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Abstract

Objectives: Lipoprotein(a) is an atherogenic particle caus-
ative of atherosclerotic cardiovascular disease. Novel treat-
ments have been developed that lower lipoprotein(a) to
unprecedented levels with cardiovascular outcomes trials
ongoing. Many guidelines recommend testing once in the
lifetime of everyone, but testing rates remain low. In this
study we compare a lipoprotein(a) point of care testing de-
vice to laboratory analysers and assess its performance.
Methods: Lipoprotein(a) concentrations on residual patient
samples measured on the Randox and Roche assays were
compared to a novel point of care device, iProtin. Further-
more, assessment of iProtin performance characteristics
were performed, including intra- and inter-assay coefficient
of variation and dilutional studies.

Results: Lipoprotein(a) concentrations measured on the
Randox and Roche assays showed strong correlation with
iProtin. Regression analysis using Passing-Bablock showed
the best fits for iProtin based on 58 serum samples were:

*Corresponding author: Caroline A.E. Bachmeier, School of Medicine,
University of Queensland, Mayne Medical Building, 288 Herston Road,
Herston, 4006, Brisbane, QLD, Australia; Department of Biochemistry,
Sullivan Nicolaides Pathology, Brisbane, QLD, Australia; and Department of
Endocrinology, Royal Brisbane and Women’s Hospital, Brisbane, 4006, QLD,
Australia, E-mail: c.bachmeier@uq.edu.au. https://orcid.org/0000-0003-
0510-7264

Greg J. Ward, Alex Dechavez and Chantelle Ebersohn, Department of
Biochemistry, Sullivan Nicolaides Pathology, Brisbane, QLD, Australia
Andrew ). Kassianos, School of Medicine, University of Queensland,
Brisbane, QLD, Australia; Royal Brisbane and Women’s Hospital, Kidney
Health Service, Brisbane, QLD, Australia; and Pathology Queensland,
Conjoint Internal Medicine Laboratory, Chemical Pathology, Brisbane, QLD,
Australia

Andrew Liu, Department of Biochemistry, Douglass Hanly Moir Pathology,
Macquarie Park, NSW, Australia

Karam M. Kostner, School of Medicine, University of Queensland,
Brisbane, QLD, Australia; and Department of Cardiology, Mater Hospital,
Brisbane, QLD, Australia

1.15 x Randox + 7.28 nmol/L and 1.02 x Roche + 17.54 nmol/L.
The R* values for Randox/iProtin and Roche/iProtin were
0.906 and 0.912 respectively. Correlation between Roche and
Randox showed Roche=1.15 x Randox - 13.33 nmol/L with an
R value of 0.973. Inter-assay coefficient of variation of the
iProtin device showed a day-to-day imprecision over 5 days
0f 15.5 % (low concentration quality control) and 6.2 % (high
concentration quality control). Within day imprecision was
13.2% (lower concentration patient sample) and 14.3%
(higher concentration patient sample).

Conclusions: Point of care testing could be a complimentary
option to laboratory testing of lipoprotein(a), especially in
remote areas. It may help (re-)stratify cardiovascular risk
and help tailor treatment decisions.

