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Abstract

Objectives: Biological variation (BV) data are essential for 
many purposes in laboratory medicine, however, the com-
plex statistical analysis remains a barrier for delivery of BV 
data. This study describes the development of a web-based 
BV Calculator based on the Biological Variation Data Critical 
Appraisal Checklist (BIVAC).
Methods: We developed an open-source BV Calculator 
(https://bvcalculator.streamlit.app/) using Python 3.12, built 
on the 14 quality items (QI) included in the BIVAC. It requires 
manual user input with uploading of raw data and manual 
selection of QIs related to the study and study population, 
followed by automated preprocessing of the data with 
outlier detection, variance homogeneity assessment, steady-
state verification through linear regression, normality 
assessment with Shapiro-Wilk tests, and log transformation

when appropriate. The tool uses nested two-level ANOVA for 
BV component estimation and supports both balanced and 
unbalanced study designs and delivers CV I and CV G data 
with 95 % confidence intervals, accompanied by BIVAC 
criteria and audit logs. Real world data for creatinine, total 
cholesterol, S100B and creatine kinase from the European 
Biological Variation Study (EuBIVAS) were assessed, and 
results compared to previously published EuBIVAS data 
derived by manual processing.
Results: Central BV components, including mean concen-
trations, CV A , CV I , and CV G estimates were similar to the 
manual EuBIVAS estimates for all measurands. Substantial 
differences in the number of subjects retained following 
automated outlier and trend analyses were identified for 
creatinine and S100B.
Conclusions: The BV Calculator is a freely available tool that 
can be used to facilitate BIVAC compliant statistical analysis 
of BV data.

Keywords: biological variation; BIVAC; reference change 
value; analytical performance specification; open-source 
software; STARBIV

Introduction

Biological variation (BV) refers to the natural fluctuation 
in the concentration or activity of a measurand involved 
in human metabolism over time [1]. In laboratory medi-
cine, the use of BV data is one model for establishing 
analytical performance specifications (APS) for impreci-
sion, bias, and measurement uncertainty [2]. BV data can 
also be used to aid the interpretation of patient results, 
including the calculation of the reference change value 
(RCV), which determines whether the difference between 
two consecutive measurements can be attributed to ex-
pected analytical and biological variation, with a given 
probability. RCVs may also be useful for delta-checking 
and auto-verification algorithms [3]. BV data further 
enable decisions to be made as to the comparative utility
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of population-based (popRIs) and personalized reference 
intervals (prRIs) to assist in interpretation of patients’ 
laboratory results [4–6]. In this context, the Index of In-
dividuality (II=within-subject BV (CV I )/between-subject BV 
(CV G )) is an indicator of the usefulness of using popRIs in 
an individual patient: II<0.6 favors using RCVs or prRIs 
over popRIs, whereas II>1.4 suggests popRIs may be 
informative [7].

Following the 1st EFLM Strategic Conference, the 
EFLM Committee on Biological Variation and Technical 
Committee on Biological Variation Database (previously 
named the Working Group on Biological Variation and the 
Task Group for the Biological Variation Database) deve-
loped the Biological Variation Data Critical Appraisal 
Checklist (BIVAC) a structured appraisal tool to evaluate 
the methodological quality of BV studies [8] aiming to 
support quality and consistency in BV research. The BIVAC 
consists of 14 quality items (QIs) that assess various aspects 
of a study, including its design (QI 1–3), measurement 
procedure (QI 4), preanalytical (QI 5) and estimation of 
analytical variation (QI 6), and statistical handling and 
reporting of data (QI 7–14) [8]. Each is, depending on the 
type of QI, scored on a descending scale from A to D, with 
the study’s overall grade being decided by the lowest score 
received for any single QI. Crucially, BV data deriving from 

a study receiving a “D” grade are considered outdated or 
not fit for purpose and should not be used [8]. The BIVAC 
has later been included in the recently published Standard 
for Reporting Biological Variation Data Studies (STARBIV) 
[9], which is recognized by the Equator network [10] and 
which is available as a mind map on the EFLM Biological 
Variation Database website [2].

While the STARBIV and the BIVAC guide researchers 
through the proper and complete steps for conducting and 
reporting BV studies, the statistical assessment of data is 
time-consuming and requires expert knowledge. Estimation 
of BV components depends on complex statistical analysis 
such as outlier analysis at three levels, assessment of trends, 
normality and variance homogeneity to be fully BIVAC 
compliant. To simplify these steps, we developed an open-
source, web-based application, the “BV Calculator” [11], 
which is based on the BIVAC and enables automated esti-
mation of BV components, streamlining the statistical anal-
ysis. In this study, we describe the development and 
validation of the BV Calculator tool and present results for 
European Biological Variation Study (EuBIVAS) data sets 
with different characteristics, as compared to manual cal-
culations of BV components in accordance with the BIVAC 
and EFLM recommendations.

