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Abstract: Measurement of vitamin D status has significant use in clinical and research settings,
including during pregnancy. We aimed to assess the agreement of total 25-hydroxyvitamin
D (25(OH)D) concentration, and its three analytes (25-hydroxyvitamin D3 (25(OH)D3),
25-hydroxyvitamin D2 (25(OH)D2) and Epi-25-hydroxyvitamin D3 (Epi-25(OH)D3)), in plasma
and serum samples collected during pregnancy, and to examine the proportion of women who change
vitamin D status category based on sample type. Matching samples were collected from n = 114
non-fasting women between 12–25 weeks gestation in a clinical trial in Newcastle, Australia. Samples
were analysed by liquid chromatography-tandem mass-spectrometry (LC-MS/MS) to quantify total
25(OH)D and its analytes and examined using Bland-Altman plots, Pearson correlation (r), intraclass
correlation coefficient and Cohen’s Kappa test. Serum total 25(OH)D ranged from 33.8–169.8 nmol/L
and plasma ranged from 28.6–211.2 nmol/L. There was a significant difference for total 25(OH)D
based on sample type (measurement bias 7.63 nmol/L for serum vs plasma (95% Confidence Interval
(CI) 5.36, 9.90, p ≤ 0.001). The mean difference between serum and plasma concentrations was
statistically significant for 25(OH)D3 (7.38 nmol/L; 95% CI 5.28, 9.48, p ≤ 0.001) and Epi-25(OH)D3

(0.39 nmol/L; 95% CI 0.14, 0.64, p = 0.014). Of 114 participants, 28% were classified as vitamin D
deficient (<50 nmol/L) or insufficient (<75 nmol/L) based on plasma sample and 36% based on serum
sample. Nineteen (16.7%) participants changed vitamin D status category based on sample type.
25-hydroxyvitamin D quantification using LC-MS/MS methodology differed significantly between
serum and plasma, yielding a higher value in plasma; this influenced vitamin D status based on
accepted cut-points, which may have implications in clinical and research settings.
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1. Introduction

The circulating concentration of 25-hydroxyvitamin D (25(OH)D) is considered the accepted
clinical biomarker of vitamin D status [1]. With increasing awareness of the importance of vitamin D
for maintaining optimal health by healthcare professionals, researchers and the public, requests for
vitamin D quantification in human samples has increased in recent years [2,3], therefore ensuring the
accuracy of analyses is highly relevant and important.

Testing is most commonly conducted through measurement of 25(OH)D via assay and
quantification of 25(OH)D is routinely outsourced to be completed in external laboratories for
clinical and research requirements. Previous studies have examined vitamin D in serum vs. plasma in
small sample sizes, using assay techniques, and found serum and plasma to be mostly agreeable [4–7],
but with evidence that 25(OH)D concentration may be higher in heparinised plasma compared to serum
or ethylenediamine tetraacetic acid (EDTA) plasma [5]. However, this methodology has significant
limitations to the usefulness and interpretation of the results, as assays have high result variability due
to issues with standardisation, precision and accuracy [8]. Unlike immunoassays or high-pressure
liquid chromatography (HPLC) methods, liquid chromatography tandem mass spectrophotometry
(LC-MS/MS) offers higher specificity of detection, lower matrix interferences and high detectability
of molecules present in low concentrations. This method is considered the gold standard method
for vitamin D analysis, with the capability to measure 25(OH)D2, 25(OH)D3, and Epi-25(OH)D3

separately [9–13].
Four previous studies have compared sample type for 25(OH)D quantification using LC-MS/MS;

however, the samples were collected from non-pregnant populations of small sample sizes. Zhang et al.
(n = 25) and Abu Kassim et al. (n = 10) did not find a significant difference between EDTA plasma,
heparin plasma and serum for 25(OH)D2 and 25(OH)D3 concentrations in healthy adults [14,15].
Differences between sample type for Epi-25(OH)D3 or total 25(OH)D were not examined. Albarhani
et al. examined the usefulness of diluted plasma for quantification of 25(OH)D3 and Epi-25(OH)D3

