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Background & aim: Lipoprotein(a) (Lp(a)) is an established predictor of cardiovascular risk. Recent evidence
suggests that Lp(a) testing with subsequent intervention could be economically advantageous, and several
organizations now recommend population testing. However, general population datasets are scarce, and
healthcare services already under pressure may not be able to undertake large-scale testing programs
using traditional sampling methods, even when financially beneficial. However, self-collected capillary
blood samples offer several advantages over venous collections, primarily by enabling patients to collect
samples whenever and wherever they choose, removing the phlebotomist bottleneck. This patient-
centric approach has become increasingly popular because of its convenience. Evidence regarding the
comparability of venous and capillary samples for various routine analytes remains limited. Moreover,
questions remain about the stability of these analytes in whole-blood samples over time, particularly
when separation is delayed before analysis. This project aimed first to review a UK-wide Lp(a) dataset
and compare it with other recently published UK Biobank data, and second to determine whether
screening could be performed using capillary blood. This was done by investigating venous and capillary
comparability and sample stability in various anticoagulants over 72 hours. Materials & methods: Serum
Lp(a) concentrations from 5298 venous samples collected between January 2025 and June 2025 were
provided from a UK-wide population dataset and compared with a recently published UK Biobank dataset.
Stability studies were organized as follows. Five paired venous and capillary serum samples were collected
and tested on day zero to serve as an initial baseline verification. We collected a further 22 paired
capillary and venous blood samples. The venous sample was tested on day zero, and the capillary sample
was stored as whole blood at room temperature and processed 72 h later. A further 10 samples were
obtained to confirm day-zero and 72 h comparability between venous serum and EDTA plasma samples.
Results were compared using Pearson’s correlation, Bland–Altman and Passing–Bablok analyses. Results:
Statistical analysis showed that Lipoprotein (a) levels in capillary and venous serum and plasma samples
were comparable, and that the analyte was stable in unspun blood across all the matrices tested for
at least 72 h before analysis. Conclusion: We believe this is the first published study to determine the
comparability and stability of venous and capillary measurements of Lp(a). This study indicates that Lp(a)
analysis is feasible using self-collected capillary samples returned to the laboratory via the postal system.

Plain language summary
Lipoprotein(a), or Lp(a), is a type of fat-and-protein particle made by the liver that carries cholesterol
through the bloodstream; the amount people have is largely determined by genetics. High levels are
associated with an increased risk of cardiovascular disease. Wider testing could help identify people at
increased risk, but population-scale screening using traditional blood collection methods, venepuncture,
may place additional pressure on healthcare services.
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This study examined whether Lp(a) could be measured using capillary blood samples that people may
collect themselves at home. Lp(a) results from 5298 venous blood samples collected across the UK were
reviewed and compared with published UK Biobank data. The study also compared Lp(a) measurements
from paired capillary and venous samples and assessed whether Lp(a) remained stable when whole blood
was stored at room temperature for up to 72 h before processing.

Lp(a) measurements were comparable across capillary and venous serum and plasma samples. Lp(a) also
remained stable in unprocessed blood for at least 72 h in all the sample types tested.

These findings suggest that self-collected capillary blood samples could be returned to a laboratory by
post and used reliably for Lp(a) testing. This approach could make wider Lp(a) screening more convenient
and accessible, while reducing reliance on traditional phlebotomy services.

First draft submitted: 27 January 2026; Accepted for publication: 3 September 2026; Published online: 30 September 2026

Keywords: capillary blood testing • lipoprotein (a) • patient-centric sampling • sample stability

Cardiovascular diseases (CVD) are the leading cause of death worldwide [1–3]. The economic and healthcare burden
of CVD is estimated at US $400 billion in the US and over €280 billion in the EU annually [1,4].

The worldwide incidence and cost of CVD are increasing rapidly, driven by an ageing global population and
limited availability of primary and secondary prevention programs [5]. It is therefore essential that nations prioritize
CVD prevention and management strategies [6].

