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Purpose: It is unknown whether there is an association between 25-hydroxyvitamin D (25(OH)D) level and thyroid disease in
postmenopausal women with type 2 diabetes. This study aimed to evaluate the relationship between blood 25(OH)D levels and thyroid
function in postmenopausal women with type 2 diabetes mellitus (T2DM).

Methods: This cross-sectional study involved Chinese postmenopausal women who presented to our diabetes clinic from March 2021
to May 2022 and were diagnosed with T2DM collected via a convenience sampling method. Blood samples were obtained from each
patient to detect serum thyroid-stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4), free T3 (FT3), free T4 (FT4),
thyroid peroxidase antibody (TPOADb), thyroglobulin antibody (TgAb) and 25(OH)D levels. Deficiency was defined as a 25(OH)D <
20 ng/mL. Comparative analysis was via f-test or chi-square test. Pearson correlation was then used to estimate the relationship
between different thyroid function parameters and 25(OH)D. Multivariate logistic regression analysis was used to explore potential
risk factors for 25(OH)D deficiency.

Results: In total, 157 out of 230 participants (68.26%) had 25(OH)D deficiency. Compared with patients with normal 25(OH)D levels,
patients with 25(OH)D deficiency had shorter medical histories of diabetes mellitus (DM, p = 0.001) and higher rates of hyperthyr-
oidism (p = 0.007), hypothyroidism (p < 0.001), TPOAD positive (p < 0.001) and TgAb positive (p < 0.001). Correlation analysis
revealed that TSH (» = —0.144, p = 0.030), FT4 (r = —0.145, p = 0.029), TPOAb (r = —0.216, p = 0.001) and TgAb (» = —0.150, p =
0.024) levels were correlated with serum 25(OH)D levels. Further multivariable logistic regression analyses suggested that the length
of DM history, presence of hyperthyroidism, presence of hypothyroidism and positive TPOADb were significantly associated with the
presence of 25(OH)D deficiency in postmenopausal women with T2DM.

Conclusion: Hyperthyroidism, hypothyroidism and TPOAb positivity were significantly associated with the presence of 25(OH)D
deficiency in postmenopausal women with T2DM.

Keywords: 25(OH)D, postmenopausal women, type 2 diabetes mellitus, thyroid disorder, thyroid peroxidase antibody, thyroglobulin
antibody

Introduction

It has been reported that patients with type 2 diabetes mellitus (T2DM) are more susceptible to thyroid dysfunction.'* Thyroid
dysfunction and T2DM are closely linked.® T2DM has been found to be negatively correlated with triiodothyronine (T3) and
positively correlated with thyroxine (T4).* Changes in the internal environment for patients with diabetes can affect thyroid
hormone levels, consequently affecting glucose and lipid metabolism. Both foreign and domestic studies have shown that the
incidence of thyroid disease is higher in patients with diabetes than in healthy individuals.® Foreign epidemiological studies
have shown that the proportion of thyroid dysfunction is significantly higher in patients with diabetes.®’
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Vitamin D is a kind of steroid molecule, in the form of vitamin D3 and D2, both of which are transported to the liver
to be converted to 25-hydroxyvitamin D (25(0OH)D).® This type of vitamin D is the main circulating form of vitamin D,
representing the whole body’s vitamin D status.® The major biological action of vitamin D is to regulate calcium and
phosphorus metabolism and preserve bone health.” Recently, the extra-skeletal actions of vitamin D and its role in the
regulation of the endocrine system have been reported.’ Previous studies showed that a low blood 25(0OH)D level was
a possible risk factor for T2DM.'%!"" Deficiency in 25(0OH)D can impair pancreatic beta-cell function, playing an
important role in the onset and development of insulin resistance.'” It has been reported that 25(OH)D deficiency
increases the risk of autoimmune thyroid diseases such as Hashimoto’s thyroiditis and Graves® disease.'? Impaired
vitamin D signalling has also been found to promote thyroid tumorigenesis.'>

As previously stated, 25(OH)D deficiency is thought to be a predisposing factor related to both thyroid dysfunction and
glucose intolerance. This might provide the biological background needed to suggest the hypothesis that 25(OH)D levels may be
associated with thyroid dysfunction in patients with T2DM. In animal models, Alrefaie et al'* found that diabetes inhibited the
peripheral conversion of T4 into T3 secondary to reduction in deiodinase 2 expression, while vitamin D greatly corrected thyroid
profile alterations. In a cross-sectional case-control study, Bener et al'> demonstrated a strong positive association between
vitamin D deficiency and thyroid disease in patients with T2DM. The data from these studies supported our hypothesis.

