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Vitamin D Deficiency and Immune
Disorders in Combined Endocrine
Pathology

Yuliia I. Komisarenko and Maryna I. Bobryk*

Endocrinology Department, Bogomolets National Medical University, Kyiv, Ukraine

Introduction: Combined endocrine pathology is a serious healthcare problem in
Ukraine. This prospective study assessed the blood levels of 25-hydroxyvitamin D
[25(CH)D] and markers of immune function in response to vitamin D intervention in
patients with type 1 and type 2 diabetes mellitus (T1DM and T2DM, respectively) and
autoimmune thyroiditis (AIT).

Objective: This study evaluated the relationship between the metabolic and immune
status of DM + AIT patients with respect to their vitamin D status and changes after
vitamin D3 supplementation.

Material and Methods: Patients with type 1 or type 2 DM in combination with AIT
and decreased circulating levels of 25(0OH)D were divided into two groups of 30 patients
each. All patients with AIT were euthyroid and receiving hormonal replacement therapy.
The levels of carbohydrate and fat metabolism markers, Immunologic markers, namely,
Th1-type cytokines [interferon (IFN)-y, tumor necrosis factor (TNF)-a, interleukin (IL)-2,
IL-6, IL-12], Th2-type cytokines (IL-4, IL-5), IL-10, and IL-17 were measured before and
after vitamin D3 supplementation. The vitamin D status was assessed according to the
level of 25(0OH)D.

Results: Patients with combined endocrine disorders (DM and AIT) with a decreased
vitamin D status had significantly increased background concentrations of Th1-type
cytokines and reduced concentrations of Th2-type cytokines (IL-4 and IL-5), IL-10, and
IL-17. The results of our study showed that vitamin D3 supplementation in patients with
T1DM and T2DM reduced the concentrations of the inflammatory Th1-type cytokines
and increased the levels of Th2-type cytokines.

Conclusion: The presence of two endocrine diseases, aggravated by decreased
circulating levels of 25(0OH)D, leads to disorders wherein the immune status is markedly
changed. These decreased levels of 25(0OH)D contribute to an autoimmune inflammatory
process and to the progression of complications in addition to the metabolic disorders.
A vitamin D intervention resulted in significant changes in the blood levels of 25(0OH)D
that are related to parameters of autoimmunity and glucose metabolism. Vitamin D3
supplementation should be considered for the prevention and treatment of combined
endocrine pathology.

Keywords: diabetes mellitus, autoimmune thyroiditis, 25-OH D, vitamin D3 supplementation, immune disorders,
cytokine profile, Chernobyl disaster
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INTRODUCTION

The incidence of a combination of endocrine diseases is highly
prevalent worldwide. Diabetes mellitus (DM) with coinciding
thyroid diseases is a common combination, affecting 17-30% of
the cases in the clinical endocrinology practice in Ukraine (1, 2).

Type 1 diabetes (T1DM) is often associated with autoimmune
diseases, such as autoimmune thyroid disease (ATD), celiac
disease, autoimmune gastritis, pernicious anemia, and vitiligo
(3). ATD is the most prevalent endocrinopathy among patients
with diabetes (1, 4). The prevalence of ATD during the course
of TIDM was as high as 60% of patients, 40% of whom
additionally suffered from thyroid disorders including overt
hypothyroidism (24%), subclinical hypothyroidism (8%), and
hyperthyroidism (8%) (5). According to Krzewska et al. the
ATDs Hashimoto’s thyroiditis and Graves’ disease, are the most
prevalent autoimmune diseases in children and adolescents
with TIDM. Their incidence is an estimated as 2-4-fold
higher than those in the general population, with Hashimoto’s
thyroiditis the most common clinical form (14-28%) (4). TIDM
is frequently associated with autoimmune endocrine and non-
endocrine diseases and patients with TIDM are at a higher
risk of developing several glandular autoimmune diseases.
Familial clustering has been observed, suggesting a genetic
predisposition. Various hypotheses of viral- and/or bacterial-
induced pancreatic autoimmunity have been proposed; however,
a definitive description of the autoimmune pathomechanism is
still lacking (5, 6).

Furthermore, there is a deep underlying relationship between
diabetes mellitus type 2 (T2DM) and thyroid dysfunction (6).
Numerous studies have reported the complex intertwining of
biochemical, genetic, and hormonal malfunctions characteristic
of this pathophysiological association (4-7). The prevalence of
thyroid disorder in a population affected with diabetes was 13.4%
and appeared more prevalent (31.4%) in female T2DM patients
compared to that in male T2DM patients (6.9%) (1).

Over the past 20 years a steady increase in the incidence
of combined endocrine diseases has been observed in Ukraine
(8). In addition to this disadvantageous epidemic trend is
the substantial healthcare burden for Ukraine. The increasing
prevalence of combined endocrine diseases most likely reflects
the late health consequences of the Chernobyl disaster (April
26th, 1986), especially radioactive iodine that affected the thyroid
gland. In the first decade after the Chernobyl disaster, the
combination of diabetes with diffuse toxic goiter predominated;
later, the prevalence of diabetes coinciding with thyroiditis
increased significantly. The formation of nodules in the thyroid
gland in older adults began to increase (9-11). According to
Institute of Endocrinology and Metabolism data during the 5
years preceding the Chernobyl nuclear accident, a total of 59
cases of thyroid carcinoma were identified in the birth to 18 years
age group (25 cases in those aged 14 years of less and 34 cases in
adolescents aged 15-18 years). Between 1986 and 1997, there was
a total of 577 of thyroid carcinomas in Ukrainian children and
adolescents (358 and 219 cases, respectively). The largest number
of cases occurred in patients living in areas of thyroid radiation
doses of at least 0.50 Gr. Thyroid cancers developed after a

short latent period, were more aggressive at presentation, and
expressed regional (57.3%) or distant (14.5%) metastasis. Solid
papillary cancers were present in 93.1% and coexisting chronic
thyroiditis in 10.2% of cases (10).

