (table 2). When patients were grouped
by lipoprotein(a) concentration (categories <15 mg/dL,
15 to <30 mg/dL, 30 to <50 mg/dL, and =50 mg/dL), inci-
dence of cardiovascular events per 1000 person-years was,
respectively, 55-3 (95% CI 53-4-57-3), 56-3 (52-6-60-2),
66-7 (62-0-71-8), and 80-0 (75-3-84-9) for baseline
lipoprotein(a), and 49-0 (46-5-51-6), 46-4 (41-6-51-7),
56-2 (50-3-62-8), and 77-2 (71-1-83-8) for on-statin
lipoprotein(a).

In analyses adjusted for age and sex, associations of
baseline and on-statin lipoprotein(a) values with risk for
cardiovascular disease were positive and roughly linear,
with a possible threshold effect in the group with lipo-
protein(a) values of 50 mg/dL or higher (figure 1). Com-
pared with patients with baseline lipoprotein(a) values
lower than 15 mg/dL, risk for cardiovascular disease
was similar with lipoprotein(a) values of 15 mg/dL to less
than 30 mg/dL (HR 1.04, 95% CI 0-91-1.18) and
increased with lipoprotein(a) values of 30 mg/dL to less
than 50 mg/dL (1-11, 1-00-1-22) and with values of
50 mg/dL or higher (1-31, 1-08-1-58; table 3). For
analyses of on-statin lipoprotein(a), corresponding HRs
were 0-94 (95% CI 0-81-1-10), 1-06 (0-94-1-21), and
1-43 (1-15-1-76). Associations remained robust after
additional adjustment for previous cardiovascular dis-
ease, diabetes, smoking, systolic blood pressure,
LDL-C,,,, and HDL cholesterol concentration (figure 1;
table 3). Compared with patients with baseline lipo-
protein(a) values lower than 15 mg/dL, multivariable-
adjusted HRs for cardiovascular disease were 1-04 (95%
CI 0-91-1-20) in patients with lipoprotein(a) values of
15 mg/dL to less than 30 mg/dL, 1-13 (1-02-1-25) in
patients with lipoprotein(a) values of 30 mg/dL to less
than 50 mg/dL, and 1-35 (1-11-1-66) in patients with
lipoprotein(a) values of 50 mg/dL or higher. For analyses
of on-statin lipoprotein(a), respective multivariable-
adjusted HRs were 0-95 (95% CI 0-82-1-11), 1-08
(0-95-1-23), and 1-42 (1-16-1-74).

In a sensitivity analysis of patients with information
on triglycerides, BMI, or eGFR, further adjustment for
these variables did not change the magnitude of
association between lipoprotein(a) measurements and
cardiovascular risk (appendix). Effect sizes comparable
with those in the principal analysis were recorded when
further categorising the highest lipoprotein(a) group
into patients with concentrations of 50 mg/dL to less
than 75 mg/dL and 75 mg/dL or higher (appendix),
and in the on-statin analysis when omitting events
that occurred in the initial period between random-
isation and on-statin measurement of lipoprotein(a)
(appendix). Trial-specific findings are provided in the
appendix.
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Figure 1: Associations of baseline and on-statin lipoprotein(a) concentrations with incident cardiovascular

disease

Squares represent hazard ratios and vertical lines 95% Cls. Lipoprotein(a) categories were <15 mg/dL,

15 to <30 mg/dL, 30 to <50 mg/dL, and =50 mg/dL; numbers above each vertical line are mean lipoprotein(a)
values within each category. Lipoprotein(a) <15 mg/dL was the reference group. (A) and (C) adjusted for age and
sex. (B) and (D) adjusted for age, sex, previous cardiovascular disease, diabetes, smoking, systolic blood pressure,

LDL cholesterol corrected for lipoprotein(a) cholesterol, and HDL cholesterol. Lp(a)=lipoprotein(a).

