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Low-Density Lipoprotein Cholesterol
Corrected for Lipoprotein(a) Cholesterol,
Risk Thresholds, and Cardiovascular Events
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BACKGROUND: Conventional "low-density lipoprotein cholesterol (LDL-C)" assays measure cholesterol content in both low-
density lipoprotein and lipoprotein(a) particles. To clarify the consequences of this methodological limitation for clinical care,
our study aimed to compare associations of “LDL-C” and corrected LDL-C with risk of cardiovascular disease and to assess
the impact of this correction on the classification of patients into guideline-recommended LDL-C categories.

METHODS AND RESULTS: Lipoprotein(a) cholesterol content was estimated as 30% of lipoprotein(a) mass and subtracted from
“LDL-C” to obtain corrected LDL-C values (LDL-C_5,). Hazard ratios for cardiovascular disease (defined as coronary heart
disease, stroke, or coronary revascularization) were quantified by individual-patient-data meta-analysis of 5 statin landmark
trials from the Lipoprotein(a) Studies Collaboration (18 043 patients; 5390 events; 4.7 years median follow-up). When compar-
ing top versus bottom quartiles, the multivariable-adjusted hazard ratio for cardiovascular disease was significant for “LDL-C”
(1.17; 95% CI, 1.05-1.31; P=0.005) but not for LDL-C_ ., (1.07; 95% ClI, 0.93-1.22; P=0.362). In a routine laboratory database
involving 531 144 patients, reclassification of patients across guideline-recommended LDL-C categories when using LDL-
Ceorao Was assessed. In “LDL-C” categories of 70 to <100, 100 to <130, 130 to <190, and =190 mg/dL, significant proportions
(95% Cl) of participants were reassigned to lower LDL-C categories when LDL-C__ .5, was used: 30.2% (30.0%-30.4%), 35.1%
(34.9%-35.4%), 32.9% (32.6%-33.1%), and 41.1% (40.0%—-42.2%), respectively.

corr3

CONCLUSIONS: “LDL-C” was associated with incident cardiovascular disease only when lipoprotein(a) cholesterol content was
included in its measurement. Refinement in techniques to accurately measure LDL-C, particularly in patients with elevated
lipoprotein(a) levels, is warranted to assign risk to the responsible lipoproteins.
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terol (LDL-C) is the cornerstone in cardiovascu-

lar disease (CVD) prevention. LDL-C is used as
a screening test, diagnostic marker for familial hyper-
cholesterolemia (FH), target of therapy for diet, drugs,
and apheresis, and goal for adequate care in the out-
patient clinic, after hospital discharge and in clinical
guidelines."? It is generally accepted that the laboratory

Management of low-density lipoprotein choles-

measure “LDL-C” is an accurate representation of what
is being measured. However, because of methodolog-
ical limitations, all available clinical methods that mea-
sure and report “LDL-C” are affected by the presence
of the cholesterol content of lipoprotein(a) (Lp[a]-C).34
This includes all methods of calculated or measured
“LDL-C,” including the Friedewald formula, ultracentrif-
ugation, or direct LDL-C methods.>® The main reason
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CLINICAL PERSPECTIVE

What Is New?

e |t is underappreciated that clinical measure-
ments of “low-density lipoprotein cholesterol
(LDL-C)” include the cholesterol content of both
low-density lipoprotein and lipoprotein(a).

e An individual-patient-data meta-analysis of 5
landmark statin trials consisting of 18 043 pa-
tients demonstrated that LDL-C corrected for its
lipoprotein(a)-cholesterol content did not pre-
dict cardiovascular disease events, in contrast
to “LDL-C.

e The percentage contribution of lipoprotein(a)-
cholesterol to “LDL-C,” and proportion of in-
dividuals assigned to lower LDL-C categories,
based on “LLDL-C” corrected for its lipoprotein(a)-
cholesterol content was determined in 531 144
patients.

What Are the Clinical Implications?

e |ow-density lipoprotein-mediated cardiovas-
cular disease risk is imprecisely described by
currently available laboratory measurements of
“LDL-C,” which reflects combined low-density
lipoprotein— and lipoprotein(a)-mediated risk.

e |ow-density lipoprotein and lipoprotein(a) have
unique biological properties and respond differ-
ently to lipid-lowering therapies; therefore, refin-
ing “LDL-C” into its distinct components may
lead to improved cardiovascular disease prog-
nostication and management.

Nonstandard Abbreviations and Acronyms

FH familial hypercholesterolemia
“LDL-C” clinical laboratory measurement
that includes the cholesterol
content of both low-density
lipoprotein and lipoprotein(a)
LDL-C corrected for the
cholesterol content of lipoprotein(a)
LDL-C corrected for the
cholesterol content of
lipoprotein(a), assuming that 30%
of measured lipoprotein(a) mass is
cholesterol

cholesterol content on Lp(a)

LDL-C

corr

Lp(a)-ccorrso

Lp(a)-C

for this is the inability to separate low-density lipopro-
tein from lipoprotein(a) particles and quantify choles-
terol content separately on these particles.
Lipoprotein(a) is composed of apolipopro-
tein(a), apolipoprotein B-100, cholesteryl esters, free
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cholesterol, phospholipids, and carbohydrates on
apolipoprotein(@).” On the basis of observations from
multiple laboratories with expertise in lipoprotein(a) bio-
chemical analyses, the cholesterol content of lipopro-
tein(a) constitutes *30% to 45% of total lipoprotein(a)
mass.8'® This implicates that if lipoprotein(a) mass lev-
els are low (eg, <10 mg/dL), the contribution of Lp(a)-C
to plasma LDL-C is small (<5 mg/dL). However, if li-
poprotein(@ mass is high (eg, 150 mg/dL), its contri-
bution to “LDL-C” can be significant (45-67.5 mg/dL).}
By inference, true LDL-C will be significantly lower in
patients with elevated lipoprotein(a) levels.

There is currently no gold standard method available
to measure true LDL-C or Lp(a)-C. The main reason
for this is that lipoprotein(a) is a low-density lipoprotein
(LDL)—containing particle and thus its density overlaps
with that of LDL, creating challenges in separating
the respective particles without overlap for measuring
their cholesterol content. In this study, we estimated
corrected LDL-C (LDL-C_,,,) using parameters derived
from prior biochemical studies.8™ We hypothesized
that the predictive value of LDL-C_,,, would be dimin-
ished by removing the Lp(a)-C content from LDL-C.
Furthermore, we quantified how patients might be re-
assigned into different LDL-C categories if the Lp(a)-C
content was removed. We conducted the present anal-
ysis in a meta-analysis from the Lipoprotein(a) Studies
Collaboration of 18 043 patients with 5390 CVD events
derived from 5 landmark statin trials and in a US clinical
laboratory database of 531 144 patients.

