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Abstract

Background: Hashimoto's thyroiditis (HT) is the prevailing form of autoimmune thyroiditis and the leading cause of hypothyroi®
in iodine-sufficient regions worldwide. This study aims to evaluate the efficacy of vitamin D supplementation on HT through a
meta-analysis of randomized controlled trials (RCTs).

Methods: The databases searched included PubMed, and others. We included RCTs that the treatment group received vitamin
D, while the control group received either a placebo or no treatment. The studies measured the baseline and endpoint levels of
25-hydroxyvitamin D [25(0OH)D], thyroid-stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine (FT3), anti-thyroid
peroxidase antibody (TPO-Ab), and thyroglobulin antibody (TG-Ab). We performed a meta-analysis to calculate the standardized
mean difference (SMD) and 95% confidence interval (Cl).

Results: A total of 12 studies involving 862 individuals were included. Vitamin D supplementation has a significant impact on
reducing the titers of TPO-Ab (SMD = -1.084, 95% Cl =-1.624 to —0.545) and TG-Ab (SMD = -0.996, 95% Cl =-1.579 to
—0.413) in patients with HT, and it also improves thyroid function by decreasing TSH level (SMD = -0.167, 95% Cl = -0.302 to
0.081) and increasing FT3 (SMD = 0.549, 95% Cl = 0.077-1.020) and FT4 (SMD = 0.734, 95% Cl = 0.184-1.285) levels. Active
vitamin D (calcitriol) significantly reduces the titer of TPO-Ab compared to naive forms of vitamin D (vitamin D, or D,); treatment
durations > 12 weeks result in a more effective reduction of TPO-Ab levels and a more significant increase in FT4 and FT3 levels
in patients with HT (meta-regression P < .05).

Conclusion: Vitamin D supplementation may have beneficial effects on HT patients by modulating immune responses and
improving thyroid function.

Abbreviations: 25(0OH)D = 25-hydroxyvitamin D, Cl = confidence interval, FT3 = free triiodothyronine, FT4 = free thyroxine,
HT = Hashimoto’s thyroiditis, IFN-y = interferon-y, IL-10 = interleukin-10, IL-17 = interleukin-17, IL-1 = interleukin-1, IL-2 =
interleukin-2, IL-4 = interleukin-4, L-T4 = levothyroxine, RCTs = randomized controlled trials, SD = standard deviation, SMD =
standardized mean difference, TG-Ab = thyroglobulin antibody, Th = helper T lymphocytes, TPO-Ab = anti-thyroid peroxidase
antibody, Treg = regulatory T cells, TSH = thyroid-stimulating hormone, VDRs = vitamin D receptors.

Keywords: calcitriol, Hashimoto’s thyroiditis, meta-analysis, naive vitamin D, randomized controlled trial

remains uncertain but is currently attributed to genetic suscep-
tibility and environmental factors, including excessive iodine
intake, selenium deficiency, viral infections (such as hepatitis C
virus), vitamin D deficiency, and others.!'-3!

1. Introduction

Hashimoto’s thyroiditis (HT) is the prevailing form of auto-
immune thyroiditis and the leading cause of hypothyroidism
in iodine-sufficient regions worldwide.!'l The etiology of HT
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The pathogenesis of HT involves a decrease in individual
immune tolerance to thyroid autoantigens, which is influenced
by genetic and environmental factors. Both cellular immunity
and humoral immunity play a role in the development of HT.
Infiltrating lymphocytes in thyroid tissue mainly consist of
helper T lymphocytes (Th)." Th1 cells secrete interferon-y (IFN-
v) and interleukin-2 (IL-2), which activate cytotoxic CD8 + T
cells or macrophages to directly attack thyroid tissue. Th1 cells
also secrete interleukin-1 (IL-1) and IFN-y, which induce apop-
tosis of thyroid follicular cells.*” Th2 cells, on the other hand,
secrete interleukin-4 (IL-4), which inhibits the production of Th1
cells and the secretion of IFN-y.[” Nanba found that the balance
between Th1 and Th2 cells is related to the severity of HT.I¥!
Studies have shown that levels of Th17 cells and their secreted
cytokine interleukin-17 (IL-17) are significantly increased in HT
patients. IL-17 has a negative correlation with thyroid fibrosis
and can lead to hypothyroidism.!! The role of regulatory T
cells (Treg) is opposite to that of Th17 cells,"'?! and the imbal-
ance between Th17 and Treg cells is positively correlated with
the severity of HT.['¥! In addition to cellular immunity, humoral
immunity also contributes to the development of HT. When thy-
roid tissue is damaged, a large number of antigens are released,
leading to the production of TPO-Ab and TG-Ab. TPO-ADb can
directly destroy thyroid tissue through cytotoxicity and is asso-
ciated with the occurrence of hypothyroidism.!'*"I TG-Ab, on
the other hand, does not directly damage thyroid cells.'>! Serum
levels of TPO-Ab and TG-Ab are considered the best markers
for the diagnosis of HT.

Vitamin D functions as a steroid hormone, predomi-
nantly synthesized in the skin through the activation of
7-dehydroxycholesterol upon exposure to sunlight. Dietary intake
contributes minimally to circulating vitamin D levels. Currently,
the assessment of vitamin D status primarily relies on measuring
serum 25(OH)D, with thresholds set as follows: > 30 ng/mL for
sufficiency, 20 to 30 ng/mL for insufficiency, < 20 ng/mL for defi-
ciency, and < 10ng/mL for severe deficiency. As the regulatory
role of vitamin D in the immune system has gained recognition,
researchers have investigated its relationship with HT. In HT
patients, serum 25(OH)D levels were consistently lower com-
pared to healthy individuals, with a higher prevalence of vita-
min D deficiency or insufficiency.!'*-'®! Notably, Mazokopakis,!
Fang?” reported a negative correlation between serum 25(OH)
D levels and serum TPO-Ab titers in HT patients with normal
thyroid function. Similarly, other researchers found an inverse
relationship between serum 25(OH)D and thyroid-stimulating
hormone (TSH) levels in HT patients.'$2!!

