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Purpose: Subclinical hypothyroidism is an early, mild form of hypothyroidism
that may progress to overt hypothyroidism if untreated. The current study
aimed to assess the effects of vitamin D supplementation on hormonal
(thyroid stimulating hormone [TSHI, triiodothyronine, thyroxine, and free
thyroxine) parameters, lipid profiles, serum irisin, and obesity indices in
women with subclinical hypothyroidism.

Methods: The present randomized, double-blind, placebo-controlled
clinical trial was carried out on 44 women with subclinical hypothyroidism.
The participants were allocated to two groups (22 patients in each group)
that received vitamin D (50,000 IU/week) or placebo for 12 weeks. Fasting
blood samples, anthropometric and body composition measurements,
physical activity levels, and dietary intakes were collected at baseline and at
the end of the study.

Results: Vitamin D supplementation significantly decreased TSH, total
cholesterol, and fat mass percentage, and significantly increased serum
vitamin D and irisin levels and fat-free mass percentage compared to the
control group (all, p<0.05). Changes in thyroid hormones, other lipid profiles,
and anthropometric indices were not significantly different between
the groups.

Conclusion: Our study indicates that vitamin D administration improves
serum TSH, total cholesterol, irisin, and body composition in women with
subclinical hypothyroidism. More well-designed clinical trials are required to
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confirm these findings and clarify the effects of vitamin D supplementation on
both genders of patients.

Clinical trial registration: https://www.irct.ir/trial/57482,
Identifier IRCT20100408003664N25.
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Introduction

Thyroid diseases are one of the most common endocrine disorders
in the world (1), affecting approximately 40% of the world’s population
(2). Thyroid hormones, including triiodothyronine (T5) and thyroxine
(T4), have prominent effects on human metabolism, growth, and
development. Moreover, they have profound metabolic effects in
adult life, including maintaining thermogenic and metabolic
homeostasis, reducing body weight, and affecting muscle function (3, 4).

There are numerous thyroid disorders. Hypothyroidism is a
pathophysiological phase with insufficient hormone production,
resulting in an imbalance in basal metabolic rate and inefficient
physiological roles of the body systems (1). Hypothyroidism might
be clinical/overt, with an elevation in the thyroid-stimulating-
hormone (TSH) and low levels of free T, (fT,), or subclinical,
with normal levels of fT, and elevated serum TSH (5).

The prevalence of subclinical hypothyroidism in adults is 4-20%,
depending on such factors as race, age, and ethnicity. Subclinical
hypothyroidism has various causes, including chronic autoimmune
thyroiditis, iodine deficiency, etc. The disorder is related to antithyroid
peroxidase antibodies in about 60-80% of cases. Subclinical
hypothyroidism patients have few signs and symptoms. The
presence of antithyroid peroxidase antibodies and female gender are
linked with an enhanced risk of progression to overt hypothyroidism.
Those with TSH levels higher than 10 mIU/L should be treated, and L-
thyroxine is the common treatment in overt hypothyroidism (6).

Vitamin D is a fat-soluble vitamin effective in reducing the risk
of chronic diseases, such as bone metabolic disorders, type 2
diabetes mellitus (T2DM), cardiovascular diseases, autoimmune
diseases, and hypothyroidism (7-9). Vitamin D mediates its
influence via binding to the vitamin D receptor (VDR) and
activating the gene response in different cells such as thyroid
follicular cells (10). There is a strong homology between the VDR
molecular structure and the thyroid hormone receptor (11).

According to the results of some studies, subjects with
subclinical hypothyroidism have a lower serum 25-
hydroxyvitamin D3 (25-OH D3) than normal limits, and vitamin
D supplementation improves thyroid function by reducing TSH in
these patients (12-14). Some other studies reported that vitamin D
supplementation may affect metabolic status and obesity indexes in
different diseases such as T2DM and atherosclerosis (15, 16). The
results of a retrospective cohort study by Alsamghan et al. on 400
hypothyroid patients showed an inverse relationship between 25-
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OH D3 and dyslipidemia (17). However, Anaraki et al. investigated
65 vitamin D-deficient euthyroid or hypothyroid patients for 12
weeks and reported that using 50,000 IU oral vitamin D3
supplementation per week did not improve weight or body mass
index (BMI) in hypothyroid patients (18).

Irisin is a hormone mainly synthesized by skeletal muscle and
fat tissue. The mRNA of the fibronectin type III domain-containing
protein 5 (FNDC5) gene precursor of irisin is found in various
tissues, including the thyroid gland and fat tissue. Many researchers
have reported its significant effect on metabolism and
thermogenesis. Therefore, thyroid function can be directly or
indirectly related to the regulation of irisin or, conversely, irisin
can affect the thyroid. It was also reported that vitamin D
supplementation may affect serum irisin concentrations in
subjects with vitamin D deficiency and in T2DM patients (19,
20). Nevertheless, no study has investigated the possible effects of
vitamin D supplementation on serum irisin levels in patients with
hypothyroid dysfunction such as subclinical hypothyroidism.

Although vitamin D deficiency has been reported mainly in
patients with subclinical hypothyroidism (12-14), limited studies
have evaluated its supplementation effects on metabolic parameters.
Moreover, its possible effects on obesity indices and serum irisin
levels have not been investigated in these patients so far.
Accordingly, this study aimed to assess the effect of vitamin D
supplementation on TSH and thyroid hormones, lipid profiles,
serum irisin levels, and obesity indices in women with
subclinical hypothyroidism.

Materials and methods
Participants

A total of 44 women with subclinical hypothyroidism were
included in this double-blind, randomized, placebo-controlled trial.
Patients were enrolled at the endocrinology clinic of Tabriz, Iran,
from September 2021 to June 2022. The inclusion criteria were
females aged 20-65 years old; diagnosed with subclinical
hypothyroidism, TSH 5-10 uIU/mL, normal fT,, BMI of 25-37
kg/m’, and willingness to participate. Exclusion criteria were
pregnancy and breastfeeding; having T2DM, hypertension,
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cardiovascular, kidney, liver, and autoimmune diseases; serum
vitamin D levels above 100 ng/ml; use of any kind of
medications; history of vitamin D supplement or any kind of
supplement consumption during the study period and last
2 months before the intervention; smoking and use of alcohol.
The protocol of this clinical trial was approved by the Ethics
Committee of the Tabriz University of Medical Sciences
(Registration number: IR TBZMED.REC.1400.327) and it was
also registered in the Iranian Registry of Clinical Trials
(IRCT registration number: IRCT20100408003664N25). The
research was performed in accordance with the Declaration of
Helsinki principles.