METHODS
Data Availability

Because of contractual obligations, data used to gen-
erate the findings of this study are not available to third
parties.

Correction of “LDL-C” for Lp(a)-C Content

In the principal analysis, Lp(a)-C was estimated as 30%
of total lipoprotein(a) mass and was then subtracted
from “LDL-C” to obtain corrected LDL-C values (LDL-
Ceorrso)- Supplementary sensitivity analyses assumed
20%, 25%, or 45% of total lipoprotein(@) mass to
bracket a broad range of varying proportions of cho-
lesterol content in the lipoprotein(a) particle.

Statin Trials in the Lipoprotein(a) Studies
Collaboration

To assess associations of “LDL-C” versus LDL-C_,,
with CVD outcomes, we analyzed data from the
Lipoprotein(a) Studies Collaboration, a consortium
collating data on lipoprotein(a), traditional CVD risk
factors, and incident CVD events.'® For inclusion in
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the present analysis, randomized controlled trials
were eligible if they had information on lipoprotein(a),
LDL-C, age, sex, history of CVD, history of diabetes
mellitus, smoking, systolic blood pressure, and high-
density lipoprotein cholesterol at study entry. The trials
CARDS (Collaborative Atorvastatin Diabetes Study),
4D (German Diabetes and Dialysis Study), LIPID
(Long-Term Intervention with Pravastatin in Ischaemic
Disease) Study, MIRACL (Myocardial Ischemia
Reduction with Aggressive Cholesterol Lowering)
Study, and 4S (Scandinavian Simvastatin Survival
Study) fulfilled the prespecified inclusion criteria (be-
cause of contractual agreements, the trial JUPITER
(Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin) could not be
included in this analysis).'®2° The trials represent the
gamut of LDL-C—mediated high-risk groups, including
patients on dialysis, diabetes mellitus, high-risk pri-
mary prevention, secondary prevention, acute coro-
nary syndromes, and secondary prevention with high
LDL-C in the FH range.

Clinical Laboratory Database

The clinical laboratory database was derived from
Health Diagnostic Laboratory and included individu-
als with first time lipoprotein(a) levels.?"?? Lipoprotein(a)
mass was most often ordered as part of a comprehen-
sive panel of biomarkers assessing CVD risk (x98% of
the time). Fasting serum samples were analyzed for
lipoprotein(@) mass levels in 531 144 individuals from
January 1, 2010, to December 31, 2014. Lipoprotein(a)
mass assays were performed using a commercially
available immunoturbidimetric assay (Denka Seiken Co
Ltd, Tokyo, Japan), which is highly concordant with the
reference method.'? Institutional review board approval
for studies using deidentified and aggregated labora-
tory data was obtained from the Copernicus Group.
Serum samples were kept at 4°C and were analyzed
within 4 days of collection.

Statistical Analysis

Descriptive summaries are provided as counts with
percentages, means with SDs, or medians with in-
terquartile ranges. Because “LDL-C” and LDL-C_,, 4,
values were approximately normally distributed, values
were not transformed for analysis. Cross-sectional as-
sociations of LDL-C parameters were assessed with
linear regression for continuous variables and logistic
regression for dichotomous variables. Hazard ratios
(HRs) for the combined CVD end point (defined as
coronary heart disease, stroke, or coronary revascu-
larization procedures) were estimated first within each
contributing trial, before pooling them across trials with
multivariate random-effects meta-analysis?® (for details
on end point definition, see Table S1). We chose this
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“2-stage approach” (rather than a single Cox model
stratified by trial) because we anticipated differences
between trials inherent in their designs, such as inclu-
sion criteria (eg, age, sex, and “LDL-C” at trial entry)
and type and dosages of statin intervention. HRs were
estimated using Cox proportional-hazard regression
models adjusted for age, sex, history of CVD, diabetes
mellitus, smoking, systolic blood pressure, and high-
density lipoprotein cholesterol, and stratified by trial
arm (thereby allowing hazard functions to differ be-
tween patients allocated statin versus those allocated
placebo). When estimating associations across quar-
tiles of “LDL-C” or LDL-C,,,.4, Qquartiles were defined
within each trial based on the trial-specific distribution.
The assumption for the proportionality of hazards was
tested using Schoenfeld residuals and was met. The
I statistic was calculated as a measure of between-
trial heterogeneity.?* Finally, the added predictive value
of LDL-C parameters was quantified using metrics of
risk discrimination and reclassification.?®?® In absence
of established risk categories in high-risk populations,
reclassification was assessed across the categories
of <20%, 20% to <30%, 30% to <40%, and >40% of
5-year predicted risk. Analyses were performed using
Stata version 15.1 MP and involved 2-sided statistical
tests, a significance level of P<0.05, and 95% Cls.

