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Abstract

BACKGROUND
Diabetes and thyroiditis are closely related. They occur in combination and cause
significant damage to the body. There is no clear treatment for type-2 diabetes
mellitus (T2DM) with Hashimoto's thyroiditis (HT). While single symptomatic
drug treatment of the two diseases is less effective, combined drug treatment may
improve efficacy.

AIM

To investigate the effect of a combination of vitamin D, selenium, and hypo-
glycemic agents in T2DM with HT.

METHODS

This retrospective study included 150 patients with T2DM and HT treated at The
Central Hospital of Shaoyang from March 2020 to February 2023. Fifty patients
were assigned to the control group, test group A, and test group B according to
different treatment methods. The control group received low-iodine diet guidance
and hypoglycemic drug treatment. Test group A received the control treatment
plus vitamin D treatment. Test group B received the group A treatment plus
selenium. Blood levels of markers of thyroid function [free T3 (FT3), thyroid
stimulating hormone (TSH), free T4 (FT4)], autoantibodies [thyroid peroxidase
antibody (TPOAB) and thyroid globulin antibody (TGAB)], blood lipid index
[low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), triacyl-
glycerol (TG)], blood glucose index [fasting blood glucose (FBG), and hemoglobin
Alc (HbAlc)] were measured pre-treatment and 3 and 6 months after treatment.
The relationships between serum 25-hydroxyvitamin D3 [25 (OH) D3] level and
each of these indices were analyzed.
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RESULTS

The levels of 25 (OH) D,, FT3 FT4, and LDL-C increased in the order of the control group, test group A, and test
group B (all P < 0.05). The TPOAB, TGAB, TC, TG, FBG, HbAlc, and TSH levels increased in the order of test
groups B, A, and the control group (all P < 0.05). All the above indices were compared after 3 and 6 months of
treatment. Pre-treatment, there was no divergence in serum 25 (OH) D, level, thyroid function-related indexes,
autoantibodies level, blood glucose, and blood lipid index between the control group, test groups A and B (all P >
0.05). The 25 (OH) D, levels in test groups A and B were negatively correlated with FT4 and TGAB (all P < 0.05).

CONCLUSION
The combination drug treatment for T2DM with HT significantly improved thyroid function, autoantibody, and
blood glucose and lipid levels.

Key Words: Type-2 diabetes mellitus; Hashimoto's thyroiditis; Vitamin D; Selenium agent; Hypoglycemic drugs; Curative
effect

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Selenium yeast and active vitamin D can reduce thyroid-related antibodies in type-2 diabetes mellitus (T2DM) and
Hashimoto's thyroiditis (HT) and improve thyroid function. Hypoglycemia drugs can lower blood sugar levels in patients
and promote blood sugar stability. While most patients with T2DM and HT are currently treated with a single symptomatic
drug, the effects are unsatisfactory. In this study, the combination of vitamin D and selenium yeast added to hypoglycemic
agents to treat T2DM patients with HT showed a remarkable therapeutic effect.

Citation: Feng F, Zhou B, Zhou CL, Huang P, Wang G, Yao K. Vitamin D, selenium, and antidiabetic drugs in the treatment of type 2
diabetes mellitus with Hashimoto's thyroiditis. World J Diabetes 2024; 15(2): 209-219
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INTRODUCTION

Diabetes is a chronic metabolic disease characterized by chronic hyperglycemia caused by a relative lack of insulin in the
body. Its incidence increases annually, and approximately 90% of cases involve type-2 diabetes mellitus (T2DM)[1].
Thyroid disease is mainly characterized by dysfunction in thyroid hormone secretion. Hashimoto's thyroiditis (HT) is a
typical autoimmune disease that has also shown an increasing incidence in recent years[2]. The main manifestations of
HT are elevated levels of thyroid autoantibodies and goiter, which often lead to hypothyroidism with disease pro-
gression. Diabetes and thyroiditis are closely related and often occur in combination. Foreign reports show that thyroid
dysfunction has a higher prevalence in the diabetic population, at 12.5%-51.6%, which is two to three times that of other
populations[3,4]. The study found that the incidence of HT in T2DM patients was significantly higher than in the general
population[5]. The pathogenesis of T2DM and HT is believed to mainly involve insulin resistance, immune factors,
infection, oxidative stress, genetics, leptin, molecular cytology, and other related factors; however, there is no clear
consensus on the pathogenesis of T2DM with HT. Western medicine generally adopts symptomatic treatments for these
two diseases, including hypoglycemic medications, improved thyroid function, and treatment of complications.

