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BACKGROUND: With increased interest in lipoprotein(a)
(Lp[a]) concentration as a target for risk reduction and
growing clinical evidence of its impact on cardiovascular
disease (CVD) risk, rigorous analytical performance
specifications (APS) and accuracy targets for Lp(a) are
required. We investigated the biological variation (BV)
of Lp(a), and 2 other major biomarkers of CVD, apoli-
poprotein A-I (apoA-I) and apolipoprotein B-100
(apoB), in the European Biological Variation Study
population.

METHOD: Serum samples were drawn from 91 healthy
individuals for 10 consecutive weeks at 6 European lab-
oratories and analyzed in duplicate on a Roche Cobas
8000 c702. Outlier, homogeneity, and trend analysis
were performed, followed by CV-ANOVA to determine
BV estimates and their 95% CIs. These estimates were
used to calculate APS and reference change values. For
Lp(a), BV estimates were determined on normalized
concentration quintiles.

RESULTS: Within-subject BV estimates were signifi-
cantly different between sexes for Lp(a) and between
women aged <50 and >50 years for apoA-I and apoB.
Lp(a) APS was constant across concentration quintiles

and, overall, lower than APS based on currently pub-
lished data, whereas results were similar for apoA-I and
apoB.

CONCLUSION: Using a fully Biological Variation Data
Critical Appraisal Checklist (BIVAC)–compliant proto-
col, our study data confirm BV estimates of Lp(a) listed
in the European Federation of Clinical Chemistry and
Laboratory Medicine database and reinforce concerns
expressed in recent articles regarding the suitability of
older APS recommendations for Lp(a) measurements.
Given the heterogeneity of Lp(a), more
BIVAC-compliant studies on large numbers of individu-
als of different ethnic groups would be desirable.

Introduction

Although cardiovascular disease (CVD) still represents
31% of deaths worldwide (1), advances in research over
the past decade have led to great progress in its preven-
tion and treatment. Novel therapies, such as proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors,
have resulted in significant reduction of patients’ risk of
developing premature CVD (2). However, even after
achieving optimal cholesterol concentrations, a substan-
tial number of patients still experience acute cardiovas-
cular events (3). These observations have stimulated
further research on residual CVD risk, and different bio-
markers have been suggested, based on cholesterol, apo-
lipoprotein concentrations, or lipoprotein particle
number. A strong correlation between apolipoprotein
B-100 (apoB) concentration and residual risk was con-
sistently identified (4, 5), and study of apoB physico-
chemical properties has further confirmed the important
role of apoB in the formation of atherosclerotic pla-
ques—the first stage of developing CVD (6).

ApoB is a constituent of many lipoproteins:
low-density lipoprotein (LDL), intermediate-density
lipoprotein, very low-density lipoprotein, and lipopro-
tein(a) (Lp[a]). These lipoproteins differ by their lipid
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compositions, sizes, and physicochemical properties that
result in different atherogenicity (7). In particular, small
dense LDL and Lp(a), due to their high sensitivity to
oxidation, are strongly associated with increased risk of
developing CVD (8–10). Lp(a) is a highly complex lipo-
protein formed by an LDL-like particle but containing
an additional protein, apolipoprotein(a) (apo[a]), cova-
lently bound to apoB (11). This glycoprotein, similar in
structure to plasminogen, imparts particular properties
to Lp(a), differentiating it from LDL and increasing its
atherogenicity (12–14). Circulating Lp(a) levels in se-
rum are largely genetically determined by the LPA gene
and do not substantially vary over time (15) although
physiologic, dietary, hormonal, and environmental fac-
tors play modest roles in its variation (16, 17). Several
clinical trials recently showed the strong potential of
Lp(a) concentration as a high prediction target for CVD
risk intervention and PCSK9 therapies (18, 19), result-
ing in renewed and growing interest in this biomarker.
However, concerns have been raised regarding the suit-
ability of current analytical performance specifications
(APS) and accuracy recommendations for Lp(a) (13).