Vitamin D plays a pivotal role in balancing pro-inflammatory
cells such as Th1 and Th17, and anti-inflammatory cells such
as Th2 and Tregs. It also exerts inhibitory effects on B cell
proliferation and antigen presentation,”2° which potentially
underlie its therapeutic potential in HT. However, the impact
of vitamin D supplementation on HT remains a topic of debate.
A meta-analysis of 25 observational studies conducted in
2020 suggested that the serum 25(OH)D concentration in HT
patients was significantly lower than that in healthy controls,
and the odds ratio of vitamin D deficiency in HT patients was
3.21.5% Vitamin D supplementation could improve thyroid
function, reduce TPO-Ab or TG-Ab titers,!"*3!l reduce the Th17/
Treg ratio,’? and downregulate the production of IL-17, while
promoting the synthesis of Interleukin-10 (IL-10) which inhibits
Th1 production.**-*! Conversely, some studies have reported no
significant reduction in TPO-Ab and TG-Ab titers, nor improve-
ments in thyroid function with vitamin D supplementation in
HT patients.?*!

However, the current meta-analyses on vitamin D sup-
plementation in HT have several limitations, including
non-randomized controlled trials and limited literature avail-
ability.B”#! Additionally, these meta-analyses did not consider
baseline thyroid function, 25(OH)D levels, different types of
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vitamin D, treatment duration, or employ meta-regression
analysis to explore significant factors contributing to hetero-
geneity. This study aims to incorporate the latest randomized
controlled trials (RCTs) on vitamin D intervention in HT to
address the following crucial questions: To determine whether
vitamin D is beneficial to the improvement of HT. If proven
effective, further clarify the appropriate type, dosage and treat-
ment duration of vitamin D supplementation. Understanding
the impact of baseline thyroid function and vitamin D levels
on the ultimate outcome to determine the appropriate subjects
for treatment.

2. Methods

2.1. Search trials

The study was registered into PROSPERO (CRD42023445848).
A comprehensive search strategy adhering to the PICOS prin-
ciple was employed to identify pertinent RCTs published
from inception to August 2023. Databases such as PubMed,
Embase, Cochrane Library, Web of Science, China Knowledge
Network, Wanfang, VIP Database, and China Biomedical
Literature Database were meticulously scoured. The search
terms encompassed “Hashimoto Disease” and “Vitamin D” or
“Cholecalciferol,” “Ergocalciferols,” “Calcifediol,” “Calcitriol,”
or “Hydroxycholecalciferols,” combined with “Randomized
controlled trial” in English or Chinese.

2.2. Inclusion and exclusion criteria

Inclusion criteria were diligently applied as follows: RCTs inves-
tigating the effects of vitamin D supplementation in patients
diagnosed with HT; the treatment arm encompassing various
forms of vitamin D supplementation (including vitamin D2,
vitamin D3, or calcitriol), while the control group received either
a placebo (e.g., paraffin oil) or no treatment, with concomitant
thyroid hormone replacement therapy based on thyroid func-
tion; and thorough assessment of baseline and endpoint levels
of 25(OH)D, thyroid function indicators (TSH, FT3, FT4), and
autoantibodies (TPO-Ab, TG-Ab). Exclusion criteria encom-
passed: the inclusion of patients with autoimmune disorders
other than HT; duplicate studies, reviews, conference abstracts,
lectures, unpublished data, and personal communications; stud-
ies with incomplete data concerning the aforementioned out-
come measures; and non-RCTs or animal studies.

2.3. Risk-of-bias assessment

Two researchers independently conducted an in-depth evalu-
ation of the included literature’s quality employing Review
Manager 5.3 software. Adhering to the Cochrane risk-of-bias
tool,*? each quality item underwent meticulous classification
as low risk, high risk, or unclear risk. The 7 criteria employed
to gauge bias in each trial encompassed random sequence gen-
eration, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete out-
come data, selective reporting, and any other potential sources
of bias.

2.4. Data extraction

Two researchers extracted the following key information from
each study: author’s name, publication year, country of origin,
sample size, pertinent demographic characteristics of the sub-
jects, type of vitamin D administered, dosage of vitamin D,
duration of vitamin D treatment, baseline and post-intervention
levels of TPO-Ab, TG-Ab, TSH, FT4, FT3, and 25(OH)D, and
documentation of any reported adverse drug reactions.
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2.5. Statistical analysis

(1) Data Processing: Continuous variables were expressed
in a standardized manner as mean = standard deviation
(SD). Whenever studies presented data in the form of stan-
dard error, conversion to SD was performed, while non-
normally distributed data reported as median (P25, P75)
were transformed into mean = SD utilizing an online cal-
culator developed by Luo et al.* The differences in levels
and their corresponding standard deviations between base-
line and endpoint measurements for TPO-Ab, TG-Ab, TSH,
FT3, FT4, and 25(OH)D were calculated for each study.

(2) The comparison of continuous variables between the
treatment and control groups was conducted utilizing
Stata 15 software. Standardized mean difference (SMD)
accompanied by their corresponding 95% CI were calcu-
lated, and the results were elegantly presented using forest
plots.

(3) Publication bias was assessed via the construction of a
funnel plot using Stata 15 software. Subsequent bias test-
ing, employing Egger’s test, was conducted, and if any
indication of publication bias emerged, a suitable adjust-
ment using the trim-and-fill method was performed.

(4) Heterogeneity among the included studies was evaluated
using the I statistic, whereby an I? value exceeding 50%
indicated substantial heterogeneity, 25% to 50% indi-
cated moderate heterogeneity, and below 25% implied
insignificant heterogeneity. A fixed-effects model was
employed for I? < 50%, whereas a random-effects model
was utilized for I> > 50%. Additionally, sensitivity analy-
sis using Stata 15 software was conducted to assess the
robustness of the pooled results. Subgroup analysis and
meta-regression were carried out to identify significant
factors contributing to the observed heterogeneity.

3. Results

3.1. Retrieved studies and characteristics

A total of 203 potentially relevant studies were retrieved
through a comprehensive search. Following a rigorous screening
process, 106 redundant studies, 15 reviews and meta-analyses,
11 animal experimental studies, and 2 studies with incongru-
ent titles were systematically excluded. Subsequently, the titles
and abstracts of the remaining 69 studies underwent scrutiny,
resulting in the exclusion of 41 studies with disparate research
content and 6 studies lacking reported outcomes. Further
exclusions were made, including 1 study with inaccessible full-
text literature, 8 studies lacking comprehensive endpoint indi-
cators, and 1 study devoid of a control group. Ultimately, a
refined selection of 12 RCTsP3!:33:343644-511 were deemed suitable
for inclusion in this meta-analysis. A graphical representation
of the screening process is eloquently presented in Figure 1.

