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ABSTRACT

Objective: This study aimed to evaluate the frequency of repeat lipoprotein(a) testing, determine whether
repeated measurements changed risk classification, assess the clinical significance of observed changes
using the reference change value, and investigate whether the interval between measurements was
associated with the magnitude of change.

Methods: In this single-center, retrospective, observational study, laboratory records of 706 patients who
had at least one lipoprotein(a) measurement between 01.12.2024 and 01.12.2025 at a tertiary care university
hospital were reviewed. In patients with repeated measurements, the first and last results were compared,
changes in risk classification were evaluated, and clinical significance was assessed using the reference
change value.

Results: Among 706 patients, 148 (21.0%) had repeated measurements. In this subgroup, the last
lipoprotein(a) level was significantly lower than the first measurement. However, 92.6% of patients remained
in the same risk category, while 6.8% were reclassified to a lower risk category and 0.7% to a higher risk
category. The proportions of patients remaining in the same category were 99.0%, 68.8%, and 82.1% in the
low-, intermediate-, and high-risk groups, respectively. In 106 paired measurements eligible for percentage-
change analysis, a significant positive relationship was found between the interval between measurements
and absolute percentage change. However, no patient exceeded the calculated reference change value of
58.7%.

Conclusion: Repeat lipoprotein(a) testing is uncommon in routine clinical practice. Since it does not provide
clinically meaningful additional information in most patients, a single measurement appears to be sufficient
for most individuals. Repeat testing may be considered only in selected patients with values close to clinical
decision thresholds.

Keywords: Lipoprotein(a), reference change value, risk reclassification, reproducibility of results, risk
assessment

INTRODUCTION

Lipoprotein(a) [Lp(a)] is a lipoprotein particle composed of apolipoprotein(a) [apo(a)] linked by a
disulfide bond to a low-density lipoprotein-like particle containing apolipoprotein B-100." Its structural
homology with plasminogen and its content of oxidized phospholipids have long supported a role for
Lp(a) in cardiovascular disease. Elevated Lp(a) concentrations are now considered an independent marker
associated with atherosclerotic cardiovascular disease and calcific aortic valve disease.’

In most individuals, Lp(a) concentrations are predominantly determined by genetic factors and tend to
show little variation over time. Therefore, current consensus documents support at least one measurement
during adult life as an adjunct to cardiovascular risk evaluation. However, apo(a) isoform heterogeneity
and incomplete assay harmonization make the use of a single fixed conversion factor between mg/dL
and nmol/L unreliable. Accordingly, Lp(a) results should be interpreted in the unit used for laboratory
reporting.>®

In routine clinical practice, however, it remains unclear how often Lp(a) testing is repeated and whether
repeated measurements make a meaningful contribution to patient risk classification. This question may
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be particularly relevant for results close to decision thresholds.**

Therefore, in this study, we evaluated the frequency of repeat Lp(a)
testing over a one-year period in a tertiary care university hospital,
examined whether repeated measurements altered nmol/L-based risk
categorization, assessed the clinical significance of the observed changes
using the reference change value (RCV), and explored whether the time
interval between measurements was related to risk reclassification and
the magnitude of change.

METHODS
Study design, setting, and ethics

This single-center, retrospective, non-interventional observational study
was conducted at the medical biochemistry laboratory of a tertiary care
university hospital. Laboratory information system records generated
during routine clinical care between 01 December 2024 and 01 December
2025 were reviewed. The study protocol was approved by the Non-
Interventional Clinical Research Ethics Committee (Decision No. 18, dated
10 March 2026) and was conducted in accordance with the Declaration of
Helsinki. Because of the retrospective design and the use of de-identified
laboratory records, the requirement for informed consent was waived by
the ethics committee.
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Figure 1. Transitions between first and last Lp(a)-based risk categories in the
repeated-measurement subgroup.

Study population

Patients with at least one Lp(a) result during the study period were
included. According to their testing pattern within the study period,
patients were categorized as having either a single Lp(a) measurement or
repeated Lp(a) measurements.

