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Abstract

Objectives: Automated immunoassays for  1,25-
dihydroxyvitamin D (1,25(0H),D) have increased the use
of serum measurements in clinical and research settings, but
disagreement with LC-MS/MS methods remains an issue.
Methods: In this study, we examined this problem using
samples obtained from healthy young adults, n=80, mean
age 21.7 (18-32) years, and a large cohort of paediatric sam-
ples, n=422, mean age 7.3 (0-17) years. We compared serum
concentrations of 1,25(0H),D3/D2 produced by the DiaSorin
LIAISON® XL immunoassay against an LC-MS/MS method
with immunoaffinity enrichment and DAPTAD derivation.
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Results: Both assays showed intra/inter-assay imprecision
of <9.4% across their respective assay range. DEQAS be-
tween April 2020 to Jan 2024 (n=80) showed mean bias (SD,
95 %CI) for DiaSorin —0.6 % (6.2, —12.8 to 11.6) and LC-MS/MS
of +1.3 % (7.4, —13.3 to 15.8) against their respective method
group means. Comparison of measurements in the adult
samples showed a strong correlation (r’=0.9331) and
concordance (CCC=0.959) between the two methods. LC-MS/
MS values were lower than DiaSorin by an overall mean
(SD, 95%CI) of -1.6 (+14.3, —29.6 to 26.5) pmol/L with an
increased negative bias at higher concentrations. In the
paediatric samples, weaker correlation (r*=0.6536) and
concordance (CCC=0.782) were observed, with greater bias
mean (+SD, 95 %CI) of —-9.8 (+23.4, —55.7 to 35.9) pmol/L. The
variability in the paediatric samples was not associated with
concentration or participant age. There was an increase in
the correlation and concordance when 1,25(0H),D2 was
included in the analysis.

Conclusions: It is likely that the metabolites of vitamin D
present in the paediatric population contributed to the
measurement of 1,25(0H),D. The inconsistent agreement
highlights the need for better assay harmonisation and
paediatric reference intervals using LC-MS/MS method.

Keywords: 1,25-dihydroxyvitamin D; LC-MS/MS; vitamin D
status; immunoassay; paediatric

Introduction

1,25-Dihydroxyvitamin D (1,25(0H),D) is the most biologically
active metabolite of vitamin D in humans; it mediates its effects
through the vitamin D receptor, stimulating the absorption of
calcium and phosphate from the intestine, the retention of
calcium from renal tubules and bone mineralisation. Serum
1,25(0H),D concentration is regulated by the hydroxylating
enzymes expressed by the CYP27B1 and CYP24A1 genes, and
controlled by parathyroid hormone (PTH) and fibroblast
growth factor-23 (FGF23). Deficiency of 1,25(0H),D occurs in
chronic kidney disease-mineral bone disorder (CKD-MBD),
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vitamin D dependent rickets (lo-hydroxylase deficiency),
X-linked hypophosphataemia, and hypoparathyroidism.
Excessive production of 1,25(0H),D occurs in vitamin
D-dependent rickets (end-organ resistance type II) [1],
granulomatosis disease (e.g. sarcoidosis), primary hyper-
parathyroidism, ectopic production (malignancy), and ge-
netic defects resulting in the loss-of-function of CYP24A1
gene in children and adults [2, 3]. Measurements of serum
1,25(0H),D can be used to monitor therapy with vitamin D
analogues (calcitriol) and response to cytochrome P450 in-
hibitors such as ketoconazole treatment for Infantile hy-
percalcemia and hypercalciuria caused by CYP24A1
mutations [2, 4]. Vitamin Metabolite Ratio (VMR) with
24,25-dihydroxyvitamin D (1,25(0H),D:24,25(0H),D VMR)
and 25-hydroxyvitamin D (25(0H)D:24,25(0H),D VMR or
24,25(0H),D:25(0H)D VMR expressed in percentage [5])
can offer a functional approach to identify abnormal
vitamin D metabolism mediated by CYP enzyme de-
ficiencies [6-9].