Methods

Application development

The BV Calculator was developed using Python 3.12 [11, 12]. 
Data manipulation and tabular analysis were performed with 
Pandas 2.2.2 [13]. Core numerical computations – including 
the nested two-level analysis of variance (ANOVA) algebra of 
Røraas et al., Cochran’s C test, Reed’s outlier rule, Bartlett’s 
tests for homogeneity, Shapiro–Wilk normality tests, linear 
regression, and calculation of confidence limits – were con-
ducted using NumPy 1.26.4 [14] and SciPy 1.13.1 [15]. Interactive 
graphical representations were generated with Plotly 
5.24.1 [16], and the web-based user interface was built with 
Streamlit 1.37.1 [17].

To allow users to assess the data calculations and to 
ensure transparency, the app performs essential pre-
processing (outlier detection/removal, log transformation, 
etc.) when appropriate [18] and delivers a chronological 
audit log in line with BIVAC recommendations [8]. The entire 
workflow of the BV Calculator analysis is shown in Figure 1.

User input and data entry routes

The application provides two data-entry routes. Users may 
upload study data as comma-separated (.csv) or Excel (.xlsx) 
files through the “Upload” tab. Alternatively, a Manual Entry 
tab offers an editable spreadsheet interface within the 
application. Submitted data must contain the four variables 
detailed in Table 1. A downloadable Excel template with the 
correct structure is provided in the sidebar to reduce map-
ping errors. Importantly, the calculator depends on a study 
design applying replicate (usually duplicate) analysis, as 
recommended by the BIVAC.

After uploading data, users are prompted to map their 
columns to the required variables (Figure 2). As a first step, 
users enter BIVAC QI 1–5 information (scale, subjects, sam-
ples, measurand/method, and pre-analytical phase) via a 
structured form (Figure 3) based on their own information 
and self-assessment of their study. These user-entered QIs 
are stored together with the analysis outputs and are auto-
matically incorporated into the exported checklist. In addi-
tion, users indicate whether replicates were analyzed in the 
same analytical run (“same-run duplicates”), a selection 
used in scoring and documenting QI 6 (Estimates of analyt-
ical variation). The interface also supports optional gender/ 
sex stratification for data analysis: if enabled, the user will 
map a sex/gender variable which leads to reporting also of 
subgroup results (Figure 3).
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If the user selects the “Estimate CV I with CV-ANOVA” 
option, CV I is calculated using the coefficient-of-variation

ANOVA method [19], otherwise a standard ANOVA method is 
used for the estimation [20].

Figure 1: BV calculator analysis workflow.
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Data analysis and statistical assessment

All datasets undergo an automated, structured preprocess-
ing workflow implemented in _preprocess_bv_dataframe, 
designed to operationalize BIVAC QIs related to outlier

exclusion, statistical integrity and reporting (QI 6–14) [8]. 
The pipeline returns: (i) a cleaned dataframe, and (ii) a detailed 
chronological audit log of the process (preprocess_log).

Each step is optional and can be enabled/disabled via 
sidebar switches (Figure 4). In addition, the application 
supports two operational modes for outlier handling: (1) 
auto mode, where outliers detected by statistical test 
explained in the following sections are removed, and (2) 
manual mode, where detected outliers are presented to the 
user for action (for subject and sample, “remove” vs. 
“ignore”; and for replicate-level outliers, in addition, “keep 
one replicate” may also be selected). For assessment of out-
liers prior to CV-ANOVA (sidebar selection choice), data are 
normalized, i.e. each result is divided by the subject mean,

Table : Mandatory data columns/variables to be entered by the user.

Variable Meaning Example entries

Subject Unique participant identifier , subject  
Sample Ordered time-point label 

Replicate Replicate number within a sample 

Result Quantitative measurand value .

Figure 2: Data preview and mapping columns 
sections. This screenshot shows the upload 
workflow and the column-mapping dialog 
used to align user data to the four required 
variables (subject, sample, replicate, result). 
After mapping, users proceed to the pre-
processing/analysis steps described in the 
Methods section.
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prior to analysis. User choices on outlier handling are stored 
and shown in the audit log. When all preprocessing checks 
are selected, the workflow proceeds in the following order:

Outliers in replicates (Cochran C test and Bartlett test), 
(QI 8)

For each sample from one individual, the variance of the 
replicate measurements is computed. Cochran’s C test is 
then applied iteratively to identify outliers in all replicates. If 
an outlier is detected, the corresponding sample replicate 
pair is flagged.