The European Federation of Clinical Chemistry
and Laboratory Medicine (EFLM) has defined 3 privi-
leged models to set APS: the model based on clinical
outcomes, the biological variation (BV) model, and the
“state-of the-art” model (20). Compared with the other
2 models, the BV model is advantageous in that it is ap-
plicable to a wide range of biomarkers. Moreover, BV
data can be used to define significance of change in a
measurement series within an individual (21) or to as-
sess the utility of conventional population-based refer-
ence intervals (22). BV determination of a biomarker
consists in the evaluation of within-subject BV (CVI)—
that is, the natural fluctuation of the concentration
within an individual—and between-subject BV
(CVG)—the variation in concentration among healthy
individuals (23). Using these 2 components, desirable
precision, or desirable allowable imprecision (CVAPS),
and desirable allowable bias (BAPS) can be calculated
(24). Evaluating BV components and associated SDs
also provides information to calculate the reference
change value (RCV), defined as the minimum signifi-
cant difference in results that can be detected given the
analytical and preanalytical variation and the BV for the
considered analyte (21, 25).

A review of the online BV databases revealed that
for Lp(a), and for apolipoprotein A-I (apoA-I) and
apoB, the APS listed relies on results of studies per-
formed >25 years ago and involving mostly outdated
analytical methods to assess BV (26). The application of
the Biological Variation Data Critical Appraisal
Checklist (BIVAC) (27) to these studies further resulted
in all of them being judged as quality C, with the excep-
tion of one judged as quality B (28). It thus appeared

timely to address this issue with up-to-date BV estimates
to deliver revised APS and RCV recommendations for
these biomarkers.

This article aimed at providing a BIVAC-compli-
ant, rigorous evaluation of BV components and associ-
ated APS and RCV specifications for Lp(a), apoB, and
apoA-I in the European Biological Variation Study
(EuBIVAS) population (29).

Materials and Methods

SAMPLE COLLECTION AND HANDLING

BV estimates for Lp(a), apoB, and apoA-I were evalu-
ated in the EuBIVAS population. The health status and
inclusion and exclusion criteria of the individuals en-
rolled in the EuBIVAS study and the protocol used to
collect, process, and store the samples were previously
reported in detail by Carobene et al. (29).

Briefly, EuBIVAS involved 6 European laboratories
from 5 different countries (Italy, Norway, Spain, the
Netherlands, and Turkey) that enrolled 91 healthy vol-
unteers (38 male and 53 female, aged 21–69 years). All
involved laboratories followed the same protocol for the
preanalytical phase (29). Included participants com-
pleted an enrollment questionnaire to verify their health
status and to provide information on lifestyle. Eligibility
of study participants was further verified by a selection
of laboratory tests performed during the first collection
(29). For each eligible individual, fasting blood samples
were drawn for 10 consecutive weeks (April-June 2015).
Eighty-three participants completed all 10 collections,
11 completed 9 collections, 3 completed 8 collections,
and 2 completed 7 collections. Serum samples collected
from all individuals by each laboratory were aliquoted
and sent frozen on dry ice to the coordinating center at
the San Raffaele Hospital in Milan, Italy, and stored in
a freezer at �80 �C until analysis in 2016 (29). The
EuBIVAS protocol was approved by the institutional
ethics review board of San Raffaele Hospital in agree-
ment with the World Medical Association Declaration
of Helsinki and by the ethics board or regional ethics
committee for each center collecting samples.