Foley et al. focused on the long-term effects of the Chernobyl
catastrophe, particularly as an unprecedented event that affected
the endocrine system in individuals of all ages and which
has provided data on the effects of radiation on humans,
including the acceleration of thyroid cancer (12). The first
years following the Chernobyl disaster were notable for several
striking epidemiologic observations. First, a significant increase
of incidence of pediatric thyroid cancer was reported in the
two countries that were most contaminated by the release of
radioiodine from the damaged nuclear reactor: Ukraine, the site
of the Chernobyl plant, and Belarus, located directly to the north.
The increased incidence of the thyroid cancer was particularly
evidenced in individuals aged 0-4 years at the time of exposure
and adults at the time of Chernobyl accident were markedly less
affected. From the Ukrainian clinical perspective, the majority of
thyroid carcinomas (more than 90%), noted in patients in their
growth and maturation periods at the time of the Chernobyl
accident, were diagnosed with papillary carcinoma (13).

The autoimmune pathology in clinical practice seems a
difficult task for endocrinologists, with many unknowns. Modern
laboratory diagnosis with high sensitivity allows the detection of
autoantibodies in DM and autoimmune thyroiditis (AIT) and the
monitoring of a wide spectrum of markers of the immune status
of patients for diagnostic research and treatment. Unfortunately,
during the treatment course, it is often very difficult or impossible
to effectively reduce auto-aggression (1, 14).

T1DM and T2DM, as well as AIT in combination, have
a constant tendency to progress the so-called “Chernobyl
footprint” regions. As a result of both therapeutic difficulties
and the relatively high prevalence of cases with these combined
endocrine diseases in Ukraine, it is important to identify
alternative methods to improve the treatment course and clinical
outcomes. Among the promising agents and possible methods,
proper vitamin D supply offers promise due to its low cost and
easy accessibility.

25-hydroxyvitamin D [25(OH)D] is involved in the regulation
of many physiological processes in the body and beneficial
effects related to treatment with cholecalciferol were noted in
immunodeficiency, cardiovascular disorders, anemia, diabetes,
various pathologies of the liver, and gastrointestinal tract
disorders, as well as for tuberculosis and malignant tumors of
the breast and intestine (15, 16). Both genetic predisposition
and environmental factors may contribute to the development of
autoimmune diseases. Increased levels of immune inflammation
markers may affect the course of immuno-endocrine pathology.
A gradual development of the autoimmune inflammatory
process, when combined with hypothyroidism and DM, may
significantly contribute to the development of endothelial
dysfunction and the consequent development of vascular
complications. Therefore, the aim of our study was to determine
the background concentrations of cytokines in patients with
combined pathology-T1DM or T2DM and AIT in the context
of vitamin D status. An additional objective of the study was to
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investigate the protective effect of vitamin D supplementation on
the progression of the immune process.

PATIENTS AND METHODS

Study Group

The study group consisted of 60 patients (21 males) aged > 20
years with diabetes and AIT. All patients with AIT included
in this study were euthyroid and on levothyroxine hormonal
replacement therapy with thyroid-stimulating hormone (TSH)
levels within the reference ranges. Among the 60 patients with
AIT, 30 each had T1IDM and T2DM. The TSH levels and
levothyroxine dose did not change significantly during the study
period. There were no statistically significant differences in the
patients’ body mass index (BMI) during the study period.

A separate group of 40 patients with TIDM or T2DM only
comprised the control group. Patients who reported taking
calcium and vitamin D supplements during the 6 months before
the study were excluded. The study group as a whole was
evaluated and treated at two in-patient departments of the Kyiv
city Center of Endocrinology and Metabolism in Ukraine.

Table 1 describes the general characteristics of the patients
included in the study and control groups.

METHODS

Clinical Assessment and Laboratory

Investigations

The size and structure of the thyroid gland were evaluated by
palpation and by ultrasound investigation. The evaluation
of thyroid size by the palpation method was carried
out in accordance with the WHO classification (2001)
that includes three stages. According to the results of
the ultrasound examination, goiter was diagnosed if the
thyroid volumes in women and men exceeded 18 and 25mlL,
respectively. Ultrasonography of the thyroid gland and volume
determinations were performed using an HD 11 XE ultrasound
apparatus (No. 453561262961, Philips, Amsterdam, the
Netherlands) with an 8-MHz linear sensor. The volume of the
thyroid lobes was calculated according to the formula proposed
by Brunn (7):

V = (length x width x thickness) x 0.479

The functional status of the thyroid gland was evaluated based on
the levels of thyroid-stimulating hormone (TSH), free thyroxine
(fT4), and free triiodothyronine (fT'3). The presence of AIT was
confirmed by an increased thyroperoxidase (ATPO) titer.

The assay for 25(OH)D measured the total 25(OH)D,
including both 25-hydroxyvitamin D, and Ds. The 25(OH)D
concentration was assessed using a quantitative enzyme
immunoassay kit (25-OH D IDS OCTEIA, Immunodiagnostik,
Bensheim and Biomedica, Wien, Austria) with an intra-
assay precision of <8% and inter-assay precision of <10%.
The vitamin D status was assessed using the following
criteria:  25(OH)D concentrations <75 nmol/L indicated
insufficiency, while concentrations <50 nmol/L indicated
vitamin D deficiency.

The glycated hemoglobin (HbAlc) level was determined by
immuno-turbidimetry using standard test systems on an Advia
1800 biochemical analyzer, Siemens (Munich, Germany).

Determination of the concentrations of TSH, fT4, fT'3 and
antibodies to ATPO were performed by immunoassay analysis
with standards on an Advia 1800 biochemical analyzer (Siemens,
Munich, Germany).