Keywords: iProtin; lipoprotein(a); point of care; Roche;
Randox

Introduction

Lipoprotein(a) (Lp(a)) is a highly atherogenic lipoprotein
causative of atherosclerotic cardiovascular disease (ASCVD)
and calcific aortic stenosis [1, 2]. Australian guidelines classify
Lp(a) concentrations>200 nmol/L as high risk for ASCVD and
>400 nmol/L as very high risk for ASCVD [3]. As such, accurate
measurement of Lp(a) is clinically important as the risk of
ASCVD and associated treatment recommendations change
with rising Lp(a) concentrations. While most lipid lowering
therapies do not have a significant effect on Lp(a) concen-
trations, novel therapies have been developed that can lower
Lp(a) to unprecedented levels and cardiovascular outcome
trials are underway investigating if sustained lowering of
Lp(a) translates into cardiovascular benefit [4]. This makes
accurate laboratory measurements even more important.
Lp(a) can be measured via various methods, including
enzyme-linked immunosorbent assays, immunonephelom-
etry, immunoturbidimetry, fluorescent immunoassays and
mass spectrometry-based reference methods [5, 6]. Howev-
er, laboratory measurement of Lp(a) can be challenging due
to the unique structure of this molecule. Lp(a) has a structure
similar to low-density lipoprotein (LDL) but it has an
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additional apolipoprotein(a) attached via disulfide bonds.
The apolipoprotein(a) consists of repetitive domains, called
kringles (K). Apolipoprotein(a) contains one KV repeat, a
plasminogen-like domain and ten KIV repeats, known as
KIV; to KIVy. KIV, can be present in varying repeat se-
quences. Depending on the number of KIV, repeats, the
molecular weight of Lp(a) can vary. Furthermore, the
number of KIV, repeats (and resultant molecular weight of
Lp(a)) can differ significantly both within an individual and
even more so between individuals [7, 8]. The different size
and weight of Lp(a) molecules makes measurement of Lp(a)
challenging analytically. It is recommended that Lp(a)
should be measured with an assay that is isoform indepen-
dent (i.e. not influenced by the various KIV, repeats), trace-
able to an internationally accepted calibrator and reported
in molar units [9-11]. However, such ideal assays do not exist
in routine laboratories. Furthermore, the currently used
International Federation of Clinical Chemistry and Labora-
tory Medicine (IFCC) immunoassay-based reference mea-
surement system for apolipoprotein(a) was developed more
than 20 years ago [12]. Promisingly, a mass spectrometry
based reference measurement procedure was developed for
apolipoprotein(a) measurement more recently [6].

Previous studies comparing Lp(a) measurements on
different assays have shown significant variability and cur-
rent Lp(a) assays are not harmonised [13, 14]. A recent
interlaboratory comparison study with eight participating
laboratories demonstrated that interassay variability per-
sists, particularly at concentrations used to guide clinical
decision making [15].

In addition to analytical difficulties, uptake of Lp(a) testing
remains low despite its confirmed causative role in ASCVD and
calcific aortic sclerosis [16, 17]. While some guidelines recom-
mend testing of Lp(a) at least once in the lifetime of each
individual [2], Australian guidelines currently only recom-
mend testing of Lp(a) in certain high-risk populations [3]. Low
testing rates may be due to a lack of awareness amongst
healthcare providers. Another reason could be difficulties in
access to locally available and cost-effective/government
rebatable Lp(a) testing, especially in the Australian context.
Australia is a vast country and access to Lp(a) testing in rural
and remote areas can be limited. Point of care testing (POCT)
can help overcome the barrier of limited test availability in
regional and remote areas and has been shown to be suc-
cessful and cost-effective in areas such as POCT for troponin
and several infectious diseases [18-20].

To the best of our knowledge, no POCT systems for Lp(a)
are currently available or have been tested for accuracy in
Australia. To bridge this gap, we compare a Lp(a) POCT
system to two commercially available Lp(a) assays in
Australia.
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Materials and methods
Serum samples

We collected residual, adult serum samples from patients
attending Sullivan Nicolaides Pathology (Brishane, Australia),
in whom Lp(a) measurements had already been requested for
clinical reasons and for whom Lp(a) results were available.
We selected samples that cover the entire measuring range of
the POCT device. All samples were stored at 4 °C and were less
than 7 days old. The study was approved by the Ethics Com-
mittee at Sullivan Nicolaides Pathology.

Determination of Lp(a) concentration

We measured Lp(a) on two commercially available Lp(a)
assays platforms and a POCT device. Lp(a) patient samples
were measured on the Randox assay on the Abbott Alinity C
platform (Abbott Laboratories, IL, USA), and the Roche Cobas
¢ 502 (Roche Diagnostics, Basel, Switzerland) platform. For
Lp(a) POCT we used the iProtin device by tst biomedical
electronics Co., Ltd (Taoyuan City, Taiwan).

For measurement on the Roche Cobas ¢ 502, the Roche Tina-
quant R® Generation 2 assay was used. This is a particle
enhanced immunoturbidimetric assay using a multipoint cali-
bration design with each calibrator being independent [21]. This
molar assay is standardized against the IFCC reference material
SRM2B for nmol/L and has a measuring range of 7-240 nmol/L.
Samples with a higher concentration are diluted via a rerun
function using a 1:3 dilution with 0.9% normal saline [22].
Measurement on the Abbott Alinity C was performed using the
Randox Lp(a) assay (Crumlin, United Kingdom). The Randox
assay is calibrated in nmol/L and is also traceable to the IFCC
reference material SRM2B. Similar to the Roche assay design, it
is an immunoturbidimetric assay using a 5-level calibration. The
Randox assay is based on the Denka assay, which is considered
to be amongst the assays to be least isoform-sensitive and most
reliable in terms of commercially available methods [5].
The quoted measuring range is 5-200 nmol/L [23]. As the
manufacturer-recommendeddilution with 0.9 % normal saline
for values>200 nmol/l resulted in inadequate results, we
developed an in-house dilution method using a commercially
available Lp(a) quality control (QC) material in a 1:3 dilution [24].
On the day of analysis of patient samples, both assays were
calibrated, and both internal and external QC material
were run.