In auto mode, the flagged sample pair is removed and 
the test repeats iteratively until no further Cochran outliers 
are flagged. In manual mode, users may choose to remove all 
results for the sample, ignore, or retain a single replicate 
(i.e. dropping the others). All actions and test statistics (G and 
G crit ) are recorded in the audit log.

Furthermore, to assess whether analytical imprecision 
is consistent across replicate sets, the application optionally 
applies a Bartlett test across replicate-level groups (each 
group is the replicate results belonging to a Subject × Sample 
pair). If heterogeneity is detected (p<0.05), the app iteratively 
flags and removes the highest-variance replicate pair, 
repeating the test until homogeneity is achieved. This step

Figure 3: BIVAC manual entry and sex/gender 
column mapping section.
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can be user-guided in manual mode; and all removals/re-
tentions are logged.

Outliers in samples per subject (Cochran’s C test) (QI 8)

Within each subject, sample-wise replicate variances are 
evaluated, and Cochran’s C applied to identify high-variance 
samples. In auto mode, detected outlier samples are 
removed (removing the full Subject × Sample pair) and 
detection continues. In manual mode, the user may remove 
or ignore each flagged sample, with details logged.

Variance homogeneity (Bartlett test) (QI 10)

Variance homogeneity across subjects is assessed using 
Bartlett’s test on within-subject variances. Subjects exhibit-
ing significantly heterogeneous variances compared to 
others are identified and excluded in auto mode. In manual 
mode subjects can be removed or ignored based on user 
choice. All exclusions and statistics are logged.

Outliers between-subjects (Reed test) (QI 8)

Between-subject outliers are screened using Reed’s crite-
rion, and any excluded subject is recorded in the log. The 
subject means are sorted and the overall range – the dif-
ference between the largest and smallest mean – is calcu-
lated. The most extreme subject mean, at either the high or 
low end, is flagged as a potential outlier when the gap be-
tween it and its nearest neighbouring mean exceeds one 
third of this range. Any flagged subject is excluded, and the 
test is repeated on the remaining subjects, with the range 
recalculated each time, until no extreme mean exceeds the 
threshold (a minimum of three subjects is required). In 
manual review mode, each detected outlier is presented

with a radio button offering “Remove” or “Ignore” per sub-
ject. Upon user’s request the app conducts outlier exclusion.

Steady-state (QI 7)

To identify subjects with significant temporal trends that 
should be investigated further, the app performs subject-
level drift testing for subjects with a minimum of three 
samples. For each subject, replicate measurements are 
averaged per sample, and linear regression is fitted for 
result vs. sample order. The slope, its p-value, and a 95 % 

confidence interval (CI) for the slope are determined. If 
p<0.05, the subject is excluded in auto mode as well as pre-
sented to the user for selection in manual mode, with full 
details recorded in the audit log. Users must always assess 
that subjects have been excluded and why, to ensure rep-
resentability of the reported BV components.

Population-level trend analysis (descriptive)

To assess cohort-level drift, the BV Calculator computes a 
pooled within-subject slope using a subject fixed-effects 
“within” estimator. Replicates are first averaged per subject 
and sample to minimize analytical noise. Data are then 
demeaned by subtracting each subject’s average from their 
individual values, removing baseline differences. Ordinary 
least squares regression on the demeaned data yields the 
common slope, CIs and p-values. This check is descriptive 
only and does not automatically exclude subjects from 

analysis.

Normality assessment and transformation (QI 9)

By default, the application assesses normality in two 
tiers and, where indicated, applies a reversible natural-log

Figure 4: User interface of BV calculator. The 
interface presents (i) an instruction panel with 
a three-step quick start (upload/map/calcu-
late); (ii) a checklist of BIVAC-aligned pre-
processing options (e.g., replicate, within-
subject and between-outlier checks QI 8, 
steady-state assessment and population drift 
QI 7, normality/log-transform QI 9, within-
subject homogeneity QI 10); and (iii) analysis 
options (balanced vs. unbalanced design; 
optional CV-ANOVA for CV I ). These selections 
feed a chronological audit log, supporting 
transparent appraisal and re-runs.
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transformation. First, for every subject with ≥3 observa-
tions, the Shapiro–Wilk test is applied to the raw results, and 
the proportion of subjects consistent with a Gaussian dis-
tribution (p>0.05) is recorded in the audit log. As a pragmatic 
default, if this proportion is ≤50 %, all results are natural log 
transformed. Log-transformation of skewed BV data prior to 
variance estimation is a recognised approach [18]; the spe-
cific 50 % proportion used here is a screening threshold 
adopted for the application rather than a value prescribed 
by a formal statistical rule. Second, when≥3 subjects are 
available, the distribution of subject means is tested with 
Shapiro–Wilk; a significant result triggers a one-time log 
transformation (if not already applied) and immediate re-
testing. If normality is still not achieved after trans-
formation, the application does not stop; it proceeds on the 
log scale and records a caution in the audit log indicating that 
the estimates should be interpreted carefully. When a 
transformation is used, values are exponentiated back to 
their original units before analysis, so all subsequent values 
and plots remain on the “native” scale.