Well-established cardiovascular risk factors include high LDL cholesterol, high blood pressure, diabetes, obesity,
smoking, physical inactivity and an unhealthy diet [7,8]. In addition, low socioeconomic status and gender are
strongly associated with CVD risk [9,10]. More recently, elevated lipoprotein (a) (Lp[a]) has also been recognized as
an independent risk factor for CVD [11].

Lp(a) consists of an LDL-like particle with an added apolipoprotein and contains a significant number of
oxidized phospholipids, which are thought to contribute to its atherogenic and inflammatory effects. Lp(a) levels
are primarily determined by genetics, with approximately 90% of the variance explained by an individual’s genetic
makeup. This makes a high Lp(a) level the most commonly inherited dyslipidaemia in humans [11–14].

The Lp(a) Brussels International Declaration Summit identified an urgent need for systematic Lp(a) testing as
part of personalized cardiovascular risk management [14]. Although the cost savings of such testing regimes are
difficult to assess, a recent paper found that, from a societal perspective, Lp(a) testing would save the UK £263 per
person [15].

Many Lp(a)-lowering drugs, including monoclonal antibodies and antisense oligonucleotides, are in clinical
trials and show promise [16]. Increased Lp(a) testing could therefore identify high-risk individuals, enable targeted
treatment and prevent many cardiovascular events, thereby saving substantial downstream healthcare costs [17].

There is a notable size heterogeneity that hampers accurate quantification of the mass of the Lp(a) molecule;
consequently, the WHO/IFCC recommendations are that assays be reported in molar units (nmol/l) [18,19]. To
date, not all manufacturers have updated their assays in line with this guidance.

In a large UK Biobank dataset, Kao et al. found that Lp(a) is independently associated with ischemic stroke, with
variation by sex but not by age or race/ethnicity. The prevalence of Lp(a) >125 nmol/l was 11.1%, and this level
is considered to confer a high risk of future CVD [20]. In addition, McClintick et al. recently found that among
3757 individuals with peripheral artery disease, those with Lp(a) levels of 42–<132 nmol/l and 132–855 nmol/l
had a 24% and 30% increased hazard of a major adverse cardiovascular event, respectively, compared with those
with levels below 42 nmol/l [21].

Although lipid status is typically assessed using venous serum, conventional venipuncture is not always feasible or
preferred by the patient, and its widespread use for large-scale population screening would be financially prohibitive.
As such, alternative sampling strategies, including capillary sampling, could support a more patient-centric, cost-
efficient and effective CVD prevention and management strategy. Recently published evidence by Hoffmeister et al.
suggests that routine lipid analytes, total cholesterol, triglycerides, HDL and LDL, alongside HbA1C, were both
stable and comparable in capillary blood [22]. Because these analytes are commonly used to evaluate CVD risk [23],
establishing whether Lp(a) could be included in self-collected capillary blood testing programs may be of interest.
This is especially true if the analysis could be performed using either serum as part of the lipid profile panel or
using plasma from the HbA1C sample.
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Capillary sampling has several advantages over venous sampling, including being minimally invasive, requiring
fewer raw materials, and reducing waste in both plastics and blood. It also enables large numbers of people to be
tested efficiently and cost-effectively, as neither a clinical site nor staff are required for sample collection.

A growing body of published work supports capillary blood testing. Published data include comparisons of the
complete blood count, enzymatic creatinine, urea, liver function tests, lipids, CRP, HbA1C, vitamin D, PSA, AMH,
LH, FSH, estradiol, testosterone, prolactin, DHEA-S, SHBG, TSH and FT4 [24–31]. As such, this sample-collection
method is gaining increasing interest among healthcare providers [32].

This proof-of-concept study first reviewed Lp(a) results from the laboratory for the previous 6-month period.
This was done to determine whether patients self-referring for profiles that include Lp(a) were representative of
those reported elsewhere [20]. These data come from a UK-wide wellness population, i.e., self-referring individuals.
We then investigated whether self-collected capillary blood methods, with return to the laboratory for Lp(a) testing,
were feasible.

