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Niels Jonker,5 Carmen Perich,4,6 Elisabet González-Lao,4,7 Anna Carobene,8 Joana Minchinela,4,9
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BACKGROUND: Concern has been raised about the quality
of available biological variation (BV) estimates and the
effect of their application in clinical practice. A European
Federation of Clinical Chemistry and Laboratory Medi-
cine Task and Finish Group has addressed this issue. The
aim of this report is to (a) describe the Biological Varia-
tion Data Critical Appraisal Checklist (BIVAC), which
verifies whether publications have included all essential
elements that may impact the veracity of associated BV
estimates, (b) use the BIVAC to critically appraise exist-
ing BV publications on enzymes, lipids, kidney, and
diabetes-related measurands, and (c) apply metaanalysis
to deliver a global within-subject BV (CVI) estimate for
alanine aminotransferase (ALT).

METHODS: In the BIVAC, publications were rated as A,
B, C, or D, indicating descending compliance for 14
BIVAC quality items, focusing on study design, method-
ology, and statistical handling. A D grade indicated that
associated BV estimates should not be applied in clinical
practice. Systematic searches were applied to identify BV
studies for 28 different measurands.

RESULTS: In total, 128 publications were identified, pro-
viding 935 different BV estimates. Nine percent achieved

D scores. Outlier analysis and variance homogeneity test-
ing were scored as C in �60% of 847 cases. Metaanalysis
delivered a CVI estimate for ALT of 15.4%.

CONCLUSIONS: Application of BIVAC to BV publica-
tions identified deficiencies in required study detail and
delivery, especially for statistical analysis. Those deficien-
cies impact the veracity of BV estimates. BV data from
BIVAC-compliant studies can be combined to deliver
robust global estimates for safe clinical application.
© 2017 American Association for Clinical Chemistry

Biological variation (BV)18 data have many applications,
most importantly being used to aid in diagnosing and
monitoring disease and for setting analytical performance
specifications (1 ). Safe clinical application of BV data
requires estimates to be reliable and representative of the
specific population group and situation to which they are
applied. The current main collated source of BV data is
the online 2014 BV Database hosted on the Westgard
website (2, 3 ). Here, within-subject (CVI) and between-
subject (CVG) BV estimates of a range of measurands
with their associated analytical performance specifica-
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tions are presented. The data in the database are derived
from available BV studies and have been updated every 2
years, up until 2014 (4 ). This database has delivered a
useful source of BV data, but questions have been raised
regarding the veracity of the estimates presented and the
potential impact this may have when applied to clinical
practice (5–7 ). Following the 1st Strategic Conference of
the European Federation of Clinical Chemistry and Lab-
oratory Medicine (EFLM) in 2014, an EFLM Task and
Finish Group for the BV Database (TFG-BVD) was es-
tablished (8, 9 ). Among its objectives was to develop a
critical appraisal list for evaluation of BV literature. This
report aims to (a) describe the development and content
of this checklist, the Biological Variation Data Critical
Appraisal Checklist (BIVAC), (b) present the results of
applying the BIVAC to BV studies on enzymes, lipids,
kidney, and diabetes-related measurands, and (c) as an
example, deliver a global estimate for CVI for serum ala-
nine aminotransferase (ALT) based on metaanalysis of
critically appraised BV studies.

Material and Methods

DEVELOPMENT OF THE BIVAC

The TFG-BVD comprised members from the EFLM
Working Group on BV (WG-BV) (10 ), the Analytical
Quality Commission of the Spanish Society of Labora-
tory Medicine, and others with extensive experience in
theoretical and practical aspects of generating data on
BV. The checklist for reporting of BV data, recently pub-
lished by the EFLM WG-BV (11 ), was used as a starting
point to identify essential elements that provided the ba-
sis for a draft checklist. To assess whether the proposed
checklist captured all essential elements, as well as to as-
certain whether the scoring of articles using this checklist
was consistent, it was applied individually by 21 people
on the same 25 randomly selected BV publications. This
enabled fine-tuning of the quality items (QIs) and asso-
ciated scores. Thereafter, experts in the TFG-BVD, who
had not participated in the practical scoring process, re-
viewed the draft checklist. This approach of scoring BV
publications followed by revision of the checklist was
repeated 3 times, resulting in a final consensus-based
checklist.