Lipoprotein(a) concentration during follow-up was
associated more strongly with risk for cardiovascular
disease in patients assigned statins than in those allocated
placebo (figure 2). When comparing individuals with
lipoprotein(a) concentrations of 50 mg/dL or higher with
patients with lipoprotein(a) concentrations lower than
50 mg/dL, the HRs adjusted for age and sex for cardio-
vascular disease were 1-48 (95% CI 1-23-1.78) when
allocated statin and 1-23 (1-04-1-45) when allocated
placebo (interaction p=0-010). Corresponding multi-
variable-adjusted HRs were 1-47 (95% CI 1-25-1-73) and
1-26 (1-06-1-50; interaction p=0-031). The median time
from randomisation to measurement of lipoprotein(a)
during follow-up was 1-0 years in both trial arms
(IQR1-0-1-0 in both arms).

Some heterogeneity was noted between trials in HRs
for cardiovascular disease, which was most pronounced
in the group with lipoprotein(a) concentrations of
50 mg/dL or higher—eg, I2 statistics for HRs adjusted
for age and sex were 73% (95% CI 43-88) for baseline
lipoprotein(a) and 62% (13-83) for on-statin lipoprotein(a)
in this group (table 3).
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Lipoprotein(a) 15 to <30 mg/dL Lipoprotein(a) 30 to <50 mg/dL Lipoprotein(a) 250 mg/dL
HR (95% Cl) pvalue  *(95%Cl) HR (95% Cl) p value I* (95% Cl) HR (95% Cl) pvalue  I*(95%Cl)
Baseline lipoprotein(a)
Basic adjustment: seven trials, 29 069 patients, 5751 events
Age-adjusted and sex-adjusted 1.04(0-91-118)  0-59 43%(0-76)  111(1.00-122)  0-047 0% (0-71)  1:31(1.08-1.58)  0-005 73% (43-88)
Progressive adjustment: six trials, 27 764 patients, 5649 events
Age-adjusted and sex-adjusted 1.03(0:90-118)  0-64 54% (0-81) 110 (1-00-122)  0-053 0% (0-75) 130 (1-06-159)  0-010 78% (52-90)
Plus previous cardiovascular disease  1-04 (0-90-1-19) 0-61 53% (0-81) 1-10 (1-00-1-22) 0-049 0% (0-75) 131 (1-07-1-60) 0-009 78% (52-90)
Plus diabetes 1.04(0-91-119)  0-60 52%(0-81)  111(1-.01-123)  0-036 0% (0-75)  132(1-08-1.61)  0-007 78% (51-90)
Plus smoking 1.03 (0-91-1-18) 0-61 50% (0-80)  111(1:01-122) 0034 0% (0-75)  1:31(1.08-1.59)  0-007 77% (48-90)
Plus systolic blood pressure 1.03(0:90-118)  0-64 53% (0-81)  111(1-:01-122) 0031 0% (0-75)  131(1-07-1.59)  0-008 77% (49-90)
Plus LDL-C,, 1-04 (0-90-1-19) 0-61 55% (0-82) 1-12 (1-02-1-24) 0-019 0% (0-75) 134 (1.09-1-65) 0-005 78% (53-90)
Plus HDL cholesterol 1-04 (0-91-1-20) 0-54 54% (0-82) 1-13 (1-02-1-25) 0-016 0% (0-75) 135 (1-11-1-66) 0-003 77% (49-90)
On-statin lipoprotein(a)
Basic adjustment: seven trials, 14 536 patients, 2603 events
Age-adjusted and sex-adjusted 094 (0-81-110) 045 18% (0-62)  1.06(0-94-121) 033 0% (0-71) 143 (115-176)  0-001 62% (13-83)
Progressive adjustment: six trials, 13 883 patients, 2561 events
Age-adjusted and sex-adjusted 0-93(079-1:09) 037 18% (0-63)  1.06(0-93-1.21) 035 0% (0-75)  139(112-172)  0-002 64% (13-85)
Plus previous cardiovascular disease ~ 0-93 (0-79-1-09) 037 18% (0-63) 1-06 (0-93-1.21) 0-36 0% (0-75) 139 (112-1.72) 0-002 64% (13-85)
Plus diabetes 094 (0-80-110) 043 17% (0-62)  1.07(0-94-1-22) 031 0% (0-75)  139(113-171)  0-002 62% (7-84)
Plus smoking 094 (0-81-1:09) 042 0(0 77)  1.07(0:94-122) 030 0% (0-75)  139(113-171)  0-002 62% (8-84)
Plus systolic blood pressure 0-94 (0-81-1-09) 041 % (0-77) 1.07 (0-94-1-22) 0-30 0% (0-75) 139 (113-1.71) 0-002 61% (6-84)
Plus LDL-C,,, 094 (0-81-110) 047 13% (0-78)  1.08(0-95-123)  0-26 0% (0-75)  1.41(115-1.73)  0-001 61% (3-84)
Plus HDL cholesterol 0-95 (0-82-1-11) 053 13% (0-78)  1.08(0:95-123)  0-24 0% (0-75)  142(116-174)  0-001 58% (0-83)
Patients with lipoprotein(a) concentration <15 mg/dL served as the reference group. HR=hazard ratio. LDL-C,, =LDL cholesterol corrected for lipoprotein(a) cholesterol.
Table 3: Associations of baseline and on-statin lipoprotein(a) with incident cardiovascular disease according to different levels of adjustment

