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Vitamin D Supplementation Changed Relationships, Not Levels of
Metabolic-Hormonal Parameters in Autoimmune Thyroiditis
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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
DHEA (both

ratio (positive) were newly found. Second,

(insulin/C peptide), to
DHEAS/DHEA
a positive correlation of CRP with insulin secretion remained,

negative), and to

while its relation to insulin efficiency (HOMA IR, insulin/
C peptide) was newly observed. Analogical positive correlations

among antiTPO  and
HOMA IR, and
A relationship of the CRP with anti TPO became significant (+).
Third, out of

insulin/C peptide and glycemia did not correlate with vitamin D

appeared also insulinemia,

insulin/C peptide, antiTg to C peptide.

glucose  metabolism  parameters only
during
C peptide alone correlated positively with both DHEAS and DHEA,

and negatively with vitamin D.

its deficiency, while after supplementation insulin/
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Introduction

Cross sectional, as well as observation studies
point to association of vitaminD 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
1,25-(OH),D;
concentrations in AIT, for instance due to lowered

immunomodulatory  effect of low
activity of both macrophages and dendritic cells, resulting
in increased autoantigen presentation, or increased
formation of pro-inflammatory cytokines and cell
destructive Thl 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 ef 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/1 (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

(AIT) in the Institute of
Endocrinology (Prague) were investigated for the levels

autoimmune thyroiditis

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 — 250HD,+250HD;) were measured by immuno-

analytic ECLIA methods (Cobas 6000, Roche,
Mannheim, Germany).
Creactive 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
(anti TPO) and
thyreoglobulin (anti Tg) were measured using an ELISA

thyroid peroxidase antibodies to
method (Aesku.Diagnostics, Wendelsheim, Germany) on
an Immunomat BASE (Serion Immunologics, Germany).

Statistics

Descriptive ~ statistics was performed by
Microsoft  Excel.  The  effect of
supplementation on the investigated parameters was

vitamin D

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.

. Median (quartiles) .

Variable N p-value Reference interval
Baseline parameters Control parameters

Age (vears) 41 (31, 48)
BMI (kg/m’) 24.8 (21.3, 28.5) 24.7 (21.7, 28.5) n.s. 18.5-25.0
TSH (mlU/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
JT3 (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 (1U/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/I) 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) oAk 15.0-65.0
Calcium total (mmol/l) 2.40 (2.28, 2.43) 2.43 (2.40, 2.49) *x 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) HAH 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-
remained

binding  globulin unchanged  after

supplementation.
Discussion

In our work we attempted to gain more detailed
information on the relationship of the vitaminD
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 vitaminD deficiency and
investigated parameters. In the discussion we tried to
comment the results in the context of recent, often scarce
knowledge.



Vol. 66

S412 vondraet al.