RESULTS

Association With CVD Risk

Table 1 displays the characteristics of patients from
the Lipoprotein(a) Studies Collaboration. Mean base-
line “LDL-C” concentration across trials ranged from
112 to 188 mg/dL, whereas mean baseline LDL-C_ 5,
ranged from 106 to 183 mg/dL. The pooled mean was
140 mg/dL of “LDL-C” (SD, 29 mg/dL) and 133 mg/dL
of LDL=C,,,50 (SD, 29 mg/dL). Over a median duration
of follow-up of 4.7 years, 5390 CVD events were re-
corded. Values of “LDL-C” and LDL-C_, .5, were highly
correlated, indicated by a pooled Pearson correlation
coefficient of 0.96 (95% ClI, 0.94-0.97) (Figure S1).
Figure 1 shows multivariable adjusted HRs across
quartiles of “LDL-C” and LDL-C_,,,,. Compared with
the bottom quartile of “LDL-C,” patients with “LDL-C”
levels in the top quartile had an HR for CVD of 117
(95% Cl, 1.05-1.31; P=0.005). In contrast, there was no
significant association between LDL-C_,, ., and CVD
risk, with an HR of 1.07 (95% CI, 0.93-1.22; P=0.362).
The corresponding HRs for CVD per 1-SD higher con-
centration (29 mg/dL) were 1.06 (95% CI, 1.02-1.10;
P=0.006) for “LDL-C” and 1.03 (95% CI, 0.99-1.07;
P=0.090) for LDL-C,,,.5,. Between-trial heterogeneity
in HRs was low to moderate, with point estimates of
I? values ranging between 0% and 49%. Trial-specific
quartile definitions and HRs are provided in Table S2.
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Table 1. Characteristics of Patients Involved in the Trials From the Lipoprotein(a) Studies Collaboration
CARDS LIPID MIRACL 4S Total
Variables 4D (n =1224) (n =2232) (n=7862) (n =2328) (n =4397) (n =18 043)
Baseline
Age, y 66 (8) 62 (8) 61 (8) 65 (11) 59 (7) 62 (8)
Female sex, n (%) 566 (46) 715 (32) 1333 (17) 784 (34) 823 (19) 4221 (29)
History of CVD, n (%) 501 (41) 6(0) 7862 (100) 2328 (100) 4397 (100) 15 094 (84)
Diabetes mellitus, n (%) 1224 (100) 2232 (100) 676 (89) 503 (22) 200 (5) 4835 (27)
Smoking, n (%) 107 (9) 484 (22) 735 (9) 674 (29) 1127 (26) 3127 (17)
SBP, mm Hg 146 (22) 144 (16) 134 (19) 128 (20) 139 (20) 138 (19)
Total cholesterol, mg/dL 219 (43) 206 (33) 219 (32) 206 (37) 260 (26) 222 (32)
HDL-C, mg/dL 36 (13) 63 (19) 37 (9) 47 (12) 46 (11) 46 (12)
Triglycerides, mg/dL 223 (149-325) 142 (97-195) 140 (104-192) 162 (122-219) 128 (97-159) 142 (106-193)
ApoB, mg/dL 110 (30) 115 (24) 133 (25) 116 (18) 119 (23)
Lipoprotein(a), mg/dL 12 (5-42) 9 (5-22) 14 (7-44) 10 (5-29) 10 (4-27) 12 (5-34)
“LDL-C,” mg/dL 126 (30) 112 (30) 150 (29) 124 (33) 188 (25) 140 (29)
LDL-C,y g0, Mg/dL 116 (33) 106 (30) 142 (29) 118 (33) 183 (25) 133 (29)
Follow-up
Duration of follow-up, y 2.4 (1.4-3.7) 4.0 (31-4.7) 5.4 (3.1-6.0) 0.3(0.3-0.3) 5.3 (3.9-5.5) 47 (1.6-5.5)
No. of CVD events 329 154 3039 517 1351 5390

Data shown are means (SDs), medians (interquartile ranges), or counts (percentages). LDL-C__,,, was estimated by subtracting 30% of lipoprotein(a) mass
from “LDL-C”. Descriptive summaries of corrected LDL-C values assuming other proportions of lipoprotein(a) cholesterol content are provided in Table S3. Total
means and SDs were calculated by pooling trial-specific estimates with random-effects meta-analysis. 4D indicates German Diabetes and Dialysis Study; 4S,
Scandinavian Simvastatin Survival Study; ApoB, apolipoprotein B; CARDS, Collaborative Atorvastatin Diabetes Study; CVD, cardiovascular disease; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LIPID, Long-Term Intervention with Pravastatin in Ischaemic Disease Study;
MIRACL, Myocardial Ischemia Reduction with Aggressive Cholesterol Lowering Study; and SBP, systolic blood pressure.

Results were similar in sensitivity analyses, assuming
a varying cholesterol content between 20%, 25%, or
45% in lipoprotein(a) (Table S3 and Figure S2) and

when distinguishing between patients assigned statin
and those assigned placebo (Figure S3). When adjust-
ing HRs of “LDL-C” for baseline log, lipoprotein(a) rather

No. of  Incidence HR (95% ClI) for CVD P value 1(95% Cl)
events per 1000 PY

LDL-C

Quartile 1 1277 747 [Reference]

@ Quartile 2 1372 79.8 — 1.08 (1.00, 1.17) 0.051 0% (0%, 79%)

% Quartile 3 1334 78.2 - 1.08 (0.99, 1.18) 0.089 0% (0%, 79%)

°

g Quartile 4 1407 84.9 —_—a—) 1.17(1.05,1.31) 0.005  30% (0%, 73%)

g

5 | LPL-Ceomo

E’ Quartile 1 1304 76.9 [Reference]

8 Quartile 2 1340 79.4 _— 1.03 (0.92, 1.15) 0.607  30% (0%, 73%)
Quartile 3 1354 79.3 —_— 1.04 (0.95, 1.14) 0.415 3% (0%, 80%)
Quartile 4 1392 81.9 1.07 (0.93, 1.22) 0.362  49% (0%, 81%)

=

£

Z | LbLc

'g One SD higher level 5390 79.4 — 1.06 (1.02,1.10)  0.006  37% (0%, 77%)

13

H

S | LPL-Ceoman

b One SD higher level 5390 79.4 T 1.03 (0.99, 1.07) 0.090  33% (0%, 74%)

3

[ T T 1
9 1 1.1 1.2 1.3
Figure 1. Adjusted hazard ratios (HRs) for cardiovascular disease (CVD) risk,

according to quartiles of low-density lipoprotein cholesterol (LDL-C) and LDL-C_,,;, in
the contributing statin trials from the Lipoprotein(a) Studies Collaboration (n = 18 043).
LDL-C,,,4, Was estimated by subtracting 30% of lipoprotein(a) mass from "LDL-C". Quartiles
were defined within each contributing trial based on trial-specific distributions. HRs were
adjusted for age, sex, history of CVD, diabetes mellitus, smoking, systolic blood pressure, and
high-density lipoprotein cholesterol. P values for trend across quartiles were 0.009 for “LDL-C”
and 0.201 for LDL-C PY indicates person-years.

corr30°
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than using LDL-C_, .50, the magnitude of attenuation of
the association with CVD risk was smaller (Figure S4).

Added Value for CVD Prediction

Table 2 summarizes improvements in CVD risk predic-
tion by measuring “LDL-C” or LDL-C,,,5,. The base
model containing information on age, sex, history of
CVD, diabetes mellitus, smoking, systolic blood pres-
sure, and high-density lipoprotein cholesterol had a
C-index of 0.569 (95% ClI, 0.561-0.577). This C-index
was improved by 0.0030 (P=0.021) on addition of
“LDL-C” and by 0.0017 (P=0.098) on addition of LDL-
Ceorso- Corresponding net reclassification improve-
ments of 5-year risk were 0.94% (P=0.086) and 0.02%
(P=0.954); estimates for integrated discrimination
improvement were 0.00059 (P=0.020) and 0.00016
(P=0.193), respectively.