Lp(a) measurement and analytical quality assessment

Lipoprotein(a) was measured on the Roche cobas 8000 modular analyzer
series using the 702 module (Roche Diagnostics, Mannheim, Germany),
and results were reported in nmol/L. Internal quality control was
performed at two concentration levels using Roche PreciControl Lp(a)
Gen.2 Level 1 and Level 2 control materials. Based on one year of routine
internal quality control data, the calculated imprecision values were 4.05%
for level 1 (CV1) and 3.73% for level 2 (CV2). For subsequent calculations
requiring a single analytical coefficient of variation, the higher value was
adopted as CVa (4.05%) to provide a conservative estimate. External
analytical bias was derived from one year of participation in the RIQAS
external quality assessment program and was -5.15%. According to the
Westgard desirable biological variation-based specifications for Lp(a)e,
both analytical imprecision and bias in our laboratory were within the
desirable limits (CVa 4.05% vs. desirable imprecision specification 10.4%;
absolute bias 5.15% vs. desirable bias specification 6.9%).

Atherosclerotic cardiovascular disease risk categorization and
evaluation of repeated measurements

Lipoprotein(a) results were evaluated in nmol/L. For the overall study
cohort, Lp(a)-based atherosclerotic cardiovascular disease (ASCVD) risk
categories were defined according to the most recent available Lp(a)
result obtained during the study period as low risk for values <75 nmol/L,
intermediate risk for values between 75 and 124.9 nmol/L, and high risk
for values =125 nmol/L. In patients with repeated Lp(a) measurements
within the study period, the first and last available results were used
for paired comparisons and risk reclassification analyses. The first
measurement was defined as the chronologically earliest available result
within the one-year observation period, whereas the last measurement
was defined as the most recent available result within the same period.
Risk reclassification was defined as a change in nmol/L-based risk
category between the first and last measurements, and its direction was
recorded as upward, downward, or unchanged. For each patient, the time
interval between the first and last measurements was calculated in days.
The direction of change was expressed as percentage change, calculated
as [(last measurement - first measurement) / first measurement] x 100.
The magnitude of change was expressed as absolute percentage change,
defined as the absolute value of the percentage change. Because values
reported as 7.0 nmol/L represented results below the limit of quantitation
(<7.0 nmol/L), percentage change and absolute percentage change were
calculated only for pairs in which both measurements were above the
limit of quantitation. Pairs including at least one result below the limit
of quantitation were excluded from percentage-change-based analyses.
The RCV was calculated to assess whether the difference between the
first and last measurements exceeded expected biological variation?,
using the formula RCV = /2 x Z x /(CVa® + CVi?). Z was set at 1.96 for a
95% confidence interval, CVa was derived from internal quality control
data, and CVi was obtained from the Westgard QC biological variation
database®. Using a CVa of 4.05% and a CVi of 20.8%, the calculated RCV
was 58.7%.
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Figure 2. Association between time interval and absolute percentage
change in lipoprotein(a).

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows,
version 26.0 (IBM Corp., Armonk, NY, USA), and GraphPad Prism version
11.0.0 for Windows (GraphPad Software, Boston, MA, USA). Continuous
variables were presented as median (25th-75th quartile), and categorical
variables as number and percentage. Comparisons of continuous
variables between independent groups were performed using the Mann-
Whitney U test, whereas categorical variables were compared using the
chi-square test. For the overall cohort, the distribution of Lp(a)-based
ASCVD risk categories was compared between women and men using
the chi-square test. In patients with repeated Lp(a) measurements during
the study period, the first and last available results were compared using
the Wilcoxon signed-rank test. Risk reclassification was summarized as
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frequencies and percentages. The relationship between the time interval
between measurements and the magnitude of change was assessed
using Spearman correlation analysis. Time intervals were also compared
between patients with and without risk reclassification using the Mann-
Whitney U test. Clinical significance was assessed by comparing the
absolute percentage change with the RCV. P < 0.05 was considered
statistically significant.

