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Abstract
Purpose  The relationship between Hashimoto’s thyroiditis and vitamin D concentration was already presented in many 
studies. The aim of this study was to analyze the differences in the concentration of vitamin D metabolites between healthy 
women and women with Hashimoto’s thyroiditis (HT).
Methods  The quantitative analysis of five vitamin D metabolites was carried out using liquid chromatography coupled with 
tandem mass spectrometry. The analyzed materials were serum and dried blood spots (DBS). The results obtained for the 
two materials were also compared.
Results  No statistically significant differences were found in the mean concentration of the 25(OH)D3, 25(OH)D2, 
24,25(OH)2D3, 1,25(OH)2D3 metabolites between the test and the control groups. However, a strong correlation was found 
between the 25(OH)D3 and 24,25(OH)2D3 metabolites.
Conclusion  The study showed that healthy women and women with Hashimoto’s disease had similar concentration of vitamin 
D metabolites. Research also proved that DBS is a good alternative to serum. The differences in 25(OH)D concentration 
were not statistically significant (17.0 and 15.5 ng mL−1 for serum and DBS, respectively). DBS can be successfully used 
in research on a large group of people, since the process of material collection, as well as sample preparation, is fast and 
simple. It is also easy to transport and store, and requires small volume of blood.

Keywords  Vitamin D · Calcitriol · Female · Liquid chromatography · Mass spectrometry · Hashimoto thyroiditis · 
Autoimmune thyroid disease

Introduction

Hashimoto’s disease, also known as chronic lymphocytic 
thyroiditis is one of the chronic thyroid autoimmune dis-
eases. It is the most common cause of hypothyroidism. It 
occurs much more commonly in women than men [1].

The results of many observational studies suggest that 
there is a relationship between low concentration of vitamin 

D and Hashimoto’s disease [2]. The term "vitamin D" usu-
ally refers to its metabolized forms rather than the native 
compound. The most common is the concentration of calcid-
iol (25(OH)D), which is the sum of the calcifediol (25(OH)
D3) and ercalcidiol (25(OH)D2). Reduced serum 25(OH)D 
concentration was found in patients with Hashimoto’s thy-
roiditis regardless of age, sex and body weight [3]. There 
is an association between severity of vitamin D deficiency 
and duration of Hashimoto’s disease, thyroid volume and 
thyroid peroxidase antibodies (TPO) [4]. A meta-analysis 
of Wang et al. [5] showed that patients with thyroid autoim-
mune disease had lower concentration of 25(OH)D and were 
more likely to have vitamin D deficiency. In turn, Yasmeh 
et al. [6] proved that people with Hashimoto don’t have a 
lower 25(OH)D concentration compared to healthy people.

There are several techniques used to determine the con-
centration of vitamin D metabolites, which differ primar-
ily in accuracy. These include: radioimmunoassays (RIA), 
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immunoenzymatic assays (ELISA), chemiluminescent 
assays (CLIA) and direct techniques: high performance 
liquid chromatography with UV detection (HPLC–UV) or 
tandem mass spectrometry (LC–MS/MS) [7]. Until now, 
chemiluminescence-based immunoassays have been used 
to analyze vitamin D metabolites in people with thyroid 
disorders. Due to various analytical problems, LC–MS/MS 
technique is gaining more popularity, although it is not as 
throughput, as automated immunoassays. It is currently a 
reference method. Compared to other techniques, it guaran-
tees better accuracy and reproducibility [7]. Therefore, the 
following studies used the LC–MS/MS technique to present 
its great diagnostic potential.

The main aim of this study was to investigate the differ-
ence in concentration of five vitamin D metabolites between 
two groups of adult women—healthy and with Hashimoto’s 
disease. Two biological materials were analyzed—serum 
and dried blood spots (DBS). Compared to previous studies, 
profiling of vitamin D metabolites involved not only 25(OH)
D3 and 25(OH)D2, but also C-3 epimer of calcifediol (3-epi-
25(OH)D3), (24R)-hydroxycalcifediol (24,25(OH)2D3) and 
calcitriol (1,25(OH)2D3). Moreover, the use of DBS in this 
type of research was done for the first time. Consequently, it 
allowed to reduce the volume of biological material signifi-
cantly and facilitated the sample preparation.