3.2. Participants

A total of 862 patients diagnosed with HT were enrolled across
the 12 selected RCTs, with 429 patients in treatment group and
423 in control group. Remarkably, no statistically significant
differences in baseline values of all variables were observed
between the treatment and control group. Among the included
studies, 7 studies explicitly recruited patients with hypothyroid-
ism, 3136464850511 wwhile the remaining studies recruited patients
with euthyroidism or subclinical hypothyroidism.[33:3444:45:491 §
studies were designed to address vitamin D deficiency, 36444641
4 studies targeted subjects with vitamin D insufficiency, 333448511
and the inclusion criteria of the remaining 3 studies did
not explicitly delineate the vitamin D status of the enrolled
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patients.’#75% For comprehensive elucidation, please refer to
Table 1.

3.3. Intervention

In the context of patients diagnosed with hypothyroidism and
HT, the intervention strategy comprised the administration of
vitamin D in conjunction with thyroxine tablets. Specifically,
6 studiesB146-483051 employed calcitriol in tandem with thy-
roxine tablets, while 1 study* utilized vitamin D, alongside
thyroxine tablets. Conversely, the control groups were man-
aged with thyroxine monotherapy or thyroxine combined with
a placebo. In patients exhibiting normal thyroid function or
subclinical hypothyroidism, the treatment groups exclusively
received vitamin D monotherapy. Notably, among these stud-
ies, 28441 employed calcitriol, 21**! employed vitamin D,,
and 1P% employed vitamin D,, while the control groups were
administered a placebo or received no specific treatment. The
follow-up duration for 6 studies®*>*-45-5%1 512 weeks, while the
remaining 6 studies3!3436:444951 adhered to a follow-up dura-
tion < 12 weeks. For comprehensive details, kindly refer to
Table 2.

3.4. Adverse drug reactions

Among the 12 included studies, 4 studies?*>*#-% did not
report any adverse reactions. Among the remaining 8 stud-
ies,B31:343645-4851 none documented the incidence of hypercal-
cemia, and 7 studiesi®':3*+36:45:464851 ypequivocally reported an
absence of adverse events. Notably, only 1 study” documented
adverse reactions, specifically nausea, vomiting, and rash; how-
ever, it is worth highlighting that no statistically significant
difference in the incidence of adverse reactions was discerned
between the treatment and control cohorts.

3.5. Literature quality evaluation

A meticulous appraisal was conducted to ascertain the quality
and reliability of the included literature. The 12 included stud-
ies randomly assigned patients with HT into treatment and
control groups. 7 studiesP!:33343646-481 expounded upon the
generation method of the random sequence, employing tech-
niques such as the random number table method, thus exhib-
iting a commendable endeavor to low bias risks. Additionally,
2 studies®!3¢ explicitly disclosed the concealment of the allo-
cation method, low risk bias was considered. Furthermore,
2 studies®**! implemented blinding protocols for both
researchers and subjects, considering low risk bias. None of
the studies mentioned blinding of outcome assessors, result-
ing in an unclear risk of measurement bias. 1 study®®! had a
relatively high rate of loss to follow-up, making it uncertain
whether missing data influenced the results. In contrast, the
remaining 11 studies reported minimal or no missing data,
with researchers duly acknowledging and addressing this
matter in their respective publications, indicating a low risk
of follow-up bias. All studies reported on the predetermined
variables, considering low risk reporting bias. However, it is
noteworthy that 1 study*®! expressed vitamin D and auto-
antibody levels in integers, raising concerns about accuracy,
and the other bias risks were unclear. 1 study™*”’ documented
an identical increase in 25(OH)D level as the pretreatment
25(OH)VitD3 level, engendering doubts regarding potential
recording errors, considering high other biases. The unit of
TG-Ab level in 2 studies*”*°l was expressed as a percentage,
casting uncertainty on the data’s precision and raising con-
cerns of high other biases. Please refer to Figures 2 and 3 for
the risk of bias assessment.
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Figure 1. Literature search and screening process.

1 devoid of a control group

3.6. Results calculate

The alterations in TPO-Ab, TSH, and 25(OH)D levels among HT
patients before and after vitamin D treatment were thoroughly
assessed in all 12 studies. Additionally, TG-Ab levels were eval-
uated in 11 studies,3333444-51 while changes in FT3 and FT4
levels following vitamin D treatment were examined in 10 stud-
ies.[31:33:344446-511 'Zha 0133 conducted an randomized controlled trial

(RCT) investigating vitamin D intervention in HT patients afflicted
with both vitamin D insufficiency and vitamin D deficiency. Due
to the limited sample size of patients with vitamin D deficiency,
the 2 subgroups were amalgamated into a single group to calcu-
late. The mean = SD between baseline and endpoint measurements
of TPO-Ab, TG-Ab, TSH, FT3, and FT4 were calculated in each
study. The comprehensive findings are elucidated in Table 3.
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Characteristics of the included trials and participants.

