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ABSTRACT

Introduction. Hashimoto thyroiditis (HT) is one of the most common organ-specific autoimmune diseases.
This autoimmune response disrupts thyroid function, affecting biochemical processes and metabolism, with
symptoms often including weight gain and easy fatigue. Vitamin D has so far been considered only a key
regulator of calcium-phosphate metabolism. However, it is now considered a pleiotropic substance and
increasingly published data indicate that it also plays a role in immune modulation and metabolic health.
Aim. The study aimed to assess anthropometric measures, body composition, and muscle strength in
patients with HT, correlate these parameters with serum 25(0H)D levels, and evaluate the impact of vitamin
D supplementation.

Material and methods. The study included 80 female patients, aged =18 years, divided into an HT group (n = 51)
and a Control Group with non-toxic diffuse or nodular goiter (n = 29). Vitamin D supplementation was adminis-
tered based on the initial 25(0OH)D concentration, at a dose of 6000 IU or 4000 IU daily for 3 months to patients
with 25(0OH)D concentration < 20 ng/ml and = 20 ng/ml, respectively. Anthropometric and body composition
measurements, as well as blood tests for 25(0H)D, TSH were performed at baseline and after supplementation.
Results. Both groups showed significant increases in 25(0H)D levels post-supplementation. In the HT group,
lean body mass and muscle strength improved significantly (p = 0.002 and p = 0.02, respectively). In the Control
Group, muscle strength increased (p = 0.01) and hip circumference decreased slightly (p = 0.03). No significant
differences were found in body composition between the groups, although women with HT had larger hip cir-
cumferences. Correlation analysis revealed a moderately strong inverse relationship between baseline 25(0H)
D levels and BMI in the Control Group (R = -0.44; p = 0.04), with no other significant associations identified.
Conclusion. Vitamin D supplementation effectively increased serum 25(0H)D levels and improved muscle
strength and lean body mass in women with HT. Further research is needed to explore the mechanisms by
which vitamin D may impact metabolic and immune health in HT patients.
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Introduction

Hashimoto thyroiditis (HT), also known as chron-
ic autoimmune thyroiditis, along with Graves' dis-
ease, is one of the most common organ-specific
autoimmune diseases. HT is associated with the
infiltration of the thyroid gland by T lymphocytes
and B lymphocytes. The latter cells produce char-
acteristic antibodies against thyroperoxidase
(Anti-TPO) and thyroglobulin (Anti-TG), ultimately
leading to thyroid dysfunction. The prevalence of
the disease increases with age and women have
over ten times higher risk of developing it [1].

Thyroid hormones influence many biochemi-
cal processes in the body, participating in ther-
mogenesis, controlling the rate of basal metab-
olism, and regulating the metabolism of carbo-
hydrates, proteins, and fats. Therefore, patients
with HT often experience symptoms affecting
various organs and systems, including excessive
weight gain, loss of energy, decreased physi-
cal function, depending on the degree of thyroid
dysfunction [2].

Vitamin D performs various essential func-
tions in the body. One of its main tasks is the
regulation of calcium-phosphate metabolism.
However, its role extends beyond the skeletal
system. In the form of calcitriol, a steroid-like
hormone, it influences the immune system,
muscle function, and may also affect metabolic
processes, such as weight regulation [3]. Vita-
min D deficiency has been linked to numerous
chronic diseases, including obesity, metabolic
syndrome, hypertension and type 2 diabetes [4].
Many scientific reports postulate that adipose
tissue is a source of pro-inflammatory cytok-
ines, including interleukin-6 (IL-6), tumor necro-
sis factor alpha (TNF-a) and stimulation of Th17
lymphocytes involved in the initiation of auto-
immune diseases [5]. In opposition to this pro-
cess is Vitamin D, which contributes to chang-
ing the immune state from pro-inflammatory to
immunological tolerance. The effect of vitamin
D on CD4+ T cells is mainly to inhibit the pro-
liferation of the Th1 line and the cytokines they
produce. The response of Th2 line lymphocytes
is enhanced by promoting the production of
anti-inflammatory cytokines: IL-5, IL-10, TGF-B
[6]. Additionally, inhibition of the expression of
IL-6, the main factor stimulating Th17 lympho-
cytes involved in autoimmune reactions was

observed [7]. This has a potential beneficial
effect in people with abnormal body composi-
tion and excess fat tissue.