The use of serum 1,25(0H),D measurements in clinical
diagnostics and research studies is steadily increasing; the
availability of automated immunoassays for 1,25(0H),D has
contributed to its uptake in routine laboratories [10]. The low
circulating concentration (pmol/L) and the lipophilic nature
of 1,25(0H),D, along with the presence of other forms of
mono-, di- and tri-hydroxylated vitamin D metabolites, such
as 1,24,25-trihydroxyvitamin D (1,24,25(0H); D) present
challenges for separation and quantification [10, 11]. Im-
munoassays (radioisotopic or enzyme-labelled) are
commercially available, but there are concerns over assay
specificity and selectivity [12, 13]. There are reports of assay
bias published in the literature; Ivison et al. reported a
negative bias (mean -47.8 %, range —160 to +15 %, n=78) of
their liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method with the IDS radioimmunoassay [14].
Higgins et al. reported a significant disparity between the
DiaSorin LIAISON XL immunoassay and LC-MS/MS
methods in seven pooled neonatal and infantile samples
obtained from the CALIPER cohort; positive bias of up to
26.5% was observed in immunoassay results at higher
1,25(0H),D concentrations [15]. Spanaus et al. evaluated
the IDS iSYS and DiaSorin LIAISON XL immunoassays
compared to their LC-MS/MS method using 93 patient
samples age >18 years; their results showed over-
estimation of 1,25(0H),D by the IDS method (mean 7.0 %,
95 %CI: —69.8 to 83.9 %) and by the DiaSorin method (mean
2.3 %, 95 %CI: —29.2 to 33.7 %) [16].

The objectives of this study were to examine this
recognised issue and elucidate findings using samples
obtained from a cohort of young healthy adults and a large
cohort of children as our comparative populations. We
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compared serum 1,25(0H),D measurements between the
DiaSorin LIAISON XL immunoassay and our LC-MS/MS
method, both of which have well-established records of
proficiency and performance, to discern the discrepancies
between these methodologies and increase our under-
standing of the currently available measurement tech-
niques for 1,25(0H),D.

Materials and methods

The study was conducted at the Bioanalytical Facility, Uni-
versity of East Anglia. Adult samples were obtained from a
British Army study approved by the UK Ministry of
Defence research ethics committee (MODREC 165/Gen/10 and
692/MoDREC/15) ClinicalTrials.gov Identifier NCT02416895.
Serum samples from 80 British Army recruits (49 male, 31
female), with a mean age (range) of 21.7 (18-32) years, were
collected at the start of basic military training. Written
informed consent was obtained from all study participants.
The recruits undertook physical and cognitive testing, and a
detailed medical examination prior to joining the Army. A
health questionnaire indicated that none of the samples
used came from individuals who reported the use of calcium
and vitamin D supplements, use of contraceptives in female
recruits, and pre-existing injury and illness prior to
recruitment. Paediatric samples were obtained from chil-
dren who attended the Jenny Lind Children’s Hospital at the
Norfolk and Norwich University Hospital (NNUH) and
recruited for a study to establish paediatric reference in-
tervals for bone/calcium markers. The study was granted
ethics approval (REC reference: 20/EM/0270). Parental
consent was obtained from all participants; 422 appar-
ently healthy individuals (279 male, 143 female), age mean
(range) 7.3 (0-17) years were included in this study. Sam-
ples used came from individuals who reported not using
vitamin D supplement in the health questionnaire. In-
dividuals presenting with endocrine/metabolic disease
known to affect vitamin D and bone metabolism; condi-
tions such as allergy to dairy products, chronic diseases
including asthma, steroid use and those with a bone
fracture in the preceding 6 months were excluded from
participating in the study. Participants with abnormal
renal and liver function tests, serum calcium, phosphate
and parathyroid hormone (PTH) were excluded from the
study. Our adult and paediatric cohorts represent a rela-
tively healthy and medically screened population.
Venous blood samples were collected into a serum gel
separator tube (BD Vacutainer) and centrifuged after
allowing to clot for 30 min. After a 10 min centrifugation at
1,300 x g, the serum layer was aliquoted into a separate
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polystyrene tube and stored at —20°C until analysis. All
samples were anonymised at the point of access.

