
Etienne Cavalier*, Callum G. Fraser, Harjit Pal Bhattoa, Annemieke C. Heijboer, Konstantinos Makris,
Samuel Vasikaran, Loreen Huyghebaert, Stéphanie Peeters, Caroline Le Goff andMarkus Herrmann,
Anna Carobene and the IFCC-IOF Committee for Bone Metabolisma

Analytical performance specifications for the
measurement uncertainty of
24,25-dihydroxyvitamin D examinations
https://doi.org/10.1515/cclm-2023-0176
Received February 21, 2023; accepted March 19, 2023;
published online March 31, 2023

Abstract

Objectives: The exploration of the metabolites in the
degradation pathways of vitamin D (VTD) has gained
importance in recent years and simultaneous quantitation
of twenty-five-hydroxy vitamin D (25(OH)D) mass concen-
tration together with 24,25-dihydroxyvitamin D (24,25(OH)
2D) has been proposed as a newer approach to define VTD
deficiency. Yet, no data are available on 24,25(OH)2D bio-
logical variation (BV). In this study, we evaluated 24,25(OH)
2D’s BV on the European Biological Variation Study (EuBI-
VAS) cohort samples to determine if analytical perfor-
mance specifications (APS) for 24,25(OH)2D could be
generated.
Methods: Six European laboratories recruited 91 healthy
participants. 25(OH)D and 24,25(OH)2D concentrations in
K3-EDTA plasma were examined weekly for up to 10 weeks
in duplicate with a validated LC-MS/MS method. The

Vitamin D Metabolite Ratio (24,25(OH)2D divided by 25(OH)
D × 100) was also calculated at each time point.
Results: Linear regression of the mean 24,25(OH)2D con-
centrations at each blood collection showed participants
were not in steady state. Variations of 24,25(OH)2D over
time were significantly positively associated with the
slopes of 25(OH)D concentrations over time and the con-
centration of 25(OH)D of the participant at inclusion, and
negatively associated with body mass index (BMI), but not
with age, gender, or location of the participant. The vari-
ation of the 24,25(OH)2D concentration in participants
over a 10 weeks period was 34.6%. Methods that would
detect a significant change linked to the natural produc-
tion of 24,25(OH)2D over this period at p<0.05 would need
a relative measurement uncertainty (u%)<14.9% while at
p<0.01, relative measurement uncertainty should be
<10.5%.
Conclusions: We have defined for the first time APS for
24,25(OH)2D examinations. According to the growing inter-
est in this metabolite, several laboratories and manufac-
turers might aim to develop specific methods for its
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determination. The results presented in this paper are thus
necessary prerequisites for the validation of such methods.

Keywords: 24,25(OH)2D; 25(OH)-vitamin D; analytical
performance specifications biological variation; mea-
surement uncertainty; vitamin D; Vitamin D Metabolite
Ratio (VMR).

Introduction

The exploration of the metabolites in the degradation
pathways of vitamin D (VTD) has gained importance in
recent years. In humans, 25-hydroxyvitamin D (25(OH)D)
and 1,25-dihydroxyvitamin D (1,25(OH)2D) are metabolized
into 24,25-dihydroxyvitamin D (24,25(OH)2D) and 1,24,25
trihydroxy vitamin D (1,24,25(OH)3D) by the CYP 24A1 gene
which instructs for a 24-hydroxylase enzyme, mutations of
which lead to severe idiopathic infantile hypercalcemia [1]
or hypercalcemia [2]. Simultaneous quantitation of 25(OH)
D and 24,25(OH)2D has been proposed as a newer approach
to define vitamin D deficiency [3].

To date, 24,25(OH)2D can only be quantitated by liquid
chromatography coupled with mass spectrometers in tandem
(LC-MS/MS). A candidate referencemethod has been published
[4] and standards from National Institute of Standards and
Technology (NIST) are available, as well as an external quality
assessment scheme (DEQAS) proposing certified values for
24,25(OH)2D.Wehave recently shownavery goodconcordance
between two different LC-MS/MS methods for 24,25(OH)2D
measurement [5]. Nevertheless, no data are available on the
components of biological variation (BV) of this metabolite,
which is a necessary prerequisite to set analytical performance
specifications (APS) [6]. In a recent paper, we used samples
generated in the European Biological Variation Study (EuBI-
VAS) [7] to set APS for 25(OH)D [8]. Our results showed that the
traditional approach to the generation and application of data
on BV was not applicable to 25(OH)D since random variation
around a fixed homeostatic setting-point of 25(OH)D concen-
tration over time was not found. However, we proposed
another approach to determine APS for 25(OH)D examinations
based on measurement uncertainty and physiological varia-
tion of 25(OH)D concentrations over time.