DESCRIPTION OF THE BIVAC

The BIVAC focuses primarily on effects of study design,
the applied measurement procedure, and statistical han-
dling of data on CVI estimates. When applying the
BIVAC, the publication is rated with regard to 14 QIs
scored as A, B, C, or D (Table 1). An overall grade A
indicates full compliance with all the 14 BIVAC QIs; a
grade B is applied if the lowest QI score achieved is a B.
Similarly, the publication is graded C if the lowest QI
score is C. D is a scoring option for QIs that are consid-

ered essential for measures of BV to be reliable. In the
BIVAC scoring system, the QIs associated with the grade
are given as a subscript; a grade of C5,10 indicates that QI
numbers 5 and 10 were scored as C.

CRITICAL APPRAISAL OF BV STUDIES

Systematic searches for BV studies were performed by 4
different groups of assessors for enzymes, lipids, kidney,
and diabetes-related measurands (Table 2). Relevant
studies were identified by first including all articles for
these measurands listed in the online 2014 BV Database
(2 ). Additionally, searches were carried out in PubMed,
with the cut-date of December 31, 2016, using as key
terms [the measurand] in question with each of the fol-
lowing combinations: “within-subject *,” “between-
subject *,” “within-person *,” “between-person *,” “in-
terindividual *,” and “intraindividual *,” where the
asterisk denotes “biological variation,” “variation,” “co-
efficient of variation,” and “CV” (12 ). Reference lists in
the retrieved papers were also checked for other relevant
publications. Articles published in languages other than
English, Spanish, or Italian and those for which full-text
versions were irretrievable, were excluded.

Sets of 2 assessors independently scored all the pub-
lications containing data on BV. When several BV esti-
mates were reported in the same publication, either for
different measurands or 1 measurand in different settings
(e.g., healthy subjects/diseased, different sex/age groups,
short-term/long-term data), scoring and data extraction
were performed for each of the individually reported es-
timates. If the results for any of the QIs were not in
accordance with each other, a third assessor performed a
completely new review, followed, if necessary, by discus-
sions between the assessors or the full group to achieve
agreement. To summarize scoring results per publica-
tion, the BIVAC QI scores for 1 arbitrarily selected mea-
surand from each publication were used.

CALCULATION OF A GLOBAL CVI ESTIMATE

To calculate a global CVI estimate, a metaanalysis ap-
proach may be used. When performing metaanalysis, the
inverse of each of the collected studies’ variances is com-
monly used as weight (13 ). For an estimate of CVI, the
best measure of variability is the CI, which combines
information from both the analytical CV (CVA) and the
number of subjects, samples, and replicates. CIs for CVI

were calculated as previously described (14 ) for those
ALT studies that reported the required information. In
our metaanalysis, the inverse of the width of the CI was
used as weight. To reflect the lack of data treatment for
potential confounders, such as outliers or systematic ef-
fects that could inflate the estimated CVI, the different
quality grades were arbitrarily given weights: A � 4, B �
2, and C � 1. To provide the global CVI estimate,
the weighted median was used (15 ), available in the
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R package matrixStats (16 ), for which the combined re-
sult of the inverse width of the CI and the quality score
decided the weight of each estimate. Only estimates from
healthy adults for whom sampling was performed weekly
were included in the metaanalysis. When publications
reported separate estimates for males and females, these
estimates were combined to provide a common estimate
by applying the weighted mean on the point estimates
and corresponding CIs. For the global CVI, a bias-
corrected bootstrap approach (17 ) was used to indicate
measures of uncertainty, which for few estimates corre-
spond to the range.