This second aim was to determine whether venous and capillary Lp(a) concentrations were comparable on day 0
and at 72 h. Stored samples were kept unseparated at 20–24◦C. We chose the 72 h period to mimic postal timing;
we also inverted each whole-blood sample five times per day to mimic transport conditions. Finally, paired serum
and plasma venous samples were selected to compare whole-blood plasma Lp(a) concentrations over 72 h with
serum Lp(a) concentrations. The serum sample was analyzed on day 0, and the whole-blood sample was stored at
20–24◦C for 72 h before processing.

Materials & methods
Sample collection & preparation
All participants received diagrammatic guidance on performing effective capillary sampling, and self-collection
was performed immediately after venous sampling. A trained phlebotomist collected venous samples using Becton
Dickinson (Oxford, UK) Serum Separator Tubes (SST), while capillary samples were collected using Becton
Dickinson Microtainer SST tubes and 2 mm self-retracting safety lancets. As part of the project, one pair of
matched venous and capillary samples was centrifuged together at 2000 g for 10 min within 4 h of collection
and analyzed immediately on the Roche Cobas c503 (Roche Diagnostics, Burgess Hill, UK). The second set of
whole-blood capillary samples was stored at room temperature (20–24◦C) for 72 h before centrifugation and then
tested together on the same platform. We inverted the samples five times each day to resuspend the cells and mimic
transport conditions. Lp(a) was analyzed according to the manufacturer’s recommendations. Samples were excluded
based on the hemolytic, icterus and lipemia indices as reported by the analyzer (Roche Diagnostics).

Twenty-two generally well patients (17 females and 5 males, aged 21–52 years) who had requested Lp(a) testing
as part of a wellness panel were asked to provide one venous and one or two capillary samples. We also used
an additional ten participant samples to assess serum and plasma comparability in venous blood. The number
of participants aligns with the lower limit of comparison samples specified by both the Clinical and Laboratory
Standards Institute document on the assessment of equivalence of specimen types for medical laboratories [33]

and recent UK recommendations for validating capillary blood samples [34], which state that a minimum of 20
paired samples is required with justification. A final group of ten participants gave two venous samples, one serum
and one EDTA. The serum sample was tested on day 0, and the EDTA sample was stored for 72 h with the
whole-blood capillary samples and analyzed with them. All aspects of this study were conducted in accordance with
the Declaration of Helsinki (2013), and individuals were included only after informed consent.

Roche Tina-quant assay (Gen 2)
The Roche Tina Quant Lp(a) test is a 2-end-point particle-enhanced immunoturbidimetric assay, where human
Lipoprotein (a) agglutinates with latex particles coated with anti-Lp (a) antibodies. The precipitate is determined
turbidimetrically at 800 and 660 nm. The standard limit of detection for this assay is 7–240 nmol/l. Samples with
higher concentrations are diluted 1:3, resulting in a higher limit of detection of 720 nmol/l.

However, to fully utilize this technology for population screening and CVD management, comparability between
venous and capillary samples, as well as whole-sample stability, is critical. To date, there is limited data for either
of these two variables for Lp(a). The current Roche IFU states that venous samples should be assayed within 8 h;
if this is not possible, samples should be stored at 2–8◦C. If samples are not assayed within 48 h, they should
be stored frozen at -70◦C (±10◦C) or below. Wigh et al. recently published evidence supporting venous whole
blood stability for Lp(a) for up to 10 h at 21◦C [30]. Here, we provide additional evidence for the stability of Lp(a)

10.57264/jpc-2026-0013



Research Article Woolley, Rutter, Fitzgerald & Young

Table 1. Lipoprotein(a) concentration in the female dataset.
Female n = 2100

Age range (years), 18–94

Lp(a) range <7–664 nmol/l

Lp(a) nmol/l Patients (n)

�25 1152

25–50 286

51–75 118

76–125 172

126–150 64

151–175 65

176–200 67

201–250 109

251–300 25

301–350 18

351–400 12

401–500 6

�500 6

Table 2. Lipoprotein(a) concentration in the male dataset.
Male n = 3198

Age range (years), 18–85

Lp(a) range <7–612 nmol/l

Lp(a) nmol/l Patients (n)

�25 1743

25–50 416

51–75 189

76–125 250

126–150 138

151–175 116

176–200 93

201–250 153

251–300 51

301–350 18

351–400 17

401–500 10

�500 4

in whole-blood capillary samples stored between 20 and 24◦C for up to 72 h. We have also provided additional
evidence using whole-blood plasma samples rather than serum from SST.