Study design

Participants were randomly allocated to the vitamin D
supplement (n=22) or the placebo (n=22) groups utilizing a
randomized block of size 4. A list of random numbers generated
by Random Allocation Software (RAS) was used to allocate the
participants. Researchers and patients were blinded to the
treatments’ allocation. A general questionnaire was completed for
all of the participants at the beginning of the study. The vitamin D
group (n =22) received 50,000 IU/week of vitamin D and the
control group (n =22) received a placebo containing sunflower oil
for 12 weeks. Sunflower oil is one of the sources of vitamin E.
However, the amount of vitamin E in one placebo pearl is negligible
because the amount of vitamin E in one tablespoon of sunflower oil
is 5.75 mg (21). Both vitamin D and placebo pearls that were
provided by Zahravi Pharmaceutical Company (Zahravi
Pharmaceutical Co, Tabriz, Iran) were administered once a week
after lunch. The appearance of the vitamin D supplement and
placebo were identical. It was recommended that all of the
participants maintain their usual dietary habits, sunlight
exposure, and physical activity all over the study. A follow-up
visit was carried out every 6 weeks, and the participants’ compliance
with the study procedure was tracked by recursive pearls. In
addition, participants were assessed for any possible
complications at each follow-up visit.

Measurements

Anthropometric measures were obtained at baseline and the
end of the trial. The body weight was measured without shoes and
in minimal clothing by a Seca scale (Seca, Hamburg, Germany)
nearest to 0.1 kg. Height was also recorded without shoes by wall-
mounted tape nearest to 0.5 cm. BMI was calculated as the weight in
kg divided by the square of height in meters. Waist circumference
(WC) was measured using a tape at the midpoint between the
lowest rib and the superior border of the iliac crest and was
approximately recorded at 0.5 cm. Body composition (fat-free
mass (FFM) and fat mass (FM)) was measured by bioelectrical
impedance analysis method using Tanita body composition
analyzer. Dietary intake data were collected using a three-day
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food record (1 weekend day and 2 weekdays) at baseline and the
end of the study. Then, the participants” diets were assessed using
Nutritionist IV software (First Databank Inc, Hearst Corp, San
Bruno, CA), and dietary energy, carbohydrate, fat, protein, and
vitamin D intakes were obtained. Moreover, a short and valid form
of the International Physical Activity Questionnaire was applied to
evaluate the physical activity level of each participant at baseline
and the end of the trial (22).

Blood samples (5 ml) were obtained from each participant’s
antecubital vein after 12 hours of overnight fasting at baseline and
the end of the trial. After centrifugation of the blood, serum samples
were frozen at -70°" until the assay time. 25-OH D3 levels were
measured by using ELISA kits (Monobind kit, Monobind Inc., Lake
Forest, CA, USA). TSH was measured using commercial ELISA kits
(TSH, Pishtaz Teb Zaman Diagnostics, Tehran, Iran) based on the
instructions of the manufacturer. The concentration of Ty, T3, and
fT, was determined using an ELISA kit (Pishtaz Teb Zaman
Diagnostics, Tehran, Iran). Triglyceride (TG), total cholesterol
(TC), and HDL-C were measured by standard enzymatic method
with commercial kits (Pars Azmoon, Tehran, Iran). Friedewald
formula was applied for low-density lipoprotein cholesterol (LDL-
C) calculation: LDL-C = TC (mg/dl) _ ([HDL-C (mg/dl) + TG (mg/
dl)]/5). The ELISA method with the human irisin ELISA kit
E3253Hu (Bioassay Technology- China) was used to measure the
serum concentration of irisin. The intra- and inter-assay coefficients
of variation for irisin were <8% and <10%, respectively, and the
sensitivity was 0.095 ng/ml.

The primary outcome includes metabolic parameters (serum
level of vitamin D, thyroid hormones, lipids profile, and irisin) and
the secondary outcomes were the measurements of obesity indices
and body composition.

Statistical analysis

Statistical analyses were done using SPSS software (version 16;
SPSS Inc, Chicago, IL). The normality of the data distribution was
assessed by the Kolmogorov-Smirnov test and descriptive indices.
The results of quantitative data with normal and non-normal
distribution are reported as mean + SD and median (25th and
75th percentiles), respectively. Frequency (percent) is reported for
qualitative data. Due to the non-normal distribution of irisin,
logarithmic transformation was performed before the analysis.
Comparison of baseline characteristics between the groups was
done using the independent sample t-test, Mann-Whitney U test,
and chi-squared test. To compare within-group changes before and
after the intervention, the paired sample t-test and Wilcoxon
signed-rank test were applied. The changes between the two
groups after the intervention were compared by analysis of
covariance adjusting for the baseline values and other potential
confounders. Each variable’s percentage change was obtained by the
following formula: [(after mean value - before mean value)/before
mean value] 100. All analyses were carried out by the intention-to-
treat principle, and p-values less than 0.05 (p < 0.05) were
considered statistically significant.
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Results
General characteristics

Forty-four women with subclinical hypothyroidism were
enrolled in the trial and 41 participants (21 in the vitamin D
group and 20 in the placebo group) completed the 12-week study.
The reasons for withdrawal from the intervention are outlined in
the study flow diagram (Figure 1). The compliance with the study
protocol based on counting the number of recursive pearls was
more than 96% among participants who completed the trial.
Throughout the study, no adverse effects were reported.

The baseline characteristics of the patients are presented in
Table 1. The age, duration of casual sunlight exposure, and physical
activity levels of patients were not significantly different between the
two groups at baseline. No significant changes were observed in
sunlight exposure and physical activity levels of participants in
either group during the study period (p>0.05).

Dietary intake

Table 2 presents the dietary intake data of the participants. No
significant differences were observed in energy, carbohydrate, fat,
and vitamin D intakes between the two groups at baseline. At the
beginning of the trial, there was a significant difference in protein
intake between the two groups (p = 0.018). Changes in total energy,
macronutrients, and vitamin D intakes were not significant within
the groups during the study (p>0.05). Based on the analysis of
covariance adjusted for baseline values, no significant differences
were observed in the mean of energy, macronutrients, and vitamin

10.3389/fendo.2023.1306470

D intakes between the vitamin D and placebo groups at the end of
the study (p > 0.05).