Evidence of 25(0OH)D inadequacy in postmenopausal women has been obtained by studies across the world.'®!”
However, there is very limited evidence of the relationship between 25(OH)D level and thyroid disease in postmeno-
pausal women with T2DM. Thus, in the present study, we aimed to evaluate the relationship between blood 25(OH)D
levels and thyroid function variables in postmenopausal women with T2DM.

Materials and Methods

Patients

We conducted a cross-sectional study in which Chinese postmenopausal women who presented to our diabetes clinic
from March 2021 to May 2022 and were diagnosed with T2DM were collected via a convenience sampling method. The
inclusion criteria were as follows: 1) T2DM in accordance with the Chinese guidelines for the prevention and treatment
of type 2 diabetes (2020 edition) diagnostic criteria;'® and 2) menopause for more than one year. The exclusion criteria
were as follows: 1) Patients with endocrine system diseases other than diabetes and thyroid diseases; 2) patients with
arthritis, recent fractures, metabolic bone disease, severe infection, malignant tumours and anaemia; 3) patients who used
vitamin D supplements, glucocorticoids, calcium and other drugs that affect vitamin D concentration in the past three
months; and 4) patients with severe cardiac insufficiency or severe liver and kidney dysfunction. Vitamin D was mainly
derived from dietary intake in all patients. This study was approved by the Ethics Committee of Yulin No.2 Hospital in
accordance with the Declaration of Helsinki. All participants gave informed consent for their data to be published.

Data Collection

On the day of enrolment, a structured medical interview was performed by a trained physician to obtain information on
demographic characteristics such as age, menopausal age, lifestyle habits (eg smoking status), medical history for T2DM,
medical history for thyroid diseases and treatment protocols. Following this, height and weight were determined, and
a physical examination was performed according to standard protocol."”

The blood samples of each patient were obtained by venipuncture after an 8-hour fast. These were shipped to the central
laboratory of our hospital immediately after collection. The serums were separated and stored at —80°C until examination. Serum
thyroid-stimulating hormone (TSH), free T3 (FT3), free T4 (FT4), T3, T4, thyroid peroxidase antibody (TPOAD) and
thyroglobulin antibody (TgAb) levels were measured by electrochemiluminescence (Roche, Germany). Serum 25(OH)D levels
were determined by a commercially available enzyme immunoassay kit (OCTEIA 25-[OH]D Kit, Immuno Diagnostic Systems,
Boldon, UK; within-run coefficient of variations [CVs] of <7%, within-laboratory CVs of <9.5% and between-laboratory
precision CVs of <10.1%).2° A deficiency of 25(OH)D was defined as serum 25(OH)D levels lower than 20 ng/mL.*' Levels of
25(OH)D >30 ng/mL were considered normal. The normal ranges for TPOAb and TgAb were 0-35 IU/L and 0-115 IU/L,
respectively. A measured value greater than the upper limit of the normal range was defined as TPOAb or TgAb positive. The
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normal reference ranges for TSH, T3, T4, FT3 and FT4 were 0.27—4.20 mIU/L, 1.30-3.10 nmol/L, 66.00-181.00 nmol/L, 3.10—
6.80 nmol/L and 12.00-22.00 nmol/L, respectively.

Statistical Analysis

The data in this study were analysed using SPSS (version 22.0). All data were tested for normality prior to statistical analysis using
the Shapiro-Wilk normality test. Continuous variables conforming to a normal distribution were presented as X & SD. The
differences in means were compared by Student’s #-test (for two groups). The qualitative data were expressed as percentages and
compared by chi-square test. The relationship between different thyroid function parameters with 25(OH)D was estimated by
Pearson correlation analysis. Multivariate logistic regression was used to explore potential risk factors for 25(OH)D deficiency,
and stepwise regression was used to include variables for analysis. A value of p <0.05 indicated the difference was statistically
significant.