- Wer19'0 | T90vE0 | TYLOYTO | €CSL6E0 | ¥69S0T0 | LETO IPIIE00 | 9ILLEO0 | 6VL9TSO | €TS8P0°0 96Cr1€°0 PEIIP0'0 | 90L8EE0 | LOLOILO
0€¢ 0¢ 6C 0¢ 6¢C 0¢ 0¢ 6C 6C 6¢C 6¢ 6¢C 6T 6¢C 8¢C
I $88560°0- | TSE€81°0- | T160CT0- | 1€CE91°0- | TBLETO- | 9COLLTO | L8000~ | LLOLBE'0- | S8YTTI'0- | P0S69E°0- | 96S€61°0- | 6S908€°0- | 9€TH8I'0 | ¥7EELO0- DUHS
werloo |- LT0000°0 | 9S96¥0°0 | 6C08ST'0 | 866LSO'0 | THI919°0 | £70668°0 | 1S68T0 6208SC°0 | 1969660 29EvS10 Y8SOYY'0 | ¥¥C9ES0 | €95L06°0
0¢ 0€¢ 6T 0€ 6¢C 0¢ 0¢ 6¢C 6¢C 6¢C 6¢C 6¢C 6¢C 6¢C 8¢C
7885600~ | I SIT8OL'0 | €ISTIE°0- | S90LITO | ¥66¥E0 | 8ETS60°0- | ¥9¥C0°0 | #LSEOT0- | S90LIT0- | 6€L000°0 6CVILT0 YEO0LY1'0- | ¥OLOITO | 686CC0°0- VHHd
90v€°0 L10000°0 |- 689L81°0 | 8L969T°0 | ¥CTSTO6'0 | ¥TS689°0 I8SS8T°0 | ¥E8ISY'O | 9LTILED | 8LIIETO G8¢I80°0 86€0St°0 | 8019L0°0 | ¥SE9T0
6C 6T 6¢C 6¢C 8¢C 6¢C 6¢C 8¢C 8¢C 8¢C 8¢C 8¢C 8¢C 6¢C 8¢C
cse810- SITOL0 |1 SSLISTO | TL6SITO [ 6CTBI00- | TBYLLOO | L99LSTO | SESOVI'0 | 9S9SLT0- | 8BLEETO 1205€€°0 9198V1°0 | ¥TSPEC0 | ¥6981CT0 SYAHA
wLOYTO | 9596v0°0 | 689L81°0 |- 691¥L°0 | 80LOOI'0 | TH8ICH'O0 | 8LLOS'O | €8VPOTO | SYECL'O | LELIOO €CLETY0 ISE€ET0°0 | 9¥00CH'0 | STLO6S O
0¢ 0€ 6¢C 0¢ 6¢C 0¢ 0¢ 6¢C 6¢C 6¢C 6¢C 6¢C 6T 6¢C 8¢C
C160TT0- | EIST9E°0- | SSLISTO |1 656€90°0 | ISPSOE'0- | S¥90ST'0 | T€90IT°0 | 9LTVT0 159890°0- | 18960°0 L0S60°0- | S8861+°0 | S99SS1°0 | S81901°0 | VHHA/SVAHA
€CSL6E0 | 6C08STO | 8LI6ITO |691FLO0 |- YCETSY'0 | 8ESLTS'O | LBEILY'O | TCOVOL'O | THPSEL'O | 8IETHYO 1808SL°0 699009°0 | 196690 | 90T8LT0
6¢C 6¢C 8¢C 6¢C 6C 6¢C 6¢C 8¢C 8¢C 8¢C 8¢C 8¢C 8¢C 8¢C LT
1€CE91°0- | S90LITO | TL6SITO | 656€90°0 |1 YOTSY1°0- | €SCCCI'0- | 80€OPI'0 | LTISLO'0 | T€8990°0 | STISIO 1€6090°0 89¢€01°0 | 6C9L0°0- | I¥¥9IT0 wnpre)
