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Abstract
Introduction: Very few studies in the past have reported on an association between thyroid autoimmunity and 25-hydroxyvitamin D (25-OHD), and these have 
produced inconclusive results. Therefore, in the present study, we examined the relationship between thyroid antibodies and vitamin D status among patients with 
type 2 diabetes mellitus (T2DM).

Method: A cross-sectional single centre study was conducted in 4053 patients with T2DM. Patients with T2DM attended the Diabetes Centre at King Fahad Armed 
Forces Hospital, Jeddah, Saudi Arabia between January 2018 and December 2018 were recruited. The serum concentration of 25-OHD, HbA1c, thyroid stimulating 
hormone (TSH), free thyroxine (FT4), HbA1c, anti-thyroid peroxidase (anti-TPO) and anti-thyroglobulin (anti-TG) were measured. 

Results: A total of 193 participants were included in this study. Average age of the study population was 46.4 ±14.9 years. There was 47.7% with VDD. The 
concentration of anti-TPO and anti-TG antibodies were statistically significant higher in patients with VDD than in those with higher vitamin D levels (p = 0.04 
and p = 0.03 respectively). The presence of anti-TPO and anti-TG antibodies were statistically non-significant more common in patients with vitamin D deficiency 
than in those with higher vitamin D levels. However, the mean serum 25-OHD level were statistically non-significant lower in patients with anti-TPO and anti-TG 
antibodies positive groups than in those with below cut off titers. Only age was found to be an independent predictor of serum 25-OHD levels (p = 0.04). Serum 
25-OHD levels was found to be an independent predictor of serum anti-TPO levels (p = 0.03). Gender was found to be an independent predictor of serum anti-TG 
levels (p = 0.04).

Conclusion: It remains unclear whether VDD contributes to the pathogenesis of AITDs or is a consequence of the diseases. Since we found statistically non-
significant inverse correlation between vitamin D levels and thyroid antibody levels, we might speculate that there might exist a casual relationship if the sample size 
was sufficiently large enough to reveal a significant correlation. 
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Introduction 
Vitamin D is recognized to be an essential element for bone 

metabolism and skeletal health [1]. In addition, it may also affect extra-
skeletal health. The recent description that many tissues and cells in the 
body express the vitamin D receptor resulted in a growing interest in 
the role of vitamin D in extra-skeletal conditions such as autoimmune 
diseases [2-5]. Vitamin D is a potent immunomodulator. Most immune 
cells, including macrophages, antigen-presenting cells, lymphocytes T 
and B, express not only VDR [6,7]. Not only vitamin D status, but also 
polymorphism of genes involved in vitamin D metabolism, transport 
and activity was shown to be associated to susceptibility to autoimmune 
disorders [7]. In spite of the advancements in understanding the 
pathophysiologic mechanisms of autoimmune thyroid diseases (AITD), 
its primary underlying cause remains elusive [8,9]. The majority of 
investigators agree that AITD is a multifactorial disease in which 
autoimmune attack on the thyroid plays a fundamental role through 
infiltration of the gland by T- and B-cells and production of specific 
autoantibodies reactive to thyroid antigens, such as thyroid peroxidase 
(TPO) and thyroglobulin (TG).

Vitamin D deficiency (VDD) remains a major health problem 
in many parts of the world [10]. VDD has received special attention 
lately because of its high incidence and its implication in the genesis 
of multiple chronic illnesses. The high prevalence of VDD in general 
population underlines the fact that VDD is more common in chronic 
diseases like diabetes mellitus.

Type 2 diabetes mellitus (T2DM) and hypothyroidism are the 
main threats in developed and developing countries and impairs the 
health and economic status [11,12]. T2DM increases the risk of thyroid 
dysfunction in the long-term [13-19]. T2DM and thyroid dysfunction 
are the primary reasons for mortality and morbidity in most high 
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income and developing countries [15-19]. However, several studies have 
shown a higher prevalence of thyroid dysfunction occurring among 
T2DM patients [17-22]. Moreover, positive correlations between VDD 
and thyroid dysfunction among T2DM patients have been reported by 
several authors [1,21-24].

Very few studies in the past have reported on a putative association 
between thyroid autoimmunity and 25-hydroxyvitamin D (25-OHD), 
and these have produced inconclusive results [21,22,24-27]. Therefore, 
in the present study, we examined the relationship between thyroid 
antibodies and vitamin D status among patients with T2DM.