RESULTS

Among the 706 patients included in this study, repeated Lp(a)
measurements were available for 148 (21.0%) individuals during
the study period. The demographic and analytical characteristics of
the overall cohort, together with the distribution of Lp(a)-based risk
categories according to sex, are summarized in Table I. In the overall
cohort, the median age was 24.5 (12.0-47.0) years and the median Lp(a)
concentration was 18.0 (<7-62.6) nmol/L. Age and Lp(a) concentrations
did not differ significantly between women and men [age: 28.0 (12.0-
48.3) years vs. 18.0 (11.0-45.0) years, P = 0.124; Lp(a): 19.2 (7.6-58.1)
nmol/L vs. 16.8 (<7-64.1) nmol/L, P = 0.151]. Based on the most recent
available Lp(a) concentration, 542 patients (76.8%) were classified as
low risk, 66 (9.3%) as intermediate risk, and 98 (13.9%) as high risk. The
corresponding proportions were 77.9%, 8.6%, and 13.5% in women, and
75.6%, 10.2%, and 14.2% in men, respectively. Risk-category distribution
did not differ significantly between women and men (P = 0.713).

The main findings in the repeated-measurement subgroup are
summarized in Table Il. In this subgroup, Lp(a) concentrations were
significantly lower at the last measurement than at the first measurement
[14.8 (7.0-83.8) nmol/L vs. 19.1 (9.0-97.0) nmol/L, Wilcoxon signed-rank
test, P <0.001]. Among the 148 paired measurements, 107 (72.3%) showed
a decrease, 8 (5.4%) an increase, and 33 (22.3%) no change. Despite this
statistically significant difference, most patients remained in the same
Lp(a)-based risk category between the first and last measurements.
Overall, 137 patients (92.6%) showed no risk reclassification, whereas 10
(6.8%) were reclassified downward and 1 (0.7%) upward.

As shown in Figure 1, 103 of 104 patients initially classified as low
risk remained in the low-risk category, while 1 (1.0%) shifted to the
intermediate-risk category. Among 16 patients initially classified as
intermediate risk, 11 (68.8%) remained in the intermediate-risk category
and 5 (31.3%) shifted to the low-risk category. Among 28 patients initially
classified as high risk, 23 (82.1%) remained in the high-risk category and 5
(17.9%) shifted to the intermediate-risk category.

The time interval between measurements did not differ significantly
between patients with and without risk reclassification [112 (91-189)
days vs. 175 (98-232.5) days, P = 0.359]. Because percentage-change-
based analyses were restricted to pairs in which both measurements were
above the limit of quantitation, absolute percentage change and RCV-
based evaluation were performed in 106 of the 148 paired measurements.
Within this subset, the time interval between measurements showed
a statistically significant positive correlation with absolute percentage
change in Lp(a) (Spearman’s rho = 0.348, 95% Cl 0.163-0.509, P = 0.0003)
(Figure 2). However, no patient exceeded the calculated RCV of 58.7%.

DISCUSSION

In this retrospective single-center study, repeated Lp(a) testing within a
one-year period was relatively uncommon, and most patients remained
within the same nmol/L-based risk category despite a statistically
significant decrease between the first and last measurements. Although
the last Lp(a) concentration was statistically significantly lower than the
first one in the repeated-measurement subgroup, this difference rarely
led to a change in category, and reclassification was uncommon and
predominantly downward. This downward tendency may partly reflect
factors that could not be evaluated in this study, including regression
to the mean, in which values initially measured at the higher end may
appear closer to the individual’s usual level on repeat testing, as well
as treatment-related effects or selective repeat testing in patients with
initially higher results. The age composition of the repeated-measurement
subgroup should also be considered when interpreting these findings.
Within the predefined study period, repeated Lp(a) measurements
were more frequently observed in pediatric and adolescent patients.
Therefore, the generalizability of these findings, particularly those related
to repeated measurements, may be limited in older adult populations.
In addition, because of the retrospective design and the absence of
detailed clinical data, we were unable to evaluate potential contributors
to within-person variability, such as lipid-lowering therapies, acute-phase
conditions, and hormonal influences, which may have contributed to
some of the observed variability in repeated Lp(a) measurements. Taken
together, these findings suggest that the statistically significant decrease
in Lp(a), in the absence of any change exceeding the RCV, most likely
reflects biological and analytical variation rather than a true physiological
change at the individual level. Consistent with this interpretation,
Koller et al. also suggested that some of the variability observed in
repeated Lp(a) measurements may reflect technical factors rather than
purely biological ones.® As shown in Figure 1, repeat measurement had