Results

Baseline Characteristics

From March 2021 to May 2022, a total of 230 postmenopausal women with an established diagnosis of T2DM were
recruited for this study. The mean age of the patients was 62.4 + 9.2 years, and the mean body mass index was 21.7 +
1.4 kg/m®. Positive TPOAb and TgAb were observed in 99 (43.04%) and 86 (37.39%) patients, respectively, and 46.96%
(108/230) of the enrolled patients had TPOADb and/or TgAb positivity. Compared with the reference range, 14.78% (34/
230) and 23.04% (53/230) of patients had higher and lower TSH levels, respectively. The mean 25(OH)D level of the
included patients was 18.30 = 11.41 ng/mL. Deficiency of 25(OH)D was found in 157 patients (68.26%). They were
included in the 25(OH)D deficiency group. The other 73 patients (31.74%) with normal 25(OH)D levels were included in
the 25(OH)D normal group. The characteristics of the patients in both groups are shown in Table 1.

Table | The Characteristics of Studied Patients

Parameters Total 25(OH)D Deficiency Group 25 (OH) D Normal Group p value
(n=230) (n=157) (n=73)
Age, years (mean * SD) 624 +92 62.6 = 10.5 61378 0.322
BMI, kg/m? (mean % SD) 217+ 14 215 +2.1 219+ 14 0.072
25(OH)D levels, ng/mL (mean *+ SD) 18.30 = 10.95 + 4.57 33.78 £ 2.96 <0.001
11.41
Menopausal age, years (mean + SD) 50.1 £ 1.8 490 + 1.8 489 + 1.7 0.731
HbAlc, % (mean * SD) 774 £ 1.20 775 = 1.14 771 £ 133 0.789
Smoking status, n (%) 0.304
Never 162 (70.43) 112 (71.34) 50 (68.49)
Current smoker 33 (14.35) 19 (12.10) 14 (19.18)
Past smoker 35 (15.22) 26 (16.56) 9 (12.33)
Length of DM history, n (%) 0.001
< 5 years 91 (39.57) 50 (31.85) 41 (56.16)
5-10 years 105 (45.65) 78 (49.68) 27 (36.98)
> |0 years 34 (14.78) 29 (18.47) 5 (6.85)
Use of insulin, n (%) 0.225
Yes 92 (40.00%) 67 (42.68) 25 (34.25)
No 138 (60.00%) 90 (57.32) 48 (65.75)
Presence of hyperthyroidism, n (%) 34 (14.78) 30 (19.11) 4 (5.48) 0.007
Presence of hypothyroidism, n (%) 53 (23.04) 47 (29.94) 6 (8.22) <0.001
TPOADb positive, n(%) 99 (43.04) 83 (52.87) 16 (21.92) <0.001
TgAb positive, n(%) 86 (37.39) 74 (47.13) 12 (16.44) <0.001

Abbreviations: BMI, body mass index; HbAlc, glycated haemoglobin Alc; DM, diabetes mellitus; TPOADb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody.
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Figure | The comparisons of serum 25(OH)D levels in patients with or without TPOAb positive (A), patients with or without TgAb positive (B) and patients with different
TSH levels (C).

Note: Statistical differences among the three groups were all p < 0.001.

Abbreviations: TPOADb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody; TSH, thyroid stimulating hormone.

Univariate Analysis

Compared with patients in the control group, patients with 25(OH)D deficiency had longer medical histories of diabetes
mellitus (DM, p = 0.001) and higher rates of hyperthyroidism (p = 0.007), hypothyroidism (p < 0.001), TPOAD positivity
(» <0.001) and TgAb positivity (p < 0.001). Furthermore, TPOAb-positive patients were found to have much lower 25
(OH)D levels than TPOAb-negative patients (14.76 + 8.89 vs 21.01 + 12.38, p <0.001, Figure 1A). The levels of 25(OH)
D in TgAb-positive patients were also much lower than those in TgAb-negative patients (14.38 & 8.36 vs 20.68 + 12.34,
p < 0.001, Figure 1B). Moreover, serum 25(OH)D levels were significantly decreased in patients with lower (13.96 +
8.24 vs 21.32 + 12.06, p < 0.001, Figure 1C) or higher (13.04 + 8.28 vs 21.32 + 12.06, p < 0.001, Figure 1C) TSH levels

compared with patients with normal TSH levels.

Multivariate Analysis
Correlation analysis revealed that TSH (» = —0.144, p = 0.030), FT4 (r = —0.145, p = 0.029), TPOAb (r = —-0.216, p =
0.001) and TgAb (r = —0.150, p = 0.024) levels were correlated with serum 25(OH)D levels (Table 2).

