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Summary 
In women with chronic autoimmune thyroiditis and vitamin D 
deficiency we have found reference levels of relevant metabolic-
hormonal parameters except for parathormone and total calcium. 
Three months supplementation with vitamin D (4300 IU/day, 
cholekalciferol) did not lead to significant changes of investigated 
hormonal parameters, while the levels of parathormone and 
calcium reached normal levels. However, a correlation analysis 
revealed marked changes in mutual relations. First, an inverse 
correlation of vitamin D with parathormone, insulin secretion 
(C peptide, insulin) and its efficiency (HOMA IR) disappeared. 
Relationships of vitamin D to hepatic insulin resistance 
(insulin/C peptide), to DHEA (both negative), and to 
DHEAS/DHEA ratio (positive) were newly found. Second, 
a positive correlation of CRP with insulin secretion remained, 
while its relation to insulin efficiency (HOMA IR, insulin/ 
C peptide) was newly observed. Analogical positive correlations 
appeared also among anti TPO and insulinemia, 
insulin/C peptide, HOMA IR, and anti Tg to C peptide. 
A relationship of the CRP with anti TPO became significant (+). 
Third, out of glucose metabolism parameters only 
insulin/C peptide and glycemia did not correlate with vitamin D 
during its deficiency, while after supplementation insulin/ 
C peptide alone correlated positively with both DHEAS and DHEA, 
and negatively with vitamin D. 
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Introduction 

Cross sectional, as well as observation studies 
point to association of vitamin D deficiency with 
autoimmune thyroiditis (AIT) and its forms. Our own 
experience fully agrees with the literature data (Vondra et 
al. 2015). 

On the other hand results of prospective studies 
on a direct effect of vitamin D supplementation in 
humans are very limited. It is caused above all by the fact 
that the reason for association between increased 
occurrence of vitamin D deficiency, not only in the AIT, 
but also in other autoimmune diseases, has not yet been 
explained, though a causal relationship is not accepted by 
most of authors. In the context of available experimental 
data we may speculate about the role of insufficient 
immunomodulatory effect of low 1,25-(OH)2D3 
concentrations in AIT, for instance due to lowered 
activity of both macrophages and dendritic cells, resulting 
in increased autoantigen presentation, or increased 
formation of pro-inflammatory cytokines and cell 
destructive Th1 lymphocytes. Considering the importance 
of vitamin D supplementation for the course of the AIT, 
the data from several intervention studies should be 
mentioned pointing to its beneficial effect. In the 
Polish study administration of vitamin D to non-lactating 
women with postpartum thyroiditis led to a decrease of 
anti TPO titers and this effect was more pronounced in 
women with vitamin D deficiency (Krysiak et al. 2016). 
In another open randomized control study in India three-
month supplementation of vitamin D to patients with AIT 
led to a decrease of anti TPO titre, this effect was 
significant primarily in patients with TSH levels below 
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10 mIU/l (Chaudhary et al. 2016). 

In this work we attempted to gain more detailed 
information on a) the relationship of vitamin D deficiency 
to selected metabolic hormonal markers related to 
inflammation, insulin efficiency and bone metabolism in 
women with AIT, b) on the effects of vitamin D 
supplementation on relationships found during the 
deficiency. 
 
Patients 

  
Thirty women treated for a long time for chronic 

autoimmune thyroiditis (AIT) in the Institute of 
Endocrinology (Prague) were investigated for the levels 
of vitamin D, selected clinical and laboratory metabolic-
hormonal parameters related to inflammation, 
glucoregulation, insulin efficacy and bone metabolism, 
before and after 3 months supplementation with 
vitamin D. All the patients were receiving a substitution 
therapy with thyroid hormones (levothyroxine). 
A selection criteria were at least one year lasting clinical 
and laboratory normal thyroid function, current vitamin D 
level below 50 nmol/l (<20 ng/ml), absence of diabetes 
mellitus of both types, autoimmune or other serious 
diseases. Investigation was carried out during winter 
months between 2016/2017. The study was approved by 
the Ethical Committee of the Institute of Endocrinology, 
Prague. 

The detailed characteristics of the patient group 
before starting of vitamin D substitution and after 
deficiency adjustment are shown in Table 1. 

Vitamin D was administered in a form of 
cholecalciferol (Vigantol gtts) for 3 months in a dose 
30 drops twice a week, corresponding in average to 
4300 IU/day. The vitamin D substitution did not lead to 
any complication for the whole period or to any side 
effects. Initial levels of 25(OH)D varied within the range 
10-44 nmol/l, median 31 nmol/l, while corrected values 
after 3 months were within the range 65-136 nmol/l, 
median 57 nmol/l.  
 