Aim

The aim of the present study was to analyze
selected anthropometric measures and body
composition in patients with HT, correlate these
parameters with serum 250HD concentration,
and assess the impact of vitamin D supplemen-
tation on the aforementioned parameters.

Material and methods

Eighty patients under the care of the Endocrinol-
ogy Outpatient Clinic at the Regional Center for
Menopause and Osteoporosis of the The Military
Medical Academy Memorial Teaching Hospital
in Lodz — Central Veterans Hospital, aged = 18
years, were enrolled in the study. There were 51
patients diagnosed with Hashimoto's disease
(Study Group) and 29 patients with non-toxic dif-
fuse goiter or nodular goiter (Control Group). The
patients had not previously supplemented with
vitamin D or had a break in supplementation of
at least 6 months. The study was conducted from
September to May.

Patients were diagnosed based on clinical
symptoms and biochemical testresults. The diag-
nosis of Hashimoto's disease was established
based on anti-thyroid peroxidase (Anti-TPO) and/
or anti-thyroglobulin (Anti-TG) antibody concen-
trations above the upper limit of reference range
(positive result), a typical thyroid ultrasound
image, and the exclusion of Graves' disease. The
Study Group (with Hashimoto's disease) included
patients in a euthyroid clinical state undergoing
levothyroxine replacement therapy if necessary.
The Control Group (without Hashimoto's disease)
comprised patients with diagnosed non-toxic
diffuse or nodular goiter with low (negative) con-
centrations of anti-thyroid antibodies.

Patients with chronic conditions affecting
vitamin D absorption and metabolism, such as
malabsorption syndrome, chronic kidney disease,
liver diseases, hyperparathyroidism, Cushing's
syndrome/disease, hypogonadism, hyperpro-
lactinemia, other autoimmune diseases, active

Journal of Medical Science 2024 December;93(4)

285



286

cancer, and/or undergoing chemotherapy, as well
as those taking medications affecting vitamin D
metabolism were excluded from the study.

After qualification and obtaining consent to
participate, basic anthropometric measurements
(weight, height, waist and hip circumference) were
performed. Body composition analysis was con-
ducted using the Bodystat®1500 device. Blood
samples were collected for the determination of
Total Vitamin D [25(0H)D total], TSH, anti-TPO,
and anti-TG levels.

Following the initial procedures, patients were
categorized into two groups based on their serum
25(0H)D levels:
> Group A: Patients with vitamin D lev-

els = 20 ng/mL,
> Group B: Patients with vitamin D lev-

els < 20 ng/mL.

Depending on the initial serum 25(0H)D
concentration, patients received oral vitamin
D (cholecalciferol) once daily for 3 months, at
a dose of 4000 U/ daily for group A and 6000 1U/
daily for group B.

After 3 months of vitamin D supplementation,
anthropometric measurements, body composi-
tion analysis and laboratory tests were repeated.

Anthropometric Measurements and Body
Composition Analysis

Anthropometric measurements were conducted
with patients fasting and wearing light clothing.
Weight and height were measured with an accu-
racy of 0.1 kg and 0.1 cm, respectively, and BMI
was calculated as weight (kg)/height (m?). Obesi-
ty was defined as BMI = 30 kg/m?. Waist circum-
ference was measured halfway between the low-
est rib and the iliac crest, and hip circumference
was measured at the level of the pubic bone, with
the criterion for obesity being a waist circum-
ference = 80 cm and WHR < 0.8 indicating glu-
teofemoral obesity (pear-shaped), while a waist
circumference = 80 cm and WHR = 0.8 indicated
abdominal obesity (apple-shaped).

