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A B S T R A C T

Objectives: Measurement of lipoprotein(a) [Lp(a)] is used in risk assessment of atherosclerotic
cardiovascular disease (ASCVD). The aim of the current study was to evaluate performance
characteristic of five different Lp(a) assays using the cobas c501 (Roche Diagnostics) analyzer.
Design and methods: Lp(a) was measured using five Lp(a) assays (Diazyme, Kamiya, MedTest,
Randox, and Roche) configured to mg/dL units. Assays from Diazyme and Kamiya were also
configured using nmol/L units in separate experiments. Studies included sensitivity, imprecision,
linearity, method comparison, and evaluation of healthy subjects. Imprecision (intra-day, 20
replicates; inter-day, duplicates twice daily for five days) and linearity were evaluated using pa-
tient pools. Linearity assessed a minimum of five patient splits spanning the analytical measure-
ment range (AMR). Method comparison used 80 residual serum samples. Specimens from 120 self-
reported healthy subjects (61 females / 59 males) were also tested. Method comparison for two
assays in nmol/L units was conducted using 96 residual serum samples.
Results: Assay sensitivities met all manufacturer claims. Imprecision studies demonstrated %CVs
ranging from 2.5 to 5.2% for the low pool (average concentration from 7.3 to 12.4 mg/dL); high
pool %CVs ranged from 0.8 to 3.0% (average concentrations from 31.5–50.2 mg/dL). Linearity
was confirmed for all assays. Variation in accuracy was observed when comparing results to an all
method average. Lp(a) results were higher in females versus males in self-reported healthy
subjects.
Conclusions: All assays performed according to manufacturer described performance characteris-
tics, although differences were observed across Lp(a) assays tested when compared to an all
method average.
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Table 1
Assay imprecision.

Method Patient
Pools

Mean Concentration
(mg/dL)

Total Imprecision
(SD)

Total Imprecision (%
CV)

Within Run (%
CV)

Between Run (%
CV)

Between Day (%
CV)

Diazyme Low 12.4 0.31 2.5 2.1 1.2 0.8
High 50.2 0.98 2.0 1.4 0.0 1.4

Kamiya Low 8.2 0.43 5.2 4.7 0.0 2.3
High 28.6 0.86 3.0 2.9 0.0 0.8

MedTest Low 12.3 0.48 3.9 2.8 2.8 0.0
High 47.5 0.55 1.1 0.8 0.9 0.0

Randox Low 9.5 0.32 3.3 3.2 0.7 0.0
High 35.7 0.29 0.8 0.5 0.5 0.4

Roche Low 7.3 0.31 4.3 4.0 0.0 1.6
High 31.5 0.36 1.1 0.8 0.8 0.0

Table 2
Method comparison summary results.

Method Slope Intercept (mg/dL) R Bias (mg/dL) % Bias

Diazyme 1.238 0.763 0.9954 8.03 26.4
Kamiya 0.770 0.009 0.9899 �6.99 �23.0
MedTest 1.170 1.327 0.9949 6.51 21.4
Randox 0.926 0.213 0.9956 �2.03 �6.7
Roche 0.931 �3.419 0.9849 �5.51 �18.1

Table 3
Self-disclosed healthy volunteer Lp(a) results.

I. Males (n ¼ 59) – Lp(a), mg/dL

Assay Mean ± SD Median 80th Percentile 95th Percentile

Diazyme 20.0 � 24.5 12.2 29.5 67.3
Kamiya 13.5 � 24.3 6.9 16.4 39.6
MedTest 20.7 � 22.5 13.0 33.2 70.1
Randox 15.7 � 26.2 8.3 22.3 47.5
Roche 13.2 � 23.2 6.0 18.4 41.9

II. Females (n ¼ 61) – Lp(a), mg/dL

Assay Mean � SD Median 80th Percentile 95th Percentile

Diazyme 36.4 � 37.2 16.2 79.9 105.5
Kamiya 25.0 � 29.4 9.9 49.8 83.2
MedTest 39.2 � 40.6 17.2 83.3 121.6
Randox 30.6 � 36.5 11.3 64.8 101.2
Roche 30.4 � 39.6 8.2 63.6 110.4
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1. Introduction

Lipoprotein(a) [Lp(a)] is a low-density lipoprotein (LDL)-like particle that contains the glycoprotein apolipoprotein(a) [apo(a)]
covalently linked by a disulfide bond to apolipoprotein B-100 [apoB-100] [1–3]. Apo(a) shows homology to plasminogen, including a
variable number of tandem repeat (VNTR) kringle-4 type 2 (KIV2) domains [4]. The varying number of KIV2 domains contributes to the
heterogeneity of Lp(a) size between individuals. These different size Lp(a) particles are commonly referred to as Lp(a) “isoforms” [1].