Iodine, selenium, and vitamin D are essential for thyroid hormone production in the human body. Deficiencies can
cause changes in thyroid structure and function[6]. HT is often accompanied by vitamin D deficiency. In foreign
literature, vitamin D deficiency in patients with HT was as high as 60.6% and was even lower in female patients[7].
Vitamin D levels are negatively correlated with thyroid-stimulating hormone levels. Patients with HT with insufficient or
deficient vitamin D levels are more likely to have subclinical and clinical hypothyroidism than HT patients with normal
vitamin D levels[8]. However, some studies have conflicting results regarding the effect of vitamin D on the incidence of
HT[9,10]. Related literature reports that the occurrence of T2DM is relevant to changes in serum 25-hydroxyvitamin D3
[25 (OH) D3] levels. Supplementation with vitamin D increases serum 25 (OH) D; levels[11]. Selenium supplementation
can upregulate activated regulatory T cells' horizons and partially reduce thyroid autoantibodies' horizons[12,13]. Yu et al
[14] explored the effect of the combined treatment of thyroxine and selenium on HT, and the results suggested that the
combination of the two drugs was significantly better than thyroxine alone in preventing HT progression. However, few
studies have reported the efficacy of combined treatments with vitamin D, selenium yeast, and hypoglycemic drugs in
patients with T2DM and HT. This study explored the therapeutic effects of vitamin D, selenium, and vitamin D combined
with selenium in patients with T2DM and HT. The study further examined 25 (OH) D, indicators associated with
combined T2DM and HT.
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MATERIALS AND METHODS

Object

This retrospective study included 150 patients with T2DM and HT treated at The Central Hospital of Shaoyang between
March 2020 and February 2023. According to the different treatment methods, the patients were split into test groups A
and B and a control group, with 50 cases per group. The inclusion criteria were: Meeting the diagnostic criteria for T2DM
[15] and in a stable condition; combined with HT and meeting the HT diagnostic criteria[16]: (1) Swollen and tough
thyroid isthmus, (2) positivity for serum thyroid globulin antibody (TGAB) and thyroid peroxidase antibody (TPOAB);
(3) thyroid ultrasound showing diffuse enlargement and hypoechoic thyroid gland; (4) thyroid fine needle puncture
findings consistent with cytological changes of thyroiditis; and (5) thyroid function showing normal range of free T4 (FT4)
and thyroid stimulating hormone (TSH) levels (< 10 Uiu/L), which was not treated after the initial diagnosis. Among
them, (1), (2), (3) and (5) are necessary. If the case is atypical, (4) is required for diagnosis. No neurological diseases at
study completion. The exclusion criteria were: (1) Type-1 diabetes mellitus; (2) severe infectious diseases and other
autoimmune diseases; (3) heart, liver, kidney, and other serious diseases or malignant tumors; (4) pregnancy; (5) use of
immunosuppressants, immune checkpoint inhibitors, or glucocorticoid drugs and a recent history of drugs affecting
thyroid function; (6) history of thyroid trauma or surgical treatment combined with parathyroid dysfunction; and (7)
chronic inflammation caused by other factors.

The control group received low-iodine diet guidance and hypoglycemic drug treatment. That is, saxagliptin tablets
(Bristol-Myers Squibb Company, national drug approval number J20110029) were administered orally once daily (5 mg
daily).

Test group A was administered oral vitamin D (Qingdao Double Whale Pharmaceutical Co., LTD., Sinopod
H20113033, 4000 u/d) + hypoglycemic drug treatment in addition to the control group treatment[11].

Test group B was administered vitamin D + selenium yeast + hypoglycemic drug treatment. That is, based on test
group A, oral selenium yeast (Mudanjiang Lingtai Pharmaceutical Co., LTD., Sinomedmedicine approval number:
H10940161, 100 pg/time, 2 times/day). Treatment was discontinued in cases of adverse reactions, including cardiopul-
monary events, allergies, or elevated blood calcium levels. All patients in each group were treated for 6 months [11,14].