Results

REVIEW AND APPRAISAL OF BV PUBLICATIONS

The literature review identified 128 publications report-
ing BV data for the selected measurands (see File 1 in the

Data Supplement that accompanies the online version of
this article at http://www.clinchem.org/content/vol64/
issue3), after exclusion of 5 full-text articles that were
irretrievable and 2 articles that were duplicate publica-
tions in Spanish and English. The online 2014 BV Da-
tabase was the best source for identifying relevant publi-
cations, as exemplified for creatinine (Table 3). Most
publications included BV estimates for several measurands,
demographic groups, clinical settings, and/or sampling in-
tervals. In total, 117 publications were scored as A, B, or C
for at least 1 measurand, delivering 847 different BV esti-
mates. Each of QIs outliers (QI 8), variance homogeneity
(QI 10), and number of included results (QI 13) received
score C in �50% of the articles (Table 4). Thirty-seven
publications received a D score for at least 1 measurand (26
of the 117 and an additional 11 for which a D score was
awarded for all included measurands), delivering 88 differ-
ent BV estimates, mostly for enzymes (73%). Eighty percent

Table 2. Overview of measurands included in the systematic review.a

Lipids Enzymes Diabetes-related measurands
Kidney-related

measurands

Apolipoprotein A1 Alanine aminotransferase Adiponectin Albumin

Apolipoprotein B Aspartate aminotransferase C-peptide Urine albumin

HDL cholesterol �-Glutamyl transferase Blood hemoglobin A1c Creatinine

LDL cholesterol Lactate dehydrogenase Fructosamine Chloride

Estimated LDL cholesterol Glucose Cystatin C

Total cholesterol Insulin Potassium

Triglycerides Insulin-like growth factor 1 Sodium

Insulin-like growth factor-binding
protein 3

Urea

Lactate

Pyruvate

a All measurands are in serum and/or plasma unless otherwise specified.

Table 3. Results for different PubMed search strategies for publications on BV of creatinine and the number of articles
considered relevant after review.a

Keywords Targeted fields Number of hits Number of relevant articles

Variation and creatinine All 2343 Not assessed

Biological variation and creatinine All 543 13

Biological variation and creatinine Title 5 4

Biological and creatinine Title 38 4

Variation and creatinine Title 49 7

Search strategy as described in Methods Title, abstract 402 19

Online 2014 BV Database 40

a The online 2014 BV Database contains 40 publications with BV data for creatinine, 8 of which are not included in PubMed.
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of all D scores were awarded for QI 4 (measurand). On
average, for the whole review period, the assessors disagreed
on �1 QIs for about 30% of the included papers. The most
frequent cause of disagreement was for enzymes—the QI 4
(measurand)—and for lipids, kidney, and diabetes-related
measurand QIs 8-Outliers, 9-Normally distributed data,
10-Variance homogeneity, and, thus indirectly, 13-
Number of included results. For diabetes-related mea-
surands, discussions were also required to determine
which preanalytical requirements were necessary for an A
score.

METAANALYSIS OF CVI ESTIMATES FOR SERUM ALT

Twenty-three studies were identified for ALT, with 1
article receiving an overall B grade, 6 C, and 16 D (Table
5; see also File 2 in the online Data Supplement), with D
articles being excluded from further analysis. Four addi-
tional studies were excluded because 1 was performed in
children (18 ), sampling was not weekly in 2 (19, 20 ),
and sampling was biweekly and data required for calcu-
lation of CIs were lacking in 1 (21 ). Two reported iden-
tical results from the same healthy control group
(22, 23 ); thus, only 2 C studies performed in healthy
adults with weekly sampling were included in the meta-
analysis (23, 24 ). Estimates were reported separately for
males and females in both (Table 5), resulting in com-
mon CVI estimates at 15.2% (CI, 13.7–17.0) (23 ) and
15.7% (CI, 12.4–17.2) (24 ), respectively. The combi-

nation of these delivered a global CVI estimate of 15.4%
(range, 15.2–15.7).

Discussion

Biological variation data are essential in everyday labora-
tory work, delivering a requirement that they must be
robust and reliable. However, currently, estimates pro-
vided for the same measurand may vary substantially.
This may have considerable impact when applying BV
estimates to set analytical performance specifications and
when used in applications aimed at enabling accurate diag-
nosis and monitoring of patients. In existing studies, there is
variation in protocols and methodological approaches that
may impact the veracity of the published BV estimates. The
BIVAC provides a tool to assess the quality of BV publica-
tions by verifying whether all essential elements that may
impact on veracity and utility of the data are present. This is
important in the context of assessment of the literature on
BV that stretches back �40 years and in driving up the
quality of future studies of BV. This approach also enables
estimates to be pooled from compatible studies to provide
more robust global BV estimates.