Biochemical parameters

The biochemical parameters of the patients at baseline and the
end of the trial are shown in Table 3. All of the biochemical values
were not significantly different between the two groups at baseline
(p>0.05). Serum TSH and TC significantly decreased in the vitamin
D group in comparison with the baseline values (by 20.54%,
p<0.001 and 3.44%, p<0.001, respectively). 25-OH D3 levels
significantly increased in the vitamin D group in comparison with
the baseline measurements (by 98.59%, p<0.001). Changes in other
variables within the vitamin D group were not significant. Within-
group changes for all variables were not significant in the
placebo group.

According to the analysis of covariance adjusted for energy intake,
physical activity, and baseline values, significant differences in serum
levels of 25-OH D3 (MD (CI 95%): 15.266 (9.311, 21.221), p<0.001),
TSH (MD (CI 95%): -1.332 pIU/mL (-2.021, -0.644), p<0.001), TC
(MD (CI 95%): -4.187 mg/dl (-8.229, -0.144), p<0.001), and irisin (MD
(CI95%): 1.546 ng/ml (0.315, 2.778), p=0.011) were observed between
two groups at the end of study. Changes in serum levels of T, T}, fT,
TG, HDL-C, and LDL-C between the two groups were not significant
after the intervention (p>0.05).

Anthropometric measurements

The anthropometric characteristics of the participants are
shown in Table 4. At the beginning of the study, weight, BMI,

Assessed for eligibility
(Patients with subclinical hypothyroidism)
(n=109)

Excluded (n=65):

A\ 4

Not meeting inclusion criteria (n=29)
Refused to participate (n=36)

Randomized (n=44)

v

Allocated to vitamin D group (n=22)

!

Lost to fallow up (n=1)
Discontinued intervention: did not
consume the supplements (n=1)

l

Allocation

Fallow-up

v

Allocated to placebo group (n=22)

!

Lost to fallow up (n=2)
Discontinued intervention: did not
consume the supplements (n=1),
immigration (n=1)

|

Included in ITT analysis (n=22)

FIGURE 1
Study flow diagram. ITT, Intention-to-treat.
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TABLE 1 Baseline characteristics of the study participants.

Variables Placebo Vitamin D
group group
(n=22) (n=22)
Age (year) 36.050 + 11.125 36.360 + 11.676 0.927%
Duration of casual 20.000 20.000 0.661°
sunlight exposure (10.000, 45.000) (8.00, 32.500)
(min/day)
PAL, n (%)
Light 9 (40.909) 10 (45.454) 0.544°
Moderate 13 (59.090) 11 (50.000)
Vigorous 0 (0.000) 1 (4.545)

PAL, physical activity level.

Mean + SD and Median (percentile 25 and 75) are presented for normally and not normally
distributed measures, respectively.

“Independent sample t-test.

"Mann-Whitney U test.

“Chi-square.

WC, FM %, and FEM % of participants were not significantly
different between the two groups (p>0.05). Within-group changes
in all of the variables were not significant at the end of the study in
any of the groups (p>0.05). Based on analysis of covariance adjusted
for energy intake, physical activity, and baseline values, significant
differences were observed in FM % (MD (CI 95%): -1.344% (-2.501,
-0.186), p=0.024) and FFM % (MD (CI 95%): 1.897% (0.375, 3.419),
p=0.016) between two groups at the end of the study. Changes in
weight, BMI, and WC were not significantly different between the
two groups (p>0.05).

10.3389/fendo.2023.1306470

Discussion

Subclinical hypothyroidism is often considered an early sign of
thyroid failure (6). It has been suggested that vitamin D may have a
positive effect on thyroid function and reduce the likelihood of overt
hypothyroidism (13). However, few studies are available
about the effects of vitamin D supplementation on
subclinical hypothyroidism.

According to our results, the mean 25-OH D3 level was lower
than normal limits (=30 ng/ml) (23) in both groups at the beginning
of the study. Vitamin D supplementation increased 25-OH D3
levels and lowered TSH. As expected, T3, T4, and fT, levels did not
change significantly due to their normal levels in patients with
subclinical hypothyroidism. These findings are in agreement with
some previous studies on patients with subclinical hypothyroidism
and vitamin D deficiency (12-14), as well as patients with
hypothyroidism (15, 24, 25). VDR and TSH receptors have
similar structures (11), and vitamin D modulates pituitary TSH
secretion by binding to specific binding sites. Also, vitamin D can
directly influence thyrocytes by attenuating the uptake of
thyrotropin-stimulated iodide and cell growth (26).

In the current study, in addition to the reduction of TC levels,
the lowering effects of vitamin D supplementation were
considerable on LDL-C levels. In the study by Ucan et al., 50,000
IU/week of 25-OH-D3 intramuscularly for eight weeks lowered
LDL-C after two months in patients with Hashimoto’s thyroiditis
(25). The results of a meta-analysis that enrolled 17 studies
confirmed the significant impact of vitamin D supplementation

TABLE 2 Daily dietary intake of participants at baseline and 12 weeks after the intervention.

Variables Placebo group (n=22) Vitamin D group (n=22) MD (CI 95%)

Total energy, kcal/day
Before 1816.148 + 231.057 1711.188 + 227.153 -104.960 (-244.370, 34.449) 0.136"
After 1850.585 + 251.212 1751.028 + 284.776 -99.557 (-262.944, 63.830) 0.809°
p value 0.468° 0.308°

Carbohydrate, (g)
Before 237.405 + 43.309 225.344 + 35.386 -12.061 (-36.124, 12.001) 0.318%
After 250.831 + 43.801 242.203 + 40.249 -8.628 (-34.222, 16.966) 0.751°
p value 0.164° 0.113¢

Protein, (g)
Before 69.419 + 14.697 59.280 + 12.107 -9.683 (-17.626, -1.740) 0.018™
After 67.968 + 13.874 60.794 + 15.755 -7.173 (-16.206, 1.859) 0.516"
p value 0.657¢ 0.672¢

Fat, (g)
Before 67.425 + 9.930 64.975 + 18.683 -2.450 (-11.553, 6.653) 0.590%
After 66.381 + 12.946 60.376 + 16.682 -6.004 (-15.089, 3.080) 0.200°
p value 0.653¢ 0.106°

Vitamin D intake, (ug)
Before 0.626 + 0.511 0.658 + 0.498 0.031 (-0.276, 0.338) 0.839%
After 0.635 + 0.603 0.646 + 0.621 0.010 (-0.361, 0.383) 0.960"
p value 0.963° 0.938°

MD (%95 CI); mean difference (%95 confidence interval). Data are expressed as mean + SD.