Total participants Baseline thyroid Baseline vitamin
Included trials Country (T/C)* function D statust Baseline 25(0H)D levels (T vs C)
Huang, 201367 China 32 (16/16) Hypothyroidism Insufficiency 15.86 + 3.56 vs 16.50 + 2.81 ng/mL
Han et al, 20155% China 62 (32/30) Hypothyroidism Not restricted 17.91 + 6.59 vs 18.22 + 5.19ng/mL
Zhao et al, 20168 China 36 (18/18) Hypothyroidism Insufficiency 16 +4vs16 + 3 g/l
Parichehr Vahabi Iran 65 (33/32) Hypothyroidism Deficiency 12.76 = 0.74 vs 13.28 + 0.86 ng/mL
Anaraki et al, 201789
Zhou et al, 201819 China 122 (61/61) Euthyroidism or Subclin- Deficiency 29.50 + 19.65 vs NRf nmol/L
ical Hypothyroidism
Zuo et al, 201814 China 70 (35/35) Euthyroidism Deficiency 10.61 +1.30 vs 13.58 + 1,18 nmol/L
Fu et al, 201984 China 70 (36/34) Euthyroidism or Subclin- Insufficiency 15.08 + 3.23 vs 13.99 = 2.32 ug/L
ical Hypothyroidism
Reza Chahardoli et al, Iran 42 (21/21) Hypothyroidism Not restricted 25.38 +11.02 vs 19.80 + 8.81ng/mL
201981
Jia, 202017 China 102 (51/51) Hypothyroidism Not restricted 17.89 +6.38 vs 19.10 + 6.51 ng/mL
Xiao et al, 202014 China 80 (40/40) Euthyroidism Deficiency 14.60 + 5.08 vs 15.29 + 6.88ng/mL
Zhang, 202019 China 90 (45/45) Hypothyroidism Deficiency 17.16 + 6.45 vs 18.24 + 4.36ng/mL
Zhao, 20229 China 98 (49/49) Euthyroidism or Subclin- Insufficiency or 15.64 + 5.54 vs 16.98 + 5.43ng/mL
ical Hypothyroidism Deficiency

*T: Treatment Group, C: Control Group.
FVitamin D Status: > 30 ng/mL (75 nmol/L) for sufficiency, 20-30 ng/mL (50—75 nmol/L) for insufficiency, < 20 ng/mL (50 nmol/L) for deficiency.

$Not reported.

Characteristics of the included trials and participants.

Treatment group

Control group

Treatment

Adverse drug

Included trials durations (weeks*) reactions Age (yr) NO. (M/F) Intervention Age (yr) NO. (M/F) Intervention
Huang, 201357 12 NO 453 +6.8 16 (2/14)  Thyroxine + Calcitriol ~ 43.7 + 8.6 16 (3/13)  Thyroxine
0.25ug, qd, p.o
Han et al, 201567 24 NRt 348 +82 32 (5/27)  Thyroxine + Calcitriol ~ 35.2 + 7.1 30 (4/26)  Thyroxine
0.25pg, ad, p.o
Zhao et al, 201648 24 NO 42 7 18 (5/13)  Thyroxine + Calcitriol 41 +5 18 (4/14)  Thyroxine
0.25pg, qd, p.o
Parichehr Vahabi 12 NO 43.55£8.54 30 (9/21)  Thyroxine + Vitamin D, 44.12 +8.54 26 (11/15) Thyroxine + Placebo
Anaraki et al, 20176 50000IU, qw, p.o
Zhou et al, 20184 12 NR 20-70 61 (NR) Vitamin D, 7.5mg, 20-70 61 (NR) NO
gm, i.m
Zuo et al, 20181 24 NO 443 + 2.1 35(6/29)  Calcitriol 0. 25ug, 428 +2.0 35(5/30) NO
qd, p.o
Fu et al, 201954 12 NO 49,56 +7.88 36 (2/34)  Calcitriol 0. 251g, 4711 +11.42 34(2/32)  NO
qd, p.o
Reza Chahardoli et al, 12 NO 36.4+5.2 19(0/19)  Thyroxine + Calcitriol 359+ 7.8 21 (0/21)  Thyroxine + Placebo
201961 500001U, qw, p.o
Jia, 2020147 16 Nausea, vomiting, 41.96 +9.28 51 (22/29) Thyroxine + Calcitriol ~ 42.20 +8.98 51 (20/31) Thyroxine
and rasht 0.25pg, ad, p.o
Xiao et al, 202044 12 NR 4502711  40(13/27) Vitamin D, 7.5mg, 46.38 +7.69 40 (11/29) NO
gm, i.m
Zhang, 2020161 24 NO 352+76 45 (20/25) Thyroxine + Calcitriol ~ 34.4 + 6.3 45 (16/29) Thyroxine
0.25p9,qd, p.o
Zhao, 20225 13-15 NR 36.55+10.21 46 (NR) Vitamin D, 800-2000§ 36.55+9.72 46 (NR) NO

U, qd, p.o

*1 month = 4 weeks.
1Not reported.

FIn treatment group, there were 2 cases of nausea, 2 cases of vomiting, and 1 case of rash; in the control group, there were 2 cases of nausea, 1 case of vomiting, and 0 cases of rash. However, there was
no significant difference in the incidence of adverse reactions between the treatment group and the control group.
§Supplement vitamin D3 at 2000 IU/day when 25(0H)D was < 20 ng/mL, and at 8001000 IU/d when 20ng/mL < 25(OH)D < 30 ng/mL.

3.7. Effects of vitamin D supplementation on TPO-Ab,

TG-Ab, and thyroid function in patients with HT

Among the 12 studies included in this analysis, 10 stud-
ies31:33:3445-511 congistently reported a significantly greater reduc-
tion in TPO-Ab titers within the treatment group compared to

the control group. Meta-analysis of all 12 studies revealed sub-
stantial heterogeneity (I* = 92.3%, Q test P <.001). Employing
a random-effects model, the SMD and 95% CI were -1.084
(-1.624, -0.545), signifying a statistically significant dif-
ference (P <.001). These findings suggested that vitamin D
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Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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. Low risk of bias

|:| Unclear risk of hias

B High risk of bias

Figure 2. Overall risk of bias assessment results for included studies.

supplementation exerts a considerable reduction in TPO-Ab
titers among patients with HT. Sensitivity analysis further
validated the consistent reduction in TPO-Ab titers following
vitamin D supplementation in this patient population. Notably,
both the funnel chart and Egger’s test (P =.06) revealed the
absence of significant publication bias.

Within the 12 studies included, 1 study®®® did not assess
TG-AD levels, while 9 studies3!***=51 consistently reported
greater decrease in TG-Ab titers in the treatment group
compared to the control group. Meta-analysis of the 11
studies assessing TG-Ab revealed substantial heterogene-
ity (I>=93.0%, Q test P <.001). Utilizing a random-effects
model, the SMD and 95% CI were calculated as -0.996
(-1.579, -0.413), indicating a statistically significant dif-
ference (P =.001). These findings suggested that significant
reduction in TG-Ab titers associated with vitamin D supple-
mentation among patients with HT. Sensitivity analysis further
supported the consistent decrease in TG-Ab titers in patients
receiving vitamin D supplementation. Both the funnel chart
and Egger’s test (P = .15) indicated the absence of significant
publication bias.