Materials and Methods

Qualification to the Study and Material Collection

The study included women with Hashimoto’s disease and a 
healthy control group. The inclusion criteria for both stud-
ied groups were as follows: no vitamin D supplementation, 
limited sun exposure, Body Mass Index (BMI) in the range 
of 18.5–30 kg m2, no pregnancy, age between 20–50 years. 
What is more, the study group had to have medically docu-
mented Hashimoto’s disease (presence of anti-TPO or anti-
TG antibodies and ultrasound image).

Biological material was collected from 98 women meet-
ing the above criteria (56 with Hashimoto and 42 healthy 
participants). Participants signed the patient’s consent 
and received a brochure with the project description. Two 
biological materials were collected, including serum and 
capillary blood in the form of DBS. All experiments were 
approved by the ethics committee at Medical University 
of Bialystok (consent of the bioethics commission no. 
R-I-002/143/2017).

Materials

Standards of vitamin D metabolites and their internal 
standards (ISTD), including 25(OH)D3, 3-epi-25(OH)

D3, 25(OH)D2, 24,25(OH)2D3, 1,25(OH)2D3, d6-25(OH)
D3, d3-3-epi-25(OH)D3, d3-25(OH)D2, d6-24,25(OH)2D3, 
d3-1,25(OH)2D3 were purchased from IsoSciences 
(Ambler, PA, USA). Dried blood spots were collected 
using Munktell TFN-Specimen Collection Cards 
(76 × 108 mm) (Bärenstein, Germany). Serum calibration 
standards were prepared with the use of vitamin D-free 
serum that was ordered from Golden West Biologicals 
(Temecula, CA, USA). DBS calibration cards were pre-
pared using blood substitute prepared from human red 
blood cells and vitamin D-free serum. Red blood cells 
were obtained from whole blood collected into test tube 
containing sodium citrate as an anticoagulant. They were 
flushed with physiological saline before mixing them 
with the vitamin D-free serum.

Various reagents were used during sample prepara-
tion. Solvents, such as methanol, ethyl acetate, ace-
tonitrile, water (Witko Sp. z o.o., Łódź, Poland) were 
used. Sample preparation included derivatization with 
4-(4’-dimethylaminophenyl)-1,2,4-triazoline-3,5-dione 
(DAPTAD) that was synthesized by Masdiag Laboratory 
(Warsaw, Poland).

Two chromatographic columns were used: COSMOSIL 
PBr (2.6 µm; 100 × 2.1 mm; Nacalai Tesque, Kyoto, Japan) 
and Eclipse XDB-C18 (1.7 µm; 50 × 4.6 mm; Agilent Tech-
nologies, Santa Clara, CA, USA). Mobile phases were pre-
pared with the use of acetonitrile (ACN), water, methanol 
(MeOH) (Witko Sp. z o.o., Łódź, Poland) and formic acid 
(FA) (Merck KGaA, Darmstadt, Germany). All solvents 
were of LC–MS grade.

Apparatus and Chromatographic Conditions

Vitamin D metabolites were determined using ExionLC™ 
analytical HPLC system coupled with QTRAP® 4500 MS/
MS system (Sciex, Framingham, MA, USA). LC–MS anal-
yses were performed using electrospray ionization (ESI) 
in a positive mode. Ion source operating parameters were 
as follows: curtain gas (CUR) 30, collision gas (CAD) 7, 
ion spray voltage (IS) 3500 V, temperature of drying gas 
(TEM) 500 °C, nebulizing gas (GS1) 40, drying gas (GS2) 
50. CUR, CAD, GS1 and GS2 are expressed in arbitrary 
units. Multiple reaction monitoring (MRM) was used for 
the quantitative analyses. The raw data were collected with 
the use of Analyst 1.6.3. Multiquant 1.7 was used to process 
and quantify collected data.

The chromatographic analysis of 25(OH)D3, 3-epi-
25(OH)D3, 25(OH)D2, 24,25(OH)2D3 metabolites was per-
formed using Eclipse XDB-C18 1.7 µm (50 × 4.6 mm) at the 
flow rate of 0.8 mL min−1. The temperature of the column 
oven was 40 °C. The mobile phase consisted of water (A) 
and acetonitrile (B), both containing 0.1% formic acid. The 
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gradient elution program was as follows: 0 min. – 50% B, 
2.5 min. – 78% B, 3.2 min. – 98% B, 4.5 min. – 98% B, 
4.6 min. – 50% B. Total run time was 5.5 min.