Because normality testing at the individual-subject level 
is inherently uncertain when only a few samples are avail-
able per subject, this subject-level screen is deliberately 
paired with the assessment of the distribution of subject 
means, and the automated decision is intended to be 
reviewed by the user rather than applied blindly. The 
automated step can be switched off entirely using the 
“Normality checks/log-transform (QI 9)” option in the 
sidebar; when it is disabled, no transformation is applied, 
the omission is recorded in the audit log, and the user is free 
to inspect the data distributions visually and to decide on, 
and justify, any transformation on the basis of expert judg-
ment. Conversely, if the user selects CV I estimation based on 
CV-ANOVA, the application performs normalization by 
default, followed by the outlier handling process described 
previously.

Achieving a dataset with balanced design (analysis 
option)

By default, “enforce balanced crossed design” is enabled. The 
app keeps only subjects with the modal number of samples 
and removes any Subject–Sample pairs whose replicate 
count differs from the modal replicate number, logging all 
actions. Final retained counts of Subjects x Samples x Rep-
licates are provided in the logs.

If the option is disabled, the app proceeds with an un-
balanced analysis, retaining all the data. The number of 
subjects and the mean samples per subject and replicates per 
sample are logged. In the full pre-processing log, all details

related to the data analysis and processing, including what 
data have been included and excluded, are displayed.

Statistical calculations

Following uploading of data and preprocessing steps, BV 
parameters are calculated using the calculate_bv function.

Balanced workflow

The function first computes the overall (grand) mean of all 
remaining results. It then partitions total variability into 
three parts: analytical (from replicates), within-subject 
(sample-to-sample for the same person), and between-
subject. From these, it reports the corresponding co-
efficients of variation (CV A , CV I , CV G ), estimated by standard 
ANOVA. 95 % CIs are provided for CV A and CV I using chi-
square limits and for CV G using a log-scale ANOVA with exact 
limits back-transformed to percent [21]. A 95 % CI for the 
grand mean is also given. Subsequently, the app reports the 
one-sided 95 % reference-change value (RCV (95 %) ) using a 
lognormal, asymmetric formulation that yields distinct 
limits for decreases (RCV (95 %) ↓) and increases (RCV (95 %) ↑), 
reflecting the combined impact of analytical and within-
subject variation, at a given probability [22]. The RCVs re-
ported by the BV calculator represent the study population 
from which the uploaded data set has been derived. How-
ever, in clinical practice, an RCV can be applied to an indi-
vidual patient only if the inherent within-subject biological 
variation of the target population is the same as that of the 
reference population used to derive it, and with a CV A esti-
mate reflecting the analytical imprecision of the method 
applied to the target population for a relevant time period, 
and derived with a relevant probability level. For these 
reasons, the suggested values should not be transferred 
directly to clinical practice (for RCV calculations intended for 
clinical use and with different probabilities, see the EFLM 

Biological Variation Database [2]). If the user selects the 
“Estimate CV I with CV-ANOVA” option from the sidebar 
panel, data are additionally analyzed using the coefficient-
of-variation ANOVA method for the estimation of CV I , as 
described by Røraas et al. [19].

Unbalanced workflow

When balance enforcement is turned off, the app uses 
method-of-moments approach that accommodate unequal 
numbers of samples and replicates across subjects. The same 
outputs are produced – CV A , CV I , CV G with 95 % intervals; a 
95 % CI for the mean; and the 95 % RCV – and CV G is again

Çubukçu et al.: BV calculator 7



obtained on the log scale using an unbalanced variant. CV I by 
CV-ANOVA is also available in this mode.

All results are reported on the original measurement 
scale. The audit log records which analysis branch (balanced 
vs. unbalanced) was used and summarizes all derived 
quantities.

APS derivation and reporting

APS for imprecision, bias, and expanded measurement 
uncertainty (MAU) are derived from BV estimates and re-
ported at three quality levels – minimum, desirable, and 
optimal – as previously described [23] for both full popula-
tion and sex/gender subgroups if subgroup analysis is 
selected.