¥6950C°0 | 866LS0°0 | ¥TTST6'0 | 80LOOI'O | ¥CETCSY O | - 966900°0 | SLEYYO6'0 | 9S00¥8°0 | 8ILSIE0 | 1L96L0 STSLS6'0 S616¥S°0 | S801S8°0 | STLO6S'O
0¢ 0¢ 6¢C 0¢ 6¢C 0¢ 0¢ 6¢C 6¢C 6¢C 6¢C 6¢C 6¢C 6¢C 8¢C
C8LETO- PP661r€'0 | 6CC810°0- | ISPSOE'0- | ¥OTSYI0- | 1 9L6I8Y'0- | TSSEI0'0- | LBIOGEO'0- | EPERLIT0- | 900050°0- | S¥€010°0- [ 6¥6STT°0- | €5¥9€0°0- | S81901°0- HLd
LETO r9919°0 | ¥CS689°0 | T¥8ITH'0 | 8ESLTSO | 9669000 | - 9€0v€0°0 | ¥60L70°0 16L950°0 | 9S¥¥T0°0 S901¥¥0 LYYOLL'O | L86T600 | ¥EE0TE0
0¢ 0¢ 6¢C 0¢€ 6C 0€ 0€ 6T 6T 6¢C 6T 6¢C 6¢C 6¢C 8¢C
9CT6LLTO | 8ETS60°0- | TBYLLO'O | SPO0ST'0 | €STTTI'0- | 9L6I8Y 0~ | | YI8Y6£°0- | 90C01°0- | ¥99LSE°0- | €0691F°0- | SO88FI'0- | T€99S0°0- | €LLLIE0 | T88Y61'0 ( unueyrA
IPIIE0°0 | €¥0668°0 | I8SSBI'0 | 8LLISO | LBEILY'O | SLEVYO'O | 9€0PE0°0 | - 0 £€90€00°0 |0 €00000°0 SITEE0°0 | 61608C°0 | LTO6STO
67 6¢C 8¢C 6¢C 8¢C 6C 67 6¢C 6T 67 6T 67 87 8¢ LT
L8800F°0- | ¥9¥C0°0 | L99LSTO | TE9OIT'0 | 8OEOVI'0 | TSSEIO'0- | ¥T8Y6E°0- | 1 LILT80 PE€I0ES'0 | SLSLL6'0 TL69EL'0 8€SE0F°0 | 88011C°0- | IT88LTO urnsug
9ILLEO'0 | [S68C'0 | ¥EBISY'O | €8F0TO | TTOYOL'O | 9S00¥8°0 | ¥60LTO0 | O - ¥85L00°0 |0 9891¢€1°0 S88LEO°0 | TLOI68'0 | PEESSED
67 6¢C 8¢C 6¢C 8¢C 6C 67 6T 6¢C 67 6T 6¢C 87 8¢C LT
LLIL8E0- | PLSEOT'0- | SESOVI'0 | 9LTYTO | LIISLOO | L816£0°0- | 90T0IH"0- | LILT80 I IPSS8Y°0 | ILS618°0 £998C°0 89Tr6€£°0 | CTI1LC00 | S60S81°0 apndad H
6VLI9TS0 | 6C08ST'O | 9LTILEQ | SPECL'O | THPSEL'O | BILSIE0 | 16L9S0°0 | €90€00°0 | ¥8SLOO0 |- 860000°0 L9TY1°0 60LECS'0 | TOB09E0 | 890ILYO
6¢C 6¢C 8¢C 6¢C 8¢C 6C 6¢C 6T 6T 6¢C 6T 6¢C 8¢C 8¢C LT
S8YTTI'0- | S90LIT0- | 9S9SLT"0- | 1S9890°0- | TEBI90'0 | EVEVLI'0- | ¥99LSE'0- | PEIOES'0 | IPSS8Y°0 I 816659°0 8706LC°0 9SLSTI'0 | ¥LY6L1'0- | 9T8YF1°0 asoony