The incidence of 25(OH)D deficiency was used as the dependent variable (occurrence = 1, no occurrence = 0).
Laboratory parameters with differences and baseline data were used as independent variables, which were included in the
independent variables for analysis by stepwise regression. Further multivariable logistic regression analyses suggested
that length of DM history (odds ratio [OR]: 1.996, 95% confidence interval [CI]: 1.239-3.214), presence of hyperthyr-
oidism (OR: 3.563, 95% CI: 1.126-11.274), presence of hypothyroidism (OR: 4.102, 95% CI: 1.560-10.791) and
TPOADb positive (OR: 2.694, 95% CI: 1.318-5.506) were significantly associated with the presence of 25(OH)D
deficiency in postmenopausal women with T2DM (Table 3).

Table 2 Correlation of Different Thyroid Function Parameters with

25(0OH)D
Parameters Correlations with 25(OH)D (r) | p values
TSH levels (mIU/L) —0.144 0.030
T3 levels (nmol/L) 0.023 0.734
T4 levels (nmol/L) —0.098 0.140
FT3 levels (nmol/L) —0.046 0.487
FT4 levels (nmol/L) —0.145 0.029
TPOADb levels (IU/L) -0.216 0.001
TgAb levels (IU/L) —0.150 0.024

Abbreviations: TSH, thyroid stimulating hormone; T3, triiodothyronine; T4, thyrox-
ine; TPOADb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody.
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Table 3 Logistic Multivariate Regression Analysis of Risk Factors for 25(OH)D
Insufficiency

Factors Odds Ratio | 95% Confidence Interval | p value
Length of DM history 1.996 1.239-3.214 0.004
Presence of hyperthyroidism 3.563 1.126—11.274 0.031
Presence of hypothyroidism 4.102 1.560-10.791 0.004
TPOAD positive 2.694 1.318-5.506 0.007

Abbreviations: DM, diabetes mellitus; TPOADb, thyroid peroxidase antibody.

Discussion

In the present study, we found that the length of DM history, presence of hyperthyroidism, presence of hypothyroidism

and TPOAD positivity were significantly associated with the presence of 25(OH)D deficiency in our study population.

This suggested that 25(OH)D deficiency was correlated with thyroid disorders in postmenopausal women with T2DM.
The relationships between vitamin D deficiency, T2DM and thyroid disease have been explored in previous studies.

In a study conducted by Bener et al,'

the authors enrolled 546 patients with T2DM and 546 control participants and
showed a strong positive association between vitamin D deficiency and an increased risk of thyroid disease among
patients with T2DM. One study noted that patients with T2DM are more likely to develop thyroid autoimmunity
compared with the normal population, and serum 25(OH)D levels contribute to thyroid autoimmunity.** In the present
study, we also found vitamin D deficiency was correlated with thyroid disorders in postmenopausal women with T2DM.
Univariate analysis showed that hyperthyroidism, hypothyroidism, TPOAb positivity and TgAb positivity were closely
related to serum 25(OH)D levels. Correlation analysis supported these findings. Multivariable logistic regression analysis
further determined that the presence of hyperthyroidism, presence of hypothyroidism and TPOAb positivity were
significantly associated with the presence of 25(OH)D deficiency. It has been reported that the prevalence of autoimmune
thyroid diseases is significantly higher among patients with T2DM than in the general population.”®> Due to the functions
of 25(OH)D deficiency and T2DM, we observed high TPOADb and TgAb positive rates in our study population. Most
effects of vitamin D are mediated via the vitamin D receptor (VDR). The VDR is expressed in various cells, including
immune cells. Vitamin D enhances the innate immune response, exerts immunomodulatory properties and moderates
cytokines via the VDR, resulting in thyroid damage and dysfunction.?* At the first stage of thyroid damage, T3 and T4
are released into the serum, resulting in the development of hyperthyroidism. As the extent of thyroid damage, the
production of T3 and T4 is inhibited. Thus, hypothyroidism becomes present. Therefore, 25(OH)D deficiency was
previously found to be closely related to both hyperthyroidism and hypothyroidism.?**® Consistent with these findings,
we also found that both hyperthyroidism and hypothyroidism were significantly associated with 25(OH)D deficiency in
postmenopausal women with T2DM.