Patient Reassignment Into Lower LDL-C
Categories
Table 3 summarizes demographic and laboratory

characteristics of patients included in the laboratory
database stratified by “LDL-C” categories. “LDL-C”

Table 2. Comparative Prediction Value of LDL-C and LDL-

C_orea0 for Future CVD on Top of Other Conventional Risk
Factors
Addition of
Information Addition of
on “LDL-C” Information on LDL-
Variable Quartiles* C.orrao Quartiles®
Risk discrimination
No. of patients 18 043 18 043
No. of CVD events 5390 5390
C-index change 0.0030 0.0017
95% Cl 0.0005 to 0.0056 -0.0008 to 0.0037
P value 0.021 0.098
Reclassification of 5-y risk
No. of patients 15715 15715
No. of CVD events 4360 4360
NRI, %" 0.94 0.02
95% Cl, % -0.131t0 2.02 -0.74t0 0.79
P value 0.086 0.954
DI 0.00059 0.00016
95% ClI 0.00009 to -0.00008 to 0.00040
0.00108
P value 0.020 0.193

LDL-C,,5 Was estimated by subtracting 30% of lipoprotein(a) mass
from “LDL-C.” CVD indicates cardiovascular disease; IDI, integrated
discrimination improvement; LDL-C, low-density lipoprotein cholesterol; NRI,
net reclassification index.

*Addition to a model containing age, sex, history of CVD, diabetes mellitus,
smoking, systolic blood pressure, and high-density lipoprotein cholesterol,
stratified by trial and trial arm.

TReclassification across the categories of predicted risk of <20%, 20% to
<30%, 30% to <40%, and =40%.
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was higher at younger age (t=—114; P<0.0001) and in
female patients (z=50; P<0.0001). All other variables
we assessed were positively associated with “LDL-C,”
with associations being the strongest for LDL-C_,4,
(t=1399), apolipoprotein B-100 (t=1188), total choles-
terol (=968), LDL particle number (t=820), lipoprotein(a)
mass (t=64), and Lp(a)-C, ({=64) (all P<0.0001).

Figure 2 depicts analyses by deciles of lipopro-
tein(@) mass, with the highest decile further divided in
thirds. Across these groups, median concentration of
Lp@)-C,, ranged from 0.9 to 48.3 mg/dL. The contri-
bution of Lp(a)-C,,4 to “LDL-C” increased gradually
from 0.8% in the bottom group to 46.6% in the top
group. On correction of “LDL-C” for Lp(@)-C,yna0 10
obtain LDL-C,,,,5,, Mmedian LDL-C concentration was
reduced from 96 to 95 mg/dL in the bottom group
and from 108 to 57 mg/dL in the top group. Sensitivity
analyses that assumed a cholesterol content of 20%,
25%, or 45% in lipoprotein(a) are shown in Table S4
and Figure S5.

Figure 3 summarizes the reassignment of patients
on correction of “LDL-C” to LDL-C,,,4, across clinical
LDL-C categories. The proportions of patients reclassi-
fied to a lower category were 30.2% (95% ClI, 30.0%-—
30.4%) in the group with LDL-C of 70 to <100 mg/dL,
35.1% (95% Cl, 34.9%—-35.4%) in the group with “LDL-
C” of 100 to <130 mg/dL, and 32.9% (95% Cl, 32.6%—
33.1%) in the group with “LDL-C” of 130 to <190 mg/
dL. Most important, in the clinical risk category for
FH with “LDL-C” >190 mg/dL, 41.1% of patients (95%
Cl, 40.0%-42.2%) were reassigned to an “LDL-C” of
<190 mg/dL. Reassignment results when assuming
variable percentages of cholesterol content in lipopro-
tein(a) are provided in Figure S6.

DISCUSSION

The present study suggests that the CVD risk attrib-
uted to “LDL-C” is potentiated by the additional contri-
bution of Lp(a)-C. Furthermore, estimating true LDL-C
by correcting for the Lp(a)-C content reassigns 30% to
41% of patients into lower traditional LDL-C categories.
Figure 4 displays the heterogeneity with respect to the
relative contributions of true LDL and lipoprotein(a) in
individuals with similar laboratory-measured LDL-C.
LDL and lipoprotein(a) have distinct biological proper-
ties and respond differently to lipid-lowering therapies,
which cannot be appreciated if they are evaluated as a
composite within LDL-C. Although the contribution of
Lp(a)-C to what is measured as “LDL-C” may be less
relevant in individuals with low lipoprotein(a) mass, in
20% of the population with lipoprotein(a) mass >50 mg/
dL, >14% of the cholesterol attributed to LDL is instead
Lp(a)-C. Moreover, >28% of what is measured as “LDL-
C” may come from Lp(a)-C in 10% of the population
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Table 3. Characteristics of Patients From the Clinical Laboratory Database

Categories of "LDL-C," mg/dL
70-<100 100-<130 130-<190 >190 t Statistic | P Value for

Variables <70 (n =83 807) (n =178 245) (n =157 576) (n =103 597) (n =7,919) for Trend" trend’
Age, y 61 (15) 57 (15) 54 (14) 54 (13) 55 (13) -114 <0.0001
Female sex, n (%) 36 759 (44) 92 035 (52) 84 860 (54) 57 118 (55) 4830 (61) 50" <0.0001*
Total cholesterol, mg/dL 136 (31) 166 (23) 196 (23) 235 (28) 304 (42) 968 <0.0001
HDL-C, mg/dL 50 (17) 53 (16) 55 (15) 55 (14) 59 (14) 78 <0.0001
Triglycerides, mg/dL 92 (66-136) 101 (72-146) 111 (80-158) 130 (95-179) 155 (115-213) 141 <0.0001
ApoB, mg/dL 60 (12) 79 (12) 99 (13) 124 (17) 166 (25) 1188 <0.0001
LDL particles, nmol/L 924 (293) 1299 (316) 1652 (361) 2099 (449) 2808 (486) 820 <0.0001
Lipoprotein(a) mass, mg/dL 14 (6-36) 16 (7-46) 17 (8-48) 20 (8-56) 25 (10-72) 64 <0.0001
Lp(a)-Cy, mg/dL 4 (2-11) 5 (2-14) 5 (2-14) 6 (2-17) 8(3-22) 64 <0.0001
“LDL-C,” mg/dL 57 (10) 85 (9) 113 (9) 149 (15) 211 (26) NA NA
LDL-Cyyra0, Mg/dL 49 (13) 75 (14) 103 (15) 138 (19) 197 (29) 1399 <0.0001

Data shown are means (SDs), medians (interquartile ranges), or counts (percentages). Lp(a)-C,, was estimated as 30% of lipoprotein(a) mass. LDL-C_,, 4,
was estimated by subtracting Lp(a)-C,, from “LDL-C”. Of 531 144 people, 15 had a missing value of age, triglycerides, total cholesterol, or HDL-C, which was
mean imputed for this analysis. Descriptive summaries of corrected LDL-C values assuming other proportions of lipoprotein(a) cholesterol content are provided
in Table S4. ApoB indicates apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; and NA, not available.

*t Statistics and P values for trend were calculated using linear regression, unless specified otherwise.