compared to serum in umbilical cord blood samples (n = 20), and although their findings demonstrated
close agreement for 25(OH)D3 in serum and plasma across two independent laboratories (r = 0.983)
issues with analytical sensitivity in regards to limits of detection (LoD) for Epi-25(OH)D3 quantification
highlighted issues with the use of diluted plasma instead of serum in other analytes of vitamin D [16];
25(OH)D2 and total vitamin D were not reported. In a study of 13 healthy adults, Mena-Bravo et al.
found that plasma and serum provided similar levels for 24,25(OH)D3, 25(OH)D3 and cholecalciferol
(D3), while significantly higher concentrations of 1,25(OH)D3 were detected in plasma versus serum [17].
However, no study has compared quantification of vitamin D analytes in plasma and serum samples
collected during pregnancy. Comparing these sample types is of benefit to the Vitamin D Standardisation
Program (VDSP) that aims to promote 25(OH)D concentration measurements that are accurate (precise
and true) and comparable over time, location and laboratory to improve clinical and public health
practice world-wide [18].

It is noted that none of the previous studies examined comparability of total 25(OH)D serum
and plasma concentrations, and no study has examined changes in clinical vitamin D status based on
sample type during pregnancy. The effect of the sample type on resulting concentrations of 25(OH)D
and its analytes during pregnancy needs to be identified clearly to ascertain the suitability of using
serum and plasma interchangeably in clinical and research settings. Pregnancy is associated with
various hormonal and physiological changes in the body, and with vitamin D also acting as a hormone,
adaptive changes of vitamin D homeostasis and metabolite concentrations in pregnancy may have
implications for the systemic circulation of total 25(OH)D and its analytes [19]. Vitamin D-Binding
Protein levels increase drastically during pregnancy, and this can influence the concentration of free
25(OH)D as well as other analytes [20]. A 2019 study examined serum samples in pregnant (n = 88) and
non-pregnant women (n = 20) and found differences in vitamin D metabolism across a range of analytes
in pregnancy, as well as across gestation [21]. Whether there are important differences in vitamin D
analyte concentrations, as well as clinical vitamin D status, based on sample type, is unknown.
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The primary aim of this study was to investigate the comparability of vitamin D quantification
using LC-MS/MS between serum and plasma samples collected during pregnancy in a large well-defined
cohort of women enrolled in a clinical asthma trial. The secondary aim was to examine the proportion
of women who change vitamin D category based on sample type.

2. Materials and Methods

Serum and plasma samples were collected from pregnant women who were enrolled in a clinical
trial of asthma management during pregnancy, conducted in Newcastle, Australia. Details of the
trial are previously described [22]. Briefly, women with current asthma, aged 18 years and older,
were enrolled via antenatal clinics at the John Hunter Hospital in Newcastle, Australia. Written consent
was obtained from participants before trial participation and ethics approval was granted by Hunter
New England Health Human Research Ethics Committee (12/10/17/3.04, NSW HREC Reference No:
HREC/12/HNE/357).

A non-fasting peripheral blood sample was collected by venepuncture (by a research nurse trained
in phlebotomy) into a 6ml EDTA (1.8 mg/mL) plasma tube and 6mL plain serum tube at enrolment
(between 12–25 weeks gestation), and processed within 60 min. All samples were centrifuged (3000 rpm)
at 4 ◦C for ten minutes, aliquoted into Eppendorf tubes, and stored at −80 ◦C. All samples were
collected between 2017–2019 and analysed in 2019. Samples were transported by courier on dry ice
to the Centre for Microscopy, Characterisation & Analysis in Western Australia, for quantification
of vitamin D via LC-MS/MS; this laboratory is certified by the Vitamin D Standardisation Program
(VDSP) [18]. LC-MS/MS has been previously described [12]; briefly, samples were extracted using
liquid-liquid extraction then separated using a 2D liquid chromatography UPLC system, followed by
detection using tandem mass spectrometry. Total vitamin D was comprised of 25(OH)D2, 25(OH)D3