Body composition was assessed using bio-
impedance measurements with the Bio-imped-
ance Analyser (Bodystat® 1500). Measurements
included: fat mass (kg), percentage fat (%Fat), lean
mass (kg), and percentage body water (%Water).
Muscle strength measurements were conducted
using a spring dynamometer for the dominant
hand with results expressed in kilograms.
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Laboratory Tests

Vitamin D concentration was determined using
an electrochemiluminescence test, while TSH
concentration was determined using third-gener-
ation immunometric tests. Anti-TPO and anti-TG
antibody concentrations were measured using an
enhanced chemiluminescence method.

Statistical Analysis

Statistical analysis was performed using R-4.3.0
software. Initial parameter concentrations were
compared using the Student's t-test or the
non-parametric Mann-Whitney test. The Sha-
piro-Wilk test was employed to assess the nor-
mality of parameter distributions. The signifi-
cance threshold was p = 0.05. To examine corre-
lations Spearman and Pearson correlation coef-
ficients and a test for the significance of correla-
tion were used. Changes in evaluated parameters
between two time points (baseline and 3 months)
were analyzed using the paired Student's t-test
or the Wilcoxon non-parametric test with a sig-
nificance threshold of p = 0.05.

Results

The study included 80 women: 29 in the Control
Group (women without Hashimoto's disease)
aged 33-73 years and 51 in the Study Group
(women with Hashimoto's disease) aged 22-78
years. All women were administered vitamin D
(Vitrum D3 forte; Takeda) based on their 25(0H)D
initial concentration with doses of 4000 or 6000
IU daily. In the Study Group, 32 women were post-
menopausal (63%), while in the Control Group,
17 women were postmenopausal (59%). In the
group of patients with HT (Study Group), subop-
timal 25(0OH)D levels were observed in 50%, while
in patients without HT (Control Group), 25(0H)D
levels < 20 ng/ml were observed in 49% of par-
ticipants. No statistically significant difference
was found between the groups in this regard. In
the conducted study, the mean 25(0H)D concen-
tration in both groups was similar, amounting to
19.97 ng/ml and 21.36 ng/ml, respectively.
Women without HT had a significantly smaller
hip circumference compared to patients with HT
(p = 0.049), but the average BMI in both groups



was similar and within the overweight range in the group without Hashimoto's disease, the

(28 kg/m? vs. 27 kg/m?). In the Hashimoto's dis- percentage of women with BMI = 30 kg/m? was
ease group, 41% of women were obese, whereas lower, constituting 27% (Figure 1). WHR values
a. b.
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Figure 1. Distribution of BMI (kg/m?) in the Study Group (a) and Control Group (b).

Table 1. Comparative Characteristics of the Study Group and Control Group at Baseline.

STUDY GROUP CONTROL GROUP
Parameter Mean SD Std.error Mean SD Std.error P
Age 53.98 15.04 29.11 54.35 13.58 2.52 0.93
Weight (kg) 76.40 14.97 2.10 73.13 13.51 2.51 0.32
Height (m) 1.63 0.06 0.01 1.63 0.04 0.01 0.55
BMI (kg/m?) 28.37 5.44 0.76 27.90 4.92 0.93 0.70
Waist (cm) 87.08 15.51 2.17 81.50 12.30 2.33 0.08
Hips (cm) 106.76 11.75 1.65 102.71 12.47 2.36 0.049
WHR 0.81 0.07 0.01 0.79 0.06 0.01 0.20
25(0OH)D (ng/ml) 19.97 6.72 0.94 21.36 10.90 2.02 0.54
TSH (U/1) 2.01 1.19 0.17 1.19 0.62 0.12 0.002
anti-TPO (IU/ml) 297.98 214.40 30.02 15.83 9.19 1.71 0.001
anti-TG (IU/ml) 762.85 1098.48 153.82 31.13 39.18 7.28 0.001
Muscle strenght 37.80 6.08 0.86 36.97 5.88 1.11 0.93
(kg)
Fat mass (kg) 30.47 11.93 1.67 27.15 10.75 2.03 0.21
Fat mass (%) 38.37 9.12 1.28 36.34 1.54 8.17 0.32
Lean mass (kg) 46.04 5.60 0.79 45.29 5.57 1.05 0.36
Body water 47.34 591 0.83 49.40 5.48 1.04 0.13
(%)
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were comparable between both groups. No dif-
ferences were observed in terms of body com-
position and muscle strength between the Study
Group and the Control Group. Patient character-
istics at baseline are presented in Table 1.