“Independent sample t-test.

®Analysis of covariance (ANCOVA) adjusted for baseline values.

“paired sample t-test.
“p value < 0.05.

The bold values are statistically significant.
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TABLE 3 Biochemical characteristics of participants at baseline and 12 weeks after the intervention.

10.3389/fendo.2023.1306470

Variables Placebo group (n=22) Vitamin D group (n=22) MD (Cl 95%) p value
Vitamin D, (ng/ml)

Before 24.700 + 9.672 22221 +7.794 -2.478 (-7.823, 2.865) 0.355%
After 26.664 + 9.143 44.129 + 8.820 19.827 (15.696, 23.957) <0.001°*
MD (CI 95%) 1.964 (-0.440, 4.369) 21.907 (18.269, 25.545)

p value 0.104° <0.001*

TSH, (u[U/mL)

Before 7272 + 1455 7.150 + 1.107 -0.122 (-0.909, 0.664) 0.755%
After 7.014 + 1.243 5.681 + 1.003 -1.332 (-2.021, -0.644) <0.001°*
MD (CI 95%) -0.258 (-0.728, 0.211) -1.468 (-1.685, -1.251)

p value 0.266° <0.001*

T3, (ng/ml)

Before 1.805 + 0.277 1.810 + 0.232 0.004 (-0.151, 0.160) 0.953*
After 1.809 + 0.150 1.827 £ 0.216 0.018 (-0.095, 0.131) 0.996"
MD (CI 95%) 0.004 (-0.138, 0.145) 0.017 (-0.113, 0.148)

p value 0.958¢ 0.787¢

Ta p)g/dl)

Before 8.186 + 1.227 7.927 + 1.238 -0.259 (-1.009, 0.491) 0.490%
After 8.192 + 1.022 8.214 + 1.326 0.021 (-0.439, 0.919) 0.751°
MD (CI 95%) 0.006 (-0.602, 0.614) 0.287 (-0.347, 0.921)

p value 0.230° 0.082°

fT,, (ng/dl)

Before 1.204 = 0.096 1.214 = 0.075 0.009 (-0.043, 0.062) 0.716*
After 1.212 £ 0.123 1.255 + 0.094 0.043 (-0.023, 0.110) 0.488"
MD (CI 95%) 0.007 (-0.037, 0.051) 0.041 (-0.003, 0.085)

p value 0.739° 0.066°

TC, mg/dl

Before 172.318 + 22.015 176.590 + 25.216 4.272 (-10.130, 18.675) 0.553%
After 171.745 + 18.433 170.510 + 23.025 -4.187 (-8.229, -0.144) 0.043%
MD (CI 95%) -0.572 (-4.711, 3.565) -6.080 (-8.092, -4.089)

p value 0.760° <0.001*

TG, mg/dl

Before 86.909 + 24.025 89.772 + 27.006 2.863 (-12.688, 18.415) 0.712*
After 83.100 + 21.727 84.700 + 29.668 1.600 (-14.222, 17.422) 0.857°
MD (CI 95%) -3.809 (-10.959, 3.341) -5.072 (-13.40, 3.257)

p value 0.280° 0.219¢

HDL-C, mg/dl

Before 38272 +7.132 37.500 + 8.410 -0.772 (-5.517, 3.972) 0.744%
After 38.700 + 5.976 38.600 + 8.138 -0.100 (-4.444, 4.244) 0.447°
MD (CI 95%) 0.427 (-1.426, 2.280) 1.100 (-0.498, 2.698)

p value 0.637° 0.167°

LDL-C, mg/dl

Before 116.663 + 22.604 115.790 + 35.013 -0.872 (-18.804,17.058) 0.922%
After 115.704 + 18.705 107.173 + 23.499 -8.530 (-21.453, 4.392) 0.058"
MD (CI 95%) -0.959 (-5.708, 3.790) -8.617 (-19.627, 2.392)

p value 0.679° 0.119°

Irisin, (ng/ml)

Before 13.384 (12.200, 13.025) 12.917 (11.825, 13.475) -0.466 (-1.819, 0.886) 0.418¢
After 12.918 (11.675, 13.362) 14.175 (12.475, 14.975) 1.546 (0.315, 2.778) 0.011%
MD (CI 95%) -0.466 (3.48%) 1.258 (9.74%)

p value 0.122°¢ 0.054°

fT,, free Ty; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MD (%95 CI), mean difference (%95 confidence interval); TC, total cholesterol; TG,

triglyceride; TSH, thyroid stimulating hormone; Tj, triiodothyronine; Ty, thyroxine.

Mean + SD and Median (percentile 25 and 75) are presented for normally and not normally distributed measures, respectively. Differences of medians and change percent are presented for
measures not normally distributed. Analysis after log transformation.

“Independent sample t-test.

®Analysis of covariance (ANCOVA) adjusted for baseline values, energy intake and physical activity.
“Paired samples t-test.

IMann-Whitney.

“Wilcoxon.

%Analyzed after log-transformation.

*p value < 0.05.

The bold values are statistically significant.
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TABLE 4 Anthropometric characteristics of participants at baseline and 12 weeks after the intervention.

Variables Placebo group (n=22) Vitamin D group (n=22) MD (CI 95%)