Methods 
 

Glucose was measured spectrophotometrically, 
using an enzymatic method with hexokinase (Cobas 
6000, Roche, Mannheim, Germany). Total calcium was 
measured spectrophotometrically, using an NM-BAPTA 
method (5-nitro-5'-methyl-(1,2-bis(o-aminophenoxy) 
ethan-N,N,N',N'-tetraacetic acid) (Cobas 6000, Roche, 

Mannheim, Germany). 
Thyreotropin (TSH), free thyroxine fraction 

(fT4), free triiodothyronine (fT3), C peptide (Cp), insulin, 
parathyroid hormone (PTH) and vitamin D (25(OH)D 
total – 25OHD2+25OHD3) were measured by immuno-
analytic ECLIA methods (Cobas 6000, Roche, 
Mannheim, Germany). 

C reactive protein (CRP) was measured 
spectrophotometrically, using an immunoturbidimetric 
assay (Cobas 6000, Roche, Mannheim, Germany). Sex 
hormone binding globuline (SHBG) was measured by 
immunoradiometric assay (SHBG IRMA KIT) (Beckman 
Coulter Inc., Chaska, Minnesota, USA). Dehydro-
epiandrosterone (DHEA) and its sulfate (DHEAS) were 
measured by radioimunoassay (RIA DHEA) (Beckman 
Coulter, Prague, Czech Republic). 

Thyroid auto-antibodies (T-Ab) – antibodies to 
thyroid peroxidase (anti TPO) and antibodies to 
thyreoglobulin (anti Tg) were measured using an ELISA 
method (Aesku.Diagnostics, Wendelsheim, Germany) on 
an Immunomat BASE (Serion Immunologics, Germany). 

  
Statistics 

Descriptive statistics was performed by 
Microsoft Excel. The effect of vitamin D 
supplementation on the investigated parameters was 
performed by paired signed rank test. 

Correlation of initial and corrected data was 
performed by Spearman correlation analysis.  
 
Results 
 

Initial values as well as those after vitamin D 
supplementation of clinical and laboratory parameters, 
expressed as medians and 25th and 75th quartiles are 
shown in Table 1. For comparison, there are also 
reference values for analyzed parameters as used in the 
Institute of Endocrinology, Prague (see www.endo.cz). 
It is evident from Table 1 that initial data are within the 
range of reference values and no significant changes 
occurred after vitamin D supplementation as proven by 
paired signed rank test. Changes of parathormone (PTH) 
and total calcium were the only exception, where the 
supplementation led to their full correction. 

The results of Spearman correlation analysis of 
selected parameters before and after correction of 
vitamin D deficiency and their significancy are given in 
Tables 2 and 3. 
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Table 1. Baseline and control parameters after vitamin D supplementation. 

Variable 
Median (quartiles) 

p-value Reference interval 
Baseline parameters Control parameters 

Age (years) 41 (31, 48) 
BMI (kg/m2) 24.8 (21.3, 28.5) 24.7 (21.7, 28.5) n.s. 18.5-25.0 
TSH (mIU/l) 2.80 (1.59, 3.83) 2.81 (1.62, 3.58) n.s. 0.27-4.20 
fT4 (pmol/l) 15.8 (14.2, 17.4) 16.8 (14.6, 17.8) n.s. 12.0-22.0 
fT3 (pmol/l) 4.52 (4.28, 4.82) 4.58 (4.32, 4.92) n.s. 3.10-6.80 
anti TPO (IU/ml) 178 (35.0, 371.0) 230 (32.0, 352.0) n.s. <40.0 
anti Tg (IU/ml) 29.0 (6.9, 126.0) 31.0 (10.0, 90.0) n.s. <120.0 
CRP (mg/l) 1.10 (0.45, 2.65) 1.05 (0.60, 2.27) n.s. 0.0-5.0 
C peptide (nmol/l) 0.65 (0.56, 0.80) 0.71 (0.56, 0.93) n.s. 0.30-1.47 
Insulin (mIU/l) 8.80 (6.75, 11.2) 8.9 (6.85, 12.4) n.s. 2.60-24.90 
Glucose (mmol/l) 5.10 (4.80, 5.30) 5.05 (4.80, 5.30) n.s. 3.90-5.60 
HOMA IR 1.9 (1.38, 2.64) 1.93 (1.51, 2.46) n.s. x-x 
PTH (ng/l) 50.3 (41.9, 61.3) 43.9 (36.8, 52.0) *** 15.0-65.0 
Calcium total (mmol/l) 2.40 (2.28, 2.43) 2.43 (2.40, 2.49) ** 2.15-2.55 
SHBG (nmol/l) 50.4 (37.1, 93.3) 59.0 (31.0, 102.1) n.s. 43.0-95.0 
DHEA (nmol/l) 22.7 (17.3, 32.3) 19.9 (10.8, 29.6) n.s. 4.3-61.0 
DHEAS (umol/l) 3.54 (1.97, 4.66) 3.52 (2.04, 4.50) n.s. 1.80-7.20 
Vitamin D (nmol/l) 30.9 (22.5, 38.5) 86.4 (57.5, 98.0) *** 75.0-200.0 