LITERATURE REVIEW

It may be challenging to identify relevant BV publica-
tions because there has not been a Medical Subject Head-
ing specifically for BV; authors use different terms to

Table 4. Results for Biological Variation Data Critical Appraisal Checklist A, B, and C scores for (a) 117 articles containing BV
estimates for lipids, enzymes, diabetes, and/or kidney-related measurands (scores for 1 arbitrarily selected measurand from each

publication) and (b) 847 individual BV estimates reported in these publications.a

Quality
item number Quality item

A% A% B% B% C% C%

(n = 117
articles)

(n = 847
estimates)

(n = 117
articles)

(n = 847
estimates)

(n = 117
articles)

(n = 847
estimates)

1 Scale 94.0 97.8 6.0 2.2 — —

2 Subjects 88.0 94.5 6.8 3.8 5.1 1.8

3 Samples 88.9 93.7 8.5 5.4 2.6 0.8

4 Measurand 89.7 91.4 6.8 4.3 3.4 4.4

5 Preanalytical procedures 80.3 88.7 13.7 7.3 6.0 4.0

6 Estimates of analytical variation 50.4 48.4 40.2 48.4 9.4 3.2

7 Steady state 28.2 39.1 64.1 56.2 7.7 4.7

8 Outliers 22.2 16.2 11.1 21.4 66.7 62.5

9 Normally distributed data 8.5 15.3 91.5 84.7 — —

10 Variance homogeneity 17.9 25.4 — — 82.1 74.6

11 Statistical method 45.3 45.3 41.0 46.2 13.7 8.5

12 Confidence limits 76.1 81.9 — — 23.9 18.1

13 Number of included results 32.5 30.0 6.8 16.4 60.7 53.6

14 Concentrations 82.9 90.2 17.1 9.8 — —

a Articles receiving D scores for all included measurands (n = 11) were excluded.
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describe the BV components (12 ), and hits are likely to
include many irrelevant publications, as exemplified for
creatinine (Table 3). The online 2014 BV Database is the
result of many years of work reviewing literature on BV,
and it delivered the majority of publications included in
our review. To improve future classification of BV pub-
lications, the WG-BV has suggested and has had ac-
cepted a Medical Subject Heading term for BV, expected
to be available from December 2017.

BIVAC AND ITS APPLICATION

To reflect the importance for the reliability of the result-
ing BV estimates, the QIs included in the BIVAC have
been given different importance. Some are identified as
critical, in that failure to meet the QI will render esti-
mates unsuitable for use. The BIVAC identifies studies
not meeting these as D studies, which is the lowest of the
A to D ratings. Other QIs that do not directly impact the
BV estimates themselves may have consequences for in-
terpretation of the data and their application. The ratio-
nale for each QI in the checklist follows below. It is
important to be aware that the BIVAC, similar to
GRADE for guidelines (25 ), mainly addresses the meth-
odology used and reported. Thus, even if an article does
not specifically address an item in the BIVAC, e.g., out-
lier analysis, it cannot be ruled out that this has indeed
been assessed and provided for, but that the authors have
failed to include this in their method description. The
BIVAC scoring system grade reflects the lowest score
given to any of the 14 QIs, thus providing a transparent
review of where there may be concerns with the study.
Other scoring systems such as a grade point average may
also have been appropriate and were discussed. However,
the BIVAC scoring system was chosen because it makes

immediately apparent which critical elements are lack-
ing, thus providing the reader the opportunity to take
this into consideration when reviewing and applying the
data.