ANALYTICAL METHODS

All analyses were performed in duplicate within a single
run on a Roche Cobas 8000 c702 in the laboratory of
San Raffaele Hospital. Lp(a) measurements were per-
formed using the Roche reagent LPA Gen 2 (code
5852633190), an immunoturbidimetric assay involving
latex particles coated with anti-Lp(a) antibodies. The
calibration was performed using the Preciset Lp(a) Gen
2 Roche calibrator set consisting of 5 different points
ranging from 12.2 to 185 nmol/L. PreciControl Lp(a)
Gen 2, Level I Low and Level II High, were analyzed in
duplicate in each single run as internal QC materials.
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ApoA-I and apoB concentrations were measured us-
ing Roche reagents apoA-I Tina Quant version 2 (code
5950686190) and Roche reagents apoB Tina Quant ver-
sion 2 (code 5950694190). These assays similarly involve
latex particles coated with either anti–apoA-I or anti–
apoB antibodies, respectively. Calibration was
performed using Roche Calibrators f.a.s Lipids (code
12172623122). The QC materials PreciControl
ClinChem Multi 1 and 2 were analyzed in duplicate in
each run for apoA-I and apoB.

DATA ANALYSIS

Calculation of CVI was performed using CV-ANOVA,
a method in which data are first transformed using CV
transformation (30). CV-ANOVA is a nonparametric,
robust, and largely distribution-independent procedure
used to estimate analytical and within-subject BV coeffi-
cients (respectively, CVA and CVI) in 3-level nested ran-
dom models (30). Before CV-ANOVA, assessment of
outliers, variance homogeneity, normality, and steady-
state were performed as detailed below, with outlier
identification and removal performed for replicates and
samples on the CV-transformed data (31).

Homogeneities of the analytical CVs (CVA, be-
tween replicates) and of CVI were examined using the
Bartlett test and the Cochran test, respectively (25). The
Shapiro–Wilk test was used to verify the normality of
the residuals. To examine whether individuals were at
steady-state, linear regressions on the 10 pooled mean
group sample concentrations were performed for each
measure. Participants were considered to be in steady-
state if the 95% CIs of the slope of the regression line
included zero. If the slope of the regression did not in-
clude the zero, the data were adjusted by adding the
slope value multiplied by S 1, where S is the sample
number. Larger individual systematic changes were
identified by the homogeneity test of the CVI (Cochran
test) (25). CVG was estimated by ANOVA on natural
log-transformed data after applying the Dixon q test to
detect outliers between individuals and the Shapiro–
Wilk test to verify the normality assumption (25).

For Lp(a), components of BV were estimated for
men and women separately. To evaluate differences in
mean concentrations between participants from the dif-
ferent countries or of different sexes and ages, data were
visually inspected. If different between subgroups, BV
was estimated for the different subgroups. Given the
wide distribution of Lp(a) levels in individuals, data
were also partitioned in concentration quintiles, as sug-
gested by Marcovina and Albers (32) (<50 nmol/L, be-
tween 50 and 100, between 100 and 150, between 150
and 200, >200 nmol/L). For apoA-I and apoB, compo-
nents of BV were also estimated based on sex and age,

with female participants partitioned into 2 categories:
<50 and >50 years old.

To calculate APS and RCVs, the overall BV esti-
mates were used unless estimates were significantly dif-
ferent between the subgroups. In those cases, the lowest
BV estimates of all subgroups were used, provided that
the subgroup was reasonably large for the estimate to be
reliable (33). Desirable APS for CVAPS and BAPS were
calculated according to the following equations:

CVAPS ¼ 0:5� CVI [1]

BAPS ¼ 0:25�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2

I þ CV2
G

q
[2]

RCVs were identified for an increase and a decrease
in the measurand using the log normal approach deliver-
ing asymmetric values for rise and fall (34), using the
formulas below and CVA were estimated based on du-
plicate measurements of study samples from all
participants:

SD2
A;log ¼ loge CV2

A þ 1
� �

[3]

SD2
I;log ¼ loge CV2

I þ 1
� �

[4]

SDcombined;log ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

A;log þ SD2
I;log

q
[5]

RCV %ð Þ ¼ 100%� ðeð6Za�
ffiffi
2
p
�SDcombined;logÞ � 1Þ; [6]

where Za ¼ 1.65 for the probability level of significant
unidirectional change set at 95%. Data analyses were
performed using Excel 2010 and IBM SPSS statistics
version 23.