Table I. Overall cohort characteristics and Lp(a)-based risk categories according to sex

Variable

Demographic and analytical characteristics

Overall (n=706)

24.5(12.0-47.0)
18.0 (<7-62.6)

Age, years
Lp(a), nmol/L

Lp(a)-based
ASCVD risk categories, n (%)

Low risk 542 (76.8) 282 (77.9)
(<75 nmol/L)

Intermediate risk 66 (9.3) 31(8.6)
(75-124.9 nmol/L)

High risk (=125nmol/L) 98 (13.9) 49 (13.5)

Women (n=362)

28.0(12.0-48.3)
19.2(7.6-58.1)

Men (n=344) P value

18.0 (11.0-45.0) 0.124

16.8 (<7-64.1) 0.151
0.713

260 (75.6)

35(10.2)

49 (14.2)

Data are presented as median (25th-75th quartile) or n (%), as appropriate. P values for age and Lp(a) represent comparisons between women and men using the Mann-Whitney U test. The
P value for Lp(a)-based ASCVD risk categories represents the comparison of overall category distribution between women and men using the chi-square test. Values displayed as 7.0 nmol/L
represent results below the limit of quantitation (<7.0 nmol/L). Lp(a): lipoprotein(a); ASCVD: atherosclerotic cardiovascular disease.
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Table IIl. Summary of findings in patients with repeated Lp(a) measurements
Variable

Patients with repeated measurements, n (%)

First Lp(a), nmol/L

Last Lp(a), nmol/L

P value*

Decrease, n (%)

Increase, n (%)

No change, n (%)

No risk reclassification, n (%)

Downward reclassification, n (%)

Upward reclassification, n (%)

Time interval in patients with reclassification, days
Time interval in patients without reclassification, days
P valuet

Paired measurements eligible for percentage-change analysis, n
Spearman’s rho

95% Cl

P valuet

Calculated RCV, %

Patients exceeding RCV, n (%)

Value

148 (21.0)

19.1 (9.0-97.0)
14.8 (7.0-83.8)
<0.001

107 (72.3)
8(5.4)
33(22.3)

137 (92.6)

1(0.7)
112(91-189)
175 (98-232.5)
0.359

106

0.348
0.163-0.509
0.0003

58.7

0(0.0)

Data are presented as median (25th-75th quartile) or n (%), as appropriate. * P value for comparison between first and last Lp(a) measurements using the Wilcoxon signed-rank test. + P value
for comparison of time intervals between patients with and without risk reclassification using the Mann-Whitney U test. + P value for the correlation between time interval and absolute
percentage change using Spearman correlation analysis. RCV: reference change value; Cl: confidence interval.

minimal effect on risk categorization in patients initially classified as
low or high risk, whereas reclassification was more frequent in those
initially classified as intermediate risk. In our cohort, 103 of 104 (99.0%)
patients in the low-risk group, and 23 of 28 (82.1%) patients in the high-
risk group remained in the same category, while this proportion was
lower in the intermediate-risk group at 68.8%. This pattern is broadly
consistent with recent studies showing that repeat Lp(a) measurement
is unlikely to change classification in clearly low- or high-risk individuals,
but may be more informative in those with borderline or intermediate
values close to clinically relevant decision thresholds.®'" Deconinck et
al. similarly reported that repeated testing rarely altered classification,
and concluded that a single measurement was generally sufficient
to identify elevated Lp(a) concentrations.® Similarly, Trinder et al. also
reported strong agreement between baseline and follow-up Lp(a) molar
concentrations over time, and showed that longitudinal change in Lp(a)
was not independently related to the incident coronary artery disease,
further supporting the clinical usefulness of a single measurement when
no therapy specifically modifies Lp(a) concentrations.'?