1,25(0H),D by immunoaffinity LC-MS/MS
Reagents, standards and controls

Certified pure ethanolic standards for 1,25(0H),D3,
1,25(0H),D2 (Entegris IsoSciences, Ambler, PA, USA) were
spiked into vitamin D depleted serum (BBI Solutions, Cardiff,
UK) to create a series of calibration standards with concen-
trations ranged between 10 and 900 pmol/L. Three pools of
human sera containing 1,25(0H),D3 and 1,25(0H),D2 at 35, 75
and 300 pmol/L were analysed with each batch of samples as
controls. A carbon-13 labelled 1,25(0H),D3-25,26,27-C; (Cer-
illiant, Round Rock, TX, USA) was used as internal standard.
LC-MS grade deionised water and methanol (Honeywell
Riedel-de Haen, Seelze, Germany) were used in the mobile
phases. Formic acid and ethanol were LCMS grade, ethyl
acetate and isopropanol were analytical grade (Fisher Sci-
entificc Loughborough, UK). 1,25(0H),D slurry (cat#
KM1100AS, ImmunDiagnostik, Bensheim, Germany) was
used for immunoaffinity extraction. Stock derivatisation
reagent was made up of 40 mg of 4-[4-(Dimethylamino)
phenyl-1,24-triazolidine-3,5-dione (DAPTAD) (Santa Cruz
Biotechnology, Dallas, TX, USA) with 60 mg of Iodobenzene
diacetate (Sigma-Aldrich, Dorset, UK) in 40 mL of ethyl ace-
tate. The mixture was placed on a magnetic mixer at room
temperature for 3 h until the colourless solution turned red.

Sample preparation procedure

The immunoaffinity step was carried out using 100 uL of
1,25(0H),D antibody slurry with 300 uL of test samples/cali-
bration standards/quality control materials, followed by
200 L of 1,25(0H),D3-25,26,27-°C5 in 50:50 isopropanol/wa-
ter internal standard mixture (100 pmol/L). The samples
were sealed and placed onto a vertical carousel rotator for a
1h incubation at room temperature while rotated end-over-
end at 15 rpm. After the incubation, the samples underwent
three wash/spin cycles with 500 uL of water and centrifuged
at 550 x g for 2 min, followed by 250 uL of ethanol to elute the
samples. The eluents were collected into a collection plate
and then dried under nitrogen gas in a sample concentrator
heated at 60 °C.

The working DAPTAD solution was made up fresh on the
day of use by diluting the stock 1 in 5 with ethyl acetate;
100 pL was used to reconstitute the dried sample. Afteralh
incubation, the dienophilic reaction was terminated by
adding 50 uL of ethanol into each tube. The tubes were
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returned to the sample concentrator for a second dry down
under nitrogen gas heated at 60 °C, and then reconstituted
with 50 uL. of methanol and 50 uL of water. After a brief
vortex, 30 uL of the derivatised samples were injected into
the LC-MS/MS.

LC-MS/MS

Extracted samples were analysed by Waters Xevo TQ-XS
coupled to an Acquity I-class LC-MS/MS system (Waters
Corp., Milford, MA, USA). Chromatographic separation was
achieved using a CORTEC core-shell C18 50 x 2.1 mm, 2.7 pm
with a VanGuard pre-column C18 1.7 um. 5 x 2.1 mm (Waters
Corp., Milford, MA, USA) column heated at 50 °C. A gradient
elution profile was set up to deliver a mixture of the mobile
phase (A) water contained in 0.1% formic acid and
(B) methanol in 0.1 % formic acid at a flow rate of 0.4 mL/min
(Figure 1A). Solvent divert was employed to minimise
contamination to the source of the mass spectrometer.
MassLynx version 4.2 and QuanLynx software (Waters
Corp., Milford, MA, USA) were used for system control, data
acquisition, baseline integration and peak quantification.
Optimisation of MS/MS parameters was performed by direct
infusion of derivatised standards (Table 1). Argon gas was
applied to the collision cell during the Collision Induced
Dissociation (CID) process. The precursor to product ion
transitions for each compound was ascertained based on the
molecular weight of the DAPTAD-derived products
(Figure 1B). A multiple reaction monitoring (MRM) transition
using the 184 Da product ion was included in the acquisition
method to monitor the presence of phospholipids in the
sample matrix.