Statistical analysis
Pearson’s Correlation, Bland–Altman and Passing–Bablok analyses were used to assess the strength of the relationship
and the level of agreement between Lp(a) concentrations in venous blood from samples taken on day 0 and capillary
samples tested at 72 h, as described by Bland et al. and Thienpont et al. [35,36]. All statistical analyses were performed
using Analyse-It Method Validation Edition software (Analyse-It, Leeds, UK). Acceptance criteria were a correlation
score of r >0.95 and a Bland–Altman result within the total allowable error for Lp(a). The analytical within-subject
coefficient of variation of Lp(a) is 10% (95% CI: 4.2%–26.7%), and the total allowable error is quoted as being
15% [37].
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Table 3. Day 0 venous and capillary serum comparison data (<7–219 nmol/l).
Venous day 0 Capillary day 0

�7 �7

7 7

107 100

134 126

210 219

Lp(a) measurements in venous and capillary blood tested on day 0 (units nmol/l, n = 5). Correlation between venous and capillary serum from day 0 is r = 0.997

Table 4. Venous and capillary serum comparison data (<7–266 nmol/l).
Venous day 0 Whole blood capillary 72 h

�7 �7

�7 �7

�7 �7

�7 �7

�7 �7

7 9

10 12

15 14

15 17

17 17

25 26

25 25

32 34

36 43

39 36

47 45

94 86

107 112

134 135

210 236

217 240

234 266

Lp(a) measurements in venous serum from day zero and capillary samples tested at 72 h after collection (units nmol/l, n = 22). Pearson’s correlation between
venous day 0 and capillary at 72 h, r = 0.998.

Results
The laboratory’s information system was searched for all patient Lp(a) results from the prior 6 months. The total
number of patient records, including Lp(a) results, was 5298; 2100 (approx. 40%) were female, and 3198 (approx.
60%) were male (Tables 1 & 2).

To determine whether capillary and venous Lp(a) concentrations were comparable and whether Lp(a) levels were
stable in whole blood capillary samples during a typical postal time period, we collected paired venous and capillary
samples from 22 study participants aged 21–52 years. As a baseline, we collected two capillary samples from five
patients whose results spanned a wide clinical range; we tested one alongside the venous sample on day 0 to confirm
same-day comparability (Table 3). We stored the remaining capillary samples unprocessed as whole blood for 72 h
at 20–24◦C before centrifugation and testing. We mixed stored samples by 5 inversions per day to fully resuspend
the cells. This was done to mimic postal conditions.

Table 3 shows that day 0 capillary and venous results were highly comparable and correlated (r = 0.997). An
average bias of 4.0 nmol/l was observed between 72 h-old whole-blood capillary samples and day 0 venous serum
samples (Table 4), within the optimal total allowable error of 15% [37]. A similar correlation was observed when
day 0 serum samples were compared with whole blood EDTA samples stored for 72 h before processing (Table 5).
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Table 5. Venous serum results compared with EDTA plasma results (<7–395 nmol/l).
Venous SST day 0 Venous EDTA 72 h

�7 �7

�7 7

21 22

23 24

25 25

74 77

85 88

160 166

204 226

386 395

Lp(a) measurements in venous serum from day 0 and venous EDTA samples tested at 72 h after collection (units nmol/l, n = 10). Correlation: r = 0.999.
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Figure 1. Bland–Altman chart comparing venous and capillary results.

The Bland–Altman plot (Figure 1) comparing Lp(a) concentrations from venous samples tested on day 0 and
capillary samples tested at 72 h indicates a positive mean bias of 4.0 nmol/l.