Weight, kg

Before 74.454 + 10352 74.688 + 10.770 0.234 (-6.193, 6.662) 0.942*
After 74.000 + 10.046 73.430 + 10.374 -0.570 (-6.783, 5.643) 0431°
MD (CI 95%) -0.454 (-1.400, -0.491) -1.258 (-2.788, 0.271)

p value 0.329° 0.102°

BM], kg/m*

Before 29.686 + 2.573 29.589 + 3.154 -0.097 (-1.849, 1.654) 0911*
After 29.689 * 2.708 29.332 % 3.038 -0.357 (-2.109, 1.393) 0.096
MD (CI 95%) 0.003 (-0.209, 0.216) -0.257 (-0.566, 0.518)

p value 0.973° 0.098°

WC, cm

Before 90.090 + 9.466 93.640 + 9.874 3.545 (-2.340, 9.431) 0231°
After 89.630 + 9.195 93.177 + 9.836 3.547 (-2.246, 9.340) 0.844"
MD (CI 95%) -0.460 (-1.325, 0.403) -0.459 (-1.064, 0.146)

p value 0.280° 0.130°

EM, %

Before 33.977 + 4.947 33.540 + 6.106 -0.436 (-3.818, 2.944) 0.796*
After 34,000 = 4.876 32.714 % 5.857 -1.344 (-2.501, -0.186) 0.024>
MD (CI 95%) 0.022 (-0.824, 0.870) -0.826 (-1.776, 0.123)

p value 0.956° 0.085°

FEM, %

Before 63.469 + 6.218 64.956 = 7.017 1.487 (-2.547, 5.521) 0.461°
After 63.006 + 6.576 65.994 * 6.908 1.897 (0375, 3.419) 0.016™
MD (CI 95%) -0.463 (-1.421, 0.495) 1.039 (-0.131, 2.211)

p value 0.326° 0.079¢

BMI, body mass index; FEM, fat-free mass; FM, fat mass; MD (%95 CI), mean difference (%95 confidence interval); WC, waist circumference.

Data are expressed as mean + SD.
“Independent sample t-test.

®Analysis of covariance (ANCOVA) adjusted for baseline values, energy intake and physical activity.

“Paired samples t-test.
“p value < 0.05.
The bold values are statistically significant.

on reducing serum levels of TC and LDL-C in patients with T2DM,
though changes in serum TG and HDL-C were negligible (27). On
the other hand, in a study by Anaraki et al. on euthyroid or
hypothyroid patients with vitamin D deficiency, TC did not
change significantly after vitamin D supplementation (18). Bile
acid synthesis, hepatocyte functions, and serum TC are affected by
VDR, possibly via regulation of the expression of genes that have a
role in bile acid synthesis from cholesterol (28). Studies on mouse
and human hepatoma cells also revealed that VDR activation
blocked farnesoid X receptor expression, thereby suppressing
cholesterol 7o-hydroxylase expression and decreasing cholesterol
levels (29, 30). In addition, Defay et al. showed that hydroxylated
vitamin D derivatives inhibit the activity of 3-hydroxy-3-
methylglutaryl coenzyme-A (HMG-CoA) reductases, which
catalyzes 7-dehydrocholesterol to cholesterol (31). Moreover,
vitamin D regulates the metabolism of calcium and increases
intestinal calcium absorption, thereby decreasing intestinal fatty
acid absorption. Therefore, averting intestinal fat absorption could
lower the TC levels (32).

Our results indicate the potential effect of vitamin D
supplementation on reducing TC levels. This effect might be
mediated partly through the lowered TSH level determined in our
intervention group. TSH can decrease phosphorylated HMG-CoA

Frontiers in Endocrinology

reductase expression via AMPK in the liver, leading to increased
HMG-CoA reductase activity and hypercholesterolemia (33). In the
present study, while the mean TG level was within the normal range
at baseline, HDL-C was lower than normal (the cut-off value for
HDL-C is 50 mg/dl for women) (34). Vitamin D’s lack of affecting
TG and HDL-C levels may be because of homeostatic controlling
mechanisms. The exact effects of vitamin D on HDL-C remain
elusive (35-38), and further studies are needed.

According to our findings, vitamin D supplementation
increased the serum levels of irisin. In the study by Al-Daghri
et al. on 78 subjects with vitamin D deficiency who received
adequate sunlight and ate vitamin D-enriched foods, irisin levels
increased with vitamin D levels (19). Previous in-vitro studies on
human endothelial cells proposed that vitamin D can promote the
activation of the silent information regulator sirtuin 1 (SIRT1) and
AMP-activated protein kinase (AMPK) in skeletal muscle cells.
SIRT1 plays an important role in AMPK activation. AMPK and
SIRT1 influence the activation and transcription of peroxisome
proliferator-activated receptor gamma coactivator 1-alpha (Pgclo)
(39). Pgclo is a co-transcriptional regulator that facilitates multiple
transcription factors, regulating a complex network of genes; it also
increases irisin, followed by increasing fibroblast growth factor 21
and uncoupling protein 1 (UCP1) (20, 40). Consistently, Pgclo
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activation enhances the expression of irisin precursor FNDC5.
Irisin is involved in both tissue mitochondrial content control
and brown adipose tissue formation. Irisin activates
mitochondrial UCP1, which inhibits ATP synthesis and augments
thermogenesis by stimulating browning in white adipose tissues
(41). All the mentioned factors contribute to body weight control.
Irisin may also have a potential therapeutic role in muscular
dystrophy (42).

Based on our findings, the elevated serum irisin levels in the
vitamin D-supplemented group might be partly involved in the
changes in FM % and FFM %. However, no considerable changes
were seen in overall and abdominal obesity values, though a longer
intervention period for maintaining sufficient vitamin D status
might be required to obtain considerable reductions in obesity
values. Similarly, in the study by Talaei et al, no significant
alterations were observed in the weight and BMI of hypothyroid
patients after receiving 50,000 IU/week of vitamin D for three
months (15). Vitamin D supplementation with dissimilar doses and
durations in other metabolic disorders also resulted in diverse
outcomes (43-45). It has been proposed that 1,25-OH-D3 can
inhibit adipogenesis through VDRs and promote and induce
apoptosis in adipocytes (46). Insufficient 25-OH D3 levels may
stimulate pre-adipocyte differentiation into adipocytes (47).
Moreover, a direct consequence of low 25-OH D3 levels is an
increment in parathyroid hormone, which increases calcium influx
into adipocytes and subsequently promotes lipogenesis, resulting in
considerable fat accumulation and weight gain (48).

It should be noted that in the current study, we did not
intervene to make changes in dietary intakes, physical activity
levels, and sunshine exposure time in either group during the
study. Therefore, these factors were not accounted for as
confounding factors in the interpretation of the biochemical and
anthropometric variables.

The strength of this study is that it was a well-designed
controlled clinical trial, eliminating potential sources of bias.
However, some limitations existed, including the short study
duration, small sample size, and fixed dose of vitamin D.
Therefore, the findings of this study may not be generalized to
other doses and durations of vitamin D supplementation. Also, our
findings are not applicable to patients with low or normal BMIs or
men with subclinical hypothyroidism. Further studies are needed to
investigate the impact of vitamin D on SIRT1 and adiposity as well
as on muscle strength via its effect on irisin levels.