Graphical output

Exploratory visualization is performed by plot_subjec-
t_ranges function, which produces an interactive Plotly 
figure in which each included subject appears as a blue 
marker representing the mean concentration and with a 
thin grey whisker spanning the individual’s minimum and 
maximum values.

BIVAC generation

The _build_qi_checklist function in the code parses the audit 
log together with analysis outputs to populate QI 7–14 
automatically. QI 1–6 are taken from the form completed by 
the user/user input. Each item receives a score with a 
varying set of options from A–D as described by the BIVAC 
[8]; the overall grade represents as per BIVAC recommen-
dation the lowest score achieved for any QI. The checklist 
can be exported as an .xlsx file.

Subgroup calculations

If the user selects subgroup analysis (sex/gender), the entire 
analysis is stratified, and results are presented for both the 
overall population and subgroups. Furthermore, the system 

provides specific reporting recommendations based on the 
comparison of 95 % CIs. Specifically, if the 95 % CIs for CV I 
overlap between subgroups, it may be considered appro-
priate to report a single combined value. Similarly, if the 
95 % CIs for mean concentrations overlap indicating similar 
population subgroup set-points, subgroup-specific reporting 
for CV G may not be relevant.

Code and application availability

The entire application code – encompassing data pre-
processing, statistical analysis, plot visualization, and 
checklist generation – is consolidated into a single open-
source script (bv_streamlit_v3. py) shared at https://github. 
com/hikmetc/bv_calculator. The BV Calculator is also freely 
accessible at https://bvcalculator.streamlit.app/ [11]. An in-
struction describing the application’s functionality and step-
by-step usage is provided on the application website and will 
be updated as the tool evolves.

Data used for demonstration

To illustrate the full workflow, we prepared and analyzed 
a synthetic creatinine BV study dataset containing 48 
subjects, each with 10 serial samples measured in dupli-
cate (48 × 10 × 2 raw results). The code used to generate 
synthetic data is available at https://github.com/hikmetc/ 
bv_calculator/blob/main/sythetic_data_generation/synth_ 
bv_pipeline.py. The simulated creatinine data were used 
solely for demonstration of the BV Calculator’s workflow 

and reporting; no validation inferences were drawn from 

this dataset. The data were uploaded without manual 
editing, the four required columns were mapped, and 
calculation was initiated.

Evaluation of BV calculator using real-world 
data

To evaluate the concordance between BV estimates derived 
from the newly developed BV Calculator and those previ-
ously published from the large scale, highly powered EuBI-
VAS [24, 25], a selection of measurands was chosen to 
represent most commonly used measurands and also rep-
resenting different challenges in calculating BV data. 
Creatinine was selected as a representative measurand with 
data from two different analytical principles (enzymatic and 
Jaffe methods), enabling assessment across methods with 
distinct analytical characteristics [26]. Total cholesterol was 
included as a representative lipid measurand [27], creatine 
kinase (CK) as a representative enzyme [28], and S100B as an 
example of a protein analyte [29]. CK was intentionally 
selected because it presented a relatively high number of 
outliers in the original EuBIVAS dataset, allowing evaluation 
of the BV Calculator under conditions of increased analytical 
and biological variability.

BV estimates reported in the original EuBIVAS publica-
tions were compared with those obtained using the BV
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Calculator under two conditions: with and without applica-
tion of steady state assessment (subject-specific trend anal-
ysis). Comparisons were performed for CV A , CV I , and CV G 
coefficients of variation, reported for the overall cohort and 
stratified by sex when applicable.

Results

Demonstration of the BV calculator using 
simulated data

During automated outlier detection, at replicate-level 
(BIVAC QI 8) the application reported no extreme replicate 
variances as assessed by Cochran’s test, and Bartlett’s test 
confirmed homogeneous replicate variances. Subgroup 
analysis showed higher mean creatinine concentrations in 
males (1.03 mg/dL, 95 % CI 1.01–1.04) than in females 
(0.90 mg/dL, 95 % CI 0.89–0.92). The 95 % CIs for CV I and CV G 
overlapped between subgroups (male CV I CV-ANOVA 3.89 % 