Observation index

(1) General information: Sex, age, and body mass index (BMI) were collected and recorded; (2) laboratory indicators:
After 8 h of overnight fasting, the subjects were sent to the central laboratory for a venous blood sample the following
morning. The samples were immediately stored at 4 °C. An automatic chemiluminescence analyzer (I2000SR, Abbott,
United States) was used to detect serum 25 (OH) D,, thyroid function [TSH, free T3 (FT3), FT4], autoantibody (TGAB,
TPOAB); automatic biochemical apparatus (Beckman Coulter, AU5800 model) determination of blood lipid index [low-
density lipoprotein cholesterol (LDL-C), total cholesterol (TC), triacylglycerol (TG)], blood glucose index [fasting blood
glucose (FBG), hemoglobin Alc (HbAlc)]. These indicators were measured in all patients pre-treatment and after 3 and 6
months of treatment; and (3) the correlations between serum 25 (OH) D, levels and each index in test groups A and B
were analyzed.

Statistical analysis

IBM SPSS Statistics for Windows, version 26.0, was used to analyze the project data. Counting variables are expressed as
n, (%) and compared by y? test. Continuous variables are reported as mean + SD. One-way analysis of variance (ANOVA)
was used to compare the three groups. If differences were observed, a pound-for-pair comparison was performed.
Pearson's correlation analysis was used to analyze the relationships between serum 25 (OH) D, levels and each index. The
test level of statistical analysis was o = 0.05.

RESULTS

Comparison of general data among the three groups of patients
Comparisons of general data, such as sex, age, and BMI among the three groups (P > 0.05), are shown in Table 1.

Changes in serum 25 (OH) D, levels in the three groups before and after 3 and 6 months of treatment

Pre-treatment, the 25 (OH) D3 levels in the control group and test groups A and B were 15.15 + 3.64, 15.62 £ 3.75, and
14.85 £ 4.17 mg/L, respectively (P > 0.05 for the comparison between the three groups). After 3 months of treatment, the
25 (OH) D3 levels in test groups A and B were 19.24 + 4.14 and 22.88 + 4.60 mg/L, respectively, which were higher than
that in the control group (16.18 + 3.09 mg/L). Compared with test group A, the levels in test group B were higher (P <
0.05). After 6 months of treatment, the levels of 25 (OH) D3 in test groups A and B were 24.87 £ 4.75 and 29.31 + 5.17 mg/
L, respectively, both of which were higher than that of the control group (16.19 £ 3.14 mg/L). Compared with that in test
group A, the level in test group B was higher (P < 0.05) (Figure 1).

Changes in thyroid function in the three groups before and after 3 and 6 months of treatment

After 3 and 6 months of treatment, The TSH levels of test groups A and B were lower than those of the control group.
Compared with those in test group A, the values in group B were lower (P < 0.05). The FT3 and FT4 levels in test groups
A and B were higher than those in the control group; compared with those in test group A, the levels in group B were

Buisdenge WID | hittps:/ /www.wjgnet.com 211 February 15,2024 | Volume15 | Issue2 |



Feng F et al. T2DM complicated with Hashimoto thyroiditis

Table 1 Comparison of general data among the three patient groups

Group Sex (male/female) Age (yr) BMI (kg/m?)
Control group (1 = 50) 23/27 53.78 + 7.49 22.88+2.31
Test group A (1 = 50) 26/24 52.76 +7.88 23.07 £2.17
Test group B (n = 50) 22/28 52.52+8.13 2298 +2.30
Y*/F value 1.361 0.364 0.085

P value 0.715 0.695 0.918

BMI: Body mass index.
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Figure 1 Comparison of serum 25-hydroxyvitamin D3 levels in the three groups pre-treatment and 3 and 6 months after treatment. ¢ <
0.0001. 25 (OH) D5: 25-hydroxyvitamin D,.

higher (P < 0.05) (Table 2).

Changes in autoantibody levels in the three groups before and after 3 and 6 months of treatment

Pre-treatment, the TPOAB levels of the control group, test groups A and B were 365.23 + 87.26, 364.74 + 86.78, and 365.76
* 85.99 pmol/L, respectively (P > 0.05 for the comparison between all three groups). After 3 months of treatment, the
TPOAB levels in test groups A and B were 78.26 + 48.23 and 270.34 + 46.25 pmol/L, respectively, both of which were
lower than that of the control group (347.26 + 79.56 pmol/L). Compared with that in test group A, the level in group B
was lower (P < 0.05). After 6 months of treatment, the TPOAB levels in test groups A and B were 233.15 + 41.26 and 201.23
+38.17 pmol/L, respectively, both of which were lower than that of the control group (318.23 * 74.23) pmol/L. Compared
with that in test group A, the level in group B was lower (P < 0.05) (Figure 2A).