Trials (n) Patients(n) Events (n) Hazard ratio (95% Cl) Pinteraction

for lipoprotein(a)

=50 mg/dL vs 50 mg/dL
Age-adjusted and sex-adjusted
On-statin 7 14536 2603 —a—— 1.48(1.23-1.78) 0010
On-placebo 7 14533 3148 —a 123 (1-04-1-45) 01
Multivariable adjusted*
On-statin 6 13883 2561 —8—  147(125-1.73)
On-placebo 6 13881 3088 —. 126 (106-150) 0031

1.0 125 1.501.752-0
<+— —>

Lower cardiovascular risk  Higher cardiovascular risk

Figure 2: Comparative predictive value of on-statin versus on-placebo lipoprotein(a) concentrations for

incident cardiovascular disease

*Adjusted for age, sex, previous cardiovascular disease, diabetes, smoking, systolic blood pressure, LDL cholesterol
corrected for lipoprotein(a) cholesterol, and HDL cholesterol.

With the exception of stronger associations of on-statin
lipoprotein(a) concentrations with cardiovascular disease
risk at younger ages (<60 years vs 60 to <70 years vs
270 years; interaction p=0-008), HRs did not vary across
clinically relevant subgroups—eg, by sex, smoking, sys-
tolic blood pressure, lipid variables, or BMI (figure 3).
Furthermore, the magnitude of association was inde-
pendent of a study’s proportion of patients with previous
cardiovascular disease or diabetes, the length of follow-
up for clinical events, and the time between study

baseline and follow-up measurement of on-statin lipo-
protein(a) (appendix). Contributing trials used differing
statin interventions, precluding a subgroup analysis by
statin type or statin dose.

Discussion

The findings of our meta-analysis of lipoprotein(a) and
cardiovascular events show that patients with raised
concentrations of lipoprotein(a) on statin treatment
(mainly people with concentrations >50 mg/dL) are at a
significantly higher risk of cardiovascular disease. The
association with cardiovascular events was independent
of conventional cardiovascular disease risk factors.
This observation was further underpinned by very weak
or null cross-sectional correlations of lipoprotein(a)
with these risk factors. Importantly, HRs for high lipo-
protein(a) at baseline and while taking statins were of
similar magnitude, suggesting that statin treatment
might not affect lipoprotein(a)-mediated risk appreciably
in people with increased amounts of lipoprotein(a). Over-
all, these data suggest that patients with raised con-
centrations of lipoprotein(a), representing about 25% of
those with previous cardiovascular disease or an in-
dication for statins,' are at substantial residual risk—
even while taking statins. In this patient population,
treatments that specifically lower lipoprotein(a) might
mitigate lipoprotein(a)-mediated risk. An appropriately
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A Baseline lipoprotein(a) Hazard ratio (95% Cl)

for lipoprotein(a)

B On-statin lipoprotein(a) Hazard ratio (95% Cl)

for lipoprotein(a)