The lipid spectrum of the blood was assessed by colorimetric
(for cholesterol) and spectrophotometric (for triglycerides)
methods on the Advia 1800 analyzer (Siemens, Munich,
Germany).

The total calcium level was determined by colorimetric
method on the Advia 1800 and ionized calcium by ion-
selective method using the ion-selective electrolyte analyzer on an
EasyLyte instrument (Medica Corporation, Bedford, MA, USA).

Determination of insulin concentration and parathyroid
hormone (PTH) level was performed by immunoassay using
standard sets of test systems on a Centaur biochemical analyzer
(Siemens, Munich, Germany).

The levels of Thl-type cytokines (interferon [IFN]-y, tumor
necrosis factor [TNF]-a, interleukin [IL]-2, IL-6, IL-12), Th2-
type cytokines (IL-4, IL-5), and IL-10 and IL-17 were measured
by flow cytometry.

Study Protocol

Patients underwent traditional treatments for DM and
hypothyroidism and received vitamin D3 supplements at a
dose of 2,000-4,000 IU/day, depending on the blood levels of
25(OH)D and the presence or absence of chronic complications
of diabetes (in particular, diabetic retinopathy) and obesity (16).

All patients with BMI <29.9 kg/m? (24 kg/m? for TIDM+AIT
patients and 22 kg/m2 for T2DM-+AIT patients) with 25(OH)D
deficiency or insufficiency, as well as 14 patients with different
grades of obesity, started vitamin D3 supplementation at a dose
4,000 IU/day. In cases that reached a 25(OH)D concentration
of 72.5 nmol/L after the first course of supplementation, the
dose was changed to 2,000 IU/day (about 10% of patients). This
study used a certified vitamin D preparation with the highest
bioavailability, since this preparation is a cholecalciferol protein
complex. It was synthesized at the Institute of Biochemistry of
Ukrainian National Academy of Medical Sciences.

The vitamin D3 preparations were prescribed for a period of 2
months (except for the summer period) at intervals of at least 3
months, with the course repeated twice each year.

Patients were examined after 104-/— 1 months with a re-
examination of the levels of the metabolic and immune markers.
Traditional hypoglycemic therapy in DM patients was not
changed significantly during this trial as well as replacement
levothyroxine therapy.

The results were analyzed using comparative analysis
and variation statistics with calculation of the frequency
characteristics of the parameters (P), the mean values, and the
variability (standard deviation [SD]). The statistical significance
of the differences the between treatment groups for the studied
parameters was assessed using Wilcoxon-Mann-Whitney tests.
P < 0.05 were considered statistically significant.

This study was carried out in accordance with the
recommendations of the Ethics Committee of Bogomoletz
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TABLE 1 | Characteristics of the patient and control group (mean =+ SD).

Ti1DM + AIT T2DM + AIT T1DM T2DM
Male Female Male Female Male Female Male Female
n 12 18 9 21 9 ihl 10 10
Age, yrs 36 +5 45+ 7 57 +8 61 +9 383+7 44 + 6 57 +£7 54 +7
BMI, kg/m?2 30+ 4 33+ 4 36+ 4 39+4 30+ 4 32+5 37 +4 37+6
AIT duration, yrs 6+2 6+2 4+£2 8+2
DM duration, yrs 9+5 12+5 9+5 16+ 4 10+4 12+5 10+2 14 +£3

T1DM, diabetes mellitus type 1; T2DM, diabetes mellitus type 2; AlT, autoimmune thyroiditis; BMI, body mass index; DM, diabetes mellitus.

TABLE 2 | Baseline values of metabolic markers and 25(0OH)D concentration
evaluated in patients with Diabetes Mellitus type 1, 2 and combined with
Autoimmune Thyroiditis, (mean =+ SD).

Indicators TIDM TiDM+AIT T2DM T2DM + AIT
Ca++ (mmol/L) 1.1+03 1+£03 1.2+03 11+02
Ca total (mmol/L) 21+03 2+0.2 21+04 1.9+03
PTH (pmol/L) 64+15 76+£16" 94+18 135+1.9"
25(0OH) D (nmol/L) 49 £ 10 36 + 9" 47 £ 7 34 + 6.5"
Insulin (IU/mL) 92+21 104 +27 166+27 193 +25"
HOMA-IR 36+05 43+08 68+£09 82+14
Triglycerides (mmol/L) 1.7+06 25+05° 20405 2.7 £0.7*
Fasting glucose (mmol/l) 88 +£09 93+ 1.1* 92+13 95+24
HbA4c, % 9.1+£17 9.7+14 99+14 103+1.5
Cholesterol (mmol/L) 57+13 65+ 14 64+15 72 +£1.3"

*Significant difference between the T1DM/T2DM and T1DM+AIT/T2DM+AIT groups
(o < 0.05).

National Medical University with written informed consent
from all subjects. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The protocol
was approved by the Ethics Committee of Bogomoletz National
Medical University.

RESULTS

Baseline Characteristics
The levels of metabolic markers in patients with combined
endocrine disorders are shown in Table 2.

Follow-up Characteristics
After vitamin D3 supplementation, the patient’s metabolic and
immune profile changed as shown in Table 3.

Immune Status Before and After Treatment
We evaluated the effects of vitamin D3 supplementation in
patients with both DM and AIT according to the level of Thl-
type cytokines (INF-y, TNF-a, IL-2, IL-6, IL-12) and Th2-type
cytokines (IL-4, IL-5, IL-10, IL-17).

Our analyses revealed immunologic shifts in patients with
combined endocrine pathology as well as their changes after
vitamin D3 supplementation (Table 4).

TABLE 3 | Metabolic markers and 25(0OH) D levels dynamic in patients with T1DM
+ AIT, T2DM + AIT after vitamin D3 supplementation, (M + o).