In this study, we aimed to evaluate the BV of 24,25(OH)2D
on the same EuBIVAS samples as used for 25(OH)D to assess if
APS for this metabolite of interest could be generated.

Materials and methods

Biological variation data derived from the EuBIVAS

The EuBIVAS study involved six European laboratories located in
Milan (Italy, 45.47°N, 9.19°E), Padua (Italy, 45.41°N, 11.87°E), Bergen

(Norway, 60.39°N, 5.33°E), Madrid (Spain, 40.42°N, 3.70°W), Assen (The
Netherlands, 52.99°N, 6.6°E), and Istanbul (Turkey, 41.01°N, 28.97°E) [7].
At the beginning of the study, 105 subjects were recruited. Three
subjects were not included in the final cohort after application of the
inclusion/exclusion criteria at the first collection, and five people
withdrew during the study for personal reasons. The final study
population for sample collection consisted of 97 presumed healthy
volunteers, among which six were excluded for various reasons (see
[7] for more details). Among these 91 subjects, sufficient sample vol-
umewas available to examine 24,25(OH)2D in 80 of them (33 males and
47 females; age range: 21–69 years).

The participants completed an enrolment questionnaire to pro-
vide information on their lifestyle and presumed health status, which
was further verified by a set of commonly performed laboratory tests
during each collection. One potential participant was taking vitamin D
supplementation and was therefore excluded. All laboratories fol-
lowed the same protocol for the pre-examination phase. Fasting blood
samples were drawn by venepuncture weekly for 10 consecutive
weeks (April–June 2015) on a set day (Tuesday–Friday) and, at the
same time (e.g., between 08.00 and 10.00 at each weekly visit) by the
same phlebotomist at most visits, further minimising variation. Seventy-
seven participants completed all 10 collections, 10 participants completed
nine collections, two participants completed eight collections, and two
participants completed seven collections. The K3-EDTA plasma samples
collected by each laboratory were sent frozen on dry ice to San Raffaele
Hospital, Milan, Italy. The samples were stored in a −80 °C freezer until
they were shipped on dry ice to the CHU de Liège, Belgium, where
24,25(OH)2D concentrations were examined in 2019.

The EuBIVAS protocol was approved by the Institutional Ethical
Review Board of San Raffaele Hospital in agreement with the World
Medical Association Declaration of Helsinki (protocol number: WG-BV
project #001, 50/INT 2014) and by the Ethical Board/Regional Ethics Com-
mittee for each laboratory. All participants signed awritten consent form.

Analytical methods

We measured 24,25(OH)2D and 25(OH)D concentrations with a LC-MS/
MS method that we developed in-house [10]. This method was recently
compared with another and gave similar results [5]. The CHU de Liège
laboratory participates in the DEQAS survey for 24,25(OH)2D and
25(OH)D and the method is recognized as traceable to the Centers for
Disease Control and Prevention (CDC) reference method according to
the Vitamin D Standardization-Certification Program (VDSCP) [9]. In-
ternal quality control materials (two concentrations) were measured
at the beginning and end of each run. The limit of quantitation (LoQ)
for 24,25(OH)2D was set at 0.26 μg/L.

Data analysis

Samples donated from each participant were measured in duplicate
within the same run on a single day. To evaluate the general trend in the
overall 24,25(OH)2D over the study period, we calculated the regression
of the mean of the duplicate measurements from every blood collection
1,2… 10 vs. the blood draw number (1–10). Subjects were considered in
steady state if the 95% confidence intervals (CI) of the slope of the
regression line included zero.

We also calculated the Vitamin D Metabolite Ratio (VMR) ratio as
being the ratio of 24,25(OH)2D divided by 25(OH)D × 100 [10].

We calculated the relative measurement uncertainty (u%) [11]
necessary to observe a significant change of 24,25(OH)2D concentrations

2 Cavalier et al.: APS for 24,25-dihydroxyvitamin D



over the 10 weeks period with a defined probability according to
the approach that we previously published [8] as Change over
10 weeks = 21/2 × u% × Z with Z=1.645 and Z=2.326 for an unidirectional
change probability of 95 and 99%, respectively.

Data analyses were performed using Microsoft Excel 2010 and
Medcalc (Ostend, Belgium).