Twelve studies analyzed, 3 studies®**"1 reported a note-
worthy difference in the reduction of TSH levels between the
treatment and control groups following intervention. The
results demonstrated no substantial heterogeneity (I* = 26.7%,
Q test P=.18) between the 12 studies. Employing a fixed-
effects model, the SMD and 95% CI were calculated as -0.167
(-0.302, -0.031), suggesting that vitamin D supplementation
significantly decreases TSH levels in patients with HT. A sen-
sitivity analysis was performed, and the results indicated that
the combined effect size of the remaining studies after sequen-
tially excluding each study did not reach statistical significance.
This suggested that although the included studies exhibited low
heterogeneity, the Meta-analysis results were unstable. Both the
funnel chart and Egger’s test (P =.58) indicated the absence of
significant publication bias.

Of the 12 studies, 2 studies*>*! did not evaluate FT4 levels,
while the remaining 10 studies underwent meta-analysis. The
findings revealed substantial heterogeneity (I* = 91.7%, Q test
P <.001). Employing a random-effects model, the SMD and
95% CI were calculated as 0.734 (0.184, 1.285) with a statis-
tically significant (P =.009), indicating that vitamin D supple-
mentation significantly increases FT4 levels in patients with HT.
Sensitivity analysis confirmed the stability of the result. Both the
funnel chart and Egger’s test (P = .50) suggested the absence of
significant publication bias.

Similarly, among the 12 studies, 2 studies?®**! did not assess
FT3 levels, while the remaining 10 studies underwent meta-
analysis. The results indicated significant heterogeneity
(I>=89.2%, Q test P <.001). Using a random-effects model,

the SMD and 95% CI were calculated as 0.549 (0.077, 1.020)
with a statistically significant (P =.02), demonstrating that
vitamin D supplementation significantly elevates FT3 levels in
patients with HT. A sensitivity analysis was conducted, and the
results revealed that the combined effect size of the remaining
studies, after sequentially excluding each study, did not exhibit
significant statistical significance. This indicates that despite the
low heterogeneity observed in the included studies, the Meta-
analysis results were unstable. Both the funnel chart and Egger’s
test (P =.61) indicated the absence of significant publication
bias. For a comprehensive overview, please refer to Figure 4.

3.8. Effects of treatment duration, vitamin D types, baseline
thyroid function and vitamin D levels on the efficacy of
vitamin D therapy in HT

Considerable heterogeneity emerged when examining the
impact of the treatment group versus the control group on
TPO-Ab, TG-Ab, FT4, and FT3 in patients afflicted with HT.
This observed heterogeneity can be attributed to various factors,
including environmental variables, racial diversity, somatotype
variations, baseline vitamin D concentrations, baseline thyroid
function levels, as well as the type, dosage, and duration of vita-
min D supplementation.

To delve deeper into the aforementioned factors, subgroup
analyses were conducted, followed by meta-regression analyses
employing Statal5 software. The subgroups were delineated as
follows: based on the duration of vitamin D supplementation,
categorized as either < 12 weeks or > 12 weeks; based on the
types of vitamin D supplementation, distinguished between vita-
min D, or D, and active calcitriol; based on baseline thyroid
function, classified as hypothyroidism or normal thyroid func-
tion/subclinical hypothyroidism; and based on baseline vitamin
D levels, separated into vitamin D insufficiency, vitamin D defi-
ciency, or indeterminate. The specifics are elucidated in Table 4.

The administration of vitamin D for < 12 weeks [SMD and
95% CI=-0.454 (-0.749, -0.160), P =.002] and > 12 weeks
[SMD and 95% CI = -1.741 (-2.750,-0.732), P = .001] resulted
in a substantial reduction in TPO-Ab titers among HT patients.
Notably, meta-regression analysis unveiled a significant distinc-
tion between the 2 subgroups (P =.03), signifying that vitamin
D supplementation > 12 weeks induced a more pronounced
decline in TPO-AD titers compared with the < 12-week regimen.

Regarding thyroid function, vitamin D supplementation < 12
weeks exhibited no significant increase in FT4 levels [SMD
and 95% CI=0.022 (-0.190, 0.234), P = .84] or FT3 levels
[SMD and 95% CI=-0.052 (-0.264, 0.169), P = .63] among
HT patients. Conversely, treatment duration>12 weeks
demonstrated a notable increase in FT4 levels [SMD and 95%
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Figure 3. Overall risk of bias assessment results for included studies.

CI=1.388 (0.756, 2.201), P<.001] and FT3 levels [SMD
and 95% CI=1.107 (0.536, 1.677), P <.001] within the HT
patients. Meta-regression analysis underscored a significant dis-
parity between the 2 subgroups (P < .001), suggesting that vita-
min D supplementation > 12 weeks elicited a more substantial
elevation in both FT4 and FT3 levels relative to the < 12-week
regimen.

Regarding vitamin D types, the supplementation of vita-
min D, or D, [SMD and 95% CI=-0.300 (-0.566, -0.034),
P =.03] and calcitriol [SMD and 95% CI=-1.522 (-2.277,
-0.766), P < .001] proved efficacious in significantly diminish-
ing TPO-AD titers among HT patients. Meta-regression anal-
ysis divulged a notable discrepancy between the 2 subgroups
(P =.046), indicating that calcitriol supplementation exhibited
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Effects of vitamin D supplementation on thyroid autoantibody and thyroid function in patients with HT (T vs C).*

Included trials TPO-Ab (U/mL) TG-Ab (U/mL) TSH (mlU/LT) FT4 FT3

Huang, 20135" —208.81 +141.28 vs —417.07 £ 452.69vs  —-87 +15vs 109 +2.72vs 2.9 +1.04vs 2.6 +1.01 pmol/L
—84.51 +149.82 —142.11 £ 3754 —76.4 +25.08 9.98 + 2.87 pmol/L

Han et al, 20156 —408.04 + 61.46 vs —55 +7.55vs —18.19+7.05vs 0.85+0.23 vs 2.1 +£0.69vs 0.97 + 0.79 pg/mL
—222.76 + 66.39 -31.3+7.75 —15.41 + 6.48 plU/L 0.36 + 0.28ng/dL