The Passing–Bablok plot of venous and capillary serum determinations of Lp(a) concentration on day zero
(correlation coefficient r = 0.998, n = 22) shows a constant negative bias of 0.9 nmol/l and a 7.7% positive
proportional bias. No significant difference between venous and capillary serum is identified, as the 95% CI
encompasses 1 for the slope and 0 for the intercept.

A Bland–Altman plot (Figure 2) comparing Lp(a) concentration from venous serum samples tested on day 0
and venous EDTA samples tested at 72 h indicates a positive mean bias of 4.5 nmol/l.
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Figure 2. Passing–Bablok graph comparing venous and capillary results.

Discussion
Venepuncture remains the gold standard for blood sampling and is among the most frequently performed medical
procedures in clinical practice. However, the need for specialist personnel and equipment limits its use in some
circumstances and may contribute to bottlenecks in the patient pathway. Additionally, the environmental costs of
phlebotomy, including patient travel, consumables, sample storage and disposal, may be substantial. NHS England
found that up to 90% of the carbon footprint of laboratory tests is attributable to the sample collection process [38].

Self-collected capillary blood sampling with return-to-laboratory analysis has proven to be a viable alternative
to venipuncture for a wide range of analytes [31] and could be a significant contributor to a more patient-centric,
personalized, cost-efficient healthcare system [39], focused on patient participation and disease prevention; it could
also significantly reduce the environmental impact of the blood collection process and blood wastage. However, its
use will be limited without comparability and analyte stability studies [40].

Raised Lp(a) levels have been identified as a major independent risk factor in the pathophysiology of CVD, and
early detection is considered a critical part of personalized cardiovascular risk management [14,41,42]. Accordingly,
it is recommended that all adults undergo Lp(a) testing and that cascade screening be used to identify elevated
Lp(a) levels in relatives [41,42]. Lp(a) testing would likely be performed alongside more traditional markers, such as
lipids and HbA1C; however, traditional healthcare systems are unlikely to screen a large population using venous
sampling pathways. The time and resource costs would be prohibitive, especially given the current strains on these
services. The comparability of standard lipids and HbA1C between capillary and venous blood has largely been
confirmed [22,25,29]. Because Lp(a) can be measured from either serum or plasma using self-collected capillary blood
samples, barriers to large-population testing could be removed if comparability and stability in whole blood are
confirmed.

The population data presented above in Tables 1 & 2 suggest that 18% of self-referring patients had Lp(a)
concentrations >125 nmol/l, which is higher than the recently published UK Biobank study [20], which reported
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Figure 3. Bland–Altman chart comparing venous serum tested on day 0 with EDTA plasma tested at 72 h.

that approximately 11% of individuals had Lp(a) levels >125 nmol/l. Our data suggest that almost 20% of the
patients tested had an Lp(a) level in the high-risk category, aligning with data published by Nissen et al., who
studied patients with established ASCVD [42]. Our study included just over 5000 patients, which is significantly
fewer than in Kao et al. [20]. Published long-term evidence supporting Lp(a) stability at -70◦C is limited [43];
therefore, the data in Tables 1 & 2 may more accurately reflect true levels in the UK population.

The population included in Tables 1 & 2 is self-referring and may therefore be drawn from a higher socio-
economic patient group. However, given that Lp(a) is largely under genetic control and that these samples are
from a UK-wide population, the self-referring nature of the study population is unlikely to be significant, as these
samples came from preventative healthcare blood profiles. However, self-referral due to a family history of early
heart disease cannot be ruled out.

To ensure accurate results, it is essential to validate the comparability between venous and capillary blood and to
determine analyte stability during routine transport times [34]. Currently, no published data compare venous and
capillary blood for Lp(a) using standard laboratory assays, and whole blood stability data are limited to hours rather
than days [30].