T1DM + AIT T2DM + AIT
Before After Before After

treatment treatment treatment treatment
Ca++ (mmol/L) 1.0£03 1.3+£0.25 11+£02 128+0.25
Ca total (mmol/L) 20+£02 244083 1.9+03 2.5+ 04"
PTH (pmol/l) 76+1.6 39+1.71" 135+1.9 7+£1.9°
TSH (mIU/)) 25+02 24403 2+02 22x+02
25(0OH) D (nmol/L) 36 +9 72 + 8" 34 £ 6.5 69 £ 7*
Insulin (IU/mL) 10.0£3.0 53+27* 19.0+3.0 6 + 0.6*
HOMA-IR 4.3 +0.8 2+02¢ 82+14 2+ 0.6*
Triglycerides (mmol/L) 254+ 05 14+02" 27+07 15+0.8"
Fasting glucose (mmol/L) 9.3+ 1.1 83+ 13 95+24 8 £ 0.6*
HbA{c, % 97+14 85+09° 10315 8.6+ 1*
Cholesterol (mmol/L) 6.5+14 49+05" 72+13 6.1+ 1.3

*Significant difference from the indicator before treatment (p < 0.05).

The concentrations of INF-y in patients with TIDM and AIT
and decreased T2DM and AIT by 3.9-fold and 5.2-fold compared
to the concentrations before treatment. The levels of TNF-a after
treatment with vitamin D3 were significantly reduced by 2.3-
fold in patients with a combination of TIDM and AIT, and by
3.2-fold in patients with T2DM and AIT. Similar changes were
observed for IL-2, with a 3.9-fold decrease in blood concentration
after vitamin D treatment in patients with TIDM and AIT and a
5.7-fold decrease with T2DM and AIT. The blood concentration
of IL-6 decreased by 4.9-fold and 3.5-fold due to vitamin D3
supplementation in patients with T1IDM and AIT and T2DM and
AIT, respectively. In patients with TIDM and AIT, the level of IL-
12 after vitamin D3 supplementation decreased significantly by
2.4-fold and by 4.8-fold in patients with T2 DM and AIT.

In patients with T1IDM and AIT, the level of IL-4 in the blood
was increased significantly by 10-fold and by 6.7-fold in patients
with T2DM and AIT following vitamin D3 supplementation.
As a result of vitamin D3 supplementation, the level of IL-5
increased by 2.5-fold and 5.9-fold in patients with TIDM and
AIT and T2DM and AIT, respectively. In patients with T1IDM
and AIT, the level of IL-10 increased by 3.5-fold and by 6.6-fold in
patients with T2DM and AIT. After vitamin D3 supplementation,
the concentration of IL-17 increased significantly by 3-fold in
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TABLE 4 | Comparative evaluation of cytokines, in patients with combined
endocrine pathology (DM + AIT) and DM patients before and after vitamin D
treatment (mean + SD).

Cytokines, pg/mL T1DM + AIT T2DM + AIT
Before After Before After
treatment  treatment treatment  treatment
IFN-y 220 + 50 55 + 10* 270 £ 60 58 £ 11
TNF-a 125 + 16 56 + 9* 183 + 25 58 + 9"
IL-2 113 £ 16 27" 124 £ 14 22 £ 8"
IL-6 150 £ 35 30 £ 11 180 £ 25 52 £12*
IL-12 180 £ 50 56 + 17 130 £ 20 27 £11*
IL-4 16+5 160 + 22¢ 25+ 8 170 £ 30"
IL-5 56 £ 12 140 + 28* 20+ 5 120 + 24*
IL-10 28 +£ 16 98 + 40" 10+3 72 £ 21*
IL-17 45 £ 15 138 + 33" 40 £ 12 118 + 22*

*Significant difference with the indicator before treatment (p = 0.0001, Wilcoxon-Mann-
Whitney tests).

patients with TIDM and AIT and 2.9-fold in patients with T2DM
and AIT.

To detect the presence or absence of relationships between
change in HbAlc level and immunological parameters, we
conducted a comparative assessment of the dynamics of
cytokines on the background of treatment with vitamin D in
groups with a small change in the level of HbAlc (under median)
compared to that in the group of patients with significant
HbAlc improvement dynamics (above median). This analysis
was performed separately for patients with TIDM-+AIT and
T2DM+AIT (Tables 5, 6).

The minimum decrease of HbAlc in the TIDM+AIT group
was 0.49% (maximum: —1.9%, median: 1.2%). The patients in
this group were divided into two subgroups: HbAlc dynamics
<1.2 and >1.2%. The main hypothesis was based on comparing
the cytokine dynamics in groups with different levels of HbAlc
reduction indicating moderate and significant improvements.
There was no statistically significant advantage in the dynamics of
cytokines in the group with higher dynamics (AHbAlc >1.2%)
compared to that in the group with minor changes (AHbAlc
<1.2%) (p > 0.05).

The minimum HbAlc decrease in T2DM~+AIT patients was
0.93% (maximum: —2.46%, median: —1.7%). The patients in
this group were divided into two subgroups: HbAlc dynamics
<1.7 and >1.7%. The main hypothesis was based on comparing
the cytokine dynamics in groups with different levels of HbAlc
changes, indicating moderate and significant improvement.
There was no statistically significant difference in the cytokine
dynamics in the group with higher dynamics (AHbAlc >1.7%)
compared to that in the group with minor changes (AHbAlc
<1.7%) (p > 0.05).

There was a trend toward greater cytokine dynamics in groups
with higher dynamics (“c”), but the absence of a statistically
significant difference in the cytokine dynamics in groups with
minor changes in A HbAlc compared to a group of patients with
a significant improvement in HbAlc levels does not indicate a
priori determinism of cytokine changes due to changes in HbAlc.