Zhao et al, 20164% —224 +115.05vs —270 + 316.6 vs —77.7£1291vs 98+272vs95+226 2.2+1.31vs1.8=+0.89 pmol/L
-97 +119.53 —178 + 284.23 —78.6 +11.67 pmol/L

Parichehr Vahabi —86.25 + 553.12 vs NR¥ 0.58 +3.92 vs NR NR

Anaraki et al, 20178 —88.04 + 532.1 -0.79 +2.08

Zhou et al, 20181 —41.34 +130.09 vs —48.87 +186.7 vs -0.82 +2.92vs —0.16 +1.46 vs 0.1 +£1.3vs0.25 + 1.5 pmol/L
32.14 +103.29 35.22 +170.1 —0.12 + 3.41 —0.02 + 1.23 pmol/L

Zuo et al, 20184 -10+£6.26 vs 11 +£15.72vs 019+041vs NR NR
2+10.82 1+899 0.09 + 0.62

Fu et al, 201964 —24113 £ 237.24 vs —79.77 + 86.55 vs —0.36 + 1.96 vs 05+3.01vs017 1.4 0.12 +0.55vs 0.24 + 0.55 pmol/L
27.49 + 350.7 12.3+151.12 042 +1.34 pmol/L

Reza Chahardoli et al, -13.3£103.32 vs —52.4 +£149.95vs 117 £ 1.84vs -0.65+1.71vs 0 +0.35vs —0.01 + 0.36 ng/mL

201981 7.5+133.2 —5.8 +160.91 021+17 —1.0 £ 1.8 pg/dL

Jia, 202047 —358.09 + 60.43 vs —55.09 + 7.36 vs —36.39 + 9.67 vs 11.84 +1.87 vs 3.81 £ 0.52 vs 3.02 + 0.57 pmol/L
—296.97 + 61.26 -41.31 +7.16 —36.04 +10.52 8.92 + 1.68 pmol/L

Xiao et al, 20200+ -212.92 £ 2126.76 vs  —41.73 + 319.69 vs 0.05+0.84vs 0.04 +£0.22 vs —0.04 + 0.48 vs —0.04 + 0.39 pg/mL
24717 +2309.03 —-36.4 + 167.9944 0.25+1.34 0.06 + 0.19ng/dL

Zhang, 202019 —409.47 + 48.72 vs -53.48 +7.39 vs —18.65 + 6.36 vs 0.89 +£0.22 vs 2.19 +0.64 vs 1.03 + 0.7 pmol/L
—231.43 + 39.08 -3284+73 —17.26 +5.35 0.37 + 0.26 pmol/L

Zhao, 20228 —116.61 £ 913.49 vs —84.15 + 638.56 vs 015 +2.47 vs 1.11+3.01vs 0.1 +0.75vs —0.17 + 0.48 pmol/L
120.11 £ 1179.07 —164.43 = 727.41 0.45+1.89 —1.72 + 2.4 pmol/L

*T: Treatment Group, C: Control Group.

tExcept for Han et al in 2015, TSH units were reported in miU/L or plU/mL. It should be noted that mIU/L is equivalent to plU/mL.

FNot reported.

a more pronounced reduction in TPO-AD levels compared with
naive vitamin D. For a comprehensive overview, please refer to

Table 4.

4. Discussion

Numerous studies have established that patients with HT often
exhibit lower levels of serum 25(OH)D or higher rates of vitamin
D deficiency when compared with healthy individuals.['6-18:201
Vitamin D supplementation has shown promise in improving
thyroid function, reducing levels of TPO-Ab and TG-Ab,!"-3!
decreasing the ratio of Th /Treg.***1 However, conflicting
results have emerged, with some studies suggesting that vita-
min D supplementation could not reduce TPO-Ab/TG-Ab titers,
nor improve thyroid function.*® In this study, we conducted a
meta-analysis of 12 RCTs examining the effects of vitamin D
intervention in HT patients. The analysis confirmed that vitamin
D supplementation significantly reduced TPO-Ab and TG-Ab
titers, consistent with the findings of previous meta-analyses
conducted by Zhang,?” Wang,** and Liu.*"" While previous
only 1 meta-analyses® found a significant reduction in TSH
levels with vitamin D supplementation, our study demon-
strated that it not only lowered TSH levels but also significantly
increased FT3 and FT4 levels. The discrepancy with previous
meta-analyses can be attributed to the inclusion of a smaller
number of studies, non-randomized controlled trials, and the
inclusion of patients with other autoimmune thyroid disease.
In sensitivity analysis, we observed stable results for TPO-ADb,
TG-Ab, and FT4, whereas the results for TSH and FT3 were less
stable. Therefore, caution should be exercised when using these
indices to evaluate the effect of vitamin D in HT patients.

Our study revealed heterogeneity in the results for TPO-Ab,
TG-Ab, FT3, and FT4. Subgroup analysis and meta-regression
analysis were conducted to explore the factors influencing het-
erogeneity, including baseline thyroid function and 25(OH)D
levels, type of vitamin D supplement, and treatment duration.
The results indicated that baseline thyroid function status was

a significant factor affecting FT3 heterogeneity, while different
types of vitamin D supplement contributed to TPO-Ab het-
erogeneity; treatment duration emerged as a significant factor
affecting TPO-Ab, FT3,and FT4 heterogeneity (meta-regression
test level o =0.05). Considering the possibility of missing
important influencing factors, a study'®? suggested that the
threshold for the meta-regression test level can be relaxed to
0.1. Under this standard, different types of vitamin D influ-
enced TG-Ab heterogeneity, while baseline thyroid function
status affected both TG-Ab and FT4 heterogeneity. Due to
differences in vitamin D doses, frequencies, routes of admin-
istration, and lack of comparability in our study, subgroup
analysis of different vitamin D supplementation doses was not
performed.