The chromatographic analysis of 1,25(OH)2D3 metab-
olite was performed using COSMOSIL PBr (2.6  µm; 
100 × 2.1 mm) at the flow rate of 0.6 mL min−1. The tem-
perature of the column oven was 45 °C. The mobile phase 
consisted of water (A) and methanol (B), both with addition 
of 0.1% formic acid. The gradient elution program was as 
follows: 0 min. – 65% B, 0.5 min. – 80% B, 8.0 min. – 88% 
B, 8.2 min. – 99% B, 9.3 min. – 99% B, 9.5 min. – 65% B. 
Total run time was 10.5 min.

Sample Preparation

Sample preparation included two different biological mate-
rials (DBS and serum). Serum samples were prepared in 
two ways (separate procedure for calcitriol determination, 
separate for the rest of the vitamin D metabolites).

Determination of 25(OH)D3, 3-epi-25(OH)D3, 25(OH)
D2, 24,25(OH)2D3 metabolites in serum and DBS was 
performed in the same manner as described previously [8, 
9]. Serum sample preparation for calcitriol determination 
involved liquid–liquid extraction preceded by protein pre-
cipitation, in a similar manner to Ding et al. [10].

Results and Discussion

LC–MS/MS Analysis of Vitamin D Metabolites—Serum 
and DBS

The important stage of this study was assessment of the vita-
min D metabolites concentration in healthy and sick women, 
who did not expose to sunlight and did not supplement with 
vitamin D3. The obtained results were used to compare these 
two materials, and in particular to show the possibilities of 
DBS as an alternative biological material.

There were two separate chromatographic methods, 
one for 1,25(OH)2D3 and one for the rest of the vitamin D 
metabolites. Due to the low concentration range of calcitriol, 
400 µL of serum was used in the sample preparation process, 
which was then purified and concentrated. The complex 
metabolism of vitamin D results in an approximately large 
number of structurally diversified metabolites. Addition-
ally, isobaric interferences are present. Therefore, a rela-
tively large number of false positive signals for calcitriol 
were observed as shown in Fig. 1a. The blue line corre-
sponds to calcitriol and red line corresponds to its internal 
standard (d3-1,25(OH)2D3). Among the two isomers of the 
1,25(OH)2D3 metabolite, only one of them is not affected 
by interferences. A gradient elution was performed, but the 
increase in the organic phase was not rapid (8% of mobile 

phase B in 7.5 min.). Thanks to this, it was possible to find 
a narrow retention time window in which this compound 
was eluted. This single compound was separated using PBr 
column, where the fluorine atoms in the stationary phase are 
replaced with bromine ones. This solution gave a different 
selectivity, which was particularly useful in the analysis of 
this metabolite (stationary phases, such as octadecyl and 
phenyl did not have sufficient resolving power). Moreover, 
the organic modifier in the mobile phase was methanol, 
instead of acetonitrile. As a result, the full separation capa-
bilities of the stationary phase were used (acetonitrile would 
weaken the pi-pi interactions). In contrast, the use of octade-
cyl stationary phase enabled the full separation of the other 
four vitamin D metabolites, including epimeric form, as well 
as additional interfering compounds (e.g. 25,26(OH)2D3). 
Hence, the obtained results were not overestimated, which is 
especially important in the clinical practice. Representative 
chromatograms are shown in Fig. 1. An additional reason to 
perform the above analyzes separately was due to different 
sample preparation protocols (calcitriol analysis required 
400 µL of material, while the rest of the vitamin D metabo-
lites required 50 µL).