Methods 
A cross-sectional single centre study was conducted in 2019 

patients with T2DM attended the Diabetes Centre at King Fahad 
Armed Forces Hospital, Jeddah, Saudi Arabia between January 
2018 and December 2018. Eligible patients were 20 years or older. 
Exclusion criteria were known hepatic or renal disease, metabolic 
bone disease, malabsorption, hypercortisolism, pregnancy and 
medications influencing bone metabolism. The serum concentration 
of 25-OHD was measured by competitive protein binding assay using 
kits (Immunodiagnostic, Bensheim, Germany). VDD was defined 
as serum 25-OHD concentration < 50 nmol/L [1]. Glycosylated 
hemoglobin (HbA1c) was measured by the high-performance liquid 
chromatography method (Bio-Rad Laboratories, Waters, MA, USA). 
Thyroid stimulating hormone (TSH), anti-TPO, and anti-TG were 
measured with a chemiluminescent immunoassay method (CMIA) 
(Architect i2000 system, Abbott, USA). Serum free thyroxine (FT4) 
was estimated by radioimmunoassay. The assays have intra- assay 
precision of 4.3%, 5.8%, and 3.2%, respectively. Positive anti-TPO, and 
anti-TG were defined as a value greater than 5.6 IU/ml and 4.1 IU/ml, 
respectively. TSH levels between 0.22-4.2 mIU/L and Free T4 12.0-22.0 
pmol/L were regarded normal [28]. The study was approved by the 
ethical committee board of King Fahad Armed Forces Hospital.

Statistical analysis 
Data are presented as means ± standard deviation (SD) or numbers 

(%). Quantitative variables were compared between two groups by 
using the Student’s test. Differences in categorical variables were 
analyzed using the chi-square test. The relationship between continuous 
variables was assessed using coefficients of correlation. Linear regression 
analyses were performed to examine the factors that predicted serum 
concentrations of 25(OH)D, anti-TPO, and anti-TG. Multivariate 
linear regression model was constructed using serum 25(OH)D, anti-
TPO and anti-TG as the dependent variables and factors with either a 
P-value less than 0.15 in the univariate analysis or a previously reported 
association with either 25-OHD, anti-TPO or anti-TG as independent 
variables. Null hypotheses were rejected where p values were less than 
0.05. Logistic regression analysis was carried out to estimate odds ratio 
(OR) and 95% CI. P value < 0.05 indicates significance. The statistical 
analysis was conducted with SPSS version 23.0 for Windows.

Results 
A total of 193 participants were included in this study. Average age 

of the study population was 46.4 ± 14.9 years (Table 1). There was 47.7% 
with VDD. Patients with VDD were younger (mean age: 44 years versus 
49 years; p = 0.04) and included statistically non-significant more females 
(79% versus 27%; p = 0.2). The levels of anti-TPO and anti-TG antibodies 
were statistically significant higher in patients with VDD than in those with 
higher vitamin D levels (p = 0.04 and p = 0.03 respectively).

The presence of anti-TPO and anti-TG antibodies were statistically 
non-significant more common in patients with vitamin D deficiency 
than in those with higher vitamin D levels (Figure 1A and 1B). However, 
the mean serum 25-OHD level were statistically non-significant lower 
in patients with anti-TPO and anti-TG antibodies positive groups than 
in those with below cut off titers (Figure 2A and 2B).

In order to identify the independent factors affecting 25-OHD 
levels, a multivariate linear regression model was constructed using 
the serum 25-OHD concentrations as the dependent factor. The 
constructed model is shown in table 2. Age, gender, HbA1c, TSH, anti-
TPO and anti-TG antibodies were the independent predictors of 25-
OHD levels. In the constructed model, only age was found to be an 
independent predictor of serum 25-OHD levels (p = 0.04) (Table 2).

The second linear regression model using serum anti-TPO levels 
as the dependent variable was performed with age, gender, TSH and 
25-OHD levels as independent variables (Table 3). In the constructed 
model, serum 25-OHD levels was found to be an independent predictor 
of serum anti-TPO levels (p = 0.03).