The BIVAC has been developed as a checklist for the
detailed review of BV studies. Disagreements between
assessors generally concerned the 3 statistical QIs 8, 9,
and 10, for which the differing scores mostly had their
basis in the lack of details or unclear description provided
in the assessed publications. Some of these articles were
reviewed by �2 groups because they contained results for
many different measurands. A comparison between the
different groups’ scores for these QIs was also performed.
This revealed some inconsistencies in the interpretation
of the statistical elements in these mostly older publica-
tions. A harmonized score for these publications was
agreed on in the larger group, whereupon scoring results
were updated accordingly and other publications were
reassessed if relevant. To ensure the harmonized scoring
of these and other QIs that caused discussions, the
BIVAC checklist was expanded with subscripts with re-
quired details on the analytical method, acceptable tests
for assessing variance homogeneity, and appropriate sta-
tistical methods (Table 1). This subsequently led to less
disagreement between assessors during the later part of
the review process. Additionally, some of the QIs, such as
QI 4 Measurand and QI 5 Preanalytical procedures, in-
clude a subjective evaluation as to which detail is required
for the different scores. It would be preferable to have a
standardized approach, but this will vary from mea-
surand to measurand. Therefore, the requirements for
the different scores for QI 4 and QI 5 in our study are
based on the opinion of the expert group, which may be
considered a limitation of the BIVAC. Successful appli-

Table 5. Scoring of BV studies on serum alanine aminotransferase by the BV Data Critical Appraisal Checklist.a

Author Year Reference

QI
Summary

score
Sampling
intervals CVI (95% CI)1 2 3 4 5 6 7 8 9 10 11 12 13 14

Statland 1973 19 A A A C A A B C B C B A C A C4,8,10,13 3/day 6.7 (4.7–9.9)

Winkel 1974 21 A A A C A A B C B C A C C A C4,8,10,12,13 2/week 26.4

Hölzel 1987 22 A A A C B A B C A A B A C A C4,8,13 1/week F: 15.7 (13.7–18.4)

M: 14.4 (12.2–17.4)

Hölzel 1987 23 A A A C B A B C A A B A C A C4,8,13 1/week F: 15.7 (13.7–18.4)

M: 14.4 (12.2–17.4)

Pineda-Tenor 2013 24 A A A A B B B C B A B A C A C8,13 1/week F: 17.3 (15.3–19.5)

M: 14 (12–16)

Bailey 2014 18 A A A A A B B B B A B A B A B6,7,8,9,11,13 4/day 15.6 (11.8–18.9)

Qi 2016 20 A A A A A A B C A C A A A A C8,10 1/day 3.57 (3.2–4.1)

a Publications receiving quality score D for any item are not included (n = 16; see File 2 in the online Data Supplement). Listed estimates of within-subject BV (CVI) are for healthy adults
if provided, separated into results for males (M) and females (F) when reported.
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cation of the BIVAC checklist depends on knowledge of
the measurand that is being appraised and of the statistics
related to estimating components of BV. However, most
importantly, it depends on the details provided in the
publications on how the study has been performed and
how the BV estimates have been obtained.

BIVAC QUALITY ITEMS

QI 1: Scale. This QI reviews whether the measurand is
given on a ratio scale, which is important because only
the ratio scale has a meaningful zero. Thus, estimation of
CVI for measurands on nonratio scales requires special
attention (26, 27 ). This can be exemplified by hemoglo-
bin A1c (HbA1c), which can be expressed both in IFCC
(mmol/mol) and Diabetes Control and Complications
Trial (percentage) units. HbA1c in Diabetes Control and
Complications Trial units has no true zero value and,
thus, is estimated on the interval scale, whereas HbA1c in
IFCC units is measured on a ratio scale. Seven of the
reviewed publications included measurands assessed on a
nonratio scale, i.e., HbA1c given as percentage.

QIs 2, 3, and 4: Subjects, samples, and the measurand. The
BIVAC QIs relating to subjects (QI 2) and samples (QI
3) are considered critical for the reliability of the associ-
ated measures of BV. BV data are reference data, and
their safe clinical application across populations necessi-
tates that the attributes of the population from which
they were derived are adequately characterized and re-
ported. Furthermore, details on number of subjects,
number of samples, and sample material are necessary to
compare with other studies and to allow for the genera-
tion of global BV estimates. To evaluate whether differ-
ent sampling intervals lead to different CVI estimates,
information on timing of samples is required. As ex-
pected, most publications provided adequate details on
this. The measurement procedure, QI 4, is also essential
because older generation analytical methods may deliver
estimates for a different measurand. The majorities of D
scores were for publications on enzymes, with obsolete
methods being the main reason for this classification.
This is not surprising given that there have been substan-
tial changes in the analytical principles for enzymes in the
past decades, and most of these articles predated the cur-
rent IFCC recommendations for enzyme measurement
optimization (28 ).