As written above, two biological materials were col-
lected—serum and DBS. In the case of DBS, 4 metabolites 
were determined, i.e. 25(OH)D3, 25(OH)D2, 24,25(OH)2D3 
and 3-epi-25(OH)D3. The serum analysis also included the 
less abundant 1,25(OH)2D3 metabolite. Then, the obtained 
results were compared with each other. The most important 
conclusion is that both materials are positively correlated 
with each other. The average difference between serum and 
DBS was 0.7, 7.3, 5.3 and 11% for 24,25(OH)2D3, 25(OH)
D3, 25(OH)D2 and 3-epi-25(OH)D3, respectively. Fig-
ure 2 presents a graph comparing the results obtained for 
the serum and DBS samples for the 25(OH)D metabolite. 
Moreover, the Bland–Altman plot is shown in Fig. 3 to eval-
uate the agreement among these two different measurement 
techniques and to identify any systematic difference. All of 
the data points lie within ± 1.96 • s of the mean difference. 
This leads to the conclusion that both materials may be used 
interchangeably. Each of these two biological materials has 
its own advantages depending on the intended use. Serum 
analysis is characterized by greater accuracy and repeatabil-
ity. Moreover, it allows for the determination of calcitriol, 
which is present in the serum at a concentration of pg mL−1. 
However, collecting this material requires a visit to the blood 
collection point. Additionally, the storage and transportation 
are costly due to the low temperatures required. On the other 
hand, the use of DBS requires a small volume of biologi-
cal material and is easy to store and transport. The biggest 
advantage is the possibility of blood self-collection. The 
serum sample preparation involves protein precipitation and 
extraction with acetonitrile. In turn, DBS sample prepara-
tion is based only on the direct extraction of the determined 
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compounds from the filter paper with methanol. Both proce-
dures have an additional step of the derivatization to increase 
the sensitivity by facilitating the ionization process. Overall, 

both sample preparation methods are fast, efficient, easy to 
automate, and they enable extracting all vitamin D metabo-
lites with high recovery values (90–110%).

Fig. 1   Representative chro-
matograms for the analysis of 
vitamin D metabolites. Condi-
tions: (1) COSMOSIL PBr 
(2.6 µm; 100 × 2.1 mm); mobile 
phase: water (a) and methanol 
(b) with 0.1% FA; flow rate: 
0.6 mL min−1; gradient elution 
program: 0 min. – 65% v/v B, 
0.5 min. – 80% v/v B, 8.0 min. 
– 88% v/v B, 8.2 min. – 99% 
v/v B, 9.3 min. – 99% v/v B, 
9.5 min. – 65% v/v B; column 
oven temperature: 45 °C; (2) 
ZORBAX XDB-C18 (1.7 µm; 
50 × 4.6 mm); mobile phase: 
water (A) and acetonitrile 
(B) with 0.1% FA; flow rate: 
0.8 mL min−1; gradient elution 
program: 0 min. – 50% v/v B, 
2.5 min. – 78% v/v B, 3.2 min. 
– 98% v/v B, 4.5 min. – 98% 
v/v B, 4.6 min. – 50% v/v B, 
5.5 min. – 50% v/v B; column 
oven temperature: 40 °C. 
Notation: A—the analysis of 
calcitriol in real serum sample 
using PBr column, B—the 
analysis of standard mixture 
of vitamin D metabolites 
using XDB-C18 column; blue 
chromatogram—Extracted Ion 
Chromatogram of calcitriol, 
red chromatogram—Extracted 
Ion Chromatogram of calci-
triol ISTD; 1—1,25(OH)2D3, 
2—d3-1,25(OH)2D3, 
3—24,25(OH)2D3, 4—3-epi-
25(OH)D3, 5—25(OH)D3, 
6—25(OH)D2
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As described in the work [8], the total measurement error 
in the case of DBS is mostly affected by the quality of the 
collected material and hematocrit. Using this type of mate-
rial in different research projects could allow for gathering 
a larger study group. People willing to participate in the 
study would not have to come to the blood collection point. 
Instead, the material would be sent directly to the laboratory 
after self-collection. It is worth mentioning that such use of 
DBS in profiling of vitamin D metabolites in the group of 
people with Hashimoto’s disease was made for the first time.

Vitamin D Status of Healthy Women 
and with Hashimoto’s Thyroiditis

In the following discussion, the results will be referred to 
the guidelines for the European population. The range of 
30–50 ng mL−1 is considered to be normal 25(OH)D con-
centration [11]. Optimal calcitriol concentration is consid-
ered to be 20–60 pg mL−1 [11]. Values of the 25(OH)D3 
to 24,25(OH)2D3 ratio were compared to reference values 
developed by the laboratory performing quantitative analy-
sis. These values were determined based on population 

studies. A ratio value below 6.1 means excessive catabo-
lism of 25(OH)D3, in the range of 6.1–16.7 means bal-
anced catabolism of 25(OH)D3, and above 16.7 means 
inhibited catabolism.