Thus, the results of vitamin D3 supplementation in patients
with a combination of DM and AIT showed that vitamin D3 has a
positive effect on the balance of cytokines in the blood of patients
with a combined endocrine pathology.

DISCUSSION

25(0OH)D deficiency in patients with DM is accompanied by
higher levels of glycemia and glycated hemoglobin. 25(OH)D
deficiency also causes the early development of complications
of DM. As highlighted elsewhere, there is a significant
inverse association between serum 25(OH) D and HbAlc.
The percentage of 25(OH)D deficiency/insufficiency in the
population and the growth of DM prevalence suggest that
vitamin D3 supplementation can improve overall health. There
is so much benefit from supplementation with vitamin D or by
adding natural vitamin D rich food in the diet, including physical
activities with possible sun light exposure. Advising patients with
higher HbAlc to get tested for 25(OH)D levels and correct
any deficiency/insufliciency if found may result in better blood
glucose control and benefit the patient’s overall health (7, 17-
19). The important result we find from this study is a significant
reduction in HbA1c as 25(OH)D levels increased.

DM with coinciding AIT is a serious clinical problem in
Ukraine. The combination of these two diseases may affect the
severity of the clinical course and therapeutic difficulties may be
exacerbated by 25(OH)D deficiency, another well-documented
public health challenge in Ukraine (8, 20).

We observed the most severe and resistant decompensation of
carbohydrate metabolism on a background of 25(OH) D deficit
in patients with T2DM combined with AIT. The homeostatic
model assessment of insulin resistance (HOMA-IR) index in
patients with TIDM or T2DM combined with AIT was higher
than normal, especially in patients with T2DM with AIT. The
indicators of fat metabolism, such as triglyceride and cholesterol
levels, were higher than normal in patients with combined
endocrine disorders compared to those in DM patients. Similar
results were noted in other papers (21, 22).

The results of our study revealed a reduction in the total
and ionized calcium levels before vitamin D supplementation
(at baseline) in all patients, regardless of the type of diabetes.
In addition, a compensatory increased PTH level was observed
in patients with DM + AIT with coinciding reduced 25(OH)D
concentration (less than 75.0 nmol/L). Some authors have
postulated the possibility of a relationship with coexisting
25(OH)D concentrations (3, 15, 21).

Vitamin D3 supplements were prescribed in accordance
with blood levels of 25(OH)D at a dose of 2,000-4,000
IU/day according to the Endocrine Society clinical practice
guidelines (16).

The experimental data on the hydroxylation of vitamin D in
the liver, the involvement of reticulocytes in the deposition of
25(0OH)D, and the results of vitamin D supplementation in the
clinic demonstrating the possibility of maintaining the required
concentration of 25 (OH) D in the blood for 2-3 months; even
after discontinuing vitamin D supplementation, we found it
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TABLE 5 | Comparison of the cytokine dynamics in groups with different levels of HbA1c reduction in patients with T1DM+AIT.

Cytokines, pg/mL HbA1c< 1.2% A HbA1c> 1.2% c P(A)**
(95%CI)* (95%Cl)
Before After Before After
treatment treatment treatment treatment
IFN-y 220 + 60 58 +£ 7.3 -164.1 208 + 41 51 £12 -156.4 0.76
(127-201.3) (123.7-189)
TNF-a 124 £ 13 25+ 9.0 -98.5 127 £ 21 26 £ 9.0 -101.4 0.94
(89-108) (84.2-118.5)
IL-2 113 £ 13.0 29+ 8 -83.4 114 + 20 27 +6 -86.1 0.25
(74.2-92.6) (70.4-101.9)
IL-6 150 + 30 33+ 12 -1156.1 150 + 42 26 +£7 -124.8 0.99
(95.6-134.5) (92.3-157.4)
IL-12 190 £+ 60 61+ 16 -126.4 170 £ 37 48 + 14 -123.7 0.82
(88.4-164.4) (93.7-153.6)
IL-4 176 +£5.3 160 + 26 142.4 14 + 3.3 165 + 15.3 150.6 0.1
(126.6-158.3) (138.8-162.5)
IL-5 55 +£13 136 + 34 81.7 58 + 12 150 + 15 92.5 0.12
(60-2083.5) (77.9-107)
IL-10 25 + 16 100 + 46 76.1 33+ 17 93 + 30 60.1 0.7
(46.7-105.3) (33.9-86.2)
IL-17 44 £15 145 + 35 100.2 48 £ 15 130 + 30 80.2 0.13
(77.5-122.8) (564.2-106.2)

*A (95%Cl): absolute dynamics of indicators before/after treatment, 95% confidence interval.

**P (A): evaluation of the statistical significance of the difference between the indicator dynamics in patients with minimal and significant AHbA1c changes (<1.2 and >1.2%, respectively)

(Wilcoxon-Mann-Whitney test).

possible to use vitamin D in the exchange rate regimen. We also
observed a satisfactory compliance among patients administered
vitamin D (29, 30).

The results of vitamin D3 supplementation in the complex
therapy of patients with DM indicated that the normalization of
serum calcium level is associated with a decrease in PTH level.
Moreover, an increase in 25(OH)D concentration resulted in
improvements in carbohydrate metabolism, as assessed by fasting
glucose levels in blood and HbA1c level.

25(OH)D deficiency has been associated with autoimmune
disturbances, which and may be improved with vitamin D3
supplementation (23, 24). In patients with TIDM and T2DM and
low 25(OH) D concentrations, the background concentration
of Thl-profile cytokines was increased and that of the Th2-
profile cytokines was reduced, leading to an imbalanced immune
status that supported the autoimmune inflammatory process and
created conditions for disease progression (25-28).