LC-MS/MS method validation

The LC-MS/MS method was validated for linearity, lower
limits of quantification/detection (LLoQ/D), accuracy, preci-
sion and recovery following the 2022 U.S Food and Drug
Administration (FDA) [17] and the 2023 European Medicines
Agency (EMA) [18] guidance. Due to the lack of NIST standard
reference materials, commercially available certified pure
standards for 1,25(0H),D3 and 1,25(0H),D2 were spiked
gravimetrically into vitamin D-depleted human serum to
create a six-point calibration ranged between 15 and
900 pmol/L, plus a non-spiked zero blank. Assay linearity
was evaluated over six runs across a two-week period. A
standard curve was generated by plotting the ratio of the
analyte peak area to the internal standard peak on the y-axis
against the weighted (1/x) concentration of their respective
standards on the x-axis. The goodness-of-fit of a standard
curve was justified by linear regression that produced a
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Figure 1: Liquid chromatography gradient elution and m/z transition profiles. (A) The percentage composition of mobile phase B (methanol in 0.1 %
formic acid) during a 4 min gradient run. 1,25(0H),D3 peak eluted at 1.10 min. (B, C) Mass spectrum of the precursor ion mass of DAPTAD-derivatised
1,25(0H),D3 (m/z 635) and 1,25(0H),D2 (m/z 647) to fragmentation product ion (m/z 357).

correlation coefficient (r?) value of >0.980, and each cali-
bration standard was within +15 % of the nominal value.
Precision was determined by consecutive measurements of
the three quality controls (QC) spiked at low (30 pmol/L), mid
(75pmol/L) and high (300 pmol/L) concentrations six times
within (intra-assay) and repeatedly over a three-month
period (inter-assay). The QCs provide the basis for accepting
or rejecting the batch; the assay acceptance criteria require
over half of the IQC samples analysed in each batch to

produce results within +10 % of their respective target value
and 20 % at LLoQ. A precision profile was carried out to
determine the LLoQ and LLoD of the assay; samples con-
taining 1,25(0H),D3 and 1,25(0H),D2 at concentrations of 5,
10, 15, 20, 25 and 30 pmol/L were each analysed six times, the
CVs of each sample were plotted against their respective
concentration. The analyte peak must produce a signal-to-
noise (s/n) ratio of 10:1; the LLoQ was established at the
concentration with a CV 0f 15 %. The accuracy and extraction
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Table 1: Mass spectrometer settings and MRM precursor to product ion
transitions for 1,25(0H),D3/D2.

Parameters Setting

Ion source Electrospray positive
Capillary voltage 1.7kV

Cone energy 30V
Collision energy 27 eV
Nebuliser gas flow rate 7.0 bar
Cone gas flow rate 150 L/h
Desolvation gas flow rate 600 L/h
Collison gas flow rate 0.18 mL/min
Source temperature 150°C
Desolvation gas temperature 200°C

m/z transitions (precursor > product)

1,25(0H),D3 635>357
1,25(0H),D2 647>357
1,25(0H),D3-[*C5] 638>357

efficiency of the method was assessed by spike and recov-
ery performed at low, medium and high concentrations
into serum and pooled EDTA. Carry-over was tested by
analysis of a blank sample following an injection of a
1 umol/L. 1,25(0H),D3 and 1,25(0H),D2 spiked sample. A
sample matrix comparison was carried out using paired
serum and EDTA plasma (n=30); regression correlation
coefficient (r*) and Bland-Altman were used to assess the
limits of agreement.

The LC-MS/MS method was registered with the Vitamin
D External Quality Assessment Scheme (DEQAS) in January
2020. Between April 2020 and January 2024, the method
had submitted returns (n=80). The submitted results were
compared against the LC/MS method group mean values.