Serum concentration of vitamin D metabolites is pre-
sented in Table 1 (for the test group and for the control 
group). The average concentration of 25(OH)D was 
18.3 ng mL−1 in women with Hashimoto and 16.5 ng mL−1 
in healthy women. These differences are not statistically 
significant. Based on the 25(OH)D3 to 24,25(OH)2D3 ratio, 
none of the women in both groups had excessive elimina-
tion of 25(OH)D3. This is consistent with the fact that 
the value of the above ratio decreases as the concentra-
tion of 25(OH)D3 increases. It was also found that 7.32% 
of women with Hashimoto and 26.67% of women in the 
control group had inhibited 25(OH)D3 elimination. It is 
related with the low concentration of 25(OH)D3 and, con-
sequently, the low concentration of 24,25(OH)2D3. It is 
worth noting that the high 25(OH)D3 to 24,25(OH)2D3 
ratio value was only due to the very low concentration of 
25(OH)D3, and not for example idiopathic infantile hyper-
calcemia (IIH) [12].

The relationship between individual metabolites was 
investigated. An increase in the concentration of the 25(OH)
D3 metabolite results in a proportional increase in the 
24,25(OH)2D3 metabolite. The dependence curve does not 
pass through point 0 as shown in Fig.  S1 (Supplementary 
materials). This indicates that below a certain concentra-
tion of the 25(OH)D3 metabolite, 24-hydroxylase activity 
is inhibited, or at least limited. These observations are con-
sistent with previous work [13]. A similar relationship was 
determined for the 1,25(OH)2D3 metabolite. There is no 
statistically significant correlation between 25(OH)D3 and 
1,25(OH)2D3 metabolites in both groups. The serum concen-
tration of 1,25(OH)2D3 depends mainly on renal function, 
parathyroid hormone (PTH) concentration and calcium and 
phosphorus supply [14]. High PTH, low calcium and phos-
phorus are the main stimulants of calcitriol production. To 
assess the vitamin D status, calcitriol should not be tested, 
as this may lead to misinterpretation. This metabolite has 
a short half-life and is strictly regulated. Its concentration 
is often normal or even elevated in patients with vitamin D 
deficiency due to elevated PTH levels. For these reasons, 
as well as on the basis of the obtained results, it can be 
concluded that the best indicator of vitamin D deficiency is 
not calcitriol, but the concentration of 25(OH)D. Different 
studies suggest that 24,25(OH)2D3 production is depend-
ent on calcitriol. A higher concentration of 1,25(OH)2D3 
induces an increase in the activity of the 24-hydroxylase 
enzyme and the formation of an inactive metabolite which 
is 24,25(OH)2D3. This mechanism is an important element 
in counteracting vitamin D intoxication, because excess of 
25(OH)D3 is converted to 24,25(OH)2D3 [15].
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Conclusion

Analysis of the results revealed no statistically significant 
differences between serum 25(OH)D concentration in 
women with Hashimoto’s disease and women in the con-
trol group. A strong correlation between 25(OH)D3 and 
24,25(OH)2D3 metabolites was found. Nevertheless, there 
was no relationship between the 25(OH)D3 and 1,25(OH)2D3 
metabolites.

Comparative studies between serum and DBS have shown 
that the material in the form of DBS is a good alternative to 
serum. Using DBS in this type of research will significantly 
facilitate the collection of material, as well as acquiring a 
larger group of people for testing. This type of biological 
material requires very low volume of blood (< 100 μL), 
reduces the risk of pathogen infection to a minimum, and 
primarily requires less invasive sampling. All of these fea-
tures simplify the sample preparation process, including its 
collection.

The studies have provided an overview of the metabolic 
process and the use of the relationship between concentra-
tions of individual metabolites to assess the body’s supply 
of vitamin D. The results also proved the high research 
potential of the LC–MS/MS technique, which allowed for 
obtaining more accurate quantitative results in relation to the 
techniques and methods used so far.
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