Increased serum Lp(a) is considered an independent, inherited risk factor for atherosclerotic cardiovascular disease (ASCVD),
including myocardial infarction and stroke [5–8]. This risk is believed to be due to pro-atherogenic, pro-inflammatory, and
pro-thrombotic properties of the Lp(a) particle [7,8]. While the apo(a) gene is a significant determinant of plasma Lp(a) concentration,
variation in genetic and phenotypic associations have been observed across populations and ethnicities [9–13]. Genetic studies have
also suggested that along with increased Lp(a) concentration, smaller isoform size may also be an independent risk factor for ASCVD
[14].

Lp(a) can be measured using a variety of methods, including enzyme linked immunosorbent assays (ELISA) [15,16],
latex-agglutination [15], immunoturbidimetry/immunonephelometry [17], electrophoresis [18], and immunofixation electrophoresis
(IFE) [19]. Despite the development of a secondary reference material to assist in standardization of commercial Lp(a) assays [20,21],
harmonization of Lp(a) remains elusive due to the size and composition heterogeneity of Lp(a), as well as the antibodies, methods, and
calibration strategies used across kits [22,23]. A confounding factor is that Lp(a) can be reported in either mass units (mg/dL of the total
Lp(a) particle) or molar concentration of particles (nmol/L) [24,25]. As each individual inherits two copies of the Lp(a) gene (with
2
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Fig. 1. Linearity. Linear regression (left panels) and percent recovery (right panels) for Lp(a) assays from Diazyme (A, B), Kamiya (C, D), MedTest (E,
F), Randox (G, H), and Roche (I, J). Left panels, solid line shows linear regression and dotted line represents unity. Right panels, dashed lines
represent 80%, 100%, and 120% recovery.
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co-dominant expression), more than one Lp(a) isoform is often present in an individual.
To evaluate for differences in performance across automated clinical assays for Lp(a) measurement, the present study was conducted

comparing immunoassays from five different vendors configured on a cobas c501 (Roche Diagnostics; Indianapolis, IN) chemistry in-
strument. Experiments included sensitivity, imprecision, linearity, method comparison, and an analysis of otherwise healthy donor
specimens.

2. Materials and Methods

2.1. Assays

All testing was performed on a cobas c501 chemistry analyzer configured to Lp(a) assay manufacturer-provided instrument pa-
rameters. The Diazyme Lp(a) assay (La Jolla, CA) is a latex particle enhanced immunoturbidimetric assay using 5 level calibration
(analytical measurement range (AMR), 5.4–100 mg/dL) [26]. The K-Assay Lp(a) assay (Kamiya Biomedical; Seattle, WA) is an
immunoturbidimetric assay using multi-point calibration made with dilutions from a reconstituted high calibrator (AMR, 5–150mg/dL)
[27]. The Point Scientific Lp(a) assay (MedTest; Canton, MI) is a latex particle enhanced immunoturbidimetric assay using 5 level
calibration (AMR, 5.4–100 mg/dL) [28]. The Randox Lp(a) assay (Crumlin, United Kingdom) is an immunoturbidimetric assay licensed
from Denka Seiken using a 5 point calibration (AMR, 3–90 mg/dL). The Roche Lp(a) assay is a particle enhanced immunoturbidimetric
assay using 5 level calibration (AMR, 6–80 mg/dl). The Diazyme and Randox assays were also configured using vendor-defined cali-
brators in nmol/L units for separate method comparison experiments. The Randox Lp(a) assay in nmol/L units is traceable to the
WHO/IFCC SRM 2B Lp(a) reference material [29].
2.2. Sensitivity

Sensitivity was assessed by running ten replicates of zero material (de-ionized water) and three replicates of non-zero material (e.g.
respective manufacturer low calibrator or a low patient serum pool) using the sensitivity module in EP Evaluator 12 (Data Innovations;
South Burlington, VT).
2.3. Imprecision