[3.48–4.41] vs. female 4.61 % [4.14–5.18]; male CV G 14.04 % 

[10.55–20.93] vs. female 15.67 % [11.92–22.84]) (Figure 5). 
Assessment for outliers in samples within subjects (BIVAC QI
8) identified one sample – Subject 16, Sample 10 (replicates 
0.68 and 0.60) – which was automatically removed, as shown 
in the audit log(Supplemental Data). Because this exclusion 
left subject 16 with 9/10 required samples, the subject was 
excluded to preserve a fully crossed balanced design. 
Assessment of between-subject outliers (BIVAC QI 8) by 
Reed’s criterion detected no outlying subject means. 
Assessment of steady-state by time-trend analysis (BIVAC QI
7) indicated significant drift in six participants (subjects 1, 8, 
28, 34, 40, and 41), who were excluded from subsequent 
automated analyses. A pooled population-level estimate of 
drift (fixed-effects within estimator, pre-balance) was not 
significant (slope 0.00038, 95 % CI −0.00102 to 0.00179; 
p=0.594). Assessment of normality (BIVAC QI 9) showed that 
37 of 42 retained subjects (88 %) met the Shapiro–Wilk cri-
terion on the raw scale, and the distribution of subject means 
did not deviate from normality (Shapiro–Wilk p=0.638). To 
respect distributional assumptions at the group level, CV G 
was estimated on the natural-log scale and back-
transformed. Assessment of variance homogeneity across 
subjects (BIVAC QI 10) indicated homogeneous within-
subject variances (Bartlett p=0.182). Thus, no additional ex-
clusions were applied at this step. The resulting balanced 
crossed dataset comprised 41 subjects × 10 samples × 2 
replicates and was used for ANOVA-based estimation 
(Figure 5).

With the final dataset, key overall metrics – including 
the overall mean, CV A , CV I (CV-ANOVA and standard-
ANOVA), CV G , and the lognormal RCV (95 %) – are summa-
rized in Figure 6. Based on the CV I and CV G estimates, the 
resulting APS for imprecision (CV A ), bias, and MAU (k=2) at 
the minimum, desirable, and optimal levels are presented in 
Figure 6. All preprocessing actions are shown in the on-
screen preprocessing log provided in the Supplementary 
Material. Final results are presented as a “Key metrics” 
panel, a “Summary of variation metrics”, an APS table, and 
per-subject distribution plots (Figure 6). BIVAC scores are 
documented in an automatically generated list (which for 
the creatinine test set included overall grade A) (Figure 7), 
downloadable as a spreadsheet file.

Concordance between the EuBIVAS 
publications and the BV calculator output

In Table 2, BV estimates together with the number of subjects 
and samples effectively retained for each scenario are 
shown, reflecting the datasets remaining after exclusion of 
analytical outliers and, where applicable, exclusion of sub-
jects with lack of steady state/significant temporal trends as 
applied in the BV calculator. Across the selected measurands, 
CV I and CV G estimates demonstrated a high degree of 
concordance between the EuBIVAS publications and the BV 
Calculator outputs (Table 2). For the overall cohort, all CV I 
and CV G estimates showed overlapping 95 % CIs across all 
three pairwise comparisons (EuBIVAS, BV Calculator 
without trend analysis, and BV Calculator with trend anal-
ysis). Similarly, complete overlap of 95 % CI for both CV I and 
CV G was observed for all evaluated measurands in males and 
in females, where sex-specific comparisons were applicable.

CV A estimates also showed agreement across the three 
different approaches. For most measurands and population 
strata, CV A values and their 95 % CI overlapped between the 
EuBIVAS publications and both BV Calculator outputs, with 
only minor numerical differences observed following 
application of trend analysis.

Application of subject-specific trend analysis resulted in 
exclusion of a variable proportion of subjects, depending on 
the measurand. Specifically, the BV calculator trend analysis 
led to exclusion of 33 out of 91 subjects (36 %) for enzymatic 
creatinine, 23 out of 91 subjects (25 %) for Jaffe creatinine, 24 
out of 91 subjects (26 %) for S100B, 38 out of 90 subjects (42 %) 
for total cholesterol, and 45 out of 84 subjects (54 %) for CK. 
These exclusions were accompanied by proportional re-
ductions in the number of samples contributing to BV 
estimation.

Çubukçu et al.: BV calculator 9



For CK, a marked reduction in the number of included 
subjects was already evident in the absence of trend anal-
ysis. Compared with the original EuBIVAS cohort (84 sub-
jects), BV estimation without trend analysis included 47 
subjects, corresponding to exclusion of 37 subjects (44 %), 
primarily due to analytical outlier exclusion. Subsequent 
application of trend analysis further reduced the CK dataset 
to 39 subjects, corresponding to an additional exclusion of 8 
subjects (17 %) relative to the no-trend scenario.