Pre-treatment, the TGAB levels in the control group, test group A, and test group B were 138.29 + 16.43, 139.22 + 16.47,
and 138.56 + 16.73 U/mL, respectively (P > 0.05 for the comparison of all three groups). After 3 months of treatment, the
TGARB levels in test groups A and B were 119.34 + 12.05 and 117.23 + 11.34 U/mL, respectively, both of which were lower
than that of the control group (124.56 £+ 15.03) U/mL. Compared with that in test group A, the level in group B was lower
(P <0.05). After 6 months of treatment, the TGAB levels in test groups A and B were 93.15 + 11.23 and 89.37 £ 10.42 U/
mL, respectively, both of which were lower than that of the control group (123.64 + 14.34) U/mL. It was lower in test
group B than in group A (P < 0.05) (Figure 2B).

Changes in blood glucose index and blood lipid index in the three groups before and after 3 and 6 months of

treatment

After 3 and 6 months of treatment, the TC, TG FBG, and HbAlc levels in test groups A and B were lower than those in the
control group, while these levels were lower in test group B than in group A (all P < 0.05). The LDL-C levels in test
groups A and B were higher than in the control group. Compared with the test group A, the levels of group B were
higher (all P < 0.05) (Tables 3 and 4).
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Table 2 Comparison of thyroid function pre-treatment and after 3 and 6 months of treatment in the three groups

Group TSH (mUIL) FT3 (pmol/L) FT4 (pmol/L)
Pre After 3 After 6 Pre After 3 After 6 Pre After 3 After 6
months of months of months of months of months of months of
treatment treatment treatment
treatment treatment treatment treatment treatment treatment
Control 14504230 13.29+234 12.89 +2.18 239+0.77 257+0.83 2.65 +0.82 735+135 827+145 8.96 +2.05
group (n =
50)
Test 1449+223 837 +233° 498 +1.45" 243+0.80 3.98+0.86 5.21 +1.26° 728+138 1127+216° 1551 +2.40°
group A (
n = 50)
Test 14704234 854+241°°  405+127°°  248+081 4.05+090"° 547+134™  726+126 11.87+227° 1691 +2.73""
group B (n
=50)
F value 0.133 70.399 416.857 0.162 47.220 89.340 0.063 52.264 155.329
P value 0.875 <0.001 <0.001 0.850 <0.001 <0.001 0.939 <0.001 <0.001

4P < 0.05 vs group pre-treatment.
PP < 0.05 vs 3 months after treatment.
TSH: Thyroid-stimulating hormone; FT3: Free T3; FT4: Free T4

Table 3 Comparison of blood glucose index and blood lipid index pre-treatment, 3 months after treatment, and 6 months after treatment

in 3 groups

TC (mUIL) TG (pmol/L)
Group Pre- After 3 months of After 6 months of Pre- After 3 months of After 6 months of
treatment treatment treatment treatment treatment treatment
Control group (1 5.13 £0.86 446 +0.81 416 +0.77 3.21+1.02 297 +091 2.93+091
=50)
Test group A (n~ 4.98 +0.89 3.76 +0.75" 2.76 +0.68" 3.17 +0.96 243 +0.71° 1.98 +0.65"
=50)
Test group B (1= 4.96 £ 0.92 3.07 £ 0.68™" 2.40 £ 0.69™" 316 £1.05 2.08 £ 0.64™" 1.83 £0.60™"
50)
F value 0.546 43.665 84.262 0.033 17.243 32575
P value 0.581 <0.001 <0.001 0.967 <0.001 <0.001

P < 0.05 vs group pre-treatment.
PP < 0.05 vs 3 months after treatment.
TC: Total cholesterol; TG: Triacylglycerol.

Correlations between serum 25 (OH) D, level and each index in test group A
Test group A of serum 25 (OH) D, levels and negatively correlated with FT4, TGAB level (P < 0.05). The other indices
were not significantly correlated (P > 0.05) (Table 5).

Correlations between serum 25 (OH) D, level and each index in test group B
Serum 25 (OH) D;, levels in test group B were negatively correlated with FT4 and TGAB levels (P < 0.05). The other
indices were not significantly correlated (P > 0.05) (Table 6).