Numbers are z statistics and P values for trend, calculated using logistic regression.

with lipoprotein(a) mass >100 mg/dL. Refinement in medicine are more accurately expressed as “interme-

techniques to accurately measure LDL-C, particularly
in patients with elevated lipoprotein(a) levels, is war-
ranted to accurately attribute risk to the responsible
lipoproteins.

It is important to emphasize that no matter how LDL-C
is measured or calculated, it remains a validated risk
predictor and target of therapy, irrespective of its bio-
chemical composition. However, LDL-C risk thresh-
olds and therapeutic goals as currently used in clinical

diate-density lipoprotein cholesterol+LDL-C+Lp(a)-C.”
For the sake of accuracy and clarity in understanding
what is being reflected in an “LDL-C” measurement,
it is imperative to precisely measure and define each
component. In future analyses, it will be important to
validate the current findings with biochemically ro-
bust methods to measure true LDL-C and to reassess
the contribution of each lipoprotein alone and both
combined in CVD risk. With the more frequent use of
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Figure 2. Estimated concentration of Lp(a)-C,, (A), its percentage contribution to "low-density lipoprotein cholesterol

(LDL-C)" (B), and concentration of "LDL-C" vs. LDL-C

<orra0 Values (C) according to different levels of lipoprotein(a) mass.
Analysis is based on the Health Diagnostic Laboratory data. Lp(a)-C;, was estimated as 30% of lipoprotein(a) (Lp[a]) mass. LDL-C

corr30

was calculated by subtracting Lp(a)-C;, from "LDL-C". In panel C, LDL-C is in gray and LDL-C_, 5, in red. Groups plotted are deciles
of Lp(a) mass, with the top decile further divided into thirds. IQR indicates interquartile range.
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No. of people in categories of LDL-C,,, 5o, mg/dL Reclassified to lower category
<70 70-<100 100-<130 130-<190 2190 No. of people Row % (95% Cl)
<70 83,807 0 0 0 0 NA NA
% 70-<100 53,815 124,430 0 0 0 53,815 30.2% (30.0-30.4)
§ 100-<130 4,936 50,424 102,216 0 0 55,360 35.1% (34.9-35.4)
é; 130-<190 227 2,945 30,863 69,562 0 34,035 32.9% (32.6-33.1)
2190 - 1 32 3,221 4,665 3,254 41.1% (40.0-42.2)

Figure 3. Reassignment to lower low-density lipoprotein cholesterol (LDL-C) categories on
correction to LDL-C_, ;-
Analysis is based on the Health Diagnostic Laboratory data. LDL-C_, ., was estimated by subtracting

30% of lipoprotein(a) mass from "LDL-C". NA indicates not available.

PCSKQ (proprotein convertase subtilisin/kexin type 9)
inhibitors in clinical medicine that lower “LDL-C” to low
levels, and with the advent of new therapies that lower
lipoprotein(a),?” it will be important for proper interpre-
tation and assignment of benefit to changes in accu-
rately measured lipoproteins.

There are several clinical implications to the current
findings. First, these observations apply to almost all

patients in whom a lipid panel is measured because
absence of circulating lipoprotein(a) is extremely rare.?®
The methodological limitations of current measures/
calculations of LDL-C particularly affect patients with
elevated lipoprotein(a), because the contribution of
their lipoprotein(a) mass to LDL-C will be proportionally
higher as lipoprotein(a) mass increases. Lipoprotein(a)
concentration >30 mg/dL is present in ~35% of

Lp(a), mg/dL

60 mg/dL

0 mg/dL 15 mg/dL 90 mg/dL 150 mg/dL 210 mg/dL

HDL-C
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HDL-C
50 mg/dL

HDL-C
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R

Total Cholesterol
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70 mgIdL I-DI-'(-:corr:m
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Figure 4. Conceptual rendition of the relationship of laboratory-measured low-density
lipoprotein cholesterol (LDL-C) in several scenarios of differing lipoprotein(a) (Lp[a]) mass levels.
The true LDL-C will vary significantly according to the Lp(a)-cholesterol contribution, and cannot
be ascertained from current laboratory methods.

The traditional fasting lipid profile in a patient is shown in the left with total cholesterol of 150 mg/dL,
composed of high-density lipoprotein cholesterol (HDL-C) 50 mg/dL, very LDL-C (VLDL-C) 30 mg/dL,
“LDL-C” 70 mg/dL, and Lp(a) mass 0 mg/dL, and thus Lp(a)-C 0 mg/dL. As the Lp(a) mass increases, the
Lp(a)-C increases proportionally, and the estimated LDL-C is also reduced. In the extreme, in a patient
with Lp(a) mass of 210 mg/dL, the laboratory-measured LDL-C would be recorded as 70 mg/dL because
of inability of current assays to differentiate between LDL-C and Lp(a)-C, but the true LDL-C is closer to
0 mg/dL. This illustration assumes intermediate-density lipoprotein cholesterol is 0 in the fasting state.
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patients in the United States®' and similar numbers in
Europe?®, and there are ~1.4 billion people globally with
lipoprotein(a) levels >50 mg/dL.%°

Second, our data suggest that CVD risk is impre-
cisely depicted by “LDL-C.” For example, an “LDL-C” of
“70 mg/dL” may represent 2 different patients: one with
a lipoprotein(a) mass of 15 mg/dL, Lp(a)-C of 5 mg/dL,
and true LDL-C of 65 mg/dL, or another with a lipopro-
tein(@) mass of 210 mg/dL, Lp(a)-C of 70 mg/dL, and
true LDL-C of O mg/dL. Despite having identical “LDL-
C” values, these 2 individuals would be expected to
have unique risk profiles (Figure 4). In a recent analysis
of the Copenhagen cohorts, the HR for cardiovascu-
lar mortality was 1.18 for every 15-mg/dL increase in
Lp(@)-C.%' In contrast, the HR for the same outcome
was only 1.07 for every 15-mg/dL increase in LDL-C.
This finding supports a more granular understanding
of the components comprising “LDL-C” for improved
risk prediction. At a population level, differential lifelong
exposure to LDL-C levels as low as 10 mg/dL results in
substantial differences in CVD. This suggests that the
contribution of Lp(a)-C to CVD events, which is directly
related to lipoprotein(a) mass that is genetically deter-
mined and contributes risk from birth, can be substan-
tial, even with modest elevations of Lp(a)-C levels. For
example, lipoprotein(a) levels at upper limit of normal at
30 mg/dL may contribute as much as 9 to 13.5 mg/dL
of cholesterol to the LDL-C measurement. This value
is similar to loss-of-function PCSK9 mutations associ-
ated with lifelong lower risk of CVD.%?