Our findings demonstrated that vitamin D supplementation
significantly decreased TPO-Ab and TG-Ab titers regardless of
baseline thyroid function and significantly increased FT3 levels
in patients with hypothyroidism. However, it should be noted
that the included RCTs of hypothyroidism patients did not
clearly state whether the dosage of levothyroxine (L-T4) in the
treatment group was comparable to that in the control group,
while L-T4 dosage was adjusted based on thyroid function
before or during treatment. Moreover, calcitriol was commonly
used in combination with L-T4 to treat HT in the hypothyroid-
ism group, while a higher proportion of patients with normal
or subclinical hypothyroidism received naive vitamin D. The
potential impact of different vitamin D types on the study out-
comes cannot be ruled out. Therefore, it has not been defini-
tively established whether vitamin D supplementation is more
effective in hypothyroid HT patients. Krysiak et al** found that
TPO-Ab and TG-Ab titers significantly decreased after vitamin
D supplementation in HT patients with subclinical hypothy-
roidism who were treated with L-T4 for over 6 months, but
no significant changes were observed in patients with normal
thyroid function. Further prospective studies are needed to
ascertain whether baseline thyroid function affects the efficacy
of vitamin D intervention in HT.
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Figure 4. Meta-analysis results of effects of vitamin D supplementation on anti-thyroid peroxidase antibody (TPO-Ab), thyroglobulin antibody (TG-Ab), and
thyroid function in patients with Hashimoto’s thyroiditis (HT). CI = confidence interval, FT3 = free triiodothyronine, FT4 = free thyroxine, SD = standard deviation,

SMD = standardized mean difference, TSH = thyroid-stimulating hormone.

We did not find a significant effect of baseline 25(OH)D levels
on the efficacy of vitamin D supplementation in HT patients. This
finding may be attributed to the fact that patients were divided
into subgroups based on their required vitamin D level status
at enrollment, rather than according to actual 25(OH)D con-
centrations. Zhao®®! and Sahin®®* reported that TPO-AD titers
in HT patients with vitamin D deficiency (25(OH)D < 20ng/
mL) and postpartum thyroiditis were more significantly reduced
following vitamin D supplementation compared to those with
25(OH)D = 20 ng/mL. However, the vitamin D supplementation
dose for patients with vitamin D deficiency was more than twice
as high as that for patients with sufficient or normal vitamin D
levels in the aforementioned studies. Another study investigat-
ing the efficacy of vitamin D supplementation in healthy adults
with sufficient vitamin D levels found that lower baseline serum
25(OH)D levels correlated with greater efficacy of vitamin D
supplementation,”® but it remains unclear whether individuals
with adequate vitamin D levels can benefit from supplementa-
tion.**! In summary, additional prospective studies are required
to determine whether vitamin D-deficient HT patients derive
greater benefits from vitamin D supplementation.

Our study revealed that calcitriol exhibited a more pro-
nounced effect in reducing the titers of TPO-Ab and TG-Ab,
while elevating the levels of FT4 and FT3. Zhang et al®”
reached a similar conclusion, reporting a significant reduction
in TPO-Ab titers with calcitriol supplementation, whereas the
effect of naive vitamin D was not substantial. Mahmoudi et al*”!
observed that calcitriol significantly improved insulin resistance
in patients with nonalcoholic fatty liver compared to vitamin D ..
Naive vitamin D is absorbed into the circulation, transported to

the liver by vitamin D binding protein, and undergoes liver and
kidney metabolism to produce active vitamin D, which exerts its
biological effects. Calcitriol, on the other hand, binds directly to
vitamin D receptors (VDRs) found in various tissues, exerting
immunomodulatory effects upon binding to immune cell VDRs.
Some scholars have suggested that vitamin D resistance may be
associated with the development of autoimmune diseases, and
the cause of vitamin D resistance may be linked to abnormal
gene expression of vitamin D binding protein, cytochrome P450
enzymes, and VDRs.P® Calcitriol may exhibit better efficacy
in the presence of vitamin D resistance. Therefore, our study
proposes that calcitriol is more effective in HT intervention.
However, due to the increased risk of hypercalcemia compared
to native vitamin D, calcitriol is not recommended for the treat-
ment of vitamin D deficiency/insufficiency.*¢% In summary, we
contend that calcitriol is more effective in managing HT; how-
ever, the safety of calcitriol in HT requires confirmation through
more clinical studies.

Regarding the duration of vitamin D supplementation, our
study demonstrated that supplementation for > 12 weeks effec-
tively reduced TPO-Ab levels and increased FT4 and FT3 levels
in HT patients. Consistently, Wang,*$! Liul*!l also revealed a sig-
nificant reduction in TPO-Ab levels after 6 months of vitamin
D supplementation compared to the control group, while treat-
ment durations of 1 or 3 months showed no significant effects.
Chao et al®" conducted a follow-up study on 2714 volunteers of
different ages and found that supplementation for over 3 months
significantly improved serum vitamin D levels compared to min-
imal vitamin D supplementation (1000-2000 IU, once or twice
a week for 1 month). In an analysis of adverse reactions from
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Effects of treatment duration, vitamin D types, baseline thyroid function, and vitamin D levels on the efficacy of vitamin D therapy in