€CS8Y0°0 | ¥96966°0 | 8LITETO | LELIOO | 8IETYY'O | 1L96L'O | 9SPPCO'0 |0 0 8600000 |- €10000°0 SLYI90°0 | LO99LTO | €TT1091°0
67 6¢C 8¢C 6¢C 8¢C 6C 67 6T 6T 67 6¢C 67 8¢C 8¢C LT
P0S69¢€°0- | 6€L000°0 | 8LEETO 189600 | STISI'0 | 9000S0°0- | €0691H°0- | SLSLL6'0 | ILS6I8'0 | 8166590 |1 6SESIL'0 LI6LSE0 | 9¥6C1T0- | STI8LTO Al VINOH
96TPIE0 | T9EPST'0 | S8EIB0'0 | €TLETY0 | I808SLO | STSLSO6'0 | S90IFFO | S00000°0 | 9891€I'0 | L9TPI'0O | €10000°0 - €6¥00T°0 | 996601°0 | ¥OVSEL'0
6¢C 6¢C 8¢C 6¢C 8¢C 6C 6¢C 6T 6C 6¢C 6T 6¢C 8¢C 8¢C LT
96S€61°0- | 6CVILT0 | 1T0SEE0 | #L0S60°0- | 1€6090°0 | SYE010°0- | SO88F1°0- | TLE9EL'0 | €998T°0 8706LT°0 | 6SESILO I CSY6rT’0 | €0L80E°0- | TL8Y6T0 d D/uxmsuy
PEIIP0'0 | ¥8SOPY'0 | 86E0SH'0 | ISEETO'0 | 6990090 | S616VS0 | LPPOLL'O | SITEE00 | S88LEOD'0 | 60LETSO | SLYI90°0 £6¥00C°0 - LI€0S6'0 | €6€6LE°0
67 6¢C 8¢C 67 8¢C 6¢C 6¢C 8T 8T 8¢C 8¢C 8¢C 6¢C 8¢C LT
6S908€°0- | PEOLPI'0- | 919871°0 | S8861H°0 | 89EE0I'0 | 6¥6ST1°0- | T€99S0°0- | 8€ESEOF'0 | 89TH6€°0 | 9SLSTI'0 | LIGLSEO 4344\ I LEETIO0 | PLIILTO A
90L8EE0 | PPTIESO | 8OI9LO0 | 9¥00CH O | 196690 | SBOIS80 | L86T60'0 | 61608C°0 | TLOI680 | CO809€0 | LO9ILT O 9966010 L1€0S6°0 |- 152021°0
6¢C 6¢C 6¢C 6¢C 8¢C 6¢C 6¢C 8¢C 8¢C 8¢C 8¢C 8¢C 8¢C 6C 8¢
9ETr81'0 | POLOIT'0 | PTSPEE'0 | S99SST°0 | 6T9L0°0- | €6¥9€0°0- | €LLLIEO [ 88011C°0- | TITLTO0 | LYP6LI'0- | 9¥6CITO- | €0L80€°0- | LEETIOO |1 £6700€°0 31 pue
LOLOIL'O | €9SL06°0 | PSEITO | STLO6SO | 90TBLTO | STLO6SO | PECOTED | LTO6ST'O | ¥EESSE0 | 8IOILY'O | €TT1091°0 YOYSET'0 €6€6LE°0 | ISCOCIO |-
8¢C 8¢C 8¢C 8¢C LT 8¢C 8¢C LT LT LT LT LT LT 8¢ 8¢
PPEELO’0- | 686CC0°0- | #6981T°0 | S81901°0 | I¥¥91T0 | S81901°0- | T88¥61°0 1T88LT'0 | S60S81°0 | 9T8YYI'0 | STIBLTO CL8Y6T0 YLIOLT'O | €6¥00€°0 |1 Od.L hue