Results

For Lp(a), 24 individuals had a mean concentration be-
low the limit of detection of the Roche assay (7 nmol/
L); therefore, their results were excluded from the data
set. One individual was also excluded because of a sig-
nificant negative trend, with decreasing concentrations
over the study period. After exclusion of these 25 indi-
viduals, the population to estimate Lp(a) BV compo-
nents consisted of 66 participants: 41 female and 25
male (see online Supplemental Tables 1 and 2). The
median number of participants per center was 10
(range, 9–15). Participants were physically active in gen-
eral and did not take any drugs, and 18.2% were regular
smokers. Median body mass index was 22.5, ranging
from 17.6 to 32.5. For apoA-I and apoB, 1 individual
was excluded from the 91 study participants because of
missing data. Data excluded for the calculation of BV
estimates for Lp(a), apoA-I, and apoB are detailed in on-
line Supplemental Table 2. Overall, 10.5% of the results
were excluded for Lp(a) (n¼ 66) following homogeneity
analyses, and 1.3% and 1.1% of the results were ex-
cluded for apoA-I and apoB (n¼ 90), respectively.

No overall significant trends in the concentrations
of Lp(a) and apoA-I were observed during the study
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period. For apoB, however, the overall means of the
results showed a significant negative drift during the 10-
week sampling period. This trend, probably originating
from seasonal changes, was corrected accordingly before
calculation of BV estimates. Data were adjusted by add-
ing the slope value multiplied by S 1, where S is the
sample number. A similar trend was previously observed
for total cholesterol, HDL-cholesterol, LDL-cholesterol
and triglycerides in the EuBIVAS study (35). The
Shapiro–Wilk test used to analyze data distribution
yielded a normal distribution for the residuals of the
individuals’ variation around their homeostatic set
points for all measures.

ESTIMATES OF LP(A) BIOLOGICAL VARIATION

The distribution of Lp(a) concentrations is shown in
Figure 1, ordered by age and sex, after exclusion of the
outliers. Data are presented as the median Lp(a) concen-
tration (nmol/L) over the 10 samplings, with the range
of values measured to illustrate the BV for each individ-
ual. Results of the components of BV estimates and
their 95% CIs are detailed in Table 1.

Overall, a CVI estimate of 8.9% (95% CI, 8.3%–
9.5%) was obtained for all individuals, whereas CVI

estimates of 6.7% (95% CI, 5.9%–7.5%) and 10.6%
(95% CI, 9.8%–11.6%) were obtained for men and
women, respectively (Table 1). CVI estimates were ho-
mogeneous across countries (data not shown). Given
the very wide distribution of Lp(a) values (see online
Supplemental Figure 1), data were further partitioned
into concentration quintiles, and estimated CVI for each
quintile were constant across the different concentra-
tions, excluding the last one at higher Lp(a) concentra-
tion (see online Supplemental Table 3). Given the
extremely wide range of Lp(a) concentrations that is ge-
netically determined, CVG for Lp(a) was not calculated.

ESTIMATES OF APOA-I AND APOB BIOLOGICAL VARIATION

The distributions of apoA-I and apoB concentrations in
the 10 samplings after exclusion of outliers are shown in
Figures 2 and 3, and detailed results are presented in
Table 1. Considering all individuals, CVI estimates of
4.8% (95% CI, 4.5%–5.1%) and 6.7% (95% CI,
6.4%–7.0%) were obtained for apoA-I and apoB, re-
spectively, with no significant differences between coun-
tries (data not shown) or between men and women
(Table 1). However, a significant difference was observed
between women aged <50 and >50 years, for both

Fig. 1. Median values (dots) and range of Lp(a) concentrations (vertical error bars) for each individual included in the study,
after exclusion of outliers, ordered by sex and age. Horizontal gray rectangles indicate the 95% CI of the mean, and the con-
tinuous horizontal lines indicate 5th and 95th percentiles for women <50 years old, women >50 years old, and men.
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Fig. 2. Median values (dots) and range of apoA-I concentrations (error bars) for each individual included in the study, after
exclusion of outliers and ordered by sex and age. Horizontal gray rectangles indicate the 95% CI of the mean, and the contin-
uous horizontal lines indicate 5th and 95th percentiles for women <50 years old, women >50 years old, and men.