After 3 months of vitamin D supplementa-
tion, serum 25(0H)D concentrations significantly
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increased in all women, indicating good compli-
ance (Figure 2). In the group of patients with HT,
the average concentration was 47.460 + 1.61 SD
ng/dl, while in the group of patients without HT, it
was 49.085 + 2.51 SD ng/dl.

In patients with HT, a statistically signifi-
cant increase in lean body mass (p = 0.002) and

After 3 months

After 3 months

Figure 2. Change in 25(0OH)D concentration after 3 months in the Study Group (p = 0.001) (a) and in the Control

Group (p = 0.001) (b)

Lean mass (kg) (meanz S0}

Baseline

After 3 months

Figure 3. Change in Lean Body Mass (kg) after 3 months in the Study Group (p = 0.002).
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muscle strength (p = 0.02) was observed (Fig-
ures 3 and 4). On the other hand, women with-
out HT showed improvements in muscle strength
(p = 0.01) and a reduction in mean hip circumfer-
ence by 0.5 cm (p = 0.03) (Figures 4 and 5), but no
impact on parameters related to lean body mass
was noted.

50-

-

Muscle strength (kg) (mean +5D)

Baseline

(mean £ 50)

© strength (kg

WILSC

Baseline

Additionally, the correlation analysis between
baseline 25(0H)D concentration and anthropo-
metric parameters (waist circumference, hip cir-
cumference, BMI, WHR) and body composition
parameters did not reveal statistically significant
relationships. Only a moderately strong, inverse
relationship between 25(0H)D concentration and

After 3 months

After 3 months

Figure 4. Change in muscle strength (kg) after 3 months in the Study Group (p = 0.02) (a) and in the Control Group

(p = 0.01) (b).

Hip circumference [cm) (mean £ 5D)

l Baseline

After 3 months

Figure 5. Change in hip circumference (cm) after 3 months in the Control Group (p = 0.03)
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BMI in the Control Group was observed (R = -0.44;
p = 0.04) (data not shown).

Correlations between the concentration of
25(0H)D and the tested parameters were also
analyzed after 3 months of supplementation,
showing no statistically significant results.

A correlation analysis between TSH levels
and the assessed anthropometric parameters at
the baseline and after 3 months was performed,
but no statistically significant relationships were
observed (data not shown).

Discussion

Vitamin D deficiency is common in the polish
population. In a population study by Ptudowski et
al.,, involving 5775 adult volunteers from 22 cit-
ies in Poland, it was found that 89.9% of them had
a deep deficit or insufficient supply of vitamin
D, i.e., 25(0OH)D levels below 30 ng/ml [8]. In our
study suboptimal 25(0OH)D levels were observed
in 50% patients with HT, while in patients without
HT 25(0H)D levels < 20 ng/ml were observed in
49% of participants.