DUHS VAdHd | SVAHA | VAHd | wnpe) HLd aumueyip | unnsup | dpndad ) | asoand | I VINOH | d D/urmsug d4AD SLpue | OdLpue

/SVAHA

*(anjeA-d — aul| pAIY} BY3 ‘U — Ul PUOISS B} JUSIDILB0D UOKL[SLI0D — BUl| 3114 SU3) BIep auljeseq palds|es JO SisAjeue UoieRLI0) g 3lqel




Vitamin D Supplementation and Autoimmune Thyroiditis S413

2017

- 8LYEST'0 | TCO806°0 | SOT8OI'0 9€65L°0 L696YS°0 | €0LY6T0 | 8800°0 6960%0°0 | 98TTH80 | T01€C0°0 6£9¢¥0°0 90S6vC’0 | ¥€088Y°0 | 6L£86Y°0
0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0¢ vC ¥C
I 981L9T°0- | LTOTTO'0- | 1TT66T 0 8GE8S0'0 | S69CIT'0 | 618L61°0 | TH869Y°0- | PEESLE'0- | STOLEO'O | ILSEIP'0- | LSBOLE'0- | 9¥691CT0- | 9698F71°0 | LITSKI0- O4HS
8LYESTO |- 20000°0 | TT000°0 9965t¥°0 | TTIP0°0 T60L10°0 [ 99PELE0 | 9L1€680 | 1S0619°0 | LYEIIE0 £€9810°0 €8L9S€°0 | 6568750 | CO6T8Y0
0¢ 0¢ 0€ 0€ 0€ 0€ 0€ 0€ 0¢ 0€ 0€ 0€ 0¢ ¥C ¥C
981L9C°0- | I T96569°0 | T9ESTI'0- | 9SHPI'0- | €06PLE0 | TEITEV0- | ¥8¥BII'0 | 109STO'0 | 6S¥60°0 12€681°0 6169710 6SEVLI'0 | 9698C1°0 | SEVOST'O VAIHA
C0806°0 | T0000°0 - T96TL80 6L0VEC0 | SPI610°0 | €SEVEL'0 | 60LYC0 PeY9€9'0 | vPP66L°0 | €€899T°0 TI8S€0°0 8GEEETO [€C8LE0 | €9SPTE0
0¢ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0¢ 0¢ 0¢ 0€ 0¢ ¥C ¥C
LT0TTO'0- | T96569°0 | 1 8¥0€0°0 TO6ETT0- | 9LIETH'O | LELOLTO- | €08ITO 876680°0 | 91+8%0°0- | L9€60T°0 T69¥8¢°0 6CEVCC0 | C0E88I°0 | 9¥001C0 SVAIHA
S0Z801°0 | TT000°0 796TL80 |- 6v0887°0 | L¥S9T6'0 | 1€6610°0 | SSIFTL'O | 8768SS°0 | ILI¥Y9'0 | 1T16¥8°0 169€9t°0 ITISY8'0 | €€10¥8°0 | CL90ER0
0¢ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0¢ 0€ 0€ 0€ 0¢ ¥C ¥C
1272660 | T9€S79°0- | T8%0€0°0 | I IPO1€1°0- | LLSLIO'0 | 98LTTVF'0 [ 91TL90°0 | 9801110 | 868L80°0- | £979£0°0 €P06E1°0- | SETLEO'0 | 8LPEVO'0- | L8O9Y0'0 | VAHA/SVAHA
9€65L°0 996SY¥'0 | 6L0VETO | 6708870 - PLITIO0 | 106€L6'0 | 8STSY'0 | 86COSL'O | TEF8FI'0 | €68L6E0 8CrL90°0 9€LS90°0 | TS006E0 | L8BIET0
0€ 0€ 0€ 0¢ 0€ 0€ 0€ 0€ 0¢ 0€ 0¢ 0€ 0¢ ¥C ¥C
86€8S0°0 [ 9SPPI'0- | T66£CCO- | I¥91€10- I 8579600~ | 8€2900°0 | 6L¥CEI'0- | 9C9090°0 | T8EOLT'0- | CSTO91°0- | SYEBEE0- | 8TEOVE'0- | 8SLEBI'0- | S9TIE0- wnpre)
L696¥S°0 | TTIV0°0 S¥9610°0 | L¥S9T6'0 YIITI90 |- 916661°0 | LLIOTL'O | 1989S¥°0 | LT8TLY'O | LI9SEIR0 8CEY09°0 €6VSES'0 | LISEIE0 | 8ILYLOO
0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0¢ 0€ 0€ 0€ 0¢ ¥C ¥C
S69E11°0 | €06VLEOD | 9LIETY'0 | LLSLIOO 86¥960°0- | 1 C6L0YC'0- | STC890°0- | 9STIYI0- | TV6ISI'0 | v¥ovy0'0- | S95860°0 6ELLIT'O- | €8L¥ITO- | SEPOLEO- HLd
€0LY6C°0 | T60LI00 | €SEVET0 | 1€6610°0 106€L6'0 | 9166610 |- SSOITTO | €S8¥8°0 $96€C8°0 | €ISILIO 1006000 €8E0V1°0 | STOLOY'O | T986€°0
0€ 0€ 0¢€ 0€ 0€ 0€ 0€ 0€ 0¢ 0€ 0¢ 0€ 0¢ 14 14
618L61°0 | TEITEV'0- | LELO6LT O | 98LTTYO 8€7900°0 | ¢6LOYTO- | I L8I0ET'0- | 90¥9€0°0- | L6ECYO'0 | THPE9STO- | STI8IP'0- | LV9SLTO- | PEOLLI'O | €1SO8T°0 (@ UTuerA