Discussion

In the present study, we describe the features of the BV 
calculator, which has been designed to facilitate the delivery 
of high-quality BV data by automating the statistical 
approach in line with the BIVAC and STARBIV. To assess 
the performance of the BV calculator, we have compared 
the results delivered by the calculator with previously pub-
lished EuBIVAS results derived from manual analysis for

Figure 5: Sex/gender-based reporting recommendations.

10 Çubukçu et al.: BV calculator



Figure 6: Key metrics tables, analytical performance specifications (APS) table, and per-subject distribution plot. The key metrics table reports study 
design (included subjects, samples per subjects, replicates per sample) and core estimates (the mean (with 95 % CI), CV A , CV I , CV G with 95 % CIs, and the 
asymmetric log-normal RCV). The APS table summarizes BV-based APS at minimum/desirable/optimal levels. The per-subject plot shows each subject’s 
mean (marker) and range (whisker = min–max), allowing quick visual assessment of within-subject dispersion.
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creatinine, S100B, total cholesterol, and CK (Table 2), which 
represent different scenarios which must be considered 
when analysing BV data. Overall, the BV calculator delivers 
similar results as the manual EuBIVAS analysis (Table 2). 
Furthermore, despite substantial differences in the number 
of subjects retained following automated outlier and trend 
analyses, central BV estimates (mean, CV A , CV I , and CV G ) 
remained overlapping, indicating that e.g. individual trends 
are of less importance for the overall results for large-scale 
studies such as the EuBIVAS. It is, however, essential that 
automated BV tools are not used without assessing the data 
and with the BV calculator, the flagged results in the audit-
log must be considered in detail. This must include visual 
inspection of data and data distributions and consideration 
of known biological factors that may influence results. In 
principle, automated BV estimation tools should be regarded 
as valuable complements to, rather than replacements 
for, informed methodological judgment, especially when 
dealing with heterogeneous populations, smaller data sets 
or measurands influenced by physiological factors.

Total cholesterol illustrates a scenario in which careful 
contextualisation of BV estimates is particularly important, 
as the BV calculator does not currently support stratification 
according to age or other subject characteristics. Age-related 
biological differences, especially in females around the 
menopausal transition, are well known and were explicitly 
addressed in the EuBIVAS study through age-stratified BV 
estimates. In the present comparison, BV estimates obtained 
using the BV Calculator remained overlapping with those

derived from EuBIVAS at the aggregate level. Application of 
subject-specific trend analysis also resulted in exclusion of a 
substantial number of subjects. For creatinine, in the EuBI-
VAS, temporal changes were evaluated and, when necessary, 
corrected at the population level. This decision was based on 
extensive simulations showing that a large proportion of 
subjects (approximately 30–40 %) exhibited statistically 
significant individual trends, with positive and negative 
slopes occurring with similar frequency. Under such condi-
tions, exclusion of subjects based on individual trend testing 
would result in substantial data loss without clear biological 
justification, which can be explained by the mathematical 
properties of regression-based trend testing. When analyt-
ical and within-subject biological variation are very low, as is 
the case for creatinine, statistically significant slope values 
may be observed even in the absence of biologically mean-
ingful change. This effect was less pronounced for the Jaffe 
method, where higher analytical imprecision partially 
masked small temporal changes. Individual trend assess-
ment may be more appropriate for measurands such as 
trace elements or tumor markers, where higher biological 
variability makes statistically significant trends more likely 
to reflect meaningful biological changes. This supports re-
addressing individual trend analysis in the next version of 
BIVAC. Furthermore, this highlights the importance of 
assessing data that are flagged, and for the case of trends 
automatically excluded in standard mode, and to consider if 
they should be manually selected for inclusion to ensure 
representativeness of the data. For S100B, BV estimates were

Figure 7: BIVAC checklist output table. The auto-generated table lists item-level scores (A–D) for QI 1–14 and the overall grade (defined as the lowest item 

score). QI 1–5 derive from the user’s study-design entries (including the “same-run duplicates” option relevant to QI 6), while QIs 6–14 are populated from 

the analysis.
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evaluated only for the overall cohort, as no sex-related dif-
ferences were observed in the EuBIVAS dataset. Application 
of subject-specific trend analysis led to exclusion of a pro-
portion of subjects comparable to that observed for Jaffe 
creatinine. Despite the reduction in the number of included 
subjects following trend analysis, mean concentrations as 
well as CV I and CV G estimates for S100B remained fully 
overlapping.

The calculator applies chi-square limits (Burdick and 
Graybill method) for deriving 95 % CI for CV I and for CV G a 
log-scale ANOVA approach with chi-square limits and back-
transformation to the original scale [21], whereas in the 
EuBIVAS publications and in the EFLM Biological Variation 
Database [2], 95 % CIs are approximated for the two-fold 
nested ANOVA model using the Burdick and Graybill method 
for unbalanced designs [30]. The two approaches deliver 
similar results for the large scale EuBIVAS data sets inves-
tigated in our study (Table 2), but for smaller or more het-
erogeneous data sets there may be differences, which must 
be considered when assessing the results.