Conclusions

Our study indicates that vitamin D administration at a dose of
50,000 IU/week for 12 weeks decreases serum TSH and TC levels
and elevates irisin levels in women with subclinical hypothyroidism
without significantly affecting other lipid profile parameters.
Moreover, vitamin D supplementation improved body
composition in these patients. Hence, the consumption of vitamin
D might be a helpful approach to control subclinical
hypothyroidism in women. Nevertheless, more well-designed
clinical trials are warranted to confirm these findings and to
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clarify the vitamin D supplementation effects on both genders
of patients.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: Data are available from the corresponding
author upon reasonable request. Requests to access these datasets
should be directed to MR, rafrafm@tbzmed.ac.ir.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of Tabriz University of Medical Science (Registration
number: IR TBZMED.REC.1400.327). The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.

Author contributions

SS: Data curation, Methodology, Writing — original draft. MR:
Conceptualization, Supervision, Writing - review & editing. MMa:
Data curation, Writing - original draft. RM-G: Methodology,
Writing - review & editing. MA-J: Formal analysis, Writing -
original draft. MMo: Data curation, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The research
protocol was approved and supported by the Research Vice-
Chancellor and Nutrition Research Center of Tabriz University of
Medical Sciences, Tabriz, Iran (Grant number: 67655).

Acknowledgments

The authors wish to thank the Research Vice-Chancellor and
Nutrition Research Center of Tabriz University of Medical Sciences,
Tabriz, Iran for the financial support (Grant number: 67655). The
authors also thank all the patients for their participation in this
study. This article was written based on data set of MSc thesis (No/;
5/D/36202) registered in Tabriz University of Medical Sciences,
Tabriz, Iran.

Conflict of interest

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.

frontiersin.org


mailto:rafrafm@tbzmed.ac.ir
https://doi.org/10.3389/fendo.2023.1306470
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Safari et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Eldosouky HF, Wan Saudi WS, Hossain Parash MT, Shimmi SCC.
Hypothyroidism and its effect on serum vitamin D and iron among adult female: A
review from Middle East perspective. ] Res Clin Med (2022) 10(1):1-. doi: 10.34172/
jrem.2022.001

2. The Lancet D. Endocrinology. The untapped potential of the thyroid axis. Lancet
Diabetes Endocrinol (2013) 1(3):163. doi: 10.1016/S2213-8587(13)70166-9

3. Hall JE. Guyton and Hall Textbook of Medical Physiology, Jordanian Edition E-
Book. Elsevier Health Sciences. (2016).

4. Taylor PN, Razvi S, Pearce SH, Dayan CM. A review of the clinical consequences
of variation in thyroid function within the reference range. J Clin Endocrinol Metab
(2013) 98(9):3562-71. doi: 10.1210/jc.2013-1315

5. Almandoz JP, Gharib H. Hypothyroidism: etiology, diagnosis, and management.
Med Clin North Am (2012) 96(2):203-21. doi: 10.1016/j.mcna.2012.01.005

6. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet (2012) 379(9821):1142-
54. doi: 10.1016/S0140-6736(11)60276-6

7. Agmon-Levin N, Theodor E, Segal RM, Shoenfeld Y. Vitamin D in systemic and
organ-specific autoimmune diseases. Clin Rev Allergy Immunol (2013) 45(2):256-66.
doi: 10.1007/s12016-012-8342-y

8. Gouni-Berthold I, Krone W, Berthold HK. Vitamin D and cardiovascular disease.
Curr Vasc Pharmacol (2009) 7(3):414-22. doi: 10.2174/157016109788340686

9. Mackawy AM, Al-Ayed BM, Al-Rashidi BM. Vitamin d deficiency and its
association with thyroid disease. Int ] Health Sci (2013) 7(3):267-75. doi: 10.12816/
0006054

10. Haussler MR, Jurutka PW, Mizwicki M, Norman AW. Vitamin D receptor
(VDR)-mediated actions of 10,25(OH),vitamin Dj: genomic and non-genomic
mechanisms. Best Pract Res Clin Endocrinol Metab (2011) 25(4):543-59. doi:
10.1016/j.beem.2011.05.010

11. McDonnell DP, Pike JW, O'Malley BW. The vitamin D receptor: a primitive
steroid receptor related to thyroid hormone receptor. J Steroid Biochem (1988) 30(1-
6):41-6. doi: 10.1016/0022-4731(88)90074-X

12. Aminian K, Bahrami A, Najafipour M, Najafipour F. Effect of vitamin D
replacement on serum TSH in women with anti-TPO positive sub-clinical
hypothyroidism. Clin Diagn Res (2019) 13(1):1-3. doi: 10.7860/JCDR/2019/
38168.12426

13. Pezeshki B, Ahmadi A, Karimi A. The effect of vitamin D replacement on patient
with subclinical hypothyroidism: A pilot randomized clinical trial. Galen Med J (2020)
9:. doi: 10.31661/gmj.v9i0.1592

14. Al Johani N, Ansari M, Hussein S, Almalki M, Ohoud A. The effect of vitamin D
replacement on subjects with sub-clinical hypothyroidism and vitamin D deficiency.
Rep Thyroid Res (2018) 2(107):2.

15. Talaei A, Ghorbani F, Asemi Z. The effects of vitamin D supplementation on
thyroid function in hypothyroid patients: A randomized, double-blind, placebo-
controlled trial. Indian ] Endocrinol Metab (2018) 22(5):584-8. doi: 10.4103/
ijem.JJEM_603_17

16. Surdu AM, Pinzariu O, Ciobanu D-M, Negru A-G, Cainap S-S, Lazea C, et al.
Vitamin D and its role in the lipid metabolism and the development of atherosclerosis.
Biomedicines (2021) 9(2):172. doi: 10.3390/biomedicines9020172

17. Alsamghan AS, Alsaleem SA, Alzahrani MAS, Patel A, Mallick AK, Sheweita SA.
Effect of hypovitaminosis D on lipid profile in hypothyroid patients in Saudi Arabia.
Oxid Med Cell Longev (2020) 2020:6640402. doi: 10.1155/2020/6640402

18. Anaraki PV, Aminorroaya A, Amini M, Feizi A, Iraj B, Tabatabaei A. Effects of
Vitamin D deficiency treatment on metabolic markers in Hashimoto thyroiditis
patients. ] Res Med Sci (2017) 22:5. doi: 10.4103/1735-1995.199090

19. Al-Daghri N, Rahman S, Sabico S, Amer O, Wani K, Al-Attas O, et al. Impact of
vitamin D correction on circulating irisin: A 12 month interventional study. Int J Clin
Exp Med (2016) 9:13086-92.