Method comparison

Total 1,25(0H),D values generated by the LC-MS/MS method
were compared with the DiaSorin LIAISON® XL 1,25(0H),D
chemiluminescent immunoassay (Stillwater, MN, USA). The
sandwich assay utilised a the ligand binding domain (LBD) of
the vitamin D receptor for the capture of 1,25(0H),D mole-
cules, followed by a murine monoclonal antibody detection
system. The assay measures total 1,25(0H),D between 12 and
480 pmol/L, the inter/intra-assay CV was <9.2 %. The mean
assay recovery was 94 + 2 %. Our Vitamin D External Quality
Assessment Scheme (DEQAS) returns from April 2020 to Jan
2024 (n=80) for the DiaSorin assay showed an average (+SD,
95 %CI) bias of —0.6 % (6.2, —12.8 to 11.6) against the DiaSorin
method group mean.
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Serum samples from both the adult (n=80) and paedi-
atric (n=422) cohorts were analysed by the immunoassay and
the LC-MS/MS method. Sample analysis was carried out on
the same sample aliquot and following the first freeze-thaw
cycle to minimise effects from storage.

Statistical analysis

Descriptive statistics, scatterplots, linear regression and
Bland-Altman plots were constructed and analysed by
GraphPad Prism 10 (GraphPad, San Diego, CA, USA) analysis.
Statistical significance was defined as p<0.05. All numerical
data were visually examined and checked for transcrip-
tional, pre/post analytical errors before statistical analysis.
Confidence interval (CI) was established at 95 % of the pop-
ulation. Passing-Bablok regression and Lin’s concordance
correlation coefficient CCC (pc) were used to assess the
comparability of results between methods.

Results
Assay performance

Method validation results are summarised in Table 2. The
assay achieved linearity, sensitivity, precision, and demon-
strated reproducible recovery to satisfy our method valida-
tion criteria. Carry-over testing confirmed no peaks were
present during the analysis of a blank sample following an
injection of a sample spiked with high concentrations
(1 pmol/L) of 1,25(0H),D3 and 1,25(0H),D2. No interfering
peak was found in all analyte transitions. The LLoQ of the
method was established by the analysis of a series of samples
that contained a decreasing concentration of analytes. The
lowest 1,25(0H),D3 and 1,25(0H),D2 concentrations deter-
mined with a CV of 15 % were 10 pmol/L.

DEQAS proficiency performance

Passing-Bablok regression analysis between the total
1,25(0H),D values produced by the DAPTAD LC-MS/MS method
with the DEQAS LC-MS method group mean (Figure 2A) showed
a highly significant correlation y=1.053x-3.707, r’=0.9445,
p<0.001. Bland-Altman residual plot (Figure 2B) showed a mean
(£SD, 95 %CI) bias of +1.3% (7.4, —13.3 to 15.8). None of the
values deviated outside the +30 % from the mean and, there-
fore, met the DEQAS performance proficiency criteria.
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Table 2: Performance characteristics of the DAPTAD 1,25(0H),D LC-MS/MS method. Recovery was determined by spiking fixed amounts of 1,25(0H),D3
and 1,25(0H),D2 into vitamin D depleted serum and a pool of EDTA plasma containing endogenous 1,25(0H),D. Each spiked sample was analysed six

times in separate runs.

1,25(0H).D3

1,25(0H),D2

Linearity, pmol/L (typical r?)
LLoQ (LLoD), pmol/L

Imprecision pmol/L (+SD), %CV Intra-assay (n=6)

Inter-assay (n=18)

0-900 (0.977) 0-900 (0.985)

10 (5) 10 (5)
37.1(£3.5)9.4% 39.7 (£3.6) 9.0 %
75.6 (£5.6) 7.4 % 81.5(+4.9) 6.0 %
305.5 (+6.2) 2.0 % 4347 (£11) 2.5 %
33.9(+2.9)8.7% 41.3(+£3.8) 9.1 %
90.1 (+6.0) 6.7 % 125.2 (+8.5) 6.8 %
280.8 (+9.4) 3.4 % 287.5 (+13.0) 4.5 %