CK is a measurand characterised by higher biological 
variability and a substantial number of outliers in the 
EuBIVAS database. Mean concentrations as well as CV I and 
CV G estimates for CK remained overlapping across all ap-
proaches, despite marked differences in the number of 
subjects retained for analysis. A notable finding for CK was 
the high number of subjects excluded as outliers, already 
evident in the absence of trend analysis. This exclusion 
primarily reflects the application of a Bartlett test at the 
individual subject level, which identifies subjects whose 
within-subject variance is statistically different from that of 
the population and leads to exclusion of the entire subject. As 
a consequence, a considerable proportion of subjects was 
removed before any evaluation of temporal trends. In the 
original EuBIVAS analysis, when the Bartlett test indicated 
excessive within-subject variability, the corresponding data 
were visually inspected at the individual profile level. Where 
appropriate, single aberrant samples were removed rather 
than excluding the entire subject, and the variance was 
subsequently re-evaluated in an iterative manner. Although 
this approach was highly demanding and required sub-
stantial manual effort, it allowed preservation of the dataset 
while maintaining control over analytical and biological 
consistency. The results observed for CK once again em-
phasizes the importance of data visualisation as a comple-
ment to automated statistical procedures. It is important to 
be aware that if too many data are excluded due heteroge-
neity of within-subject variances, the end results are not 
representative of the group.

Despite numerous BV studies having been published, 
grade A studies, indicating full compliance with BIVAC, are

scarce; as shown by systematic reviews published by the 
EFLM Technical Committee Biological Variation Database 
for hematological parameters [31], glycemic markers [32], 
measurands related to kidney function [33], thyroid hor-
mones [34], and tumor markers [35]. Typically, the BIVAC 
items related to statistical analysis are often the cause of the 
lower BIVAC grades. The BV Calculator tool lowers meth-
odological barriers and supports the correct implementation 
of the statistical components of BIVAC-compliant BV 
studies and generates an auditable, itemized BIVAC with 
scores, thereby offering a comprehensive solution for high-
quality BV studies. Earlier attempts to simplify BV data 
analysis – most notably the BioVar web tool published in 
2020 [36] and the openly available R script reported in 
2023 [37] – leaves important gaps that the new BV Calculator 
[11] seeks to fill. BioVar provides a point-and-click Shiny 
interface that conducts outlier detection, normality testing, 
steady-state verification, homogeneity assessment, nested 
ANOVA, and report generation [36]. Yet it leaves critical 
exclusion decisions – removing flagged samples, eliminating 
subjects with significant trends – to the user. Although the 
authors describe BioVar as “based on” BIVAC, the tool 
neither creates a structured checklist nor assigns quality 
scores [36]. The R script by van Winden et al. offers no 
graphical user interface, so users must be comfortable with 
R and its packages [37] and it also does not include assess-
ment of BIVAC items.

However, even if the BV Calculator provides support 
for statistical quality, to achieve full BIVAC A classification, 
researchers must also adhere to methodological and pre-
analytical requirements as defined in the EFLM recom-
mendations [8]. Recently, the EFLM groups published the 
STARBIV, which provides an interactive mind-map tool to 
guide researchers through proper conducting and report-
ing of BV studies [9]. While STARBIV standardizes docu-
mentation [9], the BV Calculator [11] complements it by 
delivering the BV estimates. The tool performs BV compo-
nent estimation in accordance with current BIVAC criteria. 
Alternative frameworks for estimating BV – such as 
Bayesian methods [38] and data mining approaches [39, 
40] – exist and can be integrated in the future versions of 
the BV Calculator [11]. There is a clear need to validate and 
standardize the statistical tools used to estimate BV, 
ensuring they align with BIVAC recommendations. As a 
step in this direction, the BV Calculator [11] extends prior 
attempts [36, 37] by embedding BIVAC compliance, audit-
ready reports, and user-friendly interface into one freely 
available web application. Furthermore, the BV calculator 
can be further improved and new recommendations for 
delivery of BV components implemented as they become 
available.
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In conclusion, the BV Calculator is a freely available, 
user-friendly tool developed to facilitate BIVAC compliant 
statistical analysis of BV data. The Calculator should be used 
in combination with expert methodological judgment, 
especially when dealing with heterogeneous populations, 
smaller data sets or measurands influenced by physiological 
factors.
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