DISCUSSION

The onset of HT is insidious and difficult to detect. Its early clinical symptoms are not obvious. By the time the patient is
diagnosed, there are already symptoms of hypothyroidism present. Early clinical symptoms are not obvious, and
symptoms of hypothyroidism already exist when the condition is detected and diagnosed. The reduced secretion of
thyroid hormones damages the physiological function and affects the normal life of patients[17,18]. Diabetes is a common
endocrine disease in clinical settings. Diabetes combined with HT causes significant damage to the body. HT treatment
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Table 4 Comparison of blood glucose index and blood lipid index pre-treatment, 3 months after treatment, and 6 months after treatment

in 3 groups

LDL-C (pmoliL) FBG(pmol/L) HbA1c(%)
Group Pre- After 3 After 6 Pre- After 3 After 6 Pre- After 3 After 6
months of months of months of months of months of months of
treatment treatment treatment
treatment treatment treatment treatment treatment treatment
Control 1314043 143 +044 1.48 +0.45 13.52+3.35 13.46+3.33 13.37 +3.28 916+155 890+1.35 7.65+1.26
group (n =
50)
Test 134+043 1.76 +0.46 2.18 +0.50" 13.69+3.76 12.34+3.82"  1298+298"  898+158 855+1.30 7.09 +1.15%"
group A
(n =50)
Test 1334040 1.87+0.48" 241+058""  13.60+3.80 9.64+1.45 730+148""  935+152 820+12° 6.45+1.10"
group B (n
=50)
F value 0.067 11.717 44330 0.031 20.859 49.495 0.712 3.603 13.130
P value 0.935 <0.001 <0.001 0.970 <0.001 <0.001 0.492 0.030 <0.001

2P < 0.05 vs group pre-treatment.
PP < 0.05 vs 3 months after treatment.
LDL-C: Low-density lipoprotein cholesterol; FBG: Fasting blood glucose; HbAlc: Hemoglobin Alc.

Table 5 Correlations between serum 25-hydroxyvitamin D3 level and various indexes in test group A

25 (OH) D,
Index

r P value
TSH 0.008 0.866
FT3 -0.027 0.853
FT4 -0.326 0.021
TPOAB -0.017 0.905
TGAB -0.322 0.021
TC -0.041 0.776
TG 0.021 0.143
LDL-C 0.177 0.218
FBG 0.111 0.444
HbAlc 0.035 0.810

TSH: Thyroid-stimulating hormone; FT3: Free T3: FT4: Free T4; TPOAB: Thyroid peroxidase antibodies; TGAB: Thyroglobulin antibodies; TC: Total
cholesterol; TG: Triacylglycerol; LDL-C: Low-density lipoprotein cholesterol; FBG: Fasting blood glucose; HbAlc: Hemoglobin alc; 25 (OH) Dj: 25-
hydroxyvitamin D3.

mainly involves selenium, glucocorticoids, and a limited intake of iodine. Diabetes treatment is primarily targeted at
aspects related to its pathogenesis[19]. The effects of single symptomatic treatments for the combination of these two
diseases are unsatisfactory. However, combined treatments can improve treatment efficacy and patients' quality of life.

A large number of studies have confirmed that HT is closely related to trace elements, such as iodine and selenium[20-
23]. Selenium is mainly present in the human body as selenium protein that participates in the synthesis and metabolism
of thyroid hormone and can also be used as an antioxidant to reduce inflammation in HT patients[24]. However, the
influence of selenium on the occurrence and development of HT is still controversial. Early studies have shown that
selenium is ineffective in treating HT, and other studies have shown that selenium supplementation cannot enhance the
immune function of healthy people[25]. However, in recent years, more and more studies have found that selenium
supplementation can reduce the serum autoantibody TPOAB level of HT patients, and other studies have found that
selenium can not only reduce the serum TPOAB level of patients but also reduce the serum TGAB level of patients[13,26,
27]. Selenium mainly regulates the natural immune response through methionine sulfoxide reductase, and low selenium
status can increase the incidence of thyroid diseases[28]. Wu et al's epidemiological study in China also confirmed that
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Table 6 Correlation between serum 25-hydroxyvitamin D3 level and various indexes in test group B

25 (OH) D,
Index

r P value
TSH -0.205 0.866
FT3 -0.069 0.633
FT4 -0.291 0.040
TPOAB 0.107 0.459
TGAB -0.457 0.001
TC 0.003 0.985
TG 0.148 0.306
LDL-C -0.025 0.861
FBG 0.079 0.587
HbAlc 0.230 0.108