Intra-assay imprecision was assessed by testing low and high-concentration Lp(a) patient serum pools for 20 replicates in a single
day. Inter-assay imprecision was assessed by testing low and high-concentration Lp(a) patient serum pools in duplicate twice daily, with
a minimum of 2 hours between each run, for five days. Inter-assay imprecision was assessed using the complex precision module in EP
Evaluator to determine for each pool the total, within run, between run, and between day imprecision. Acceptable imprecision criteria
was defined as a percent coefficient of variation (%CV) � 10%.
2.4. Linearity

Linearity was assessed by testing a minimum of five concentrations of high patient pool diluted with a low patient pool and tested in
duplicate (or triplicate where additional reagent was available). Slopes and intercepts were determined using linear regression in
SigmaPlot 14 (Systat; San Jose, CA).
2.5. Method comparison

Method comparisons were performed using residual adult serum samples stored at�20 �C (n¼ 80; 40males, 40 females; 57.5� 17.9
years old) obtained in accordance with an IRB-approved protocol for use of de-identified clinical specimens. Prior to testing in singlicate,
specimens were thawed, mixed, centrifuged, and checked for clots. Specimens were excluded (n ¼ 17) from data analysis if they were
below (n¼ 16) or above (n¼ 1) the AMR for any of the 5 assays. In the absence of a gold standard method, the average Lp(a) result of all
methods was used as the comparator result for accuracy assessment [30,31], which was assessed using the alternate (quantitative)
method comparison module in EP Evaluator. Deming regression was performed and slope, intercept, correlation coefficient (R), bias,
and percent bias (%) were calculated. Method comparisons were plotted for each individual assay pair, as presented in the Supple-
mentary Figures. Residual adult serum samples (n¼ 96; 49 males, 47 females; 57.4� 15.0 years old) were also tested on the Randox and
Diazyme assays, configured with nmol/L reporting units. These specimens were concurrently tested using the Roche assay (configured
with mg/dL reporting units) for comparison purposes. A frequency distribution of Randox (nmol/L) results divided by Roche (mg/dL)
results [i.e. Lp(a) ratios] was generated using 0.05 bin sizes.
4



Fig. 2. Method Comparisons. Results from Lp(a) assays versus the average of all methods showing method comparison (A, D, G, J, M), absolute bias
(B, E, H, K, N), and percent bias (C, F, I, L, O) for Diazyme (A–C), Kamiya (D–F), MedTest (G–I), Randox (J–L), and Roche (M-O). Left panel method
comparisons: solid lines show Deming regression, dotted lines represent unity. Middle panel absolute bias plots: solid line represents zero bias, dotted
lines represent absolute bias. Right panel percent bias plots: solid line represents zero bias, dotted lines represent percent bias.

5



Fig. 3. – Lp(a) Results from Self-Disclosed Volunteers. Lp(a) results from male (i, left) and female (ii, right) volunteers when tested using
Diazyme (A), Kamiya (B), MedTest (C), Randox (D), and Roche (E) assays. Dotted line, 50 mg/dL cutoff.
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Fig. 4. – Comparison of Lp(a) Results Using Diazyme (nmol/L), Randox (nmol/L), and Roche (mg/dL) Assay Configurations. Results from the
Randox Lp(a) assay versus the Diazyme Lp(a) assay showing method comparison (A), absolute bias (B), and percent bias (C). (A) Solid line shows
Deming regression, dotted line represents unity. (B) Solid line represents zero bias, dotted line represents absolute bias. (C) Solid line represents zero
bias, dotted line represents percent bias. (D) Method comparison of Randox (x-axis; nmol/L) versus Roche (y-axis; mg/dL). Solid line shows Deming
regression, dotted line represent unity. (E) Frequency distribution of Lp(a) ratios [Randox Lp(a) (nmol/L)/Roche Lp(a) (mg/dL)].
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2.6. Self-declared healthy volunteers

Analysis of serum Lp(a) concentrations in self-declared healthy volunteers was conducted for all assays using specimens obtained
from 120 individuals – 59males (age, 40.2� 10.4 years old) and 61 females (age, 38.5� 11.4 years old) – according to an IRB-approved
protocol for freshly collected specimens. These specimens had been obtained with a primary objective of establishing a new reference
interval for chromogranin A. As such, exclusion criteria included any history of cancer or impaired renal function, as well as use of any
proton pump inhibitors in the prior two weeks. Lp(a) results for healthy volunteers (mg/dL units) is presented in histograms by gender,
and in tabular format as mean � SD, median, 80th percentile, and 95th percentile.
2.7. Data analysis