Recovery spiked conc. pmol/L (mean recovery% +SD)

Spiked into pooled EDTA plasma®

Sample matrix comparison

Spiked into vitamin D depleted serum

Paired serum/EDTA plasma (n=30)

+50 (109 %=+2.1)
+100 (93 %=6.5)
+300 (92 %=8.2)

+50 (115 %+6.5)
+100 (91 %=4.6)
+300 (94 %+1.2)

+50 (103 %=+2.5) +50 (97 %+3.5)
+100 (108 %=5.6) +100 (105 %=5.6)
+300 (93 %=6.2) +300 (95 %+6.2)

y=1.022x-2.093, r*=0.98, p<0.001
Limits of agreement: mean (+SD, 95 %CI)
-0.33 (3.6, -7.4 to 6.8) pmol/L

?Pooled EDTA plasma contained 164.3 pmol/L of 1,25(0H),D3 and 19.2 pmol/L of 1,25(0H),D2.

Comparison of LC-MS/MS vs. DiaSorin
LIASON XL 1,25(0OH),D in adult and paediatric
samples

Results from the 80 adult and 422 paediatric samples were
included in the data analysis. Statistical analyses on
1,25(0H),D were performed on the total (sum of 1,25(0H),D3
+ 1,25(0H),D2) value. The distributions were untrimmed,
and no outlier was removed. Summary of the 1,25(0H),D
distribution by LC-MS/MS is shown in Table 3. 1,25(0H),D2
was detected in 9.9 % of the paediatric and none in the adult
cohort.

In the adult samples, comparison of LC-MS/MS values
with those obtained by DiaSorin immunoassay showed a
highly significant correlation y=0.8606x + 11.48, r*=0.9331,
Pp<0.001 (Figure 3A) and a strong concordance correlation
coefficient CCC (95 %CI) of 0.959 (0.939-0.973). Bland-Altman
plot revealed that the LC-MS/MS values were lower than
DiaSorin by an overall mean (+SD, 95 %CI) of -1.6 (+14.3, -29.6
to 26.5) pmol/L (Figure 3B), and showed a trend of increasing
negative disparity at higher concentrations. In the paediatric
samples, the regression coefficient between the two methods
y=0.8121x 15.44, r*=0.6536, p<0.001 (Figure 3C) was much
weaker than the adult cohort, with a moderate concordance
CCC of 0.782 (95 %CI 0.743—-0.815). Bland-Altman plot indicated
LC-MS/MS values were lower than DiaSorin with greater
discrepancy between the two methods; overall mean (+SD,
95 %CI) of -9.8 (+23.4, —55.7 to 35.9) pmol/L (Figure 3D). The

variability was independent of the total 1,25(0H),D concen-
tration and age of the participant (Figure 3E). Subset analysis
of the paediatric samples with undetectable 1,25(0H),D2
(n=380) showed concordance coefficient CCC=0.732 (95 %CI
0.684-0.774); whereas in samples with 1,25(0H),D2 and
1,25(0H),D3 (n=42) showed higher regression coefficient
y=0.8491x 5.12, r*=0.9178, p<0.001 and stronger concordance
CCC=0.914 (95 %CI 0.845-0.953) (Table 4).

Discussion

In this study, we described a robust LC-MS/MS assay for the
measurement of 1,25(0H),D3 and 1,25(0H),D2 and showed
differences in agreement with the DiaSorin immunoassay
method. Both assays have been routinely used in our labo-
ratory for over four years and demonstrated excellent long-
term assay performance and proficiency in the DEQAS
scheme. Despite this, there are significant disagreements
between the measurement values produced by the assays.
Overall, LC-MS/MS values were lower than the DiaSorin
immunoassay, which aligns with findings in published
studies [14-16, 19]. In the adult cohort, the negative bias was
more significant in samples with higher 1,25(0H),D. The
discrepancy in concentration was greater in the paediatric
cohort, which was not associated with the age of the
participant. A significant number of the paediatric samples
(n=42) had detectable concentrations of 1,25(0H),D2, which
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Figure 2: Comparison of 1,25(0H),D on DEQAS returns submitted during
April 2020 and January 2024 with DEQAS LC-MS method group mean
(n=80). (A) Passing-Bablok regression analysis showing a highly signifi-
cant correlation (r>=0.9445, p<0.001). The black solid line represents the
line of regression, the 95 % confidence bands in grey solid line, and the
dashed line represents the line of identity. (B) Bland-Altman residual plot
showing the percentage deviation of the measurements with DEQAS
LC-MS group mean values. The dashed lines represent the mean bias. The
dotted lines represent +30 % bias limits.