TSH: Thyroid-stimulating hormone; FT3: Free T3: FT4: Free T4; TPOAB: Thyroid peroxidase antibodies; TGAB: Thyroglobulin antibodies; TC: Total
cholesterol; TG: Triacylglycerol; LDL-C: Low-density lipoprotein-cholesterol; FBG: Fasting blood glucose; HbAlc: Hemoglobin alc; 25 (OH) Dj: 25-

hydroxyvitamin D3.
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Figure 2 Comparison of autoantibody levels in the three groups pre-treatment and 3 and 6 months after treatment. A: Changes in thyroid
peroxidase antibody level; B: Changes in thyroid globulin antibody level. °P < 0.01; °P < 0.001; °P < 0.0001. TPOAB: Thyroid peroxidase antibody; TGAB: Thyroid
globulin antibody.

low selenium status was related to the increased risk of HT, and increasing the intake of trace element selenium could
reduce the incidence of HT[29]. According to the available evidence, selenium supplementation appears to be associated
with the downregulation of thyroid antibody titers and improvements in mood or general health[30].

However, whether there is a relationship between HT and vitamin D remains controversial. Recently, a review has
shown that vitamin D deficiency is related to the pathophysiological process of HT, hypothyroidism, and thyroid autoim-
munity to a certain extent[19]. A randomized controlled trial further confirmed the benefit of vitamin D supplementation
in HT remission. 120 Newly diagnosed HT patients were randomly divided into two groups: Group 1 (intervention
group) and group 2 (control group). Group 1 patients received 60000 IU of vitamin D3 per week and 500 mg of calcium
tablets daily for 8 wk. Patients in group 2 were only supplemented with 500 mg calcium tablets daily for 8 wk, and the
follow-up results after 3 months showed that compared with patients in group 2 (-16.6%), the TPOAB level in patients in
group 1 was significantly decreased (-46.73%) (P = 0.028)[31]. In this study, after 3 and 6 months of treatment, the
improvement of 25 (OH) D, level, thyroid function index level, and autoantibody in trial group A and trial group B were
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better than those in the control group, and trial group B was better than trial group A (P < 0.05), indicating that the
combined treatment of vitamin D, selenium and hypoglycemic drugs in T2DM patients with HT was more effective. It
can be seen that supplementation of vitamin D and selenium yeast can increase the content of 25 (OH) D, in the body,
improving thyroid function and the level of autoantibodies in patients.

In a 2010 study, Muscogiuri et al[32] found that patients with vitamin D < 20 ng/mL had a higher incidence of
autoimmune thyroiditis than those with vitamin D > 20 ng/mL and found a linear correlation between vitamin D, and
TPOAB. A large sample data by Choi et al[33] also showed that in the general population, the incidence of positive
TPOAB was 10.1%, and in female patients, the level of vitamin D3 in TPOAB-positive people was lower than that in
negative people. Studies have shown that polymorphisms of vitamin D receptors, such as Bsml and Taql, play an
important role in autoimmune thyroiditis[34]. Our study found that serum 25 (OH) D, in groups A and B before
treatment was negatively correlated with FT4 and TGAB (P < 0.05). That is, the lower the level of vitamin D,, the higher
the risk of hypothyroidism. However, there are few studies on the relationship between 25 (OH) D, and thyroid function.
Since the thyroid antibodies in our study mainly include TPOAB and TGAB and thyroid function TSH, FT3, and FT4, we
cannot rule out whether there is a linear correlation between vitamin D, and other antibodies that cause hypothyroidism.
More research on vitamin D, and thyroid function is needed.