8800°0 99PELE0 | 60L¥TO | SSIFTL'O 8GTS8Y'0 | LLTOTL'O | SSOICTO |- 0 6SL86%'0 |0 1800000 PE8Y00°0 | 606LYT0 | LSOSE00
0€ 0€ 0€ 0¢ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 14 144
wW869Y°0- | ¥8¥891°0 | €08ICT0 | 9ITL90°0 6LYTEI'0- | STT890°0- | L8IOECO- |1 SI8998°0 | 9¥¥8CTI'0 | YISEL6'0 LLS9S9°0 L900S°0 YTESYTO | LTOIEY'0 urnsuy
6960%0°0 | 9L1€68°0 | ¥EF9E90 | 87685570 86C0SL0 | 1989S¥°0 | €58%8°0 0 - 8886L°0 |0 EIvrLT 0 6857600 | ¥IVTIVO'0 | ¥6871°0
0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0¢€ 0€ 0€ 0€ 0¢ 144 14
PEESLE 0~ | 109ST0°0 | 876680°0 | 980111°0 9790900 | 9STI¥I'0- | 90¥79€0°0- | SI8998°0 |1 GSS8170°0 | STL6ES'0 SL9YSTO 66L01€°0 | IPLIV'O 608€0€°0 apndad H
98CCY8'0 | 1S0619°0 | ¥¥¥66L°0 | ILIFF9°0 CEV8YI'0 | LTTTKO | S96€T8°0 | 6SL86Y'0 | T8886L0 | - £€90C1°0 80¥8CC0 S10TIS'0 | T606LI0 | TS6SETO
0€ 0€ 0€ 0€ 0€ 0¢€ 0€ 0€ 0€ 0¢€ 0¢ 0€ 0¢ 14 I
STO6LED'0 | 6517600 91¥8%0°0- | 868.80°0- C8E0LT0- | TWOIST'O | L6ETHO'0 | 9¥¥8TI'0 | SSS8Y0'0 | T CLS68T0 99970 6ESYCI'0- | €CTLEBTO | 6SEEIE0 asoonH
T0I€T0°0 | LPEITIE0 | €€899C°0 | I1TI6¥8°0 €68L6€°0 | L9SEI8O | CISILIO |0 0 £€90C1°0 |- 6€0000°0 891vC0°0 | PLOELI'O | TS61V0°0
0€ 0€ 0€ 0¢ 0€ 0€ 0¢€ 0€ 0€ 0€ 0¢€ 0€ 0€ 14 144
LLSEIP 0~ | 1TE681°0 | L9€60T°0 | €929€0°0 CS1091°0- | #¥6¥70°0- | THEIST0- | PISEL6'0 | SIL6E80 | TLS68TO |1 61¥LLI0 €0LOTY'0 | LS698T0 | 19T8IP'0 dl VINOH
6£9€10°0 | €9810°0 TI8SE0'0 | 169€9¥°0 8CYL90°0 | 8TEF09'0 | 100600°0 | 180000°0 | CI¥HLI0 | 80¥8TTO | 6£0000°0 - €00010°0 | SEBTSL'0 | €9LSE0'0
0€ 0€ 0€ 0¢ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 0€ 14 144
LS8OLE0- | 6169TH'0 | T6I¥8E0 | €706€1°0- SPEBEE'0- | $95860°0 | STIVIP 0~ | LLSISI'0 | SLOYPSTO | 999TT0 6IPLLI0 ! LL8TIY'0 | 9T8L90°0- | SEVOEY'0 d /uypnsug
90S6¥C°0 | €8L9SE0 | 8S€EECO | ITISY80 9€LS90°0 | €6¥SESTO | €8EOVI'0 | ¥ESYO0'0 | 68S¥60°0 | STOTIS'O | 891¥C0°0 €00010°0 - €6L908°0 | LETBTO'0
0¢ 0€ 0€ 0¢ 0€ 0€ 0€ 0€ 0¢ 0¢ 0€ 0€ 0¢€ 14 144
9Y691T0- | 6SEVLI'0 | 6TEFCTO | SETLEO'O 8CEOPE'0- | 6ELLIT'O- | LV9SLTO- | L90OS O 66L01€°0 | 6€S¥CI'0- | €0LOLY'0 LL8TIY'0 I LTS0°0- 9ELLYY'0 44D
¥€088Y°0 | 6S68YS°0 | [€TBLEO | €C10V8°0 CS006€°0 | LISEIE0 | STOLOY'O | 606LYC0 | VIPTPO'0 | TO606LI0 | ¥LO6ELIO SEVTSLO €6L908°0 |- 198061°0
¥C 144 ¥C ¥C 144 144 144 144 144 14 ¥C 144 ¥C ¥C ¥C
969871°0 | 9698C1°0 | 20€881°0 | 8L¥E¥0°0- 8GLEBT'0- | €8LYITO- | PEOLLTO | ¥CESYTO | IPLIP'O €TLEBTO | LS698TO 978L90°0- | LTSO'0- I CCS9LTO 31 yue
6L€861°0 | C06T8Y'0 | €9SPTE0 | TL90ER0 L889E1'0 | 8ILYLO'O | T986E°0 LSOSE0°0 | v¥6871°0 | TS6SEI'0 | TS6140°0 €9LSE0°0 LETBT0'0 198061°0 |-
¥C 144 144 ¥C 144 144 144 v ¥C ¥C 144 v 144 14 ¥C
LITSY1'0- | SEVOST'0 | 9%001T°0 | L8O9Y0'O SOTIE0- | SEPOLE'0- | €1SO8T°0 | LTOLEY'0 | 608€0€°0 | 6SECIE0 | 19T8IV'0 SEPOEY'0 9ELLYY'0 | TTSOLTO | 1 Od.L hue