Events (n) 250 mg/dLvs <50 mg/dL  Pinteraction Events (n) 250 mg/dLvs <50 mg/dL  Pinteraction
Age Age
<60 years 2028 —a 130 (1-05-1-60) <60 years 920 — 1-61(1-28-2:01)
60 to <70 years 2714 —a— 123 (1-01-1.50) 055 60 to <70 years 1229 — 1-43 (1-08-1-89) 0-008
>70 years 1009 11— 127 (0-97-1-68) >70 years 454 4 122 (0-93-1:59)
Sex Sex
Male 4645 —.— 139 (119-1-63) 091 Male 2098 —=—  156(1:26-1.94) 079
Female 1106 —a 1-40 (1-12-1-75) Female 505 —. 1.51(119-1-91)
Smoking status Smoking status
Other 4777 —- 134 (114-1.58) Other 2193 —a 1.52 (1.22-1-90)
Current 970 —m— 1.14 (0-89-1-46) o1 Current 408 ——a—— 1.27 (0-86-1-87) 025
Systolic blood presure Systolic blood presure
<120 mmHg 953 —a 1.27 (1-05-1-54) <120 mm Hg 446 — = 1.61(119-2:18)
120to <140 mmHg 2172 —. 1-32 (1-09-1-60) 0-041 120 to <140 mm Hg 984 —. 1-48 (1-16-1-90) 0-96
2140 mm Hg 2618 —-— 131 (1-11-1-55) 2140 mm Hg 1047 — 1.44 (1-08-1-93)
LDL-C,,,, LDL-C,,,,
<3 mmol/L 933 - 118 (0-98-1-43) <3 mmol/L 450 +—=— 1.27 (0-97-1-66)
3to <4 mmol/L 1722 — 1.27 (1:04-1.54) 025 3 to <4 mmol/L 799 —fm— 1.09 (0-88-1-35) 084
=4 mmol/L 2998 — 153 (1-19-1.97) >4 mmol/L 1314 —8—— 176(129-241)
HDL cholesterol HDL-cholesterol
<1 mmol/L 2806 —— 126 (1.03-1.54) <1 mmol/L 1278 —.— 138 (1-16-1-65)
1to <1-3 mmol/L 1954 —a— 130 (1-00-1-68) 0-78 1to<1-3mmol/L 895 R e — 135 (0-95-1-92) 077
>1-3 mmol/L 906 —.— 140 (1-18-1-66) >1-3 mmol/L 394 —&— 166 (1:31-2-10)
Body-mass index Body-mass index
<25kg/m? 894 |—w— 133 (1:01-1-75) <25 kg/m? 382 — = 170(1-29-224)
25to <30 kg/mZ 1252 —4—a——— 130 (0-91-1-87) 038 25t0 <30 kg/mz 556 —— 1-47 (1-08-2-00) 0-49
230 kg/m* 505 ——a—— 1.62(110-2:38) =30 kg/m’ 216 —a—— 1.60(1.08-2:39)
—i 1 T 1 —i 1 71 1
0-8 1.0 15 2025 0-8 1.0 15 2025
<+— —> +— —>
Lower Higher Lower Higher
cardiovascular  cardiovascular cardiovascular  cardiovascular
risk risk risk risk

Figure 3: Associations of baseline and on-statin lipoprotein(a) with incident cardiovascular disease by individual patient characteristics
Hazard ratios are comparing patients with lipoprotein(a) concentrations of 50 mg/dL or higher with values lower than 50 mg/dL. LDL-C,,=LDL cholesterol corrected

for lipoprotein(a) cholesterol.

designed cardiovascular disease outcomes trial with
robust lowering of lipoprotein(a) is, therefore, justified to
test the hypothesis that cutting levels of lipoprotein(a)
reduces cardiovascular events, independent of statin
treatment.