The iProtin Lp(a) POCT device by tst biomedical electronics
Co., Ltd (Taoyuan City, Taiwan) is a small, handheld device
developed for measuring various lipoproteins, including Lp(a)
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(Figure 1). Both whole blood and serum can be used. In our
study we used 5 pL of serum obtained from a serum separator
tube (SST). The calibration reference material for the iProtin
Lp(a) product is the Roche Tina-quant® Generation 2 assay
traceable to the IFCC SRM 2B reference standard. The calibra-
tion curve is generated using a four-parameter logistic model.
Calibration parameters are embedded in a QR code on the
cartridge packaging and scanning the QR code automatically
completes the calibration process. The linearity range of the
POC device is 25-200 nmol/L but measurements can reach up
to 350 nmol/L [25]. The assay employs shear horizontal surface
acoustic wave (SH-SAW) biosensors that sense changes in
mechanical vibrations (such as velocity and amplitude
changes) to detect binding events on the surface of a chip.
Briefly, an electrical signal applied to interdigital transducers
creates a SH-SAW with the help of piezoelectric substrates.
When a substrate hinds to a sensing layer, it adds mass to the
surface of the device altering the wave’s properties. The change
of the wave’s characteristics can be measured and is propor-
tional to the concentration of the substrate measured. Lp(a) in
an individual’s serum is captured by a pre-immobilized
monoclonal mouse anti-Lp(a) antibody pre-fixed on the iPro-
tin biosensor. When Lp(a) particles bind to the antibodies on
the biosensor, the velocity of the acoustic waves changes which
is detected and measured by the reader [26].

Method comparison

Prior to analysis, all specimens were checked for clots and
were then re-assayed using the Randox assay (on the Abbott
Alinity) on the day of the experiment. This was followed by
measurement on the iProtin device on the same day. Analysis
of samples on iProtin was performed using the same cartridge
kit lot number for all samples. In the absence of a gold stan-
dard method, samples were additionally sent to a partner
laboratory for measurement on the Roche Cobas ¢ 502 as soon

iProtin
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as analysis on both the Randox assay (on Abbott Alinity) and
the iProtin device was complete. Passing-Bablok regression
analysis was performed and slope, intercept, correlation co-
efficient and bias were calculated. Method comparisons were
plotted for each individual assay pair. We initially selected
samples to test the linearity range of the iProtin device (25—
200 nmol/L) and subsequently extended this range to include
samples with higher concentrations to test the upper
measuring limit of 350 nmol/L of the iProtin device.

Imprecision studies

Intra-assay imprecision of the iProtin POCT was assessed by
testing a low and high concentration Lp(a) patient serum
sample in six replicates in a single day. Inter-assay impre-
cision was assessed by testing a low and high concentration
sample of a human serum-based Lp(a) QC material in daily
use in our laboratory: BioRad Liquicheck Immunology QC.
The two concentrations were tested in duplicate over five
days. Care was taken to use the same bottle of QC material
throughout the duration of this study.

Dilution studies

Four patient serum samples with extreme Lp(a) concentra-
tions were selected and measured before and after a 1:3
dilution using a low Lp(a) patient pool (Lp(a)<5 nmol/L) as a
diluent on both the Randox assay and the iProtin POCT de-
vice. For the Roche assay, the automatic, onboard 1:3 dilution
using 0.9 % normal saline was used.

Data analysis

All data analysis was performed using Microsoft Excel,
version 14.0, (Microsoft, Redmond, Washington, USA).

Figure 1: iProtin device in detail. (A) iProtin
point of care device displaying lipoprotein(a)
concentration in nmol/L. (B) iProtin cartridge.
(C) iProtin cartridge package with QR code.
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Method comparison was assessed using Passing-Bablok
regression analysis, including residual plots and histo-
grams with Analyse-It for Microsoft Excel (version 5.90,
Leeds, United Kingdom). Data are presented as mean, stan-
dard deviation (SD), and percentage unless otherwise
indicated.