Based on previous studies, 25(OH)D deficiency can exacerbate positive thyroid autoantibodies such as TPOAb and
TgAb.?” The presence of TPOAb and TgAb in serum is characteristic of autoimmune thyroid diseases. Chen et al*®
discovered that serum 25(OH)D levels were lower in patients with elevated antithyroid antibodies than in those without
them, and 25(OH)D levels may be an independent factor affecting the presence of TPOAb in autoimmune thyroid
diseases. Fang et al* revealed that thyroid autoantibody (TPOAb and TgAb) positivity was closely associated with
vitamin D deficiency, suggesting the involvement of vitamin D in the pathogenesis of autoimmune thyroid diseases.
Similarly, Sulejmanovic et al’® found that vitamin D deficiency was correlated with the presence of antithyroid
antibodies. In the present study, we found that the presence of TPOAb and TgAb positivity was significantly higher in
patients with 25(OH)D deficiency than in those without it, consistent with the findings from previous studies in other
populations.”=*' However, of the two, only TPOAD positivity was finally included in the logistic regression equation.
The exclusion of TgAb positivity might be due to the small sample size of this study.

Our study found that vitamin D levels were low in patients with high or low TSH levels. The TSH level is a sensitive
indicator of thyroid function, and high and low TSH levels are associated with hypothyroidism and hyperthyroidism,
respectively. The possible mechanisms of vitamin D affecting TSH levels are as follows. First, vitamin D can inhibit the
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Thl cell-mediated immune response and thus play a role in protecting the thyroid gland. Under vitamin D deficiency,
Thl-type cytokines induce B cells to produce thyroid antibodies, mediate immune responses, undergo lymphocyte
infiltration and damage normal thyroid tissue, ultimately leading to hypothyroidism.** Second, the regulatory effect of
TSH on thyroid cells, mainly through the G protein-adenylate cyclase-cyclic adenosine monophosphate system, has
a certain impact on intracellular calcium levels during this process. When vitamin D deficiency leads to calcium channel
closure, intracellular calcium levels change, and the TSH signalling pathway is impacted. Thyroid iodine intake and
utilisation rate are reduced, resulting in compensatory enhancement of the activity of 5’ deiodinase, promoting the
secretion of more T3 by the thyroid gland. The pituitary gland also secretes a large amount of compensatory TSH,
resulting in hyperthyroidism.>* Early animal experiments showed that the synthesis rate of 1,25(OH)2D was significantly
decreased after thyroid T3 and T4 perfusion in rat kidneys. Thus, abnormal thyroid function metabolism in patients with
T2DM can further exacerbate vitamin D deficiency status.

Apart from thyroid function parameters, we also found that the length of DM history was significantly associated with
25(OH)D deficiency in our study population. Patients with longer histories of DM may have longer histories of
antidiabetic drug usage and therapeutic dietary restriction. Previous studies showed that antidiabetic medications, as
well as therapeutic dietary restriction, could decrease vitamin D levels in patients with T2DM.'®> This mechanism may
explain our findings on the relationship between DM history length and 25(OH)D deficiency. It is also possible that
patients with a long history of T2DM are prone to thyroid disease, and concomitant thyroid dysfunction further affects
vitamin D intake and metabolism. Type 2 diabetes, 25(OH)D and autoimmune thyroid disease are closely related, and

a vicious cycle occurs, resulting in decreased vitamin D levels. Xiaoyan et al**

studied thyroid levels in patients suffering
from DM with different disease courses and found that FT3 and FT4 levels were decreased in patients with disease
courses of more than five years, indicating that there is a close relationship between disease course and thyroid function
diseases in patients with T2DM. This suggests that the longer the history of diabetes, the more attention should be paid to
vitamin D supplementation.

The present study has several limitations. First, as a cross-sectional study, causality cannot be established. Second,
this study was conducted in winter in northern China. The lack of sun exposure caused a high rate of 25(OH)D deficiency
in postmenopausal women with T2DM. Thus, our findings need to be confirmed in other regions. Third, thyroid
ultrasonography and other imageological examinations were not used to evaluate thyroid function in this study.
Fourth, only one single time point of blood sample was analysed, which may have resulted in measurement error.
Finally, hypoglycaemic drugs may lead to insufficient vitamin D in diabetic patients, which is not considered in this
study. Therefore, further studies with adequate design are needed to confirm our findings. In future, we will conduct
multicentre studies in other regions to improve the extrapolation of our findings and enable our results to be widely used.

Conclusion

Our results showed that hyperthyroidism, hypothyroidism and TPOAD positivity were significantly associated with the
presence of 25(OH)D deficiency in postmenopausal women with T2DM. Postmenopausal women with T2DM should be
reminded to pay attention to vitamin D supplementation to prevent possible thyroid disease.
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