Fig. 3. Median values (dots) and range of apoB concentrations (error bars) for each individual included in the study, after exclu-
sion of outliers and ordered by sex and age. Horizontal gray rectangles indicate the 95% CI of the mean, and the continuous
horizontal lines indicate 5th and 95th percentiles for women <50 years old, women >50 years old, and men.
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apoA-I and apoB. However, this observation needs to
be interpreted cautiously because the subgroup of
women aged >50 years comprises only 10 individuals.

ANALYTICAL PERFORMANCE SPECIFICATIONS

BV estimates were used to calculate APS for imprecision
of Lp(a), apoA-I, and apoB, and APS was used for bias
of apoA-I and apoB concentration measurements and
RCVs (Table 2). For apoA-I and apoB, the recommen-
dations that can be calculated using data available in the
EFLM BV database are shown in Table 2. CVAPS results
had good agreement for apoA-I and apoB.

Discussion

With the growing clinical evidence of the impact of in-
creased circulating Lp(a) on CVD risk and heightened
interest in Lp(a) concentration as a target for risk reduc-
tion, the currently available APS and accuracy targets for
the measurement of Lp(a) concentrations have been
questioned (13). To address these issues, we investigated
the BV of Lp(a) together with those of apoA-I and
apoB—well-established biomarkers of CVD.

For apoA-I and apoB, results of this study were in
very good agreement with the meta-analysis reported in
the EFLM BV database (26). However, significant dif-
ferences for these 2 biomarkers were identified in
women above and below the age of 50 years, a finding
consistent with previously published results (36). It has
been demonstrated that the reliability of BV estimates
largely depends on the number of individuals involved
and that smaller populations have more uncertain esti-
mates (33). For that reason, BAPS for apoB and apoA-I
was calculated using only the CVG of the subgroup of
women aged <50 years. Nevertheless, considering the
importance of age as a risk factor for developing CVD,
performing an evaluation of its impact on BV estimates
for apoB and apoA-I in an appropriately powered study

could be of interest. Interestingly, BV estimates
obtained for apoA-I and apoB compare well with those
obtained in the same population of the EuBIVAS study
for high-density lipoprotein (HDL) and LDL choles-
terol. However, apoA-I CVG is significantly lower than
that reported for HDL cholesterol, and overall, CVI for
both apoA-I and apoB tended to be lower than that for
HDL and LDL cholesterol (35).

For Lp(a), the EFLM BV database currently cites
only 1 article, by Pagani and Panteghini (28), that
reports a CVI estimate (7.6%) similar to the one we
obtained, even though the estimate was obtained in a
much smaller population (10 healthy participants), with
a shorter observation time (5 weeks). In our present
study, the large number of participants involved and the
large range of Lp(a) concentrations allowed us to further
partition data into concentration quintiles. Interestingly,
CVAPS was consistent across these quintiles, although a
surprising very low CVI was observed for the high con-
centrations. However, the large proportion of excluded
results for this high-Lp(a)-concentration subgroup,
combined with the small number of individuals, does
not allow us to draw reliable conclusions about this par-
ticular result (see online Supplemental Table 3).