There is a lack of similar studies of patients with only DM
or only AIT. Moreover, the results were contradictory. In some
of studies no significant changes in HbAlc or insulin sensitivity
in DM patients after Vitamin D repletion were found. (31,
32), in other studies there was an information that Vitamin
D3 supplement improved HbA1C and glycemic parameters in
TIDM and T2DM patients. (33, 34). These previous studies
focused on the correction of disturbed metabolism in patients
with types 1 and 2 DM by vitamin D3 supplementation.

There is little information on AIT in the literature.
Patients with vitamin D deficiency/insufficiency have generally
been studied in correlation with serum anti-TPO thyroid

antibodies levels. In all studies, vitamin D supplementation
led to a decrease in serum anti-TPO levels. “25(OH)D
deficiency may be related to pathogenesis of AIT and
that its supplementation could contribute to the treatment
of patients with AIT; “25(OH)D level is an independent
factor affecting the presence of TPOADb in AIT. The causal
effect of 25(OH)D deficiency to AIT is to be elucidated”
(35, 36).

We found that the combination of AIT and DM significantly
disturbed the immune status. The levels of the proinflammatory
Thl-type cytokines were increased and the levels of Th2-
profile cytokines were decreased. Our comparative analysis
showed that the absence of a statistically significant difference
in the dynamics of cytokines in groups with minor changes
in AHbAlc compared to that in patients with a significant
improvement in HbAlc levels indicates an absence of a priori
determinism of cytokine changes due to changes in HbAlc
levels.

The results of our study show that vitamin Ds
supplementation in TIDM+AIT and T2DM+AIT patients
reduced the concentration of inflammatory Thl cytokines
(INF-y, TNF-qa, IL-2, IL-6, and IL-12) and increased levels
of anti-inflammatory Th2-profile cytokines (IL-4, IL-5) and
IL-10 and IL-17. Given the association of proinflammatory
cytokines with the development of chronic complications
of DM, a decrease in proinflammatory cytokines and an
increase in anti-inflammatory cytokines after vitamin Dj
supplementation may retard the development of chronic diabetic
complications.
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TABLE 6 | Comparison of the cytokine dynamics in groups with different levels of HbA1c reduction in patients with T2DM+AIT.

Cytokines, pg/mL HbA1c < 1.7% A (95%ClI)* HbA1c > 1.7% ¢ (95%Cl) P (A)**
Before After Before After
treatment treatment treatment treatment
IFN-y 290 + 65 62 + 10.5 -226.9 240 + 52 51 +£96 -189.0 0.76
(187.5-266.2) (148.6-229.3)
TNF-a 175 £ 27 33+76 -141.7 195 £ 13.7 36 + 12 -169.3 0.11
(124.8-158.6) (145.3-1783.3)
IL-2 130 £ 12 25+ 7.3 -105.6 115 £ 13 17 +£7.6 -98.3 0.26
(97.5-113.7) (87.0-109.4)
IL-6 177 £ 30 54 + 14 -123.6 180 + 15 48 + 7.4 -132.9 0.62
(103.8-143.4) (119.9-145.9)
IL-12 130 £ 17 29 + 11.3 -100.8 130 + 14.8 26 + 12 -104 0.23
(88.6-112.9) (89.5-118.4)
IL-4 225+ 71 180 + 21 156.7 28.6 £ 7.7 160 + 35 120.8 0.09
(143.3-169.9) (93.8-147.6)
IL-5 20+ 6 106 + 16 85.6 20 + 4.7 140 + 20.8 119 0.44
(75.5-95.6) (102.8-135.2)
IL-10 10.8 £ 3.2 70.5 £ 25 59.7 11 £33 74 £ 13 63.2 0.76
(44.7-74.6) (73.2-53.1)
IL-17 120 £ 27 7T+£7.7 -42.8 116 £ 12.6 81+ 13 -34.9 0.25
(26.0-59.6) (21.1-48.6)

*A (95%CI): absolute dynamics of the indicators before/after treatment, 95% confidence interval.
**P (A): evaluation of the statistical significance of the difference between the indicator dynamics in patients with minimal and significant AHbATc changes (<1.7 and >1.7%, respectively)

(Wilcoxon-Mann-Whitney test).

CONCLUSION

Patients with combined endocrine diseases (DM + AIT)
accompanied with decreased vitamin D status had significantly
increased Thl-type cytokine levels and significantly decreased
Th2-type cytokine levels. This finding indicates the presence
of immune status disorders in patients, which supports the
autoimmune inflammatory process and creates conditions
for disease progression. The results of the present study
indicate that the combination of endocrine diseases with
decreased circulating levels of 25(OH)D may amplify
metabolic disorders and generally contribute to early
complications in DM. Vitamin D3 supplementation in DM
+ AIT patients leads to the normalization of carbohydrate,
mineral, and lipid metabolism to reduce the levels of
pro-inflammatory cytokines, which may contribute to
the effectiveness of the treatment of combined endocrine
diseases.

Taking into consideration our results demonstrating the
prevalence of 25(OH)D deficiency in these patients, vitamin D3
supplementation should be recommended in patients with
combined endocrine pathology in order to correct metabolic and
immunological disorders.

REFERENCES

1. Komisarenko Y, Bobryk M. Autoimmune disorders in endocrine pathology. A
new look on the diagnosis and management. Int ] Endocrinol. (2016) 76:41-4.
doi: 10.22141/2224-0721.4.76.2016.77797

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of the Ethics Committee of Bogomoletz
National Medical University with written informed consent
from all subjects. All subjects provided written informed consent
in accordance with the Declaration of Helsinki. The protocol
was approved by the Ethics Committee of Bogomoletz National
Medical University.

AUTHOR CONTRIBUTIONS

YK conceived the idea for the study, contributed to the design
of the research, and collected the data. YK and MB analyzed the
data and wrote the paper. All authors edited and approved the
final version of the manuscript.