Saxagliptin is a commonly used clinical drug in the treatment of T2DM. It mainly inhibits the physiological activity of
the DPP-4 enzyme, promotes the improvement of glucagon-like peptide-1 level, fully stimulates islet cells, and rationally
increases the release of long-acting insulin, thereby reducing the blood glucose level of patients and achieving the effect
of promoting the stability of blood glucose level[35-37]. Wang et al[38] randomly divided 25 obese subjects with impaired
fasting glucose or impaired glucose tolerance with an average age of 45 years into 4 groups: Life intervention group,
saxagliptin 2.5 mg group, saxagliptin 5 mg group, metformin 1500 mg group. Relevant parameters were measured at
baseline, 4 wk, 12 wk, and 24 wk. The final study showed that the saxagliptin 5 mg group reduced subjects' FBG and
HbA1c and significantly reduced blood glucose levels 2 h after meals after 24 wk of intervention. As we all know, dyslip-
idemia in T2DM patients is mainly manifested by increased levels of TC, TG, and LDL-C and decreased levels of LDL-C.
Angellotti et al[39] found that vitamin D supplementation could significantly reduce serum TG levels in patients who did
not take cholesterol-lowering drugs. Combined with the results of this study, it was found that the three groups of
patients were treated with saxagliptin, but after 3 and 6 months of treatment, the levels of blood glucose indexes and lipid
indexes of test group A and B were better than those of the control group, and test group B was better than test group A (
P < 0.05). These results indicate that the combination of vitamin D, selenium, and hypoglycemic agents has a more
significant effect on T2DM patients with HT. The reason may be that selenium yeast has an obvious inhibitory effect on
thyroglobulin. After taking selenium yeast, the levels of the two antibodies can be reduced, which is conducive to
improving hypothyroidism caused by HT. Studies have shown that selenoproteins also affect insulin secretion and its
biosynthesis. Selenium exists in glutathione peroxidase, protects pancreatic p cells, prevents them from being oxidized,
maintains the normal function of beta cells, promotes glucose metabolism, and plays a hypoglycemic role[24].
Appropriate selenium supplementation in T2DM patients can help the islets recover some functions and improve the
condition of diabetes. Vitamin D in T2DM patients can effectively improve insulin resistance, promote insulin secretion,
regulate blood sugar and lipid metabolism, and inhibit inflammation and oxidative stress. Tahrani et al[40] found that
female T2DM patients with vitamin D deficiency had a higher HbAlc level, and after vitamin D supplementation, the
Hbalc level was lower than before. Al-shahwan et al[41] supplemented 45 T2DM patients with 2000 IU of vitamin D per
day, and the results showed that the level of vitamin D in T2DM patients increased and the degree of insulin resistance
decreased significantly.

There are still some shortcomings in this study, such as single-center, retrospective, and sample size limitations, which
may impact the results. The follow-up study will expand the region and sample for exploration to provide more compre-
hensive research support.

CONCLUSION

The combination of vitamin D, selenium, and oral hypoglycemic drugs in treating patients with T2DM and HT has a
significant clinical effect, effectively improving thyroid function, autoantibodies, blood glucose, and blood lipid levels.
The elevated 25 (OH) D,, FT4, and TGAB levels were reduced.

ARTICLE HIGHLIGHTS

Research background

The pathogeneses of type-2 diabetes mellitus (T2DM) and Hashimoto's thyroiditis (HT) mainly involve insulin resistance,
immune factors, infection, genetics, leptin, oxidative stress, molecular cytology, and other related fields; however, there is
currently no clear consensus on the pathogenesis of the co-occurrence of these conditions. Symptomatic treatment for
these two diseases, including hypoglycemic drugs and improvement in function, is generally performed clinically.
Selenium yeast and active vitamin D can reduce thyroid-related antibody levels in T2DM and HT and improve thyroid
function. Hypoglycemia drugs can reduce blood sugar levels in patients and promote blood sugar stability.
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Research motivation
T2DM combined with HT may cause significant damage to the body. Currently, vitamin D amaryl, and selenium yeast
are used in combination and applied to research in patients with T2DM combined HT rarely reported.

Research objectives
This article explored the therapeutic effect of vitamin D + selenium + hypoglycemic agents in patients with T2DM and
HT and explored the serum 25-hydroxyvitamin D3 [25 (OH) D3] level and relations with related indicators.

Research methods

The control group was administered low-iodine diet guidance and hypoglycemic drug treatment. Test group A was
additionally administered vitamin D treatment, while test group B was administered selenium yeast treatment in
addition to the treatment in test group A. All three groups were treated for 6 months.

Research results
The improvement ranges of 25 (OH) D, level, thyroid function index level, autoantibody, blood glucose, and blood lipid
levels in test groups A and B were better than those in the control group, and the improvement of test group B was better.

Research conclusions

The combination of vitamin D, selenium, and oral hypoglycemic agents in the treatment of patients with T2DM and HT
had a significant clinical effect and effectively improved thyroid function and autoantibody and blood glucose and blood
lipid levels, increased 25 (OH) D;, levels, and decreased free T4 and thyroid globulin antibody levels in these patients.

Research perspectives
The combination of vitamin D, selenium, and oral hypoglycemic agents for treating patients with T2DM and HT has
obvious therapeutic effects and is worthy of clinical application.
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