A key observation was that statistical significance did not correspond to
clinically meaningful within-person change. Although paired analysis
showed a significant reduction in Lp(a) concentrations over time, none of
the evaluable pairs exceeded the calculated RCV. This indicates that the
observed differences, although statistically detectable at the group level,
did not reach the threshold for biologically or clinically meaningful change
in individuals. Our findings support the view that modest fluctuations in
Lp(a) may occur over time, but these fluctuations are usually insufficient
to alter nmol/L-based risk categorization or to indicate a clinically relevant
shift in individuals. Recent work specifically examining the biological
variation and RCV of Lp(a) further supports this view and highlights the
importance of distinguishing analytical or temporal fluctuation from
clinically meaningful change.” This interpretation is partly supported

by the recent report by Ghouse et al., who found overall strong within-
person stability of Lp(a), although stability decreased at intermediate
and high baseline concentrations and category shifts became more
frequent in those subgroups.' In contrast, the STAR-Lp(a) study reported
statistically significant midterm changes, and a substantial proportion
of patients with relative changes of varying magnitudes, leading the
authors to question the “once-in-a-lifetime” concept.”> Compared with
that study, our analysis was based on a shorter repeat-testing interval,
evaluated nmol/L-based risk categories, and incorporated the RCV. This
may explain why statistically significant differences in our cohort did not
translate into clinically meaningful individual change.

We also assessed whether the interval between measurements affected
the observed variability. The interval did not differ between patients with
and without risk reclassification, indicating that a longer time gap was
not associated with more frequent category change within the period
studied. In contrast, among pairs in which both results were above the
limit of quantitation, the interval between measurements was positively
correlated with the absolute percentage change in Lp(a), suggesting
greater numerical divergence over longer intervals. Nevertheless, even
in this subgroup, no patient exceeded the RCV. These findings support
a pragmatic interpretation of repeat testing: although repeated Lp(a)
measurements may differ statistically over time, the magnitude of change
is usually insufficient to exceed the RCV or to meaningfully alter nmol/L-
based risk categorization. More recent real-world data likewise suggest
that repeat testing is unlikely to provide additional clinical value for most
individuals, although it may still be considered in patients whose values
are close to clinically relevant decision thresholds.'®

Our findings are broadly consistent with current guideline and consensus
recommendations supporting at least one Lp(a) measurement during
adult life for cardiovascular risk assessment and further suggest that
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repeat testing should be reserved for selected patients, particularly those
with values close to clinically relevant decision thresholds.>*"

CONCLUSION

Repeat Lp(a) testing is relatively uncommon in routine clinical practice
and does not appear to provide clinically meaningful additional
information for most patients. Although repeated measurements may
show statistically significant differences, these changes are unlikely to
reflect clinically meaningful individual variation. Accordingly, a single
Lp(a) measurement appears to be sufficient for most individuals, while
repeat testing may be reserved for selected patients with values close to
clinically relevant decision thresholds.

Limitations

The present study should be interpreted in light of the following
limitations. Its retrospective single-center design means that the
findings mainly represent local real-world Lp(a) testing practices, and
may not be readily transferable to settings with different patient profiles
or laboratory use patterns. In addition, the age composition of the
repeated-measurement subgroup may further limit the generalizability
of the findings. Within the predefined study period, repeated Lp(a)
measurements were more frequently observedin pediatricand adolescent
patients; therefore, findings related to repeated measurements may not
be readily generalizable to older adult populations. Another limitation
was the absence of detailed clinical data, including treatment status
and lifestyle-related factors, which might have affected both repeat-
testing behavior and measured Lp(a) concentrations. This limitation
also precluded the evaluation of potential contributors to within-person
variability, such as lipid-lowering therapies, acute-phase conditions,
and hormonal influences, which may have contributed to some of the
observed variability in repeated Lp(a) measurements. Percentage-
change analyses were further restricted to pairs with both results above
the limit of quantitation, thereby reducing the subset available for RCV-
based evaluation. Finally, since actual risk reclassification was observed in
only a limited number of patients, conclusions regarding reclassification
should be interpreted with caution.
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