BMI – body mass index, TSH – thyrotrophic hormone, fT4 – free thyroxine fraction, fT3 – free triiodothyronine fraction, anti TPO – anti-
thyroid peroxidase, anti Tg – anti-thyroglobulin, CRP – C-reactive protein, PTH – parathyroid hormone, HOMA IR – insulin resistance 
index, SHBG – sex hormone-binding globulin, DHEA – dehydroepiandrosterone, DHEAS – dehydroepiandrosterone sulfate. Mann-
Whitney test was used for evaluation of between group differences: ** P<0.01, and *** P<0.001, n.s. – not significant. 

A correlation analysis revealed marked changes 
in mutual relations after supplementation as follows: 

a) An inverse correlation(s) of vitamin D with
PTH, insulin secretion (C peptide, insulin) and its 
efficiency ((HOMA IR) after supplementation no more 
were proven. Newly found relationships of vitamin D to 
hepatic insulin resistance (insulin/C peptide), to DHEA 
(both negative), and to DHEAS/DHEA ratio (positive). 

b) A positive correlation of CRP with insulin
secretion remained, while newly recorded was its relation 
to insulin efficiency ((HOMA IR, insulin/C peptide). 
Analogical positive correlations appeared also among 
anti TPO and insulinemia, insulin/C peptide, HOMA IR, 
and anti Tgl to C peptide. A relationship of the CRP with 
anti TPO became significant (+).  

c) As parameters of glucose metabolism
concern, only insulin/C peptide and glycemia did not 
correlate with vitamin D during its deficiency; while after 
supplementation insulin/C peptide alone correlated 
positively with both DHEAS and DHEA, and negatively 
with vitamin D.  

d) Inversion relationships of insulin, HOMA IR
and insulin/C peptide respectively to sex hormone-
binding globulin remained unchanged after 
supplementation.  

Discussion 

In our work we attempted to gain more detailed 
information on the relationship of the vitamin D 
deficiency before and after its correction with selected 
metabolic-hormonal laboratory parameters related to 
inflammation, glucoregulation, adrenal androgens, and 
bone metabolism in women with most frequent 
autoimmune endocrinopathy, namely AIT. The results 
brought a number of new insights on relationships 
between the degree of vitamin D deficiency and 
investigated parameters. In the discussion we tried to 
comment the results in the context of recent, often scarce 
knowledge. 
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Baseline levels of thyroid hormones in 
investigated women laid in the normal range and thus at 
adequate substitution with thyroid hormones were not 
influenced by the vitamin D deficiency. The corrected 
values under the same thyroid substitution remained in 
the middle of the reference range. The correlation 
analysis during vitamin D deficiency revealed a positive 
relationship between the fT4/fT3 ratio and vitamin D 
level (r=0.4359, p=0.016). We may speculate about 
a compensatory adaptation on a deep vitamin D 
deficiency. This is supported by the disappearance of the 
correlation between fT4/fT3 and vitamin D after its 
correction.  

During vitamin D deficiency we observed 
a typical increase of parathormone levels, which in about 
one fourth of patients exceeded the upper limit of the 
reference range (65.0 ng/l). Elevated values corresponded 
to secondary hyperparathyroidism as a result of 
insufficient saturation with vitamin D. It was verified by 
a full correction of parathormone levels after vitamin D 
adjustment and could be further supported by 
a proven inverse relationship between vitamin D and 
parathormone, which disappeared after supplementation. 
Basal values of total calcium laid within the reference 
range, their changes after correction of vitamin D 
deficiency were small though significant. 