HT.
Included trials Weight% SMD (95% CI) Pvalue P% Meta-regression P value
TPO-Ab
Duration of vitamin D supplementation
<12 wk (131:34,36,44,49,51) 50.45 —0.454 (-0.749, -0.160) .002 50.5 .03
>12 wk plas 454851 49.55 -1.741 (-2.750, -0.732) .001 95.1
Type of vitamin D
Naive vitamin D (vitamin D, or D,) 413336,44.49] 34.60 —0.300 (-0.566, —0.034) 027 35.2 .046
Calcitriol B31.34,45-48.5051] 65.40 —1.522 (-2.277,-0.766) <.001 924
Baseline thyroid function
Euthyroidism/Subclinical hypothyroidism 533,34,44,45,49) 4313 —0.644 (-1.03, —-0.252) .001 74.8 27
Hypothyroidism 7131:36,46-48.5051] 56.87 —1.420 (-2.415, -0.426) .005 94.7
Baseline 25(0H)D levels
Not restricted 300147501 24.77 —1.342 (-2.685, 0.000) .05 93.9 .97
Insufficiency 413334.4851] 33.03 —0.713 (-1.139, —0.287) .001 56.5
Deficiency 5[36.44-46.49] 42.20 -1.215(-2.297,-0.132) .03 95.9
TG-Ab
Duration of vitamin D supplementation
<12 wk 531,34,44,49,51) 45.70 —-0.420 (-0.683, —0.156) .002 29.3 .09
>12 wk (l3345-48.501 54.30 —1.475 (-2.505, —0.446) .005 95.5
Type of vitamin D
Naive vitamin D (vitamin D, or D,) 30334449 28.36 —0.138 (-0.505, 0.229) 46 60.1 .06
Calcitriol B31:34,45-48.5051] 71.64 —1.341 (-2.045, —-0.637) <.001 915
Baseline thyroid function
Euthyroidism/subclinical hypothyroidism 5[333444:45.49) 46.86 —0.400 (-0.783, ——0.017) .04 74.4 .06
Hypothyroidism (131.46-48.50,51] 53.14 -1.513 (-2.469, —0.557) .002 93.0
Baseline 25(0H)D Levels
Not restricted 301.47.50 26.72 —1.755 (-3.184, —0.325) .02 94.0 49
Insufficiency 413334.4851] 36.12 —-0.373 (-0.831, 0.085) hh 64.0
Deficiency 4144649 37.16 —1.043 (-2.076, —-0.010) .048 95.1
FT4
Duration of vitamin D supplementation
<12 wk 531.34,44,49.51) 50.10 0.022 (-0.190, 0.234) .84 0.0 <.001
>12 wk 533.46-48,50] 49.90 1.388 (0.756, 2.201) <.001 86.4
Type of vitamin D
Naive vitami> D (vitamin D, or D) 30334449 31.17 0.274 (—0.448, 0.997) 46 89.3 .26
Calcitriol 7031,34,46-48,5051] 68.83 0.940 (0.241,1.639) .008 90.8
Baseline thyroid function
Euthyroidism/subclinical hypothyroidism 413334.44.49] 41.38 0.240 (-0.289, 0.769) .37 84.1 10
Hypothyroidism (l31.46-48.5051] 58.62 1.080 (0.343,1.817) .004 89.7
Baseline 25(0H)D Levels
Not restricted 301.47.50 29.67 1.264 (0.297, 2.231) .01 89.0 .39
Insufficiency 413334.4851] 39.44 0.433 (-0.061, 0.927) .09 69.0
Deficiency 3[4.46,49) 30.89 0.642 (-0.687,1.971) .34 96.4
FT3
Duration of vitamin D supplementation
<12 wk 531,34,44,49.51) 49.92 —0.052 (-0.264, 0.169) .63 0.0 <.001
>12 wk 583.:46-48.50] 50.08 1.107 (0.536, 1.677) <.001 84.7
Type of vitamin D
Naive vitamin D (vitamin D, or D,) 31834449 31.53 0.098 (-0.226, 0.422) .55 49.0 18
Calcitriol 7131:34,46-48.5051] 68.47 0.750 (0.116, 1.384) .02 89.4
Baseline thyroid function
Euthyroidism/subclinical hypothyroidism 413334.44.49] 41.76 0.029 (-0.246, 0.304) .83 42.7 .02
Hypothyroidism (l31.46-48.5051] 58.24 0.926 (0.339, 1.513) .002 84.6
Baseline 25(0H)D levels
Not restricted 301.47.50 29.65 1.018(0.139, 1.898) .02 87.5 44
Insufficiency 413334.4851] 39.13 0.200 (-0.129, 0.529) 23 334
Deficiency 34,4649 31.22 0.532 (—0.558, 1.622) .34 95.0

15 RCTs studies with long-term (21 year) and high-dose vita-
min D supplementation, Malihi® found a tendency to increase
hypercalcemia and hypercalciuria, but no significant increase in
the risk of total adverse events or kidney stones. Thus, our study
suggests that vitamin D supplementation for > 3 months is more
beneficial for improving the condition of HT patients.

With regard to the supplementation dosage of vitamin D,
studies indicated that 25(OH)D levels should reach 20ng/
mL for calcium balance and bone health, but achieving 40
to 80ng/mL was necessary to obtain immunomodulatory

10

benefits.*! Miteva et all®’l suggested supplementing vitamin
D at a dose of 2000 to 4000 IU/d to achieve extra-skeletal
effects, with a target serum vitamin D concentration of 30 to
45ng/mL. Patients with hyperthyroidism or hypothyroidism
should receive vitamin D supplementation of 1500 to 2000
1U/d to prevent vitamin D deficiency from exacerbating their
condition. Existing evidence-based medical evidence indicates
that moderate doses of vitamin D supplementation are safe,!®?
but regular monitoring of blood and urine calcium is still
recommended.
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5. Conclusion [18] Metwalley KA, Farghaly HS, Sherief T, et al. Vitamin D status in chil-
dren and adolescents with autoimmune thyroiditis. ] Endocrinol Invest.
2016;39:793-7.

[19] Mazokopakis EE, Papadomanolaki MG, Tsekouras KC, et al. Is vita-
min D related to pathogenesis and treatment of Hashimoto’s thyroid-

1. Vitamin D supplementation significantly reduce TPO-Ab
and TG-Ab titers among HT patients, leading to improve-

ments in thyroid function characterized by decreased TSH itis? Hell | Nucl Med. 2015;18:222-7.

1evelslal_ld m?reased FT3 and FT4 levels_‘ . . [20] Fang F, Chai Y, Wei H, et al. Vitamin D deficiency is associated with
2. Administration of active vitamin D exhibits superior effi- thyroid autoimmunity: results from an epidemiological survey in

cacy in reducing TPO-Ab titers compared to naive vita- Tianjin, China. Endocrine. 2021;73:447-54.

min D. [21] Chao G, Zhu Y, Fang L. Correlation between Hashimoto’s thyroiditis-
3. Prolonged duration of vitamin D supplementation (>12 related thyroid hormone levels and 25-hydroxyvitamin D. Front

weeks) results in more effective reduction of TPO-Ab lev- Endocrinol (Lausanne). 2020;11:4.

[22] Baeke F, Takiishi T, Korf H, et al. Vitamin D: modulator of the immune
system. Curr Opin Pharmacol. 2010;10:482-96.

[23] Gallo D, Mortara L, Gariboldi MB, et al. Inmunomodulatory effect
of vitamin D and its potential role in the prevention and treatment
of thyroid autoimmunity: a narrative review. ] Endocrinol Invest.

2020;43:413-29.

els in HT patients compared to treatment duration < 12
weeks, while also leading to more significant increases in
FT4 and FT3 levels.
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