and Epi-25(OH)D3. The LoD for both 25(OH)D3 and Epi-25(OH)D3 was 2.0 nmol/L, and 3.0 nmol/L
for 25(OH)D2. For blood samples with values below the LoD, a level equal to the detection limit was
used, then divided by the square root of 2 (equal to 1.4 nmol/L for Epi-25(OH)D3 and 2.12 nmol/L for
25(OH)D2) [23]. Vitamin D sufficiency was defined as total 25OHD ≥75 nmol/L. Cut points for vitamin
D insufficiency and deficiency were 50- <75 nmol/L and <50 nmol/L of total 25(OH)D, respectively [24].

Statistical Analysis

The Shapiro Wilks test was used to determine normality of the data. Bland-Altman plots
were used to compare the difference between plasma and serum concentrations of total 25(OH)D,
25(OH)D2, 25(OH)D3, epi-25(OH)D3 and detect proportional bias [25]. Pearson correlation (r) and
intraclass correlation coefficient (ICC) was used to examine the agreement between the concentrations.
The difference in mean values for total 25(OH)D, 25(OH)D2, 25(OH)D3 and Epi-25(OH)D3 were
examined using the paired t-test with 95% confidence intervals (CI). A p-value < 0.05 was considered
statistically significant. The mean, range, standard deviation (SD) and coefficient of variation (CV)
were reported for each analyte by sample type. The proportion of participants that were vitamin D
sufficient, insufficient and deficient were determined based on sample type, as well as any participants
that changed category based on the use of plasma compared to serum for total 25(OH)D quantification.
Cohen’s Kappa test was used to explore interrater reliability between participants vitamin D status and
sample type. Statistics were computed with STATA IC v15.1 (StataCorp, College Station, TX, USA),
and Microsoft Excel (v16.0.5083.1000, Microsoft Corporation, Santa Rosa, CA, USA).

3. Results

There were 114 matching serum and plasma samples. In total, 96.9% (221/228) samples were below
the LoD for 25(OH)D2 and 11.8% (27/228) samples were below the LoD for Epi-25(OH)D3 (Table 1).
The mean (±SD) for total 25(OH)D in serum was 86.77 ± 24.91 nmol/L (range 33.8–169.8 nmol/L).
The mean for total 25(OH)D in plasma was 94.4 ± 28.8 nmol/L (range 28.6–211.2 nmol/L) (Table 1).
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Table 1. Mean, range, standard deviation and coefficient of variation for n = 114 matched serum and
plasma samples collected from pregnant women.

Total 25(OH)D Minimum
(nmol/L)

Maximum
(nmol/L)

Mean
(nmol/L)

SD
(nmol/L) CV% p-Value *

PLASMA 28.60 211.2 94.40 28.80 30.51
SERUM 33.80 169.8 86.77 24.91 28.71 <0.001

25(OH)D3
PLASMA 24.50 200.80 87.83 27.10 30.9
SERUM 30.3 161.7 80.45 23.65 29.4 <0.001

25(OH)D2
‡

PLASMA <3.0 6.3 2.23 0.54 24.22
SERUM <3.0 4.5 2.15 0.24 11.16 0.112

Epi-25(OH)D3
‡

PLASMA <2.0 20.2 4.44 2.81 63.29
SERUM <2.0 16.8 4.05 2.28 56.30 0.003

* Paired t-test p-value comparing mean difference between serum and plasma for each analyte and total
25-hydroxyvitamin D (25(OH). Dusing liquid chromatography-tandem mass-spectrometry. Minimum, maximum,
mean and SD are expressed in nmol/L. CV, coefficient of variation, expressed as percentage. SD, standard deviation.
‡: 96.9% of 25-hydroxyvitamin D2 (25(OH)D2) and 11.8% of Epi-25-hydroxyvitamin D3 (25(OH)D3) results were
below the LoD’s and therefore imputed values were used.