In addition to the study by Pagani and Panteghini
(28), 3 articles that formally assessed BV of Lp(a) were
published between 1994 and 1998 (17, 37, 38). These
articles present substantially higher estimates of BV
components. The most probable explanation for these
differences in calculated APS would be that previous
estimates rely on results obtained using outdated assays
(17, 28, 37). However, the study by Marcovina et al.
(38) was performed with a well-characterized, in-house-
developed, monoclonal antibody–based ELISA that ac-
curately measures Lp(a) independently of apo(a) size
variability and is considered the gold standard method
for the quantitation of Lp(a). In this particular case, the
difference of approach to the evaluation of BV estimates

Table 2. APS for imprecision (CVAPS) and bias (BAPS) and RCVs based on the BV estimates as reported in Table 1, compared
with the desirable APS reported in the EFLM BV database (26).

CVAPS (%) BAPS (%) RCV (%) decrease/increase

EFLM BV database

CVAPS % BAPS %

Lp (a) Male 3.3 NAa �15.8/18.7 3.8b 34b

Female 5.3 NAa �22.6/29.2

ApoA-I 2.4 3.7 �11.1/12.5 2.9c 3.2c

ApoB 3.4 5.5 �14.7/17.3 3.7c 5.4c

aNot applicable (NA) given that CVG for Lp(a) was not calculated.
bBased on results from a single paper (28).
cBased on results derived from meta-analysis.
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and the more inclusive statistical criteria for calculation
could explain the larger APS obtained.

To our knowledge, few recent data are available on
BV for Lp(a). However, in a recently published article
on the temporal variability of Lp(a) in serum,
Marcovina et al. (39) reported a mean percentage
change from baseline ranging from �13.1% up to
þ21.6% on 3 different placebo groups involved in 3 in-
dependent clinical trials over a period of 30 up to
190 days. Although the detailed components of BV are
not available, results we report in terms of RCV closely
agree (see Table 2). With the recent clinical trial out-
comes recommending the use of Lp(a) concentration as
a new target for CVD risk reduction (13, 18), it can be
expected that follow-up of on-treatment patients for
Lp(a) concentration will become more frequent in clini-
cal practice. However, as highlighted by Fraser (21), a
result within a patient-measurement series can lie within
a reference interval but be highly unusual for this spe-
cific individual. Therefore, the development of reliable
RCVs, estimated in a well-characterized and controlled
population with a fully compliant statistical analysis,
represents valuable information.

This study was performed following the recom-
mendations of the Biological Variation Working Group
(BV-WG) of the EFLM for the generation of compre-
hensible and reliable BV data (31). Results were
obtained on the large-scale EuBIVAS population, using
a validated and standardized protocol with well-defined
inclusion and exclusion criteria and strictly controlled
factors influencing preanalytical variability (29).
Statistical analyses were also done following the BIVAC
checklist issued by the BV-WG and included exclusion
of outliers, evaluation of data homogeneity, and
ANOVA (31). Thanks to its strict approach to design
and delivery, the results of BV estimates obtained on the
EuBIVAS population are in full compliance with the
current quality standards established for reporting BV
data and should be considered more reliable than those
published previously.

Nevertheless, some limitations to this study may be
identified, one being the large proportion of results ex-
cluded for the evaluation of Lp(a) BV estimates. Indeed,
some individuals demonstrated very large variability
over the 10-week sampling period, resulting in nonho-
mogeneous data identified as outliers by the CV-
ANOVA. For 3 individuals in particular, 5 samples
were detected as outliers across the 10 samplings, with-
out any specific trend identified. In addition, many indi-
viduals showed Lp(a) concentrations well below the
limit of detection of the Roche assay.

The use of methods from a single manufacturer
and a single lot of reagents for all analyses could also be
considered a limitation of this study. Even though it is
well known that methods and reagents from different

manufacturers may perform differently, it is unlikely
that this factor may significantly affect the BV estimates.
Finally, samples from different participants were mea-
sured on different days, but between-run variation was
much smaller than the CVG and could not have influ-
enced it. Moreover, any contribution from within-run
analytical variability was eliminated by the study design
and statistical approach because all analyses of each par-
ticipant were performed in a single run.