DHHS ViIHd SVAIHA VIHd wnpe) HLd @ urureyip [ urnsup [ appdad J | ssoont) | I VINOH | d D/urmsuy d4AD 3Lpue | OdLbue

/SVAHA

*(anjeA-d — aul| pAIy3 3Y3 ‘U — Ul PUOIS U3 ‘JUBIDILB0D UOKL[SLI0D — 3Ul| 3S1I4 BU3) BIep |03U0d Pa1I3|es JO SISAjeue uoneR.LIo) € alqel




S414 vondraet al.

Vol. 66

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 vitaminD
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
could be further

a proven inverse relationship between vitamin D and

adjustment and supported by
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 vitaminD 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)D;
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).
of CRP values with
T-Ab titres, recently mentioned in the literature (Taubner
2014), could be
vitamin D-supplemented women,

Mutual positive correlations

et al proven here only in
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 ef al. (2017) in a very recent study
describes adecrease 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 ef 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 ef 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
(SULT2AL1) stimulation by vitamin D supplementation.
Such an interpretation comes out of works emphasizing
an important role of vitaminD for stimulation of
DHEA

especially in liver and intestine (Echchgadda et al. 2004).

endogenous sulfotransferase ~ expression,
Cross sectional studies report on association of
with
accompanying various metabolic states such as diabetes
mellitus type 2 (DM2), metabolic syndrome, PCOS and

other. This association has been found even in healthy

lower vitaminD levels insulinoresistance,

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
(Mazaheri et al. 2014).

The performed correlation analysis showed that

basal insulinemia was found

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
with
insulinoresistance compensation its increase
(Winters et al. 2014). It fully agrees with our results
showing an inverse negative relationship between SHBG
metabolism (HOMA IR,
C peptide and insulin levels) found under vitamin D

associated hyperinsulinemia, = and  after

levels

and markers of glucose
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
“deficient

correlation of CRP to insulin secretion the correlation

markers. Besides already described
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.

relationship of another marker of thyroid autoimmunity —

In addition let us mention a positive
anti Tg to C peptide.

with vitamin D also
emphasized the difference of relationships of hepatic

Supplementation

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.
hepatocytes are an object of complicated regulations,

2016). These processes in

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
and SHBG,

deficiency and after its supplementation.

adrenal androgens under vitamin D

The results opened a number of questions,
especially about the relationship between vitamin D and

appeared after vitaminD 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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