Results
Method comparison

A total of 58 samples were analysed on all the three analysers.
All assays compared well across the measuring range of the
iProtin POCT device. Regression analysis using Passing-
Bablock analysis showed the best Passing-Bablok fit for the
iProtin POCT device were as follows: 1.15 x Randox + 7.28 nmol/
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L and 1.02 x Roche Cobas + 17.54 nmol/L. A positive constant
and proportional bias was observed for the iProtin assay, more
pronounced at lower concentrations. The R* values for Ran-
dox/iProtin and Roche/iProtin were 0.906 and 0.912 respec-
tively. A total of 65 samples were analysed on both Randox (on
Alinity) and Roche with the following regression line and
correlation: Roche=1.15 x Randox — 13.33 nmol/L and R® value
of 0.973. The comparison data is summarized in Figure 2A-F.

Imprecision studies

Table 1 shows the absolute results, means, coefficient of
variations (CV) and SD of Lp(a) concentrations obtained
from two Lp(a) QC samples measured in duplicate on the
iProtin POCT device over five consecutive days. The labo-
ratory target values for the Lp(a) QC were 56 nmol/L and
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Figure 2: Linearity and Bland Altman difference plots for lipoprotein(a) measurements. (A) Linearity plot Randox (on Alinity) vs. iProtin. (B) Bland-Altman
difference plot Randox (on Alinity) vs. iProtin. (C) Linearity plot Roche vs. iProtin. (D) Bland-Altman difference plot Roche vs. iProtin. (E) Linearity plot
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Table 1: Inter-assay imprecision using a low and high level QC sample.
The mean and SD (in nmol/L) and CV (in %) of duplicate measurements
over 5 days are displayed.

Inter-assay imprecision - iProtin (all values in nmol/L)

Day of analysis Low level QC High level QC
1 61.7 110.9
1 59.2 117.4
2 47.6 119
2 36.5 121.3
3 62.5 136.1
3 57.9 124.4
4 64 1235
4 60.5 135.2
5 50.6 127.7
5 61.8 1235
Mean 56.2 123.9
SD 8.7 7.7
CV, % 15.5 6.2

Table 2: Intra-assay imprecision using two different patient samples. The
mean and SD (in nmol/L) and CV (in %) of six same day repeated mea-
surements are displayed.

Intra-assay imprecision - iProtin (all values in nmol/L)

Repeat Low level sample High level sample
1 108.4 180.8
2 115.4 247.2
3 108.5 221.8
4 133.0 200.1
5 144.4 270.2
6 Not available 223.7
Mean 121.9 224
SD 16.1 32
v, % 13.2 14.3

100 nmol/L. as measured on the Randox assay (on Alinity).
The day-to-day imprecision was 15.5 % for the lower con-
centration QC and 6.2 % for the higher concentration QC.

Table 2 shows the intra-assay CV for the iProtin POCT
device using a low and high concentration patient sample
previously measured on the Randox assay on the Alinity
platform (74 and 161 nmol/L) run consecutively for six times
on the same day.

Dilutional studies

Three high concentration samples were diluted in a 1:3
manner using a low Lp(a) patient sample (Lp(a)<5 nmol/L as
measured on Randox on the Abbott Alinity platform) and
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Table 3: Dilutional studies of Lp(a) using three different assays.

High concentration lipoprotein(a) diluted 1:3 on three different as-

says, nmol/L
Sample 1 Sample 2 Sample 3
Randox (on Alinity) 381.15 451.89 595
Roche 399.7 447.4 613.4
iProtin 365.7 467.4 642.9

subsequently measured on both the Randox (on Alinity) and
iProtin assays.

The Roche assay uses an automatic, onboard 1:3 dilution
with 0.9 % saline. All three assays showed good correlation
(Table 3).