Third, many physicians aim to achieve an “LDL-
C” <70 mg/dL for high-risk patients, which is further
supported by guidelines.! Thus, many patients with
“LDL-C” >70 mg/dL and elevated lipoprotein(a) while
on statin therapy, in fact, already have true LDL-C sig-
nificantly lower than 70 mg/dL. The recommendation
to further increase LDL-C—-lowering therapy in such pa-
tients may not accurately reflect whether true LDL-C
versus lipoprotein(a) reflects additional residual risk.
Because statins tend to increase lipoprotein(a),3® fur-
ther increase in statin dosage in a patient with already
true low LDL-C may be counterproductive. Similarly,
in patients being treated with PCSK9 inhibitors that
achieve exceedingly low LDL-C (ie, <20 mg/dL), true
LDL-C levels may be at or near zero if lipoprotein(a) is
elevated, as we suggested recently.®

Fourth, should lipoprotein(@) mass and/or choles-
terol content be part of the FH diagnosis? Using a
more accurate measurement of LDL-C would result
in many subjects not meeting the criterion of “LDL-C”
>190 mg/dL used in many scores unless the Lp(a)-C
was included in the measurement.®* The concept to
formally include lipoprotein(a) in the diagnosis of FH is
consistent with studies showing a higher risk of major
adverse cardiovascular events if patients with FH have
concomitantly elevated lipoprotein(a) levels.3®
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Fifth, the meta-analysis included a wide range of
patients receiving different statins and further reflecting
their use in a wide range of CVD prevention cohorts.
Accurately quantitating true LDL-C without its content
of Lp(a)-C will be important in defining the magnitude
of benefit from “LDL-C” lowering agents, particularly in
patients with elevated lipoprotein(a), which may repre-
sent up to a third of patients in the population and in
recent clinical trials®®3” who are more likely to have a
true LDL-C that is lower than their LDL-C laboratory
measurement.

It is important to clarify that Lp(a)-C risk is not equiv-
alent to lipoprotein(a) mass/molar concentration medi-
ated risk, because lipoprotein(a) additionally contains
the apolipoprotein B-100 component, the potentially
thrombogenic apolipoprotein(a) peptide, as well as
proinflammatory oxidized phospholipids that are sig-
nificantly overrepresented on lipoprotein(a) versus LDL
particles.®®3° These factors may additionally contribute
to risk that is not reflected in its cholesterol content. In
fact, lipoprotein(a) mass has been shown to be more
predictive than Lp(a)-C when measured in the same
patients.'®

The primary objective of this study was to esti-
mate the clinical impact of Lp(a)-C’s contribution to
what is measured as “LDL-C” and raise awareness
to this highly underappreciated caveat of the “LDL-C”
biomarker. This study, in isolation, was not intended
to provide guidance on clinical practice, but rather to
demonstrate the clinical need for accurately defining
the contribution of true LDL versus lipoprotein(a) to-
ward the risk attributed to what is currently measured
and reported as LDL-C.

Limitations of this study include that because ac-
curate measures of Lp(a)-C are not clinically available,
Lp(a)-C was estimated and thus LDL-C_, 4, was based
on established biochemical studies by assuming a
proportion of 30% of lipoprotein(a) mass. Individual pa-
tients may have variable Lp(a)-C levels on lipoprotein(a)
mass that may alter the estimates; thus, in a sensitiv-
ity analysis, we bracketed the ranges reported in the
literature to account for potential interindividual vari-
ability. Moreover, most assays for lipoprotein(a) mass,
including the ones described in this study, are sensitive
to apolipoprotein(a) isoform size, resulting in overesti-
mation of lipoprotein(a) mass when apolipoprotein(a)
isoforms are large (associated with lower lipoprotein[a]
levels) and underestimation of lipoprotein@ mass
when apolipoprotein(a) isoforms are small (associated
with higher lipoprotein[a] levels). In our study, assay
sensitivity to apolipoprotein(a) isoforms may have led to
imperfect correction of “LDL-C” for Lp(a)-C and results
may be even more pronounced when using isoform-in-
dependent assays. Last, there are inaccuracies with
commonly used “LDL-C” quantitation methods that
may be independent of lipoprotein(a). Compared with
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the reference method, the Friedewald method is inac-
curate when plasma triglycerides are elevated. There
can also be significant biases between various direct
“LDL-C” assays and the reference method, especially
in patients with CVD.*® When assays directly measur-
ing Lp(a)-C are developed in the future, these results
would need to be validated empirically in individuals
with “LDL-C” determined by the reference method. It is
also emphasized that it is difficult to correct for LDL-C
when lipoprotein(a) is reported in molar concentration
of apolipoprotein(a), rather than mass of entire lipopro-
tein(a) particle, emphasizing the need for an accurate,
empirical measure of Lp(a)-C rather than estimated
Lp(a)-C. Finally, the current analysis focused on base-
line lipid variables before initiation of statin therapy.
Whether the relationship of lipoprotein(a) mass to cho-
lesterol remains similar following statin, PCSK9 inhibi-
tor and antisense therapy to lipoprotein(a) needs to be
evaluated in future studies.

In conclusion, our findings provide insights that
the predictive value of “LDL-C” is potentiated by its
Lp(a)-C content. This study provides a rationale to de-
velop improved methods to accurately quantify LDL-C.
Additional clinical investigations are needed to more
accurately assign CVD risk to the responsible lipopro-
teins and to assess the true effect of LDL-C—modifying
therapies.
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Table S1. Definition of the combined cardiovascular disease endpoint in the contributing statin
trials from the Lipoprotein(a) Studies Collaboration.

Components of the combined

cardiovascular disease 4D CARDS LIPID MIRACL 4S
endpoint

Fatal coronary heart disease ° ° ° ° °
Non-fatal myocardial ° ° ° ° °
infarction

Unstable angina - ° ° ° -

Resuscitated cardiac arrest - ° - - °

Stroke ° ° ° -

Coronary revascularization ° ° - ° °




Table S2. Trial-specific quartile definitions and hazard ratios for CVD in the contributing statin

trials from the Lipoprotein(a) Studies Collaboration.