Results

Two of the 80 participants had 24,25(OH)2D concentrations
that were below the LoQ at the time of enrolment and
remained undetectable throughout the 10 weeks study
period. The 25(OH)D concentrations of these participants
were 5.2 and 5.0 μg/L, and they were both from Istanbul. The
overall mean 24,25(OH)2D concentration in the remaining

78 subjects was 1.52 μg/L 95% confidence interval (CI):
(1.47–1.57 μg/L) and the mean analytical coefficient of
variation (CVA) determined from duplicate tests was 4.8%
(95% CI: 4.5–5.1%) (Table 1).

A linear regression of the mean of the duplicate concen-
trations from each blood collection against the number of
collections revealed that the participants were not in a steady
state with respect to 24,25(OH)2D concentrations, since the 95%
confidence interval for the slope did not contain zero. Figure 1
demonstrates that, regardless of the geographic location of the
participants, 24,25(OH)2D concentrations tended to increase
linearly with sampling time during the 2015 European spring.
According to the Cochran test [12], this set of data could not be
considered homogeneous, which is a prerequisite for the esti-
mation of within-subject (CVI) and between-subject (CVG) BV.

Table : Mean ,-dihydroxyvitamin D (,(OH)D) concentration in the European Biological Variation Study (EuBIVAS) cohort.

Number of
individuals

Total number
of results

Mean number of
samples/individual

Mean number of
replicates/sample

Mean concentration
(% CI)

CVA, %
(% CI)a

.(OH)D,
µg/L

All  , . . . .
(.–.)(.–.)

Men   . . .
(.–.)

Women   . . .
(.–.)

aAnalytical variation (CVA) estimates were based on CV-ANOVA of duplicate analyses of all study samples.
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Figure 1: Evolution of 24,25(OH)2D over a 10 weeks period in ostensibly healthy participants from six different European cities during spring 2015.
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Figure 1 demonstrates that the mean 24,25(OH)2D concen-
tration for the groups of participants varied geographically
(i.e., the intercepts varied) and increased at slightly different
rates for each location (i.e., the slopes differed). However,
there was no significant association between location and
the changes in the slopes of the individual participants of
24,25(OH)2D over time. Indeed, a multiple regression anal-
ysis revealed that the variations of 24,25(OH)2D over time
were significantly positively associated with the slopes of
25(OH)D concentrations over time (p<0.0001) and the con-
centration of 25(OH)D of the participant at inclusion (p=0.02),
and negatively associated with Body Mass Index (BMI)
(p=0.03), but not with age, gender, or location of the partic-
ipant (p>0.05). 66% of the variation of 24,25(OH)2D over time
could be explained by the variations of 25(OH) over time, the
concentration of 25(OH)D at inclusion, and BMI, according to
a model of backward regression.

Themeanweekly variation of 24,25(OH)2D concentration
over time (± relative standardmeasurement uncertainty)was
3.3 ± 1.8%. In consequence, a reference method procedure
aiming at detecting such a variation should present a u<3.3%.
But from a clinical perspective, there is no need to consider
measuring 24,25(OH)D in such a short period as a week.
Indeed, it seems to be good clinical practice to verify an
inappropriately low 24,25(OH)2D in a hypercalcaemic patient
presenting with renal calculus recurrence and low para-
thyroid hormone concentrations after a physiological sun-
shine exposure or a low dose vitamin D supplementation
before going for expensive genetic testing. Figure 2 shows the

regression of the 24,25(OH)2Dmeanweekly concentrations vs.
the study week. This regression shows that the physiological
variation of the 24,25(OH)2D concentration in participants
over a 10 weeks period was 34.6%. Hence, a method that
would detect a significant change linked to the natural pro-
duction of 24,25(OH)2D when the individuals are exposed to
spring sunshine over a 10 weeks period at p<0.05 would need
a u% derived from this equation: 34.6% = 21/2 × u% × 1.645,
namely a u<14.9%. If it was deemed clinically necessary to be
more certain that an increase had occurred, for example, at
p<0.01, the appropriate Z-score should be 2.326 so that the APS
for the measurement uncertainty would be <10.5%, since the
formula would become 34.6% = 21/2 × u% × 2.326.

The mean VMR for the 78 participants was 7.5 (95% CI:
7.4–7.6), and the p 2.5 and p 97.5 (CI) values were 3.4 (3.1–3.6)
and 12.8 (12.5–13.3), respectively (Table 2). Figure 3 depicts
the regression equation for the VMR over the 10 donations.
The slope of the regression was significantly different from
zero, as the 95% confidence interval did not fully encom-
pass this value (0.0391; 95% CI: 0.0060–0.07230). The VMR
increased by 4.8% over the preceding 10 weeks.