Conclusion

Our results show that CVI for apoA-I and apoB is lower
than results obtained in previous studies, thus driving
more stringent criteria for desirable precision. For Lp(a),
previous literature reports discordant data; our results
are in line with those reported by Pagani and Panteghini
(28) and included in the EFLM database but are much
lower than those reported in other publications (17, 37,
38). In terms of CVG estimates for apoA-I and apoB,
our results are in line with or slightly higher than previ-
ous findings. For Lp(a), CVG was not estimated because
of the extreme heterogeneity of the molecule and the
lack of genetic information for our population. This
study further confirms issues already noted in recent
articles (13, 19, 32) and supports the conclusions of
these authors that APS targets need to be redefined for
accurate and precise quantitation of Lp(a) to be used ef-
fectively as individual risk classification for CVD. Data
provided in this article also deliver revised and more pre-
cise APS and RCVs for Lp(a); this information is highly
important for clinical use. However, given the heteroge-
neity of Lp(a) and the extremely large range of values,
more BIVAC-compliant studies performed with larger
numbers of individuals and different racial/ethnic
groups would be desirable.
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Supplemental material is available at Clinical Chemistry
online.
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22. Ricós C, Álvarez V, Perich C, Fernández-Calle P,
Minchinela J, Cava F, et al. Rationale for using data on
biological variation. Clin Chem Lab Med 2015;53:
863–70.

23. Fraser CG. The nature of biological variation. In:
Biological variation from principles to Practice.

Washington DC: AACC Press; 2001. p. 1–28.
24. Fraser CG. Biological variation data for setting quality

specifications. https://www.westgard.com/guest12.htm
(Accessed November 2018).

25. Braga F, Panteghini M. Generation of data on within-
subject biological variation in laboratory medicine: an
update. Crit Rev Clin Lab Sci 2016;53:313–25.

26. Aarsand AK, Fernandez-Calle P, Webster C, Coskun A,
Gonzales-Lao E, Diaz-Garzón J, et al. EFLM Biological
Variation Database. https://biologicalvariation.eu/ (Accessed
January 2020).

27. Aarsand AK, Røraas T, Fernandez-Calle P, Ricos C, Dı́az-
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35. Aarsand AK, Dı́az-Garzó J, Fernandez-Calle P, Guerra E,
Locatelli M, Bartlett WA, et al. The EuBIVAS: within- and
between-subject biological variation data for electrolytes,
lipids, urea, uric acid, total protein, total bilirubin, direct
bilirubin, and glucose. Clin Chem 2018;64:1380–93.

36. Carobene A, Graziani MS, Cascio CL, Tretti L, Cremonese
E, Yabarek T, et al. Age dependence of within-subject

biological variation of nine common clinical chemistry
analytes. Clin Chem Lab Med 2012;50:841–4.

37. Nazir DJ, Hill SA, McQueen MJ. Biological variation in
lipoprotein(a). Clin Chem Lab Med 1999;37:85.

38. Marcovina SM, Gaur VP, Albers JJ. Biological variability
of cholesterol, triglyceride, low-and high-density lipopro-
tein cholesterol, lipoprotein(a), and apolipoproteins A-I

and B. Clin Chem 1994;40:574–8.
39. Marcovina SM, Viney NJ, Hughes SG, Xia S, Witztum JL,

Tsimikas S. Temporal variability in lipoprotein(a) levels in
patients enrolled in the placebo arms of IONIS-APO(a)Rx

and IONIS-APO(a)-LRx antisense oligonucleotide clinical
trials. J Clin Lipidol 2018;12:122–9.

736 Clinical Chemistry 66:5 (2020)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/66/5/727/5817934 by guest on 06 M
arch 2023


	hvaa054-TF1
	hvaa054-TF2
	hvaa054-TF3
	hvaa054-TF4
	hvaa054-TF5
	hvaa054-TF6
	hvaa054-TF7