This feasibility study tested five paired venous and capillary serum samples, spanning low- to high-risk levels, to
verify comparability on day 0. Samples spanned the assay’s lower limit of detection (<7 nmol/l) to levels considered
high risk (>125 nmol/l). We then analyzed a further 22 paired venous and capillary samples, with the venous
sample tested on day 0 and the capillary samples stored unspun for 72 h at 20–24◦C before analysis.

The results from capillary and venous samples were highly comparable and correlated (r = 0.998). The average
bias between venous and stored capillary samples was 4.0 nmol/l (Figure 1), which is within the optimal total
allowable error of 15%. Ten additional paired venous serum and EDTA samples confirmed that Lp(a) is also stable
in this matrix for the same time period, with a 4.5 nmol/l positive bias (Figure 3).

These data also indicate that Lp(a) remains stable in serum and EDTA plasma for at least 72 h at room
temperature (20–24◦C), suggesting that self-collected capillary samples using either serum or EDTA tubes could
be used to assess patients’ Lp(a) levels via standard postal services. Our data suggest that self-collected capillary
samples could be not only highly effective at identifying high-risk individuals but also highly efficient.
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This study is the first to present data showing that Lp(a) levels are comparable in venous and capillary samples
across a broad physiological range and that they remain stable for up to 72 h at temperatures between 20 and 24◦C.

These results are particularly important when investigating populations where there are concerns about using
more invasive venous sampling techniques or the costs and resources required for phlebotomy. This sampling
method reduces the need for patients to visit primary care or outpatient clinics for blood tests, potentially lowering
nonattendance rates and supporting underserved populations.

However, the study has several limitations. We have controlled only for the transport time routinely used by the
UK’s Royal Mail Tracked 24 service, in which over 95% of samples are returned within 72 h (own unpublished
data). Likewise, because serial capillary samples are difficult to obtain, we could perform stability studies only within
a limited temperature range. The data presented cover a wide range of Lp(a) concentrations (<7–266 nmol/l in
serum and <7–395 nmol/l in plasma). Although based on a limited dataset, four of the 22 (18%) study participants
had Lp(a) results over 125 nmol/l, the level considered to confer a high risk of future CVD [20], and comparable
to the population data sets given above in Tables 1 & 2.

Conclusion
This study demonstrates that a general UK population has higher Lp(a) levels than previously reported by the UK
BioBank [20], with concentrations consistent with those observed by Nissen et al. [42]. Furthermore, the findings
indicate that Lp(a) concentrations are comparable between capillary and venous blood samples and that Lp(a)
remains stable in whole-blood capillary samples for at least 72 h, supporting the potential use of capillary blood
testing for self-collected samples in laboratory-based Lp(a) analysis.

Summary points

• Lipoprotein(a) or Lp(a), is a genetically determined and independent cardiovascular risk factor, with elevated
concentrations associated with an increased risk of cardiovascular disease.

• The study analyzed 5298 Lp(a) results collected from a UK-wide, self-referred wellness-testing population
between January and June 2025.

• Approximately 18.3% of the study population had an Lp(a) concentration above 125 nmol/l, a threshold
associated with high cardiovascular risk.

• The proportion above 125 nmol/l was similar in women and men: approximately 17.7% and 18.8%, respectively.
• The observed prevalence was higher than the approximately 11% reported in the referenced UK Biobank study,

although differences in population selection and study methods limit direct comparison.
• Same-day measurements from five paired venous and capillary serum samples showed close agreement across an

Lp(a) range of below 7–219 nmol/l.
• In 22 paired samples, capillary whole blood stored unprocessed at 20–24◦C for 72 h showed strong correlation

with venous serum tested on the day of collection.
• The reported mean positive bias between day-zero venous serum and 72 h capillary samples was approximately 4

nmol/l, within the study’s predefined total allowable error.
• Ten paired venous samples also showed close agreement between day-zero serum and EDTA plasma processed

after 72 h, with a mean positive bias of approximately 4.5 nmol/l.
• The findings support the feasibility of using self-collected capillary samples for laboratory-based Lp(a)

measurement, but larger real-world studies involving postal transport, broader temperatures and more diverse
populations are required.
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