At baseline, amounts of lipoprotein(a) were associated
weakly with demographic and laboratory variables. The
most significant (but nevertheless weak) correlations
were inverse with diabetes mellitus and triglycerides.
The observation of an inverse association of lipoprotein(a)
with incident diabetes has been made previously,” and
the inverse association is most pronounced at very low
levels of lipoprotein(a) (=5 mg/dL), which corresponds
approximately to the bottom tenth of the lipoprotein(a)
distribution in the global population.’* Whether these
findings are causal, or whether they are due to reverse
causality, is unknown.” Although the underlying mech-
anisms are not well understood, fasting and post-
prandial insulin levels are associated inversely with
lipoprotein(a).” Lipoprotein(a) correlated weakly with
LDL cholesterol, but this relation became inversely

associated after subtracting the estimated cholesterol
content in lipoprotein(a) from the laboratory measure-
ment of LDL cholesterol.*

Studies in which modern lipoprotein(a) assays were
used to assess the role of lipoprotein(a) in predicting risk
for cardiovascular events in patients without cardio-
vascular disease have been almost uniformly positive.”
However, results of studies in patients with previous
cardiovascular disease or who were taking statins either
have been mixed or have suggested the effect is present
mainly in people with increased LDL cholesterol.?
A major limitation of all substudies reporting lipo-
protein(a) and outcomes has been power. All studies
have enrolled patients with lipoprotein(a) concentrations
in the mid-to-low-normal range (10-15 mg/dL; normal
<30 mg/dL), as confirmed in our meta-analysis; thus,
statistical power to assess risk in patients with highly
elevated lipoprotein(a) (ie, >50 mg/dL) was low. Our
study is well powered, with 5751 total events and
2603 events in patients allocated statins, making it
equivalent to (or larger than) most individual, randomised
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controlled, cardiovascular outcome trials in the modern
era. By contrast with findings of a previous analysis of
individual-patient data,* our study had higher statistical
power because it included at least ten times more
cardiovascular events and, hence, could characterise
associations with high lipoprotein(a) concentrations
more precisely. Moreover, our analysis used clinically
relevant lipoprotein(a) categories informed by guideline
recommendations rather than trial-specific quintiles.

Our meta-analysis is highly representative of clinical
care in patients treated with statins. First, the studies
we included represent patients who were treated with
moderate-to-high doses of five major statins used clinically.
Second, the studies reflect the variety of patients treated
clinically, including primary prevention, high-risk primary
prevention with elevated C-reactive protein or diabetes,
secondary prevention, stable coronary artery disease, acute
coronary syndromes, patients on dialysis, and those
with highly elevated LDL cholesterol in the familial
hypercholesterolaemia range. Therefore, the studies we
included in our meta-analysis broadly reflect patients with
high residual risk despite statin treatment, potentially due
to other unmodified risk factors such as increased amounts
of lipoprotein(a).

The categories of lipoprotein(a) concentrations chosen
by us in our meta-analysis reflect clinical risk as suggested
by findings of epidemiological and genetic studies. The
cutoff of less than 15 mg/dL we used to define the
reference group corresponds roughly to the median global
concentration of lipoprotein(a).”*** Concentrations lower
than 30 mg/dL represent the usual cutoff in US
laboratories, which is regarded as the normal concen-
tration and is based on data showing that risk for
myocardial infarction starts to accrue at concentrations of
lipoprotein(a) higher than 25-30 mg/dL.¥ The range of
30-50 mg/dL was chosen because it is the grey zone
between concentrations considered pathophysiologically
relevant and concentrations judged by the European
Atherosclerosis Society as high risk (~50 mg/dL), based on
the European population prevalence of 20%.

In our study, elevation of cardiovascular disease risk
became evident at baseline in patients with concen-
trations of lipoprotein(a) ranging between 30 mg/dL and
lower than 50 mg/dL, and risk was further pronounced
when lipoprotein(a) concentration exceeded 50 mg/dL at
baseline, including for patients treated with statins. The
HRs for lipoprotein(a) concentrations of 50 mg/dL or
higher are consistent with those reported in studies of
PCSK9 inhibitors in patients with background statin
therapy.® Additional analyses at even greater concen-
trations of lipoprotein(a)—ie, 75 mg/dL or higher—were
limited by low power because of few patients with
lipoprotein(a) concentrations in this range, but the
findings support a graded relation between lipoprotein(a)
and cardiovascular risk. Outcome trials of lipoprotein(a)
lowering are likely to include patients with mean base-
line lipoprotein(a) substantially greater than 50 mg/dL;

therefore, extrapolation to event reduction with
lipoprotein(a) lowering from these data could be an
underestimate.