Discussion

In this study we compared a novel POCT device for Lp(a) to
two established mainstream laboratory assays. Despite an
appreciable constant and proportional positive bias of the
iProtin assay compared to both Roche and Randox, our results
indicated that the POCT device compares well to two other
Lp(a) assays within the linearity range of the POCT device (25—
200 nmol/L). In particular, at decision points of 75nmol/L,
which is the upper limit of normal of Lp(a) in our laboratory,
and 200 nmol/L, which is the threshold for a high-risk result,
the three assays compared well. We were not able to assess
the 400 nmol/L cut-off, which indicates very high-risk results,
as the iProtin POCT device only measures up to 350 nmol/L.
The iProtin device was calibrated against the Roche assay
(manufacturer internal communication) which was notable
in our comparison study that indicated best comparison to the
Roche assay. It must be stressed that neither the Roche nor
Randox assay are reference methods or a gold standard for
measuring Lp(a) — as such the comparison to these two
methods is flawed. Recent papers have shown that there is
still variability between commercially available Lp(a) assays
despite efforts by manufacturers to increase standardisation
[11, 13, 15, 27, 28]. There was a previously established ELISA-
based reference assay [12], but it is no longer available, and
development of a mass spectrometry-based reference mea-
surement procedure has been underway with successful
development of an IFCC mass spectrometry-based reference
method with values assigned in SI units [6]. Comparison to an
Lp(a) reference method would have been ideal, but in the
absence of its availability, the use of two commercially
available assays calibrated to SRM2B for comparison was the
best option available.
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The intra- and inter-run CVs were higher in our study
compared to the manufacturer’s data. The manufacturer’s
intra-run CV on three whole blood samples tested 20 times in
the same assay with an average concentration of 199 nmol/L,
133.5 nmol/L and 43.6 nmol/L yielded CVs of 5.42, 6.77, and
8.07 % respectively. Inter-group CV tested on 3 whole blood
samples tested on 20 consecutive days at concentrations of
158.75, 98.7 and 47 nmol/L resulted in CVs of 6.06, 6.83, and
9.87 % [25]. We tested inter-assay imprecision over 5 days
measuring QC material in duplicate with mean concentra-
tions of 56.2 nmol/L and 123.9 nmol/L. This showed CVs of
15.5% and 6.2 %. Intra-run CV as tested on two serum sam-
ples run six times each with mean concentrations of
121.9 nmol/L and 224 nmol/L showed CVs of 13.2 % and 14.3 %
respectively. Direct comparison of our data to the manu-
facturer’s needs to be interpreted with caution as the sample
type used in our laboratory differs from the manufacturer’s
(human-based QC material and serum samples compared to
whole blood samples used by the manufacturer). Further-
more, our sample numbers were smaller due to limited
POCT cartridge availability.

Comparison of Randox (which is directly based on the
Denka Seiken assay design) vs. Roche showed a positive bias
on the Roche assay at higher concentrations similar to pre-
viously published literature, where it was speculated that
this may be the result of the use of different reference
standards and calibrators across the measuring range of
Lp(a) [13]. From the results of a comparative study using an
isoform independent enzyme-linked immunosorbent assay
(ELISA) as the reference method, it was claimed that the
Denka Seiken assay demonstrated excellent correlation with
the ELISA and that it was largely isoform insensitive — in part
due to the 5-point calibration curve with each point using
multiple different apolipoprotein(a) sizes. However, an
overestimation of Lp(a) concentrations in samples with large
apolipoprotein(a) isoforms was noted [5]. One study sug-
gested that due to possible undermeasurement of Lp(a) at
higher concentrations, manufacturers have increased their
calibration for the high-concentration standard to compen-
sate for this. It was speculated that this ‘up-calibration’ may
have been overdone with some assays such as Roche or
possibly underdone with the Denka Seiken high level stan-
dard resulting in differences at higher concentrations [13].

Screening for Lp(a) has been endorsed by multiple
guidelines, including many guidelines that now recommend
testing at least once in the life of an individual [2]. Due to the
large size of Australia, reaching rural and remote populations
for Lp(a) testing is challenging. In addition, it is well described
in international studies, that testing rates for Lp(a) remain low
worldwide, even in non-rural settings [16, 29]. This is also true
for high-risk populations in Australia as demonstrated by a

DE GRUYTER

Western Australian study [30]. Measurement of Lp(a) via POCT
was easy and relatively fast when tested in our laboratory. It
did not require time-intensive laboratory training and
(although we did not test this in our study), the sample type can
be capillary without the requirement of sample centrifugation.
This could be an attractive option for Australia’s rural and
remote populations where readily available access to
biochemistry testing can be difficult. One consideration is that
the testing process per sample took approximately 3 min and
the device needed to be switched off between consecutive
sample measurements, which would need to be considered to
optimize workflow in busy clinics. POCT could be used during
or before a consultation, particularly in patients with cardio-
vascular risk factors to help re-stratify ASCVD risk and to help
tailor treatment. Patients will still require regular monitoring
of their other biochemistry parameters, such as lipid profiles
or (if applicable) glycated haemoglobin, renal and hepatic
function via a mainstream laboratory. Concentrations ahove
the measuring range of the POCT device would need to bhe
confirmed in a laboratory and the device should be viewed as a
screening tool. Introduction of Lp(a) POCT in Australia would
require a more rigorous assessment than our current study
and formal approval by regulatory authorities such as the
Therapeutic Goods Administration. POCT should preferably be
overseen by a National Association of Testing Authorities
(NATA) accredited laboratory.