Cross matched studies dealing with association 
of vitamin D with inflammatory markers brought 
inconsistent results (Liefaard et al. 2015, Azizieh et al. 
2016). This is true about studies on both healthy subjects 
as well as on patients with some inflammatory diseases 
(Kruit and Zanen 2016). Generally, it seems that an 
inverse correlation of vitamin D to CRP is more 
pronounced in severe inflammatory diseases (Cannell et 
al. 2015, Kruit and Zanen 2016). There are many factors 
provided in the literature responsible for heterogeneity in 
the response of inflammatory markers to vitamin D 
supplementation: most frequently it is basal 25(OH)D3 
levels, but also initial value of inflammatory markers, the 
dose of supplemented vitamin D, its type (cholecalciferol 
or ergocalciferol) and the duration of vitamin D therapy. 
In these studies importance of higher basal values of 
inflammatory markers is emphasized, while in case of 
low values a further decrease after vitamin D levels 
correction is not probable. 

Our findings on women under a long-term 
therapy with thyroxin substitution for AIT are in 
accordance with conclusions of the above cited studies. 
Low baseline values of CRP as well as T-Ab titres did 

not further decrease after correction of vitamin D 
deficiency, in agreement with experience of already 
mentioned authors. It was probably the reason that 
a decrease of an anti TPO titre did not occur, as described 
by Krysiak et al. (2016) or Chaudhary et al. (2016). 
Mutual positive correlations of CRP values with 
T-Ab titres, recently mentioned in the literature (Taubner 
et al. 2014), could be proven here only in 
vitamin D-supplemented women, namely a positive 
correlation between CRP and anti TPO. A question arises 
whether a long-term administration of thyroid hormones 
to our investigated women participates at low values of 
CRP, T-Ab and their relationship to vitamin D levels. 
These relationships have not yet been systematically 
studied; only Krysiak et al. (2017) in a very recent study 
describes a decrease of thyroid autoimmunity by 
administration of vitamin D in levothyroxine-treated 
women with AIT and normal levels of vitamin D. 

Sporadic literary data concerning the 
relationship of DHEA/S to AIT describe low levels of 
DHEA/S in T-Ab positive females, with an inverse 
relationship to anti TPO as well as to anti Tg (Ott et al. 
2014). In our group the levels of DHEA/S (taking into 
account patient´s age) laid in the middle of the reference 
range before as well as after correction of vitamin D 
deficiency. 

In the state of vitamin D deficiency we have 
found only one significant positive correlation between 
CRP and the ratio DHEAS/DHEA reflecting the activity 
of steroids sulfotransferase enzyme. The meaning of this 
relationship may help explain experimental findings of 
Solerte et al. (2005). These authors have proven an 
association of dysregulation of natural killer (NK) cell 
cytotoxicity and NK-produced cytokines with thyroid 
autoimmunity, even during thyroxine therapy. In addition 
they have shown that a functional defect of NK cells can 
be reversed in vitro by incubation of NK cells with 
a dose-dependent treatment with DHEAS. 

In the light of these experimental results the 
elevated values of the DHEAS/DHEA ratio at vitamin D 
deficient state associated with increasing levels of CRP 
could be considered a protection from higher activity and 
progression of the inflammation. This idea is supported 
by the fact that the correlation between DHEAS/DHEA 
to CRP disappeared after correction of vitamin D 
deficiency. On the other hand there were correlations of 
adrenal androgens (DHEA, DHEAS) to vitamin D, the 
same as described in healthy women. Zhao et al. (2017) 
described in a multiethnic cross sectional study with 
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2929 women an inversion relationship of low vitamin D 
levels to DHEA, independent on the lifestyle and 
adiposity. An analogical correlation was found in our 
women with AIT after correction of vitamin D 
deficiency, an inverse relationship between vitamin D 
and DHEA was also manifested by a positive correlation 
with DHEAS/DHEA ratio. These relationships may be 
considered a consequence of DHEA sulfotransferase 
(SULT2A1) stimulation by vitamin D supplementation. 
Such an interpretation comes out of works emphasizing 
an important role of vitamin D for stimulation of 
endogenous DHEA sulfotransferase expression, 
especially in liver and intestine (Echchgadda et al. 2004). 

Cross sectional studies report on association of 
lower vitamin D levels with insulinoresistance, 
accompanying various metabolic states such as diabetes 
mellitus type 2 (DM2), metabolic syndrome, PCOS and 
other. This association has been found even in healthy 
subjects, as shown e.g. in a large Canadian study  
(Badawi et al. 2014). As the relationships among AIT, 
glucoregulation or insulinoresistance and vitamin D 
levels are concerned, we have not found more detailed 
information in the available literature. Data exist only on 
the relationship between AIT and insulinoresistance, 
without any information about vitamin D levels. In the 
follow up of glycemia, insulinemia or HOMA IR the 
authors did not find differences between AIT and controls 
(Biyikli et al. 2014, Mazaheri et al. 2014). However, in 
patients with AIT with high anti TPO titres (more than 
1000 IU/ml), higher basal insulinemia was found 
(Mazaheri et al. 2014). 