Figure 1 illustrates the agreement between plasma and serum concentrations of total 25(OH)D
(r2 = 0.903), 25(OH)D3 (r2 = 0.910) and Epi-25(OH)D3 (r2 = 0.862); correlation analyses were not
conducted for 25OHD2 given the high percentage of samples below the LoD.
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Figure 1. 25(OH)D: 25-hydroxyvitamin D. (A–C) Scatter plot with Pearson (r2) and intraclass 
correlation coefficients (ICC) between serum and plasma concentrations of vitamin D analogues, 
quantified using LC-MS/MS. (A) Total 25(OH)D, (B) 25(OH)D3 and (C): Epi-25(OH)D3. 95% CI, 95% 
confidence interval. All results expressed as nmol/L. 
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Figure 1. 25(OH)D: 25-hydroxyvitamin D. (A–C) Scatter plot with Pearson (r2) and intraclass correlation
coefficients (ICC) between serum and plasma concentrations of vitamin D analogues, quantified using
LC-MS/MS. (A) Total 25(OH)D, (B) 25(OH)D3 and (C): Epi-25(OH)D3. 95% CI, 95% confidence interval.
All results expressed as nmol/L.

The Bland-Altman plot shows a mean total concentration bias for serum vs. plasma of 7.63 mol/L
(95% CI 5.36, 9.90, p = < 0.001) for total 25(OH)D, 7.38 nmol/L (95% CI 5.28, 9.48 p = < 0.001) for
25(OH)D3, and 0.39 nmol/L (95% CI 0.14, 0.64, p = 0.003) for Epi-25(OH)D3 (Figure 2).
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Figure 2. 25(OH)D: 25-hydroxyvitamin D. (A–C) Bland-Altman Plot comparison between plasma and 
serum concentrations of vitamin D analytes quantified using liquid chromatography-tandem mass-
spectrometry. (A) Total 25-hydroxyvitamin D (25(OH)D), (B) 25-hydroxyvitamin D3 (25(OH)D3) and 
(C) Epi-25-hydroxyvitamin D3 (25(OH)D3). Dotted line: mean difference (bias); dashed line: upper and 
lower 95% confidence intervals. All results expressed as nmol/L. 

In regards to vitamin D status based on sample type, for total 25(OH)D; results are shown in 
Figure 3 for serum and plasma. Cohen’s Kappa (κ) statistic showed moderate agreement between the 
participants’ vitamin D category based on serum compared to plasma (κ = 0.639, 95% CI 0.48, 0.80, p 
≤ 0.001) with 83.3% agreement found. In total, 16.7% (n = 19) of participants changed vitamin D status 
category based on which sample type was used. Of the n = 19 that changed vitamin D status based 
on serum vs plasma samples; n = 12 participants changed from insufficient (<75 nmol/L) to sufficient 
(≥75 nmol/L), n = 3 changed from deficient (<50 nmol/L) to insufficient (50- <75 nmol/L), n = 1 changed 
from insufficient to deficient and n = 3 changed from sufficient to insufficient. 
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and (C) Epi-25-hydroxyvitamin D3 (25(OH)D3). Dotted line: mean difference (bias); dashed line: upper
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In regards to vitamin D status based on sample type, for total 25(OH)D; results are shown in
Figure 3 for serum and plasma. Cohen’s Kappa (κ) statistic showed moderate agreement between the
participants’ vitamin D category based on serum compared to plasma (κ = 0.639, 95% CI 0.48, 0.80,
p ≤ 0.001) with 83.3% agreement found. In total, 16.7% (n = 19) of participants changed vitamin D
status category based on which sample type was used. Of the n = 19 that changed vitamin D status
based on serum vs plasma samples; n = 12 participants changed from insufficient (<75 nmol/L) to
sufficient (≥75 nmol/L), n = 3 changed from deficient (<50 nmol/L) to insufficient (50- <75 nmol/L),
n = 1 changed from insufficient to deficient and n = 3 changed from sufficient to insufficient.Nutrients 2020, 12, x FOR PEER REVIEW 7 of 10 
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4. Discussion

This study is the first to examine the comparability of vitamin D quantification by LC-MS/MS
in serum and plasma samples collected during pregnancy, and the first to examine the impact of
sample type on vitamin D adequacy. Despite a relatively high Pearson and intraclass correlation
between serum and plasma concentrations, examination of the concentration bias revealed a significant
difference in the mean concentrations of total 25(OH)D in serum vs. plasma. Furthermore, we found
16.7% of participants changed category based on sample type, with 13% changing from deficient to
insufficient or insufficient to sufficient with the use of plasma instead of serum.