20. Safarpour P, Daneshi-Maskooni M, Vafa M, Nourbakhsh M, Janani L, Maddah
M, et al. Vitamin D supplementation improves SIRT1, Irisin, and glucose indices in
overweight or obese type 2 diabetic patients: a double-blind randomized placebo-
controlled clinical trial. BMC Family practice (2020) 21(1):26. doi: 10.1186/s12875-020-
1096-3

21. Gao X, Wilde PE, Lichtenstein AH, Bermudez OI, Tucker KL. The maximal
amount of dietary o-tocopherol intake in US adults (NHANES 2001-2002). J Nutr
(2006) 136(4):1021-6. doi: 10.1093/jn/136.4.1021

Frontiers in Endocrinology

10.3389/fendo.2023.1306470

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

22. Craig CL, Marshall AL, Sjéstrdm M, Bauman AE, Booth ML, Ainsworth BE, et al.
International physical activity questionnaire: 12-country reliability and validity. Med Sci
sports exercise (2003) 35(8):1381-95. doi: 10.1249/01.MSS.0000078924.61453.FB

23. Holick MF, 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(7):1911-30. doi:
10.1210/jc.2011-0385

24. Chahardoli R, Saboor-Yaraghi AA, Amouzegar A, Khalili D, Vakili AZ, Azizi F.
Can supplementation with vitamin D modify thyroid autoantibodies (Anti-TPO ab,
anti-tg ab) and thyroid profile (T3, T4, TSH) in hashimoto's thyroiditis? A double
blind, randomized clinical trial. Hormone Metab Res = Hormon- und
Stoffwechselforschung = Hormones metabolisme (2019) 51(5):296-301. doi: 10.1055/a-
0856-1044

25. Ucan B, Sahin M, Sayki Arslan M, Colak Bozkurt N, Kizilgul M, Giingiines A,
et al. Vitamin D treatment in patients with hashimoto’s thyroiditis may decrease the
development of hypothyroidism. Int | Vitamin Nutr Res (2016) 86(1-2):9-17. doi:
10.1024/0300-9831/2000269

26. Chailurkit LO, Aekplakorn W, Ongphiphadhanakul B. High vitamin D status in
younger individuals is associated with low circulating thyrotropin. Thyroid (2013) 23
(1):25-30. doi: 10.1089/thy.2012.0001

27. Jafari T, Fallah AA, Barani A. Effects of vitamin D on serum lipid profile in
patients with type 2 diabetes: A meta-analysis of randomized controlled trials. Clin
Nutr (Edinburgh Scotland) (2016) 35(6):1259-68. doi: 10.1016/j.clnu.2016.03.001

28. Gonzalez FJ, Moschetta A. Potential role of the vitamin D receptor in control of
cholesterol levels. Gastroenterology (2014) 146(4):899-902. doi: 10.1053/
j.gastro.2014.02.022

29. Jiang W, Miyamoto T, Kakizawa T, Nishio SI, Oiwa A, Takeda T, et al. Inhibition
of LXRa: signaling by vitamin D receptor: possible role of VDR in bile acid synthesis.
Biochem Biophys Res Commun (2006) 351(1):176-84. doi: 10.1016/j.bbrc.2006.10.027

30. Honjo Y, Sasaki S, Kobayashi Y, Misawa H, Nakamura H. 1, 25-
dihydroxyvitamin D3 and its receptor inhibit the chenodeoxycholic acid-dependent
transactivation by farnesoid X receptor. J Endocrinol (2006) 188(3):635-43. doi:
10.1677/joe.1.06105

31. Defay R, Astruc ME, Roussillon S, Descomps B, Crastes de Paulet A. DNA
synthesis and 3-hydroxy-3-methylglutaryl CoA reductase activity in PHA stimulated
human lymphocytes: A comparative study of the inhibitory effects of some oxysterols
with special reference to side chain hydroxylated derivatives. Biochem Biophys Res
Commun (1982) 106(2):362-72. doi: 10.1016/0006-291X(82)91118-4

32. Wang, Si§, Liu ], Wang Z, Jia H, Feng K, et al. The associations of serum lipids
with vitamin D status. PloS One (2016) 11(10):e0165157. doi: 10.1371/
journal.pone.0165157

33. Zhang X, Song Y, Feng M, Zhou X, Lu Y, Gao L, et al. Thyroid-stimulating
hormone decreases HMG-CoA reductase phosphorylation via AMP-activated protein
kinase in the liver. J Lipid Res (2015) 56(5):963-71. doi: 10.1194/jlr.M047654

34. Raymond JL, Morrow K. Krause and mahan’s food and the nutrition care process.
United States: E-Book: Elsevier Health Sciences (2022). p. 16e.

35. Wehmeier K, Beers A, Haas MJ, Wong NC, Steinmeyer A, Zugel U, et al.
Inhibition of apolipoprotein AI gene expression by 1, 25-dihydroxyvitamin D3.
Biochim Biophys Acta (2005) 1737(1):16-26. doi: 10.1016/j.bbalip.2005.09.004

36. Wehmeier KR, Alamir AR, Sultan S, Haas MJ, Wong NC, Mooradian AD. 24,
25-dihydroxycholecalciferol but not 25-hydroxycholecalciferol suppresses
apolipoprotein A-I gene expression. Life Sci (2011) 88(1-2):110-6. doi: 10.1016/
j1fs.2010.11.005

37. Salehpour A, Shidfar F, Hosseinpanah F, Vafa M, Razaghi M, Hoshiarrad A,
et al. Vitamin D3 and the risk of CVD in overweight and obese women: a randomised
controlled trial. Br J Nutr (2012) 108(10):1866-73. doi: 10.1017/S0007114512000098

38. Chehsmazar E, Zarrati M, Yazdani B, Razmpoosh E, Hosseini A, Shidfar F. The
effect of vitamin D supplementation on serum concentrations of
dehydroepiandrosterone, paraoxonase 1, apolipoproteins, free fatty acid and insulin
in vitamin D deficient obese and overweight individuals under a low-calorie diet
program: a randomized controlled trial. Nutr Food Sci (2020) 51(1):765-80. doi:
10.1108/NFS-05-2020-0176