This study comes with limitations. While almost all ex-
periments were run using the same cartridge kit lot, the intra-
assay CVs were tested using a different cartridge kit lot, which
was older but within its expiry date. This may have impacted
the results of the intra-assay CV assessment and could be
repeated in future assessments. Additionally, the number of
patients studied, particularly for the precision assessment,
was small and could be expanded. However, the numbers
used for our experiment were compliant with the Australian
Association of Clinical Biochemists (AACB) recommendation
for verification of POCT assays [31]. Furthermore, none of the
comparator assays used can be considered gold standard and
as such the comparison needs to be interpreted with caution.
However, the Denka Seiken assay (from which the Randox
assay is derived) was reportedly comparable to an old ELISA-
based reference method [5, 23]. Additionally, we did not
compare our findings to capillary or whole blood measure-
ments, which would be the preferred measurement sample
types in the community. Whole blood samples cannot be run
on our laboratory analysers and our study protocol and
associated Ethical Approval did not include a simultaneous
capillary blood collection. The dilutional studies should be
interpreted with caution. A diluted sample with a high con-
centration (often of a small Lp(a) isoform) may incorrectly
meet a calibrator with a large apo(a) isoform size in the
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multipoint calibrated assays in the second assay run leading
to inaccurate results [32].

The strengths of this study include the use of two
different laboratory assays from two different NATA
accredited laboratories to assess performance of the POCT
device. Furthermore, care was taken to run all experiments
via a small group of investigators to minimize pipetting or
operational errors. Both laboratories’ Lp(a) assays are
assessed with daily internal QC and regular external quality
assurance programmes. While the overall sample number
tested was small, for a POCT comparison, the samples
numbers tested exceeded the minimum requirements as set
out by local testing guidelines such as the AACB [31]. To the
best of our knowledge, it is the first published study
comparing a POCT device for Lp(a) to two commercially
available, NATA-accredited laboratory Lp(a) assays.

Conclusions

The iProtin POCT device for Lp(a) measurement compares
well to two widely available laboratory assays and is easy to
use. It may aide in increasing Lp(a) testing in rural and
remote areas where access to Lp(a) testing may be limited. It
may help with ASCVD risk (re-) classification and subsequent
treatment.

Acknowledgments: Josh Cheng and Eric Yu for their tech-
nical support and knowledge regarding the iProtin device.
Research ethics: This study was reviewed by the Sullivan
Nicolaides Ethics boards and was found to meet the NHMRC
criteria for a Quality Assurance and Evaluation activity (HE/
2025/SNP/40) on 1 September 2025.

Informed consent: Not applicable.

Author contributions: All authors have accepted re-
sponsibility for the entire content of this manuscript and
approved its submission. Conceptualization, methodology:
C.B. and G.W.; writing — original draft: C.B.; writing — review:
KK, A.A.; data collection and collation: C.B, C.E, A.D., A.L.
Use of Large Language Models, AI and Machine Learning
Tools: None declared.

Conflict of interest: The authors received the iProtin device
free of charge from tst biomedical electronics Co., Ltd
(Taoyuan City, Taiwan) for use in this study. The company
was not involved in the study design, data collection, anal-
ysis, or interpretation, nor in the decision to submit the
manuscript for publication.

Research funding: None declared.

Data availability: The data underlying this article can be
made available upon reasonable request to the corresponding

Bachmeier et al.: Lipoprotein(a) measurement via point of care —— 7

author. The data are not publicly available due to privacy or
ethical restrictions.

References

1. Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault B,
Berglund L, et al. Lipoprotein(a) in atherosclerotic cardiovascular
disease and aortic stenosis: a European Atherosclerosis Society
consensus statement. Eur Heart ] 2022;43:3925-46.