In recent years, many researchers have ana-
lyzed the role of vitamin D in the etiopathogen-
esis of obesity. Studies have shown lower serum
25-hydroxyvitamin D levels in obese individu-
als compared to those with normal body weight
[9-11]. This is confirmed by a meta-analysis con-
ducted by Saneei et al., which found a statisti-
cally significant inverse relationship between BMI
and serum 25(0H)D levels [12]. Vimaleswaran et
al., using Mendelian randomization, suggested
a relationship between BMI and serum 25(0H)
D levels. It was shown that an increase in BMI is
linearly associated with a decrease in the con-
centration of 25(0H)D in serum. However, there
was no evidence of changes in BMI values with
an increase in 25(0H)D levels in serum [13]. The
mechanism of vitamin D deficiency is explained,
among other factors, by increased accumulation
of vitamin D in muscle, adipose tissue, and the
liver. In obese patients, the content of 25(0H)D in
these tissues increases, resulting in a lower lev-
el of vitamin D in the serum [14, 15]. Additionally,
the stimulation of parathyroid hormone release
due to relative vitamin D deficiency leads to cal-
cium influx into adipocytes, stimulating lipogen-
esis [16]. In our study, the mean 25(0H)D con-
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centration in patients with HT (Study Group) was
19.97 ng/ml, and in patients without HT (Con-
trol Group) it was 21.36 ng/ml. We did not find
a statistically significant difference between the
groups and there was no relationship between
BMI and serum 25(0H)D levels in women with HT.
However, in women without autoimmune thyroid
disease, we observed a moderately strong, nega-
tive trend between these parameters. The narrow
range of serum vitamin D levels in our patients
may have influenced the observation of a possi-
ble relationship between 25(0H)D and BMI. Simi-
larly, Baradaran et al. did not confirm such a rela-
tionship in a population of 259 healthy adults.
The authors concluded that the relationship
between BMI and serum 25(0H)D levels should
also be considered in correlation with the age of
the studied population [17].

Vitamin D deficiency may be also related
to an improper body composition, leading to
a reduction in lean body mass through the loss
of bone mineral density, decreased muscle mass,
strength, and function [18]. Randomized, place-
bo-controlled studies have shown that vitamin
D supplementation can slow down the rate of
bone loss in older individuals [19]. A study of 341
healthy individuals found that lower vitamin D
levels are associated with increased overall body
fat mass measured by bioimpedance, regardless
of BMI [20]. Karefylakis et al. demonstrated that
vitamin D therapy at a dose of 2000 IU per day
for 6 months had no effect on final BMI and fat
content measured by bioelectrical impedance
analysis in 40 overweight and obese patients [21].
The analysis of twenty randomized controlled tri-
als conducted by Karampel et al. concluded that,
compared to placebo, vitamin D supplementation
did not cause a significant reduction in BMI, WC
and WHR. However, in subgroups of women, in
studies from the Asian region and with an inter-
vention duration of = 6 months, a favorable and
significant reduction of BMI and WC (p < 0.026)
were observed [22]. Based on scientific evidence
and recommendations [23] indicating that the
time required to achieve optimal serum 25(0H)
D concentrations is 8—12 weeks, the observation
period in our study was set to 3 months. Patients
received higher doses of vitamin D3 to reach
optimal serum levels within this time, then the
dosage was reduced to 2000 IU per day. In our
population, both in women with HT and in healthy



women, we did not find a relationship between
25(0H)D levels and the amount of body fat. Addi-
tionally, cholecalciferol supplementation, simi-
lar to the study mentioned above, did not result
in significant changes in this regard. This is also
confirmed by a meta-analysis conducted by
Golzarand et al., which showed that 25(0H)D lev-
els were inversely correlated with the percentage
of body fat, but cholecalciferol supplementation
had no effect on its reduction over time [24].