ACKNOWLEDGMENTS

The authors express their sincere gratitude to the management
and personnel of the Diabetes and General Endocrinology Units
of Kyiv-city Endocrinology Center in Kyiv for their invaluable
help and assistance.

2. Bobryk M, Bodnar P, Volyk N, Topchii T. The use of Doppler echography in
the diagnosis of diffuse toxic goiter. Lik Sprava. (1999)128-30.

3. Bellastella G, Maiorino M, Petrizzo M, De Bellis A. Vitamin D and
autoimmunity: what happens in autoimmune polyendocrine syndromes? J
Endocrinol Invest. (2015) 38:629-33. doi: 10.1007/s40618-014-0233-z

Frontiers in Endocrinology | www.frontiersin.org

October 2018 | Volume 9 | Article 600


https://doi.org/10.22141/2224-0721.4.76.2016.77797
https://doi.org/10.1007/s40618-014-0233-z
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Komisarenko and Bobryk

Vitamin D, Immunology in Endocrine Pathology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Krzewska A, Ben-Skowronek I. Effect of associated autoimmune diseases on

type 1 diabetes mellitus incidence and metabolic control in children and
adolescents. Biomed Res Int. (2016)2016:6219730. doi: 10.1155/2016/6219730

. Hansen M, Matheis N, Kahaly G. Type 1 diabetes and polyglandular

autoimmune  syndrome. World ]  Diabetes  (2015)  6:67-79
doi: 10.4239/wjd.v6.i1.67
. Chaoxun W. The relationship between type 2 diabetes mellitus

and related thyroid diseases. J Diabetes Res. (2013) 2013:390534.

doi: 10.1155/2013/390534

. Buhary BM, Almohareb O, Aljohani N, Alrajhi S, Elkaissi S. Association of

glycosylated hemoglobin levels with vitamin D status. J Clin Med Res. (2017)
9:1013-8. doi: 10.14740/jocmr3227w

. Komisarenko YI. Study of indicators of mineral metabolism and metabolic

markers in patients with concomitant endocrine disorders on the background
of vitamin D3 deficiency. Likars’ka sprava/Ministerstvo okhorony zdorovia
Ukrainy (2013) 4:51-5.

. Cardis E, Hatch M. The Chernobyl accident — an epidemiological perspective

Clin Oncol. (2011) 23:251-60. doi: 10.1016/j.clon.2011.01.510

Rybakov S, Komissarenko I, Tronko N, Kvachenyuk A, Bogdanova T. Thyroid
cancer in children of Ukraine after the Chernobyl accident. World ] Surg.
(2000) 24:1446-9.

Drozd VM, Branovan I, Shiglik N, Biko J, Reiners C. Thyroid cancer
induction: nitrates as independent risk factors or risk modulators after
radiation exposure, with a focus on the Chernobyl accident. Eur Thyroid J.
(2018) 7:67-74. doi: 10.1159/000485971

Foley T Jr, Limanové Z, Potlukova E. Medical consequences of Chernobyl with
focus on the endocrine system: Part 1. Cas Lek Cesk. (2015)154:227-31.
Heidenreich W, Bogdanova T, Biryukov A, Tronko N. Time trends of thyroid
cancer incidence in Ukraine after the Chernobyl accident. ] Radiol Prot. (2004)
24:283-93.

Simpson M, Brady H, Yin X, Seifert ], Barriga K. No association
of vitamin D intake or 25-hydroxyvitamin D levels in childhood
with risk of islet autoimmunity and type 1 diabetes: the Diabetes
Autoimmunity Study in the Young (DAISY). Diabetologia (2011) 54:2779-88.
doi: 10.1007/s00125-011-2278-2.

Pludowski P, Karczmarewicz E, Bayer M, Carter G, Chlebna-Sokot D, Czech-
Kowalska J, et al. Practical guidelines for the supplementation of vitamin D
and the treatment of deficits in Central Europe — recommended vitamin D
intakes in the general population and groups at risk of vitamin D deficiency.
Endokrynol Pol. (2013) 64:319-27. doi: 10.5603/EP.2013.0012

Holick ME, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA,
Heaney RP, et al. Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol
Metab. (2011) 96:1911-30. doi: 10.1210/jc.2011-0385

Pittas A, Nelson ], Mitri ], Hillmann W, Garganta C, Nathan D et al. Plasma
25-hydroxyvitamin D and progression to diabetes in patients at risk for
diabetes: an ancillary analysis in the Diabetes Prevention Program. Diabetes
Care. (2012) 35:565-73. doi: 10.2337/dc11-1795

Mitri J, Pittas AG. Vitamin D and diabetes. Endocrinol Metab Clin North Am.
(2014) 43:205-32. doi: 10.1016/j.ec1.2013.09.010

Al-Shoumer K, Al-Essa T. Is there a relationship between vitamin D with
insulin resistance and diabetes mellitus? World ] Diabetes (2015) 6:1057-64.
doi: 10.4239/wjd.v6.i8.1057

Komisarenko Iul. Correction by vitamin D3 of disturbed metabolism in
patients with diabetes mellitus types 1 and 2. Ukr Biochem J. (2014) 86:111-6.
Wierzbicka E1, Szalecki M, Pludowski P, Jaworski M, Brzozowska A. Vitamin
D status, body composition and glycemic control in Polish adolescents with
type 1 diabetes. Minerva Endocrinol. (2016) 41:445-55.