2. Kamstrup PR, Neely RDG, Nissen S, Landmesser U, Haghikia A, Costa-
Scharplatz M, et al. Lipoprotein(a) and cardiovascular disease: sifting
the evidence to guide future research. Eur ] Prev Cardiol 2024;31:
903-14.

3. Ward NG, Watts GF, Bishop W, Colquhoun D, Hamilton-Craig C, Hare DL,
et al. Australian atherosclerosis society position statement on
lipoprotein(a): clinical and implementation recommendations. Heart
Lung Circ 2023;32:287-96.

4. Nordestgaard BG, Langsted A. Lipoprotein(a) and cardiovascular
disease. Lancet 2024;404:1255-64.

5. Marcovina SM, Albers J). Lipoprotein (a) measurements for clinical
application. J Lipid Res 2016;57:526-37.

6. Ruhaak LR, Romijn FPHTM, Begcevic Brkovic I, Kuklenyik Z, Dittrich J,
Ceglarek U, et al. Development of an LC-MRM-MS-Based candidate
reference measurement procedure for standardization of serum
apolipoprotein (a) tests. Clin Chem 2023;69:251-61.

7. Kostner K, Kostner GM, Toth PP. Lipoprotein(a), 1st ed. Cham,
Switzerland: Humana; 2023.

8. Kraft HG, Lingenhel A, Pang RW, Delport R, Trommsdorff M, Vermaak H,
et al. Frequency distributions of apolipoprotein(a) kringle IV repeat
alleles and their effects on lipoprotein(a) levels in caucasian, Asian, and
African populations: the distribution of null alleles is non-random. Eur
Hum Genet 1996;4:74-87.

9. Reyes-Soffer G, Ginsberg HN, Berglund L, Duell PB, Heffron SP,
Kamstrup PR, et al. Lipoprotein(a): a genetically determined, causal,
and prevalent risk factor for atherosclerotic cardiovascular disease: a
scientific statement from the American heart association. Arterioscler
Thromb Vasc Biol 2022;42:e48-60.

10. Heydari M, Rezayi M, Ruscica M, Jpamialahamdi T, Johnston TP,
Sahebkar A. The ins and outs of lipoprotein(a) assay methods. Arch
Med Sci Atheroscler Dis 2023;8:e128-39.

11. Ansari S, Garmany Neely RD, Payne J, Cegla J. The current status of
lipoprotein (a) measurement in clinical biochemistry laboratories in the
UK: results of a 2021 national survey. Ann Clin Biochem 2024;61:
195-203.

12. Dati F, Tate JR, Marcovina SM, Steinmetz A. First WHO/IFCC
international reference reagent for lipoprotein(a) for
immunoassay - Lp(a) SRM 2B. Clin Chem Lab Med 2004;42:670-6.

13. Scharnagl H, Stojakovic T, Dieplinger B, Dieplinger H, Erhart G,
Kostner GM, et al. Comparison of lipoprotein (a) serum concentrations
measured by six commercially available immunoassays.
Atherosclerosis 2019;289:206-13.

14. Jeevanathan ), Blom SM, Olsen T, Holven KB, Arnesen EK, Trydal T, et al.
Real-world impact of transitioning from one lipoprotein(a) assay to
another in a clinical setting. Am ] Prev Cardiol 2024;19:100726.

15. Lyle AN, Flores EN, Coffman CC, Doty AH, Sugahara O, Kronenberg F,
et al. Interlaboratory comparison of serum lipoprotein(a) analytical
results across clinical assays - steps toward standardization. J Clin
Lipidol 2025;19:531-43.



8 —— Bachmeier et al.: Lipoprotein(a) measurement via point of care

20.

21.

22.

23.

24.

. Sofia EG, Adam F, Tania C, Natasha D, David JM, Paul H, et al. Temporal

trends in lipoprotein(a) testing among United States veterans from
2014 to 2023. Am | Prev Cardiol 2024,20:100872.

. Bhatia HS, Hurst S, Desai P, Zhu W, Yeang C. Lipoprotein(a) testing

trends in a large academic health system in the United States. ] Am
Heart Assoc 2023;12:e031255.

. Spaeth B, Taylor S, Shephard M, Reed RL, Omond R, Karnon J, et al.

Point-of-care testing for sepsis in remote Australia and for first nations
peoples. Nat Med 2024;30:2105-6.