Quartile 1 Quartile 2 Quartile 3 Quartile 4

"LDL-C"
4D Range, mg/dL <104 105-123 124-144 2145

HR (95% Cl) [Reference] 0.97(0.92-1.02) 1.18(1.12-1.24) 1.20(1.14-1.26)
CARDS Range, mg/dL <92 92-113 114-134 2134

HR (95% Cl) [Reference] 1.31(1.16-1.47) 1.46(1.30-1.65) 1.76(1.57-1.97)
LIPID Range, mg/dL <131 131-150 150-170 2170

HR (95% Cl) [Reference] 1.04(1.03-1.04) 1.07(1.07-1.08) 1.14(1.13-1.14)
MIRACL Range, mg/dL <101 102-122 123-146 >147

HR (95% Cl) [Reference] 1.08 (1.05-1.11) 0.93(0.90-0.96) 0.99 (0.96-1.02)
4S Range, mg/dL <170 170-187 189-207 >208

HR (95% Cl) [Reference] 1.20(1.19-1.21) 1.10(1.09-1.12) 1.25(1.24-1.27)
LDL-Ccorr3o
4D Range, mg/dL <94 94-115 116-137 >137

HR (95% Cl) [Reference] 0.96 (0.91-1.02) 1.20(1.14-1.26) 1.04 (0.99-1.10)
CARDS Range, mg/dL <86 86-106 106-127 2127

HR (95% Cl) [Reference] 1.22(1.08-1.37) 1.35(1.20-1.51) 1.60 (1.43-1.79)
LIPID Range, mg/dL <122 122-141 141-161 >162

HR (95% Cl) [Reference] 1.04(1.04-1.05) 1.02(1.02-1.03) 1.08 (1.08-1.09)
MIRACL Range, mg/dL <94 94-115 115-139 >140

HR (95% Cl) [Reference] 0.83(0.80-0.85) 0.90(0.87-0.92) 0.83(0.81-0.86)
4S Range, mg/dL <165 165-183 183-200 >200

HR (95% Cl) [Reference] 1.15(1.13-1.16) 1.10(1.09-1.12) 1.16(1.14-1.17)

LDL-Ceorr30 Was estimated by subtracting 30% of Lp(a) mass from LDL-C. Quartiles were defined within
each contributing trial based on trial-specific distributions. Hazard ratios were adjusted for age, sex,
prior cardiovascular disease, diabetes, smoking, systolic blood pressure, and high-density lipoprotein
cholesterol. Cl=confidence interval; HR=hazard ratio.



Table S3. Descriptive summary of corrected LDL-C in the contributing statin trials from the
Lipoprotein(a) Studies Collaboration assuming varying proportions of Lp(a) cholesterol content.

Variables 4D CARDS LIPID MIRACL as Total
(n=1,224) (n=2,232) (n=7,862) (n=2,328) (n=4,397) | (n=18,043)
LDL-Ceorro, mg/dL | 119(31) 108 (30)  145(28)  120(33) 185 (25) 135 (29)
LDL-Ceorras, mg/dL | 117(32) 107 (30)  143(29)  119(33) 184 (25) 134 (29)
LDL-Ceorras, mg/dL | 111(36) 103 (31)  138(30)  114(34) 180 (26) 129 (30)

Data shown are means (standard deviations). LDL-Ccorr20, LDL-Ccorr2s, and LDL-Ceorras Were estimated by
subtracting 20%, 25% and 45% of Lp(a) mass from “LDL-C”, respectively. Total means and standard deviations
were calculated by pooling trial-specific estimates with random-effects meta-analysis.



Table S4. Descriptive summary of Lp(a)-C and corrected LDL-C in patients from the clinical laboratory database assuming
varying proportions of Lp(a) cholesterol content.

Categories of LDL-C

t statistic

Variables <70 mg/dL 70100 o0.caz0mgra BP0 s190mgraL | for f:,‘;?::,za
(n=83,807) mg/dL (n=157,576) mg/dL (n=7,919) | trend®
(n=178,245) (n=103,597)
Lp(a)-Cao, mg/dL 3(1-7) 3(1-9) 3(2-10) 4 (2-11) 5 (2-14) 64  <0.0001
Lp(a)-Cas, mg/dL 4 (2-9) 4 (2-12) 4 (2-12) 5 (2-14) 6 (3-18) 64  <0.0001
Lp(a)-Cas, mg/dL 6 (3-16) 7(3-21) 8 (4-22) 9 (4-25) 11 (5-32) 64  <0.0001
LDL-Ceorr20, mg/dlL 51 (11) 78 (12) 107 (12) 141 (17) 202 (27) 1,670  <0.0001
LDL-Ceorr2s, mg/dL 50 (12) 77 (13) 105 (13) 139 (18) 200 (28) 1,531  <0.0001
LDL-Ceorras, mg/dL 45 (16) 70 (19) 98 (20) 132 (24) 190 (34) 1,084  <0.0001

Data shown are means (standard deviations) or medians (interquartile ranges). Lp(a)-Cao, Lp(a)-Czs, and Lp(a)-Cas were estimated as 20%,
25%, and 45% of Lp(a) mass, respectively. LDL-Ccorr20, LDL-Ccorrzs, and LDL-Ceorras were estimated by subtracting Lp(a)-Czo, Lp(a)-Czs, and
Lp(a)-Casfrom “LDL-C”, respectively. °t statistics and P values for trend were calculated using linear regression.



Figure S1. Scatter plots (A) and Pearson correlation coefficients of LDL-C and LDL-Ccorr30 values
in the contributing statin trials from the Lipoprotein(a) Studies Collaboration (n=18,043).
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In Panel (b), the pooled Pearson correlation coefficient was estimated using random-effects meta-analysis
using z-transformed study-specific correlation coefficients. Cl=confidence interval.



Figure S2. Adjusted hazard ratios for cardiovascular disease risk according to quartiles of LDL-
Ccorr20, LDL-Ccorr25, and LDL-Ccorras in the contributing statin trials from the Lipoprotein(a) Studies
Collaboration (n=18,043).

Variable No.of Incidence rate Hazard ratio (95% Cl) vs. reference group P value 2 value
events  per 1000 PY (95% ClI)

(A) LD L'cco rr20

Quartile 1 1,296 76.4 [Reference]
Quartile 2 1,319 77.8 I 1.01(0.88, 1.16) 0.872 55% (0, 83)
Quartile 3 1,364 80.0 | 1.07 (0.97,1.17) 0.180 0% (0, 79)
Quartile 4 1,411 83.2 1.10(0.95, 1.28) 0.201 57% (0, 84)
(B) LDL-Cr25
Quartile 1 1,291 76.1 N [Reference]
Quartile2 1,342 79.4 —_—— 1.06 (0.95,1.17)  0.300 20% (0, 66)
Quartile 3 1,355 79.5 L 1.06 (0.96, 1.17) 0.220 12% (0, 82)
Quartile 4 1,402 82.5 i 1.10(0.96, 1.27) 0.171 52% (0, 82)
(C) LDL-ccorr45
Quartile 1 1,318 78.0 I [Reference]
Quartile 2 1,332 78.5 1.01(0.91,1.12) 0.806 19% (0, 83)
Quartile 3 1,359 80.0 e S 1.03(0.92, 1.15) 0.631 26% (0, 71)
Quartile 4 1,381 81.0 L 1.05(0.92,1.19) 0.478 39% (0, 77)
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LDL-Ccorr20, LDL-Ceorras, and LDL-Ceorras Were estimated by subtracting 20%, 25% and 45% of Lp(a) mass from
“LDL-C”, respectively. Quartiles were defined within each contributing trial based on trial-specific
distributions. Hazard ratios were adjusted for age, sex, prior cardiovascular disease, diabetes, smoking,
systolic blood pressure, and high-density lipoprotein cholesterol. Cl=confidence interval; PY=person-
years.