QIs 5, 6, and 7: Preanalytical procedures, estimates of ana-
lytical variation, and steady state. Standardized and appro-
priate preanalytical procedures are necessary for obtain-
ing trustworthy BV estimates. If this requirement is not
fulfilled, increased preanalytical variation may transfer
into an overestimation of CVI (and CVG). Most of the
publications assessed in our study were considered to
have applied adequate preanalytical procedures (Table

4). Obtaining accurate CVA estimates (QI 6) is also im-
portant for providing reliable BV estimates and CIs (29 ).
A suboptimal approach for establishing the CVA is the
use of internal quality control data generated based on
commercial sample materials or patient samples. The rec-
ommended approach is by replicate analysis of the study
samples, preferably by analyzing all samples from the
same subject in duplicate within the same series. In half of
the articles included in our study, this method was used
to estimate the CVA. Additionally, there should be no
systematic change in the concentration of the measurand
during the study period (QI 7 Steady state), or if there is,
data must be adequately transformed. For many mea-
surands examined in healthy subjects, changes in concen-
trations are unlikely, but for some measurands, such as
hormones, this can be expected. In studies of nonhealthy
subjects, care must be taken to ensure a steady-state situ-
ation (30 ). In 28% of the assessed publications, some
type of trend analysis had been performed, or it was con-
sidered that data had been adequately transformed.

QIs 8, 9, and 10: Outliers, normality, and variance homo-
geneity. Concern has been raised regarding the quality of
the statistical approach in many BV publications (5, 6 ),
such as analysis for outliers (QI 8) and variance homoge-
neity (QI 10). In our study, these 2 QIs were scored as C
for the majority of publications (Table 4). Failure to
identify and consequently remove outliers between du-
plicates may result in both overestimation and underes-
timation of the CVI, whereas failure to remove outliers
within a subject’s series may lead to an overestimation of
the CVI. The omission to identify and take action if there
is variance heterogeneity will cause estimates not to be
generalizable to a general setting. Our study clearly iden-
tifies these 2 statistical elements as potential contributors
to the varying BV estimates published for the same mea-
surand. QI 9 assesses whether the distribution of data for
each person has been assessed for normality and, if not con-
firming to this, has been appropriately transformed. The
distribution is of less importance when applying a CV-
ANOVA (31), but normality is important if outlier and
homogeneity testing or CIs depend on the normality as-
sumption, which they typically do. Furthermore, it is a pre-
requisite for the direct calculation of reference change values
(31, 32). It is important to be aware that the normality item
is not related to the distribution of the results from the whole
data set but rather the distribution of each of the different
model effects: analytical, within-subject, and, to a lesser de-
gree, between-subject (31). Testing of normality for the
analytical effect can be done on the pooled standardized
residuals (33). For the within-subject effect, one can either
test the normality of each subject or again use the pooled
standardized residuals. In �10% of publications, it was con-
sidered that normality testing or appropriate transformation
had been performed.
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QI 11: Statistical method. Wide-ranging statistical meth-
ods are applied for the estimation of BV data. A multilevel/
hierarchical/nested random- or mixed-effects model delivers
the most accurate estimates by providing results for CVI,
CVG, and CVA directly, with CV-ANOVA being a simple
and robust method (31). In our study, 45% had applied a
variance decomposition model.

QI 12: Confidence intervals. Until recently, it has been
uncommon to accompany BV estimates with measures of
uncertainty (QI 12), as exemplified in ALT, for which
only 1 (20 ) of 7 non-D studies provided this. Confidence
limits for CVI can, however, be calculated when appro-
priate CVA estimates, number of samples, and number of
subjects used in the BV estimates are provided in the
publication (14 ). In the BIVAC, the omission of report-
ing CIs will not generate a C score itself, but the omission
of the necessary data elements for their calculation will.
These basic elements were missing in 18% of scores.