Data analysis was conducted in EP Evaluator 12, Excel Office 365 (Microsoft; Redmond,WA), and SigmaPlot 14. Method comparison
was assessed using Deming regression. Graphs were prepared in SigmaPlot. Individual (direct) method comparison graphs were
generated in EP Evaluator. Data are presented as mean � standard deviation (SD), unless otherwise indicated. Statistical comparison of
healthy volunteer Lp(a) results was conducted using the Mann-Whitney rank sum test in SigmaPlot due to nonparametric data distri-
butions. Statistical significance was defined as p < 0.05.

3. Results

All methods met manufacturer claims regarding sensitivity: observed (manufacturer claim): Diazyme, 0.7 mg/dL (1.3 mg/dL);
Kamiya, 1.2 mg/dL (5.0 mg/dL); MedTest, 0.2 mg/dL (1.3 mg/dL); Randox, 0.7 mg/dL (3.0 mg/dL); Roche, 0.3 mg/dL (4.0 mg/dL).
Lp(a) assays also demonstrated acceptable imprecision and met manufacturers’ claims, with CVs less than 6% in all cases (Table 1).

As shown in Fig. 1, all assays were linear (slope, intercept): Diazyme (Fig. 1A,B), 1.03, 2.05 mg/dL; Kamiya (Fig. 1C,D), 1.01, 0.25
mg/dL; MedTest (Fig. 1E,F), 1.00, 2.82 mg/dL; Randox (Fig. 1G,H), 1.01, 1.00 mg/dL; Roche (Fig. 1I,J), 0.99, 1.60 mg/dL.
7
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Accuracy assessment was performed by comparing assays to the average Lp(a) result across all methods (Fig. 2). As compared to all
method averages, positive bias was observed for Diazyme (26.3%; Fig. 2A-C) and MedTest (21.4%; Fig. 2G-I) assays, whereas negative
bias was observed for Kamiya (�23.0%; Fig. 2D-F) and Roche (�18.1%; Fig. 2M-O) assays. Results from the Randox assay most closely
matched the all method average (�6.7%; Fig. 2J-L).

Summary of method comparison results is presented in Table 2. All methods demonstrated correlation coefficients of greater than
0.98.

Individualized (direct) method comparisons across all assays are included in the Supplementary Figures.
Lp(a) results from 120 self-disclosed healthy donors (61 females and 59 males) are presented by gender in Fig. 3 with summary data

included in Table 3. Female population Lp(a) results were higher than male Lp(a) results across all assays (Diazyme, p ¼ 0.032; Kamiya,
p ¼ 0.035; MedTest, p ¼ 0.040; Randox, p ¼ 0.041; Roche, p ¼ 0.025).

The Randox and Diazyme assays were then configured and calibrated per vendor specifications to report in nmol/L reporting units. A
total of 47 residual adult female specimens and 49 residual adult male specimens were tested on the Randox and Diazyme assays
(configured with nmol/L reporting units; Fig. 4A-C; slope 0.983, intercept 5.45 nmol/L, R 0.9958, bias 4.30 nmol/L, percent bias 6.5%).
These specimens were concurrently tested using the Roche assay (configured with mg/dL reporting units), for comparison purposes
[Fig. 4D; Randox (nmol/L) versus Roche (mg/dL); slope 0.505, R 0.9963, bias not shown due to differing units]. Using this comparison
for assays with different reporting units, a frequency distribution of Lp(a) ratios [Randox (nmol/L)/Roche (mg/dL)] was generated
(Fig. 4E).

4. Discussion

The present study provides a comparative analysis of five automated immunoturbidimetric assays for Lp(a) measurement. While
sensitivity, linearity, and precision performed per manufacturer specifications, differences in accuracy were observed across methods.
Lp(a) size heterogeneity and lack of assay standardization continue to impact Lp(a) assay comparability [23]. Differences in patient
Lp(a) results across assays are multifactorial and likely due to lack of assay harmonization, inability to harmonize assays in mg/dL
reporting units due to Lp(a) isoform size heterogeneity, co-dominant expression of the Lp(a) gene, vendor-specific calibrators and
calibration set point strategies to compensate for expected Lp(a) size differences observed in patient specimens, and vendor-specific
assay configurations. Global availability of assays harmonized to the international reference material using nmol/L reporting units
will help to minimize differences seen across assays.