constituted 10 % of the total 1,25(0H),D concentration. Our
analysis in this subset of samples that contained both
1,25(0H),D2 and 1,25(0H),D3 showed higher regression and
concordance correlation coefficient than samples without
1,25(0H),D2 (Table 4). The evidence suggests the DiaSorin
assay exhibits varying selectivity for the 1,25(0H),D3 and
1,25(0H),D2 molecules, resulting in inconsistent agreement
in total measurements and in samples that contained
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1,25(0H),D2. This variability did not exist in the adult cohort
where 1,25(0H),D2 was not detected. The greater variability
that remains and poorer correlation in the paediatric cohort
suggest that other cross-reacting metabolites of vitamin D
exist in the paediatric population and are being detected by
the antibodies employed in the DiaSorin assay. Greater
variability in other 1,25(0H),D immunoassays previously
reported [14-16, 19] may reflect different affinities of the
antibodies employed in the assays for various vitamin D
metabolites. These cross-reacting molecules could give rise
to spuriously high 1,25(0H),D concentrations in immunoas-
says, especially in paediatric samples.

Along-standing issue that has yet to be addressed by the
External Quality Assessment schemes is the method-specific
bias caused by predominantly immunoassay participants.
Standardisation with a common gold reference standard like
those from the National Institute of Standards and Tech-
nology (NIST) would reduce inter-laboratory variability and
improve the commutability of results across laboratories,
but it cannot eliminate the inherent difference in the type of
method i.e. by mass or antibody interactions. The disparity is
likely due to the cross-reactivity of the antibodies used in the
immunoassay with other matrix components [20-22], the
effects of which could be exacerbated in patients presenting
with complex pathophysiological conditions [23-25], result-
ing in false interpretation of 1,25(0H),D and the respective
ratio with other vitamin D metabolites. Sajid et al. reported a
case of vitamin D intoxication from a patient whose grossly
elevated 1,24,25(0OH)3D3 attributed to cross-reactivity with
the DiaSorin LIASON XL assay. This resulted in a falsely
elevated 1,25(0H).D value, which was later found to be
normal through LC-MS/MS [26]. Given the structural simi-
larity of 1,24,25(0H)sD with 1,25(0H).D and its affinity for the
vitamin D receptor [27], 1,24,25(0H);sD could be mis-
recognised as 1,25(0H);D and detected by the DiaSorin
method. The effect of interference could be exacerbated by
hypervitaminosis D, where the 24-hydroxylation pathway is
‘switched on’ by CYP24A1 to divert excessive 25(0H)D to
24,25(0H).D and 1,25(0H).D to 1,24,25(0H)sD. More con-
cerning is the profound elevation of 24,25(0H),D can remain
high long after the withdrawal of vitamin D supplementa-
tion. The authors had reported in a study of elite athletes

Table 3: Distribution of 1,25(0H),D concentrations in the adult and paediatric samples by LC-MS/MS.

Cohort Profile n Mean SD Min 5th percentile 25th percentile Median 75th percentile 95th percentile Max
Adult, pmol/L 1,25(0H),D3/total 80 91.2 47.4 15.6 26.8 58.1 829 1184 202.1 236.1
1,25(0H),D2 0 - - - - - - - - -
1,25(0H),D, total 422 125.8 41.0 37.5 76.6 99.1  121.2 147.0 191.6 4594
Paediatric, pmol/L  1,25(0H),D3 422 1237 39.8 375 73.9 974 1206 143.8 190.7 437.7
1,25(0H),D2 42 207 16.2 10.3 10.5 12.5 16.3 211 743 852
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Table 4: Passing-Bablok and Lin’s concordance correlation analyses comparing LC-MS/MS and DiaSorin methods in the paediatric cohort, subdivided
into those with and without 1,25(0H),D2 present.