39. Kitada M, Ogura Y, Koya D. The protective role of Sirtl in vascular tissue: its
relationship to vascular aging and atherosclerosis. Aging (2016) 8(10):2290-307. doi:
10.18632/aging. 101068

frontiersin.org


https://doi.org/10.34172/jrcm.2022.001
https://doi.org/10.34172/jrcm.2022.001
https://doi.org/10.1016/S2213-8587(13)70166-9
https://doi.org/10.1210/jc.2013-1315
https://doi.org/10.1016/j.mcna.2012.01.005
https://doi.org/10.1016/S0140-6736(11)60276-6
https://doi.org/10.1007/s12016-012-8342-y
https://doi.org/10.2174/157016109788340686
https://doi.org/10.12816/0006054
https://doi.org/10.12816/0006054
https://doi.org/10.1016/j.beem.2011.05.010
https://doi.org/10.1016/0022-4731(88)90074-X
https://doi.org/10.7860/JCDR/2019/38168.12426
https://doi.org/10.7860/JCDR/2019/38168.12426
https://doi.org/10.31661/gmj.v9i0.1592
https://doi.org/10.4103/ijem.IJEM_603_17
https://doi.org/10.4103/ijem.IJEM_603_17
https://doi.org/10.3390/biomedicines9020172
https://doi.org/10.1155/2020/6640402
https://doi.org/10.4103/1735-1995.199090
https://doi.org/10.1186/s12875-020-1096-3
https://doi.org/10.1186/s12875-020-1096-3
https://doi.org/10.1093/jn/136.4.1021
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1055/a-0856-1044
https://doi.org/10.1055/a-0856-1044
https://doi.org/10.1024/0300-9831/a000269
https://doi.org/10.1089/thy.2012.0001
https://doi.org/10.1016/j.clnu.2016.03.001
https://doi.org/10.1053/j.gastro.2014.02.022
https://doi.org/10.1053/j.gastro.2014.02.022
https://doi.org/10.1016/j.bbrc.2006.10.027
https://doi.org/10.1677/joe.1.06105
https://doi.org/10.1016/0006-291X(82)91118-4
https://doi.org/10.1371/journal.pone.0165157
https://doi.org/10.1371/journal.pone.0165157
https://doi.org/10.1194/jlr.M047654
https://doi.org/10.1016/j.bbalip.2005.09.004
https://doi.org/10.1016/j.lfs.2010.11.005
https://doi.org/10.1016/j.lfs.2010.11.005
https://doi.org/10.1017/S0007114512000098
https://doi.org/10.1108/NFS-05-2020-0176
https://doi.org/10.18632/aging.101068
https://doi.org/10.3389/fendo.2023.1306470
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Safari et al.

40. Azali Alamdari K, Khalafi M. The effects of high intensity interval
training on serum levels FGF21 and insulin resistance in obese men. ijdld (2019) 18
(1):41-8.

41. Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A PGC1-0-
dependent myokine that drives brown-fat-like development of white fat and
thermogenesis. Nature (2012) 481(7382):463-8. doi: 10.1038/nature10777

42. Reza MM, Sim CM, Subramaniyam N, Ge X, Sharma M, Kambadur R, et al.
Irisin treatment improves healing of dystrophic skeletal muscle. Oncotarget (2017) 8
(58):98553-66. doi: 10.18632/oncotarget.21636

43. Roosta S, Kharadmand M, Teymoori F, Birjandi M, Adine A, Falahi E.
Effect of vitamin D supplementation on anthropometric indices among
overweight and obese women: A double blind randomized controlled clinical trial.
Diabetes Metab Syndrome: Clin Res Rev (2018) 12(4):537-41. doi: 10.1016/
j.dsx.2018.03.022

44. Khosravi Z, Kafeshani M, Tavasoli P, Zadeh A, Entezari M. Effect of Vitamin D
supplementation on weight loss, glycemic indices, and lipid profile in obese and

Frontiers in Endocrinology

10

10.3389/fendo.2023.1306470

overweight women: A clinical trial study. Int ] Prev Med (2018) 9(1):63. doi: 10.4103/
ijpym.IJPVM_329_15

45. Shahriari S, Eftekhari MH, Jeddi M. The effect of vitamin D supplementation in
overweight or obese type 2 diabetic patients with vitamin D deficiency and
dyslipidemia. Int ] Nutr Sci (2018) 3(4):185-91.

46. Salehpour A, Hedayati M, Shidfar F, Neshatbini Tehrani A, Farshad AA,
Mohammadi S. 1,25-Dihydroxyvitamin D3 modulates adipogenesis of human
adipose-derived mesenchymal stem cells dose-dependently. Nutr Metab (Lond)
(2021) 18(1):29. doi: 10.1186/s12986-021-00561-4

47. Mai XM, Chen Y, Camargo CA Jr., Langhammer A. Cross-sectional and
prospective cohort study of serum 25-hydroxyvitamin D level and obesity in adults:
the HUNT study. Am J Epidemiol (2012) 175(10):1029-36. doi: 10.1093/aje/kwr456

48. Dura-Trave T, Gallinas-Victoriano F, Chueca-Guindulain MJ, Berrade-Zubiri S,
Urretavizcaya-Martinez M, Ahmed-Mohamed L. Assessment of vitamin D status and
parathyroid hormone during a combined intervention for the treatment of childhood
obesity. Nutr Diabetes (2019) 9(1):18. doi: 10.1038/s41387-019-0083-z

frontiersin.org


https://doi.org/10.1038/nature10777
https://doi.org/10.18632/oncotarget.21636
https://doi.org/10.1016/j.dsx.2018.03.022
https://doi.org/10.1016/j.dsx.2018.03.022
https://doi.org/10.4103/ijpvm.IJPVM_329_15
https://doi.org/10.4103/ijpvm.IJPVM_329_15
https://doi.org/10.1186/s12986-021-00561-4
https://doi.org/10.1093/aje/kwr456
https://doi.org/10.1038/s41387-019-0083-z
https://doi.org/10.3389/fendo.2023.1306470
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effects of vitamin D supplementation on metabolic parameters, serum irisin and obesity values in women with subclinical hypothyroidism: a double-blind randomized controlled trial
	Introduction
	Materials and methods
	Participants
	Study design
	Measurements
	Statistical analysis

	Results
	General characteristics
	Dietary intake
	Biochemical parameters
	Anthropometric measurements

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