. Causer LM, Ward J, Smith K, Saha A, Andrewartha K, Wand H, et al. Clinical

effectiveness and analytical quality of a national point-of-care testing
network for sexually transmitted infections integrated into rural and
remote primary care clinics in Australia, 2016-2022: an observational
program evaluation. Lancet Reg Health West Pac 2024;48:101110.
Dawson LP, Nehme E, Nehme Z, Zomer E, Bloom J, Cox S, et al. Chest
pain management using prehospital point-of-care troponin and
paramedic risk assessment. JAMA Intern Med 2023;183:203-11.
Diederiks NM, van der Burgt YEM, Ruhaak LR, Cobbaert CM.
Developing an Sl-traceable Lp(a) reference measurement system: a
pilgrimage to selective and accurate apo(a) quantification. Crit Rev Clin
Lab Sci 2023;60:483-501.

Diagnostics R. Tina-quant lipoprotein (a) package insert. Mannheim,
Germany: Roche Diagnostics; 2025.

Lipoprotein a package insert. Available at: https://www.randox.com/
lipoproteina/.

Bachmeier CAE, Dechavez AC, Ebersohn C, Teis B, Ward G, Price L.
Diluting high lipoprotein(a) concentration samples to determine high

25.

26.

27.

28.

29.

30.

31

32.

DE GRUYTER

results by molar immunoassay is challenging and likely matrix
dependent. Pathology 2025;57:777-8.

TST Biomedical Electronics. iProtin Lp(a) assay cartridge kit insert,
Taoyuan City, Taiwan; 2025.

Cheng C-H, Yatsuda H, Goto M, Kondoh }, Liu S-H, Wang R. Application
of shear horizontal surface acoustic wave (SH-SAW) immunosensor in
point-of-care diagnosis. Biosensors 2023;13:605.

Wyness SP, Genzen JR. Performance evaluation of five lipoprotein(a)
immunoassays on the Roche Cobas c501 chemistry analyzer. Pract Lab
Med 2021;25:€00218.

Ruhaak LR, Cobbaert CM. Quantifying apolipoprotein(a) in the era of
proteoforms and precision medicine. Clin Chim Acta 2020;511:
260-8.

Faaborg-Andersen CC, Cho SM|, Natarajan P, Honigberg MC. Trends
and disparities in lipoprotein(a) testing in a large integrated US health
system, 2000-23. Eur ] Prev Cardiol 2024;31:79-82.

Kelly C, Lan NSR, Phan J, Hng C, Matthews A, Rankin JM, et al. Time
trends and missed opportunities in lipoprotein(a) testing amongst
young patients with ST-Elevation myocardial infarction in Western
Australia. Heart Lung Circ 2024;33:e43-4.

Recommendations for verification of assays performance - including
point of care. Available at: https://www.aacb.asn.au/common/
Uploaded%20files/aacb/guidelines%20and%20position%
20statements/guidelines/aacb%20-endorsed%20guidelines/
recommendations%20for%20verification%20-%20Final.pdf.
Kronenberg F. Lipoprotein(a) measurement issues: are we making a
mountain out of a molehill? Atherosclerosis 2022;349:123-35.


https://www.randox.com/lipoproteina/
https://www.randox.com/lipoproteina/
https://www.aacb.asn.au/common/Uploaded%20files/aacb/guidelines%20and%20position%20statements/guidelines/aacb%20-endorsed%20guidelines/recommendations%20for%20verification%20-%20Final.pdf
https://www.aacb.asn.au/common/Uploaded%20files/aacb/guidelines%20and%20position%20statements/guidelines/aacb%20-endorsed%20guidelines/recommendations%20for%20verification%20-%20Final.pdf
https://www.aacb.asn.au/common/Uploaded%20files/aacb/guidelines%20and%20position%20statements/guidelines/aacb%20-endorsed%20guidelines/recommendations%20for%20verification%20-%20Final.pdf
https://www.aacb.asn.au/common/Uploaded%20files/aacb/guidelines%20and%20position%20statements/guidelines/aacb%20-endorsed%20guidelines/recommendations%20for%20verification%20-%20Final.pdf

	Measurement of lipoprotein(a) via a novel point of care approach with comparison to established laboratory assays
	Introduction
	Materials and methods
	Serum samples
	Determination of Lp(a) concentration
	Method comparison
	Imprecision studies
	Dilution studies
	Data analysis

	Results
	Method comparison
	Imprecision studies
	Dilutional studies

	Discussion
	Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