The performed correlation analysis showed that 
even in women with AIT significant relationships could 
be proven, especially under deep vitamin D deficiency. 
Significant inverse relationships were found between the 
degree of vitamin D deficiency and markers of insulin 
secretion (insulin, C peptide) as well as with its efficacy 
(HOMA IR). 

For explanation of this inverse relationship  
an association of vitamin D deficiency with low grade 
inflammation is also emphasized. A really marked 
positive correlation between levels of C peptide and 
insulin was found to an inflammation marker – CRP. 

To illustrate the pathological impact of a positive 
relationship between CRP (according to some authors the 
best inflammatory marker, Kao 2006) with C peptide and 
insulin in our vitamin D deficient women with AIT,  
an inverse relationship of CRP to sex hormone binding 
globulin (SHBG) levels should be mentioned here. SHBG 

is believed an important marker of insulinoresistance, its 
low levels as well as its decreased gene expression are 
associated with hyperinsulinemia, and after 
insulinoresistance compensation its levels increase 
(Winters et al. 2014). It fully agrees with our results 
showing an inverse negative relationship between SHBG 
and markers of glucose metabolism (HOMA IR, 
C peptide and insulin levels) found under vitamin D 
deficiency. 

After correction of vitamin D deficiency the 
relationships between vitamin D and parameters of 
glucose metabolism disappeared, instead of that an 
inverse relationship of vitamin D to hepatic insulin 
resistance (insulin/C peptide) appeared, pointing to its 
decrease at more pronounced vitamin D supplementation. 
This relationship corresponds to conclusion of Leung 
(2016), according to which adequate vitamin D status 
may modulate hepatic insulin resistance in DM2. 

As may be seen from Table 3, as compared with 
the situation before correction of vitamin D deficiency, 
new significant relationships appeared between 
parameters of glucose metabolism and inflammatory 
markers. Besides already described “deficient“ 
correlation of CRP to insulin secretion the correlation 
analysis revealed also the relationship to markers of 
insulin resistance (HOMA IR as well as to hepatic insulin 
resistance (insulin/C peptide). Of a particular importance 
we consider newly appearing analogical positive 
correlations with the marker of thyroid autoimmunity – 
anti TPO. In addition let us mention a positive 
relationship of another marker of thyroid autoimmunity – 
anti Tg to C peptide. 

Supplementation with vitamin D also 
emphasized the difference of relationships of hepatic 
insulin resistance (insulin/C peptide) from other 
parameters of glucose metabolism. In Table 3 we may see 
that under vitamin D deficient state the only insulin/ 
C peptide ratio together with glycemia did not correlate 
with vitamin D. After supplementation this differences 
were even more pronounced: out of all parameters of 
glucose metabolism, only insulin/C peptide correlated 
positively with adrenal androgens (DHEAS as well as 
with DHEA), and was the only one negatively correlated 
with vitamin D. Liver is a key organ of metabolic 
homeostasis, regulating glucose uptake-storage- 
production, and it is the key target for insulin action. 
Hepatic insulin resistance leads to dysregulated glucose 
metabolism, resulting in hyperglycemia and disturbed 
interaction with lipogenesis, proteosynthesis and many 
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other hepatic functions (Leung 2016, Bechmann et al. 
2012, Wallace et al. 2016). These processes in 
hepatocytes are an object of complicated regulations, 
studied on molecular-biological level. Our results stress 
importance of interaction of adrenal androgens with 
vitamin D in these regulations, especially in influencing 
hepatic insulin resistance and are an impulse for further 
clinical and experimental research. 
  
Conclusions 
 

In conclusion we may summarize: a correlation 
analysis proved remarkable differences in mutual 
relationships among vitamin D levels, inflammatory 
markers, insulin secretion and its efficacy, levels of 
adrenal androgens and SHBG, under vitamin D 
deficiency and after its supplementation. 

The results opened a number of questions, 
especially about the relationship between vitamin D and 
inflammation. Primarily, new mutual relationships 

appeared after vitamin D supplementation, namely 
between CRP and a marker of thyroid autoimmunity – 
anti TPO, and the same correlations of both markers to 
total and hepatic insulin resistance and also to insulin 
secretion, indicating that increasing 25(OH)D levels may 
also be related to proinflammatory states (Mellenthin  
et al. 2014). A correlation analysis also pointed to 
a changing role of adrenal androgens in relation to 
vitamin D, especially in relation to hepatic insulin 
resistance. The results in the context of existing 
knowledge may stimulate a discussion concerning 
vitamin D deficiency in other diseases as well. 
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