These results are of concern in a clinical context, especially for pregnant women, as even small
differences for patients close to cut-off points for vitamin D deficiency or insufficiency may result
in misclassification of their vitamin D status, and may influence subsequent treatment decisions.
The current national Australian pregnancy guidelines state that vitamin D supplementation may be
considered for women with vitamin D levels <50 nmol/L, highlighting the impact this may have on
recommended maternal supplementation, based on the vitamin D test result obtained [26]. Cut-points
for vitamin D status and appropriate levels for optimal health have been highly controversial in recent
years [27,28]. The Institute of Medicine recommends optimal levels of serum 25(OH)D to be >50 nmol/L
based on requirements for bone health [29]. The Endocrine Society has opposed this as an adequate
target level, and has identified a target 25(OH)D concentration for optimal health to be >75 nmol/L,
based on a large body of evidence highlighting associated outcomes [27], with clinical guidelines
recommending supplementation in children and adults to obtain this level [24].

Due to our large sample size, we were able to use Kappa statistic to explore participant’s vitamin
D status category based on sample type [30,31]. Our resulting Kappa can be interpreted as moderate
agreement between the participants resulting vitamin D status (deficient, insufficient or sufficient)
based on serum or plasma sample type [31]. Whether a moderate level of agreement is adequate for
the use of plasma and serum interchangeably has not been established, but our result does elucidate
possible issues, as 13% of participants results could be categorised as false negatives for vitamin D
insufficiency or deficiency when plasma was used instead of serum. A 2009 paper examined numerical
specifications for trueness and analytical precision for routine analysis of serum/plasma 25(OH)D via
immunoassay and LC-MS/MS for establishment of a reference measurement system [32]. Running
several models for stringency and practical achievability; they found that, assuming a maximum
tolerable limit of 20% clinical misclassifications, the quality goal for bias must be significantly less
than 10% [32]. It is noted that the rate of 20% was chosen on an arbitrary basis and data are currently
inadequate to ascertain a rate that could be considered acceptable to limit misclassification risk to
the population [32]. Further research into acceptable agreement rates of vitamin D category based on
sample type is warranted.

Assessing the comparability of sample types for results is important for future research and
to assist in the VDSP’s goal of standardising vitamin D analysis. These results provide evidence
of an important difference in vitamin D quantification, and assessment of vitamin D status, during
pregnancy, based on sample type. These results are applicable to LC-MS/MS methods; whether there are
differences with nonchromatographic methods based on radioimmunoassay’s, such as antibody assays,
is unknown. Whether the results would be altered with different anticoagulants used is unknown
and requires further investigation. Although serum and plasma are commonly used blood specimen
types; they are not equivalent biological matrices [33]. Serum and plasma are used interchangeably
for the quantification of vitamin D in some clinical and research settings, and this is the first study
to supply evidence that there may be a significant difference in resulting vitamin D concentration
using LC-MS/MS and status during pregnancy based on sample type. These results are applicable
to pregnant populations; whether these differences in total 25(OH)D quantification by sample type,
and subsequent categorisation of vitamin D status, are also seen in non-pregnant populations would
require further research. Whilst evidence based recommendations are in place supporting the use of
serum and plasma for other nutrients, such as vitamin A and E [16,34,35], similar recommendations
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are not in place for vitamin D. Serum is considered the appropriate sample type to use for vitamin D
analysis and vitamin D reference ranges are based on serum levels, not plasma levels [24]. Our data
further support this recommendation; however, where the use of plasma is unavoidable, development
of a conversion factor would allow serum and plasma to be used interchangeably with more confidence
in regards to the accuracy and precision of the results.
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