A key observation of our study is that lipoprotein(a)
concentrations were associated more strongly with
cardiovascular disease risk in patients assigned statins
than in people allocated placebo. Findings of a small
angiographic study suggested initially that risk associated
with lipoprotein(a) is attenuated when LDL cholesterol is
well controlled.” By contrast, findings of our study—
utilising a far larger body of data—support the opposite
conclusion, that risk is associated independently with both
LDL cholesterol and lipoprotein(a). When LDL-attributable
risk is reduced with statin treatment, lipoprotein(a)-
associated risk becomes an even stronger predictor
of residual risk. This observation is especially evident
at lipoprotein(a) concentrations exceeding 50 mg/dL.
In support of our observation in this study, the trials
FOURIER (NCTO01764633) and ODYSSEY OUTCOMES
(NCT01663402) have presented preliminary findings of
their data, both showing that elevated baseline lipo-
protein(a) remains a risk factor for cardiovascular disease,
even with on-treatment LDL cholesterol lower than
50 mg/dL in patients treated with statins and PCSK9
inhibitors. The findings highlight the importance of
determining whether there is a cardiovascular benefit of
treatment to reduce lipoprotein(a) when initial concen-
trations exceed this threshold, irrespective of concurrent
treatment with statin. A second important observation is
that all major subgroups of patients seemed to be at risk of
elevated lipoprotein(a), including those older than 70 years,
women, smokers, people with low and high LDL-C_ , low
HDL cholesterol, and all categories of BMI.

It is important to emphasise that the lipoprotein(a)
hypothesis remains to be tested. To do so requires a
randomised trial that compares cardiovascular outcomes
in patients treated with an agent that specifically lowers
lipoprotein(a) versus placebo. Such a trial might be
possible with an antisense oligonucleotide targeting
LPA messenger RNA, thereby reducing plasma lipo-
protein(a) levels. Phase 1 and 2 trials with such an agent
have shown the potential to lower lipoprotein(a) levels by
more than 90%.7%

Our study has several limitations. First, individual
patient data could not be obtained from several other
statin trials that reported lipoprotein(a) concentrations
and outcomes. It is possible that inclusion of other data
would have modified the reported effect sizes. Second,
the relation of lipoprotein(a) to residual cardiovascular
risk in patients receiving treatment with non-statin lipid-
modifying agents (eg, ezetimibe, PCSK9 inhibitors) re-
mains undetermined. Third, lipoprotein(a) assays were
heterogeneous and most were in lipoprotein(a) mass
(mg/dL) rather than molar (nmol/L) concentration, and
the timepoints at which lipoprotein(a) was measured
in each trial were not uniform. Therefore, assays not
reported in mg/dL had to be converted mathematically

'corr?

www.thelancet.com Published online October 4, 2018 http://dx.doi.org/10.1016/5S0140-6736(18)31652-0



Articles

to mg/dL, which might have introduced imprecision into
the lipoprotein(a) measurement. A National Heart, Lung,
and Blood Institute Working Group on lipoprotein(a)
recommended global standardisation of lipoprotein(a)
assays to address this limitation.? Fourth, we cannot rule
out that index event bias could have attenuated effect
sizes in secondary prevention trials, although the scope of
this bias was reduced by employment of multivariable
adjustment. Fifth, our analysis identified moderate-to-
high between-study heterogeneity, which could not be
accounted for by baseline disease status (ie, previous
cardiovascular disease or previous diabetes) nor by
differing lengths of follow-up.

In conclusion, our meta-analysis shows an approxi-
mately linear relation between cardiovascular risk and
concentrations of lipoprotein(a), which is evident at
lipoprotein(a) concentrations of 30 mg/dL to less than
50 mg/dL and pronounced at concentrations of 50 mg/dL
or higher and persists despite statin treatment. These data
provide a rationale for evaluating drugs that can lower
lipoprotein(a) specifically and might have the potential to
reduce residual cardiovascular risk independent of statin
treatment.
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