In order to improve harmonization in Lp(a) assays, the Working Group for the Standardization of Lipoprotein(a) Assays was formed
by the International Federation of Clinical Chemistry (IFCC) [21]. After extensive evaluation, a secondary reference material for Lp(a)
was proposed (IFCC SRM 2B) [20], and it was subsequently accepted by the WHO Expert Committee on Biological Standardization [i.e.
Lp(a) SRM 2B] [32]. It is important to emphasize that due to Lp(a) isoform heterogeneity, this secondary reference material can only be
used to standardize assays in nmol/L and not mg/dL units. Size heterogeneity remains a critical limitation in achieving assay harmo-
nization [33]. Many vendors have participated in the harmonization activities described above, as well as initiatives from the Northwest
Lipid Metabolism and Diabetes Research Laboratories (NLMDRL) [15,22,23]. Other approaches include use of common calibrator
materials or antibodies from previously characterized assays (e.g. Denka Seiken), or use of previously characterized methods as
predicate devices to establish substantial equivalence in regulatory approvals.

While all assays passed acceptability criteria for linearity experiments, deviations from 100% recovery were observed in several
assays (Fig. 1; percent recovery panels). It should be noted, however, that Lp(a) isoform size is typically inversely correlated to Lp(a)
concentration (i.e. small isoforms with less KIV2 repeats are typically associated with higher serum Lp(a) concentrations, whereas larger
isoforms with more KIV2 repeats are typically associated with lower serum Lp(a) concentrations) [34]. Because high Lp(a) concentration
specimens are often used as source materials for calibrator development, smaller isoform sizes may be over-represented. This can lead to
under-quantifying high Lp(a) concentrations and over-quantifying low Lp(a) concentrations when using assays that are not isoform
independent [24]. Assay manufacturers may also set or adjust calibration points to compensate for isoform size-dependent differences
expected in varying Lp(a) concentrations [3,22,24]. In this context, the observed differences in percent recovery (Fig. 1B,F,H,J) does not
necessarily represent non-linearity, but rather they could also reflect compensation in calibrator set points to more accurately measure
serum Lp(a) concentrations in actual (non-diluted) clinical specimens.

Not all assays evaluated in the present report support nmol/L reporting per the manufacturers. For example, MedTest [28] and
Kamiya [27] only provide calibrator set points in mg/dL units, Diazyme [26] and Randox [35] provide calibrator set points in either
mg/dL or nmol/L units, whereas Roche provides nmol/L calibrator set points internationally [36] but only mg/dL calibrator set points in
the United States [37]. Conversion factors are discouraged due to risk of introducing inaccuracies caused by variation in Lp(a) isoform
distribution, mass, and composition [22,25]. The Randox (nmol/L)/Roche (mg/dL) Lp(a) ratio distributions shown in Fig. 4E, along
with those previously described elsewhere [24], emphasize this important point. An important step toward greater harmonization in
Lp(a) reporting will be availability of nmol/L calibration set points by all assay manufacturers and to all clinical laboratory settings. The
method comparison experiments in the present report emphasize the importance of moving toward concentration-based (nmol/L)
reporting.

Population Lp(a) distributions vary based on ethnicity as does association with ASCVD risk [6,13]. The exact Lp(a) concentrations
used as clinical cutoffs associated with ASCVD risk have varied across studies [38]. As examples, 30 mg/dL and more frequently 50
mg/dL cutoffs – the latter corresponding to either 100 nmol/L [38] or 125 nmol/L [39], depending on the 80th percentile population
estimates – are commonly described and vary based on study design and ethnicity of population under evaluation [40,41]. Summaries of
guidelines and consensus statements on Lp(a) cutoffs, testing, and therapeutic recommendations have previously been reported [38,40].
8
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A limitation of the present report is that we do not have ethnicity or clinical history information available for self-reported healthy
volunteers evaluated. We therefore cannot determine why larger Lp(a) results were observed in the population of females tested.
Previously published reports have provided conflicting results on factors that may influence Lp(a) concentrations in females (e.g.
pregnancy, menopause, or hormone replacement therapy) [13,42–46]. We also do not have data related to the Lp(a) isoform or genotype
for these specimens. Finally, as most assays were configured using mg/dL calibrator set points, results are not directly traceable to the
Lp(a) SRM 2B reference material.
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