Sun et al. investigated the effect of chole-
calciferol supplementation on lean body mass
in a population of 45 healthy individuals who
received 420 IU of vitamin D3 daily, while 47
received a placebo. After a one-year observa-
tion period, an increase in lean body mass was
observed in the intervention group, but no effect
of treatment on other body composition indices
was observed [25]. In a population of similar to
our group 80 postmenopausal Brazilian women
with hypertension, vitamin D supplementation
(1000 1U) was observed to be a significant pro-
tective factor against the development of sar-
copenia, causing a significant increase in mus-
cle strength and counteracting the progressive
loss of lean body mass. The intervention period
was 9 months, and lean body mass was mea-
sured using dual-energy X-ray absorptiometry
(DXA) [26]. Similar conclusions were reached by
a meta-analysis of 13 randomized, placebo-con-
trolled trials, which showed that vitamin D sup-
plementation increases muscle strength in post-
menopausal women [27]. In contrast, Manson et
al.,, in a study involving 25,871 healthy individu-
als, found no effect of vitamin D supplementa-
tion (2000 IU) on body weight, BMI and fat-free
mass. The observed effects were independent
of gender, race or baseline 25(0H)D concentra-
tion [28]. In our study, we demonstrated that in
patients with HT, there was a statistically signifi-
cant increase in lean body mass (p = 0.002) and
muscle strength (p = 0.02), while in healthy wom-
en, only improvements in muscle strength were
observed (p = 0.01). This may play a significant
role, particularly in obese patients and those over
the age of 75, for whom the recommended pro-
phylactic dose of vitamin D should be higher than
in the general population.

In order to eliminate the influence of decom-
pensated hypothyroidism on the studied param-
eters, all women of study our population with HT

remained euthyroid, and both groups showed
no differences in the studied anthropometric
parameters at the baseline. Wolf et al. found that
in patients after thyroidectomy with short-term
uncompensated hypothyroidism, the body water
content was significantly lower, while the fat tis-
sue percentage was significantly higher compared
to a group without these disorders [29]. After the
initiation of levothyroxine therapy, body composi-
tion did not significantly differ between the study
and control groups. In the study by Mousa et al,,
comparing 99 patients with Hashimoto's thyroidi-
tis (HT) and normal TSH values with 202 healthy
women and men, no difference in BMI or fat con-
tent measured by bioimpedance was observed
[30]. On the other hand, Adamska et al. demon-
strated that women with HT had a higher per-
centage of body fat, measured by bioimpedance,
but did not exhibit greater android, gynoid fat, or
visceral fat mass compared to the control group,
However, the average age of individuals in this
study was much lower than in our population [31].

Numerous studies have explored the poten-
tial impact of slight changes in thyroid function in
euthyroid patients on anthropometric parameters
and related indices [32-39]. Findings regarding
the relationship between serum Thyroid-Stim-
ulating Hormone (TSH) within reference values
and Body Mass Index (BMI) remain conflicting.
Some publications confirm a positive correlation
between serum TSH levels and BMI [34, 35], while
others do not observe such correlations [36—38].
In our study, we also did not find a relationship
between TSH concentration and BMI, as well as
fat and lean body mass. Analyzing the influence
of BMI on the hormonal status of patients, it has
been shown that obese individuals have higher
TSH levels [39]. This is likely due to increased
release of adipokines and proinflammatory cytok-
ines from adipose tissue, promoting the recruit-
ment of additionalimmune cells and exacerbating
systemic inflammation [40—42]. The rise in TSH
levels in obese individuals is also associated with
the influence of leptin, adiponectin, and resistin
on pro-thyrotropin-releasing hormone (pro-TRH)
production in the hypothalamus. These adipok-
ines produced by adipose tissue may participate
in the interaction between adipocytes and the
hypothalamus, resulting in increased release of
TRH and TSH and consequently, the production
and secretion of free thyroxine (FT4) [42-44].
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Our study had some limitations. Blood sam-
ples were collected between September and May
to avoid interference with sun exposure; there-
fore, serum 25(0H)D levels did not reflect the
full vitamin D status throughout the year. Other
limitations include a relatively short observation
period, small study population and the use of
a less accurate method for assessing body com-
position, such as bioimpedance measurement,
compared to DXA or MRI.

Conclusions

In euthyroid patients with HT, the values of
anthropometric parameters and body composi-
tion were similar to those in healthy people. Obe-
sity and vitamin D deficiency are common, which
is also confirmed in the population of HT patients.
Vitamin D supplementation may and even should
be recommended to patients with HT due to its
potentially beneficial effect on the increase in
lean body mass and muscle strength, as well as
its anti-inflammatory effect. Further research is
needed on the effect of vitamin D on metabolic
processes in patients with autoimmune thyroid
diseases
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