Figure S3. Adjusted hazard ratios for cardiovascular disease risk for quartiles of LDL-C and LDL-
Ccorr3o0 according to allocation of statin vs. placebo in the contributing statin trials from the
Lipoprotein(a) Studies Collaboration (n=18,043).

Variable / quartile Trial arm HR (95% CI) versus reference P value
"LDL-C"
Quartile 2 vs. 1 Placebo R e 1.08 (0.96, 1.22) 0.932
Statin —_— 1.11(0.97,1.27)
Quartile 3 vs. 1 Placebo —_— 1.10 (0.95, 1.26)
Statin —_— 1.04 (0.93, 1.18)
Quartile 4 vs. 1 Placebo —_— 1.16 (1.03, 1.31)
Statin - 1.18 (0.98, 1.41)
LDL‘ccorrso
Quartile 2 vs. 1 Placebo L EE—— 1.04 (0.91, 1.18) 0.854
Statin - 1.03 (0.87, 1.22)
Quartile 3 vs. 1 Placebo —_— 1.04 (0.90, 1.22)
Statin B E—— 1.10 (0.97, 1.25)
Quartile 4 vs. 1 Placebo +— 1.11 (0.99, 1.26)
Statin - 1.06 (0.85, 1.31)
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LDL-Ccorr30 Was estimated by subtracting 30% of Lp(a) mass from “LDL-C”. Quartiles were defined within
each contributing trial based on trial-specific distributions. Hazard ratios were adjusted for age, sex, prior
cardiovascular disease, diabetes, smoking, systolic blood pressure, and high-density lipoprotein
cholesterol. Cl=confidence interval; HR=hazard ratio.



Figure S4. Association of “LDL-C” with cardiovascular disease risk in a multivariable model
further adjusted for loge Lp(a) in the contributing statin trials from the Lipoprotein(a) Studies
Collaboration (n=18,043).

No. of Incidence HR (95% CI) for CVD P value I7(95% Cl)
events per 1000 PY

LDL-C l

Quartile 1 1277 74.7 [Reference]
@ Quartile 2 1372 79.8 +— 1.07 (0.99, 1.16) 0.073 0% (0%, 79%)
% Quartile 3 1334 78.2 _— 1.07 (0.97, 1.17) 0.169 0% (0%, 79%)
°
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o
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“LDL-C” quartiles were defined within each contributing trial based on trial-specific distributions.
Multivariable adjustment models were adjusted for age, sex, prior cardiovascular disease, diabetes,
smoking, systolic blood pressure, high-density lipoprotein cholesterol, and loge Lp(a). Cl=confidence
interval; CVD=cardiovascular disease; HR=hazard ratio; PY=person years; SD=standard deviation.




Figure S5. Estimated Lp(a)-Czo, Lp(a)-Cas, and Lp(a)-Cas, contribution to LDL-C, and corrected LDL-
Cvalues in patients from the clinical laboratory database assuming varying proportions of Lp(a)
cholesterol content.
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Analysis is based on the Health Diagnostic Laboratory data. Lp(a)-Cs, Lp(a)-Czs, and Lp(a)-Css were
estimated as 20%, 25%, and 45% of Lp(a) mass, respectively. LDL-Ccorra0, LDL-Ccorras, and LDL-Ceorras Were
estimated by subtracting Lp(a)-Cao, Lp(a)-Czs, and Lp(a)-Cas from “LDL-C”, respectively. Groups plotted are
deciles of Lp(a) mass, with the top decile further divided into thirds. IQR=interquartile-range.



Figure S6. Reassignment to lower LDL-C categories upon correction to LDL-Ccorr20, LDL-Ccorras,
and LDL-Ccorras of patients from the clinical laboratory database.

(A) Reclassification with LDL-C_,, ,,

No. of people in categories of LDL-C_,,,,,, mg/dL Reclassified to lower category
<70 70-<100 100-<130 130-<190 2190 No. of people Row % (95% Cl)
<70 83,807 0 0 0 0 NA NA
% 70-<100 37,949 140,296 0 0 0 37,949 21.3% (21.1-21.5)
:5‘ 100-<130 1,029 39,860 116,687 0 0 40,889 25.9% (25.7-26.2)
§= 130-<190 13 629 24,461 78,494 0 25,103 24.2% (24.0-24.5)
2190 0 0 0 2,573 5,346 2,573 32.5% (31.5-33.5)

(B) Reclassification with LDL-C_,, ¢

No. of people in categories of LDL-C_,,,,5, mg/dL Reclassified to lower category
<70 70-<100 100-<130 130-<190 2190 No. of people Row % (95% Cl)
<70 83,807 0 0 0 0 NA NA
% 70-<100 46,078 132,167 0 0 0 46,078 25.9% (25.6-26.1)
5‘ 100-<130 2,648 45,701 109,227 0 0 48,349 30.7% (30.5-30.9)
§= 130-<190 42 1,631 27,935 73,989 0 29,608 28.6% (28.3-28.9)
2190 0 0 8 2,891 5,020 2,899 36.6% (35.5-37.7)

(C) Reclassification with LDL-C_, 45

No. of people in categories of LDL-C_, 5, mg/dL Reclassified to lower category
<70 70-<100 100-<130 130-<190 2190 No. of people Row % (95% Cl)
<70 = 83,807 0 0 0 0 NA NA
% 70-<100 = 70,483 107,762 0 0 0 70,483 39.5% (39.3-39.8)
::‘ 100-<130 15,051 55,184 87,341 0 0 70,235 44.6% (44.3-44.8)
—3: 130-<190 1,832 8,186 33,866 59,713 0 43,884 42.4% (42.1-42.7)
2190 - 41 240 3,661 3,971 3,948 49.9% (48.7-51.0)

Analysis is based on the Health Diagnostic Laboratory data. Lp(a)-Cs, Lp(a)-Czs, and Lp(a)-Css were
estimated as 20%, 25%, and 45% of Lp(a) mass, respectively. LDL-Ccorra0, LDL-Ccorras, and LDL-Ceorras Were
estimated by subtracting Lp(a)-Cz, Lp(a)-Czs, and Lp(a)-Css from “LDL-C”, respectively. Cl=confidence
interval; NA=not available.