Hu L, Zhang Y, Wang X, You L, Xu P. Maternal vitamin D status and risk of
gestational diabetes: a meta-analysis. Cell Physiol Biochem. (2018) 45:291-300.
doi: 10.1159/000486810

Federico G, Focosi D, Marchi B, Randazzo E, De Donno M. Administering 25-
hydroxyvitamin D3 in vitamin D-deficient young type 1A diabetic patients

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

reduces reactivity against islet autoantigens. Clin Nutr. (2014) 33:1153-6.
doi: 10.1016/j.cInu.2014.01.001

Hewison M. Vitamin D and the immune system: new perspectives on
an old theme. Endocrinol Metab Clin North Am. (2010) 39:365-79.
doi: 10.1016/j.ec1.2010.02.010

Komisarenko I. Correction by vitamin D3 of disturbed metabolism in patients
with diabetes mellitus types 1 and 2. Ukr Biochem J]. (2014) 86:111-6.
doi: 10.15407/ubj86.01.111

Labudzynskyi D, Shymanskyy I, Veliky M. Role of vitamin D3 in regulation
of interleukin-6 and osteopontin expression in liver of diabetic mice. Eur Rev
Med Pharmacol Sci. (2016) 20:2916-9.

Mazanova A, Shymanskyi I, Lisakovska O, Hajiyeva L, Komisarenko Y,
Veliky M. Effects of cholecalciferol on key components of vitamin D-
endo/para/autocrine system in experimental type 1 diabetes. Int ] Endocrinol.
(2018) 2018:2494016. doi: 10.1155/2018/2494016

Park SK, Garland CE, Gorham ED, BuDoff L, Barrett-Connor E. Plasma
25-hydroxyvitamin D concentration and risk of type 2 diabetes and
pre-diabetes: 12-year cohort study. PLoS ONE (2018) 13:e0193070.
doi: 10.1371/journal.pone.0193070

Stefanov MV, Apukhovskaia LI. Features of vitamin D3 metabolism in liver
cells in experimental diabetes mellitus. Ukr Biokhim Zh (1996) 68:66-72.
Apukhovs'’ka LI, Velykyi MM, Lototska OIu, Khomenko AV. Role of
vitamin E in regulation of cholecalciferol hydroxylation in hypovitaminosis
D and hypervitaminosis D. Ukr Biokhim Zh (2009) 81:50-7.

Al-Sofiani ME, Jammah A, Racz M, Khawaja RA, Hasanato R, El-Fawal
HA, et al. Effect of vitamin D supplementation on glucose control and
inflammatory response in type II diabetes: a double blind, randomized clinical
trial. Int ] Endocrinol Metab. (2015) 13:€22604. doi: 10.5812/ijem.22604
Kampmann U, Mosekilde L, Juhl C, Moller N, Christensen B, Rejnmark L,
et al. Effects of 12 weeks high dose vitamin D3 treatment on insulin sensitivity,
beta cell function, and metabolic markers in patients with type 2 diabetes
and vitamin D insufficiency - a double-blind, randomized, placebo-controlled
trial. Metabolism (2014) 63:1115-24. doi: 10.1016/j.metabol.2014.06.008
Mohammadian S, Fatahi N, Zaeri H, Vakili MA. Effect of vitamin
D3 supplement in glycemic control of pediatrics with type 1 diabetes
mellitus and vitamin D deficiency. J Clin Diagn Res. (2015) 9:SC05-7.
doi: 10.7860/JCDR/2015/10053.5683

Nasri H, Behradmanesh S, Maghsoudi AR, Ahmadi A, Nasri P, Rafieian-
Kopaei M. Efficacy of supplementary vitamin D on improvement of glycemic
parameters in patients with type 2 diabetes mellitus; a randomized double
blind clinical trial. ] Renal Inj Prev. (2013) 3:31-4. doi: 10.12861/jrip.2014.10
Mazokopakis EE, Papadomanolaki MG, Tsekouras KC, Evangelopoulos AD,
Kotsiris DA, Tzortzinis AA. Is vitamin D related to pathogenesis and
treatment of Hashimoto’s thyroiditis? Hell ] Nucl Med. (2015) 18:222-7.

Shin DY, Kim K]J, Kim D, Hwang S, Lee EJ. Low serum vitamin D is associated
with anti-thyroid peroxidase antibody in autoimmune thyroiditis. Yonsei Med
J. (2014) 55:476-81. doi: 10.3349/ym;j.2014.55.2.476

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The handling Editor and reviewers WG & MH declared their involvement
as co-editors in the Research Topic, and confirm the absence of any other
collaboration.

Copyright © 2018 Komisarenko and Bobryk. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Endocrinology | www.frontiersin.org

October 2018 | Volume 9 | Article 600


https://doi.org/10.1155/2016/6219730
https://doi.org/10.4239/wjd.v6.i1.67
https://doi.org/10.1155/2013/390534
https://doi.org/10.14740/jocmr3227w
https://doi.org/10.1016/j.clon.2011.01.510
https://doi.org/10.1159/000485971
https://doi.org/10.1007/s00125-011-2278-2.
https://doi.org/10.5603/EP.2013.0012
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.2337/dc11-1795
https://doi.org/10.1016/j.ecl.2013.09.010
https://doi.org/10.4239/wjd.v6.i8.1057
https://doi.org/10.1159/000486810
https://doi.org/10.1016/j.clnu.2014.01.001
https://doi.org/10.1016/j.ecl.2010.02.010
https://doi.org/10.15407/ubj86.01.111
https://doi.org/10.1155/2018/2494016
https://doi.org/10.1371/journal.pone.0193070
https://doi.org/10.5812/ijem.22604
https://doi.org/10.1016/j.metabol.2014.06.008
https://doi.org/10.7860/JCDR/2015/10053.5683
https://doi.org/10.12861/jrip.2014.10
https://doi.org/10.3349/ymj.2014.55.2.476
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Vitamin D Deficiency and Immune Disorders in Combined Endocrine Pathology
	Introduction
	Patients and Methods
	Study Group

	Methods
	Clinical Assessment and Laboratory Investigations
	Study Protocol

	Results
	Baseline Characteristics
	Follow-up Characteristics
	Immune Status Before and After Treatment

	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