Passing-Bablok regression analysis Concordance correlation

analysis
Paediatric cohort n Slope (95 %CI) Intercept (95 %CI) r? p-Value ccc 95 %CI Cb
1,25(0H),D, all 422 0.8121 (0.7554-0.8688) 15.44 (7.508-23.38) 0.6536 <0.01 0.782 0.743-0.815 0.967
1,25(0H),D, D3 only 380 0.7666 (0.7015-0.8318) 20.86 (11.93-29.80) 0.5847 <0.01 0.732 0.684-0.774 0.957
1,25(0H),D, D3+D2 42 0.9178 (0.7907-1.045) 5.12 (-15.81-26.05) 0.8491 <0.01 0.914 0.845-0.953 0.992

r?, regression coefficient; CCC, concordance correlation coefficient; CI, confidence interval; Cb, bias correction.
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supplemented weekly with high doses of 35,000 IU and
70,000 IU for 12 weeks, the serum 24,25(0H).D concentration
remained elevated for up to six weeks after the withdrawal
of treatment [28], far exceeding the expectant half-life of
7.5 days [29], suggesting CYP24A1 can remain stimulated to
protect against lateral effects from vitamin D overexposure.

It is plausible that metabolites resulting from 24-
hydroxylation may contribute to the observed disparities
in the paediatric cohort. The metabolites 1,24(0OH),D and
1,24,25(0H)sD exhibit biological activities, albeit with lower
potency compared to 1,25(0H),D [27]. These metabolites are
associated with the growth processes that may have a higher
prevalence in children. Whilst we did not identify an asso-
ciation with the age of the children, our findings showed a
greater disparity in samples containing only 1,25(0H),D3,
suggesting the di- and tri-hydroxylated forms of the vitamin
D3 metabolites to be the likely sources of interference. Given
the uncertainty, we recommend LC-MS/MS measurements of
1,25(0H),D for all paediatric and adult samples. In particular,
where the diagnosis of vitamin D does not fit with the
elevated serum 1,25(0H),D concentrations. We suggest the
establishment of a specific reference range and interpreta-
tion guidelines for 1,25(0H),D in infants and children by LC-
MS/MS methods, separate from adults.

The strength of our study lies in the robust methods and
the chosen cohort; the LC-MS/MS assay performance was
validated extensively with long-term records of external
quality control. Likewise, the DiaSorin LIASON XL immuno-
assay is the most widely used and represents more than 60 % of
the DEQAS participants (http://www.deqas.org/; accessed on
May 25, 2024). The samples used in the method comparison
were obtained from apparently healthy individuals. The large
number of participants in the paediatric cohort, along with our
inclusion criteria, enabled us to confidently establish a refer-
ence population and identify significant trends. The limitations
are that we did not analyse vitamin D binding protein (VDBP)
and the epimer forms of 1,25(0H),D in the samples; both are
more prevalent in infants and may interfere with the assays.
Higgins et al. previously ruled out 3-epi-1,25(0H),D as a possible
cause of the discrepancy between the DiaSorin and LC-MS/MS
methods [15].

In conclusion, we described an immunoaffinity LC-MS/MS
method using DAPTAD derivatisation for the quantification of
serum 1,25(0H),D3 and 1,25(0H),D2 and found disagreement
with the DiaSorin immunoassay in paediatric samples and in
adults with elevated concentrations. The comparability issue
bears the hallmarks of those observed in the early stages of 25-
hydroxyvitamin D assay harmonisation, highlighting the need
for better standardisation and alignment. We support the call
for the inclusion of a reference 1,25(0H),D LC-MS/MS method
in the External Quality Assurance scheme to facilitate
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standardisation efforts. We strongly advocate the establish-
ment of paediatric reference intervals using a LC-MS/MS
method to ensure accurate and reliable interpretation of
1,25(0H),D concentrations in this population.
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