Discussion

The degradation pathway of vitamin D has gained consid-
erable interest in clinical practice and the VMR, that is the
Vitamin DMetabolite Ratio (24,25(OH)2D/25(OH)Dmultiplied
by 100), has been proposed as a biomarker of vitamin D
sufficiency which could replace serum 25(OH)D alone as an
interesting alternative to define vitamin D deficiency [3, 13].
To the best of our knowledge, this is the first report pre-
senting the natural evolution of 24,25(OH)2D and VMR over
time in a healthy population. EuBIVAS has so far delivered
BV estimates and APS related for 81 different measurands
[14], the results ofmost are summarized in [15]. The EuBIVAS
approach presents a number of benefits. Firstly, it is suffi-
ciently powered to enable subgroup analysis. This has
allowed gender specific data and for some measurands also
menopausal age specific data [14], which until this point
have been unavailable for many measurands. Secondly, the
BV estimates have been obtained based on current best-
practice recommendations for study design [14]. Moreover,

y = 0.0499x + 1.2499
R² = 0.9727
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Figure 2: Regression of the 24,25(OH)2Dmeanweekly concentrations vs.
the study week.

Table : Vitamin D Metabolite Ratio (VMR – [,-dihydroxyvitamin D divided by  hydroxy vitamin D] × ) observed in the EuBIVAS cohort.

Number of individuals Total number of results Mean value (% CI) . fractile (% CI) . fractile (% CI)

VMR All  , . (.–.) . (.–.) . (.–.)
Men   . (.–.) .a .a

Women   . (.–.) .a .a

aInsufficient number of samples to calculate the % confidence intervals (CI).
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the absence of clear differences between groups from
Turkey, Norway, The Netherlands, Spain, and Italy, demon-
strated also by the Principal Component Analysis, an unsu-
pervised machine learning approach [16], confirms that the
obtained data are internationally transportable across
healthcare systems and that they can be used to deliver APS
for systems to be used internationally.

Our results show that, compared to the natural change
of 25(OH)D over the same period, as we have documented
[8], the change of 24.25(OH)2D was very similar (31.6 vs.
34.6%, respectively), which leads tominimal increase of the
VMR over time. The parallel evolution of the two metabo-
lites is clinically interesting. Indeed, our data show that any
change in 25(OH)D is mirrored by a change in 24,25(OH)2D
leading to an equilibrium between the moieties. Hence, the
ratio seems to be stable in the individuals who presented
24,25(OH)2D concentrations higher than the analytical LoQ.
Interestingly, a more prescriptive analysis of our results
showed that eight subjects with low 25(OH)D concentra-
tions at inclusion to the study presented 24,25(OH)2D con-
centrations initially lower than the LoQ. Among six of these
participants, 24,25(OH)2D becamemeasurable when 25(OH)
D concentrations increased over time (range: 2–9 weeks).
The 25(OH)D concentrations of these participants at inclu-
sion ranged from 5.8 to 14.5 μg/L (mean: 9.9 μg/L). Once it
was possible to calculate the VMR, it did not significantly
change over time. Finally, in two participants, 25(OH)D
concentration did not increase over time, neither did their
24,25(OH)2D. Future studies would be interesting to provide
results on the variation of the VMR over a longer period of
time like a year period.

From other important perspectives, our results show
that the traditional approaches to the generation and
application of data on BV was neither applicable to

24,25(OH)2D, as it was similarly the case for 25(OH)D, since
the participants were clearly not in steady-state with
regard to 24,25(OH)2D concentrations over time. We thus
used the approach based on measurement uncertainty to
define APS for 24,25(OH)2D based on the physiological vari-
ation of this vitamin D metabolite. Our results show that a
reference method procedure (RMP), which should be able to
detect a weekly variation of the metabolite, should have a
u<3.3%. In the development of their RMP for 24,25(OH)2D, Tai
et al. achieved an expanded uncertainty of <2.8% [4], which
is totally consistent with the proposals we have documented
here. The mean increase of 24,25(OH)2D over a 10 weeks
period was 34.6%. Accordingly, a routine method which
would aim at detecting an increase of 24,25(OH)2D over
10 weeks would require u<14.9 and <10.5% respectively for a
95 or 99% probability of detection. Interestingly, when we
validated a routine LC-MS/MS method for 24,25(OH)2D [10]
we found that the u ranged from 5.3 to 11.6% (for concen-
trations ranging from 1.4 to 2.7 μg/L).

In conclusion, for the first time, we have defined APS
for 24,25(OH)2D examinations. According to the growing
interest in this metabolite, several laboratories and man-
ufacturers might aim to develop specific methods for its
determination. The results presented in this paper are thus
necessary prerequisites for the validation of such methods.
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