QIs 13 and 14: Number of included results and concentra-
tions. Only 30% of publications stated the number of
results (QI 13) that were used as the basis for the BV
estimates, i.e., after exclusion of data following outlier
and variance homogeneity testing. This is important for
addressing group homogeneity and the generalizability of
data. In most publications, mean concentrations of the
measurands were presented or could be extracted from
the results (QI 14). This is necessary to evaluate the cor-
relation between CVI and concentration; however, it
does not affect the reliability of the BV estimates
themselves.

METAANALYSIS OF CVi ESTIMATES

A metaanalysis of ALT articles in which estimates were
based on weekly sampling in healthy adults provided a
global CVI estimate of 15.4% (range, 15.2–15.7). How-
ever, of the 23 published articles on ALT, only 2 relevant
studies could be included. In the online 2014 BV Data-
base, the CVI for ALT is given as 19.4%; that is the
median CVI based on 9 studies (2 ), most of which do not
meet the BIVAC criteria. Updated BV estimates for en-
zymes from the EFLM European Biological Variation
Study (EuBIVAS) have recently been published (34 ).
EuBIVAS used contemporary analytical methods and ap-
plied a stringent preanalytical, analytical, and statistical
protocol with samples from 91 healthy individuals.
When appraising this publication by the BIVAC, it re-
ceived an overall score of A and reported a CVI for ALT
of 9.3% (95% CI, 8.7–10.0). This is clearly lower than
both the estimate given in the online 2014 BV Database
and the estimate provided by metaanalysis in our study.
However, when the EuBIVAS CVI estimate was included
in our metaanalysis, where it was given high weight be-
cause of both the narrow CI and the quality score A, an

updated metaanalysis estimate of 10.2% (range, 9.3–
15.7) was obtained. The online 2014 BV Database and
EuBIVAS/updated metaanalysis estimate would deliver
very different performance specifications for the assay of
ALT. This underlines the need for high quality studies
and the application of appropriate methods to deliver
reliable global estimates. When grade A studies are avail-
able, using estimates from such studies alone may be
considered. This may be preferable to performing meta-
analysis of several studies of different qualities, especially
if the majority are of C grade, as is likely often to be the
case. Different weights can also be chosen to reflect the
quality of the articles included in the metaanalysis. How-
ever, in our study this would have only limited effects on
the global estimate, as the CI of the EuBIVAS estimate is
narrow compared with those of the 2 C studies; this has
the greatest impact when the number of included esti-
mates is small. For example, if keeping the weight for the
C articles unchanged, reducing the weight for the A grade
from 4 to 3 gives a CVI estimate of 10.5%, whereas an
increase to 10 gives a CVI estimate of 9.5%, i.e., close to
the original EuBIVAS estimate. An alternative weighting
approach could be to use the weights for each QI on the
checklist to calculate a mean BIVAC quality grade that
could be used as weight in the metaanalysis. Results from
the metaanalysis of BIVAC-appraised publications for
the other measurands included in this review will be
made available in a new BV database on the EFLM
website.

Conclusions

The BIVAC enables review of studies on BV to critically
appraise and classify them with regard to study design,
preanalytical handling, analytical methods, and statistical
analysis. Our data from a rigorous study of the applica-
tion of BIVAC to a large volume of published studies
indicate that many BV studies omit, or fail to address,
essential detail regarding the BIVAC QIs. This may affect
the reliability of the associated estimates. The BIVAC has
resulted from an exhaustive discussion and testing by a
group of experts in the field. Further iterations may be
required in the future for the BIVAC to reflect experi-
ences from its application, input from the laboratory
community, and changes in the type of BV studies that
are published. Presently, the BIVAC not only enables a
retrospective assessment of published studies but also can
serve as a guide to those aspiring to deliver future studies.
Thus, it provides the potential to drive up quality of
future studies and as such may be considered as an initia-
tive that may find an application for BV studies in much
the same way as STARD (35 ) and STROBE (36 ) have
found traction in the context of publications regarding
diagnostic testing.
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