The third linear regression analysis using serum anti-TG levels 
as the dependent variable was performed with age, gender, TSH and 
25-OHD levels as independent variables (Table 4). In the constructed 

Variable Total
Vitamin D deficiency

P valuesPresent Absent
Numbers 193 92 (47.7) 101 (52.3)

Age (years) 46.4 ± 14.9 44.1 ± 13.9 48.5 ± 15.6 0.04

Gender
Male 34 (17.6) 19 (27.0) 15 (14.9)

0.2
Female 159 (82.4) 73 (79.3) 86 (85.1)

HbA1c (%) 6.8 ± 2.0 7.1 ± 2.1 6.6 ± 2.0 0.3
25-hydroxyvitamin D 

(nmol/L) 62.6 ± 38.7 34.3 ± 9.6 88.4 ± 37.3  < 0.0001

TSH (mIU/l) 4.1 ± 7.7 4.1 ± 6.6 4.1 ± 8.6 0.9
FT4 (IU/ml) 15.7 ± 5.0 15.3 ± 4.6 16.1 ± 5.3 0.2

Anti-TPO (IU/ml) 101.0 ± 170.4 142.1 ± 216.4 61.0 ± 95.9 0.04
Anti-TG (IU/ml) 68.9 ± 206.8 103.0 ± 281.4 37.0 ± 83.5 0.03

Table 1. Distribution of patients based on vitamin D deficiency categories [mean ± standard 
deviation or number (%)]

Parameters Coefficients Std. Error
95% 

Confidence 
interval

P value

Age (years) 0.666 0.307 0.036-1.295 0.04
Gender -16.534 16.217 -49.808-16.740 0.5

HbA1c (%) -2.642 2.435 7.637-2.354 0.3
TSH (mIU/l) -2.251 2.088 -6.806-1.764 0.2
FT4 (mIU/l) 3.737 2.488 -1.367-8.841 0.1

Anti-TPO (IU/ml) -0.006 0.045 -0.099-0.087 0.9
Anti-TG (IU/ml) 0.002 0.018 -0.035-0.038 0.9

Table 2. Linear regression analysis using serum 25-hydroxyvitamin D concentrations as 
the dependent variable

Parameters Coefficients Std. Error
95% 

Confidence 
interval

P value

Age (years) 1.715 1.213 -0.706-4.135 0.2

Gender 32.252 54.766 -77.062-
141.566 0.6

TSH (mIU/l) -3.328 7.601 -18.500-11.843 0.7
25-hydroxyvitamin D 

(nmol/L) -1.594 0.722 -3.036-(-0.152) 0.03

Table 3. Linear regression analysis using serum concentrations of Anti-TPO as the 
dependent variable.
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model, gender was found to be an independent predictor of serum anti-
TG levels (p = 0.04).

Discussion 
T2DM is currently the most prevalent chronic illness in the world 

having a prevalence of around 9% in the adult population and 30% of 
Saudi adults [29,30]. Thyroid diseases are among the most common 
endocrine abnormalities, and AITDs are perhaps the most prevalent 
autoimmune diseases [31,32]. Our study demonstrated statistically 
non-significant negative association between 25-OHD levels and TPO 
levels and have also shown that the low 25-OHD level is a possible risk 
factor of TPO positivity but not Anti-TG levels. To our best knowledge, 
this is the first study that evaluate the association between thyroid 
autoantibodies and vitamin D levels in Saudi patients with T2DM. 
VDD and T2DM are usually recognized as a complication and risk 
for thyroid disease. VDD has received special attention because of its 
high incidence and its implication in the genesis of multiple chronic 
illnesses. AITD are relatively common organ-specific autoimmune 
disorders that cause diseases ranging in severity from hypothyroidism 
to hyperthyroidism.33 As an immune modulator, vitamin D is involved 
in the onset and development of AITD [24,34] Inspired by studies 
on the relationship of vitamin D and other autoimmune diseases, 
researchers have been focusing on the link between vitamin D and 
AITD in recent years. Low levels of vitamin D have been demonstrated 
in patients with AITD defined as elevated antithyroid antibodies with or 
without characteristic ultrasonographic features (diffuse parenchymal 
hypoechogenicity and/or heterogeneous echogenic pattern of thyroid 
gland) [24,25,34-37]. Furthermore, VDD was correlated with antithyroid 
antibodies levels [34]. In 1990, an animal study first demonstrated that 
25-OHD administration could prevent the induction of experimental 
autoimmune thyroiditis [38]. The effects of various environmental 
factors and the intrinsic genetic predisposition of an individual may 
contribute to the initiation of AITDs. In pathological conditions like 
thyroiditis, infiltrating lymphocytes, Fas-mediated apoptosis and 
cytokines released from both immune cells and thyrocytes contribute 
to amplification and progression of AITD [39-44]. According to this 
theory, as a result of defective suppressor T cells, Th (CD4) cells are able 
to activate and cooperate with B lymphocytes. B lymphocytes activated 
by T lymphocytes produce antibodies that react with thyroid antigens.

We found that the levels of anti-TPO and anti-TG antibodies were 
statistically significant higher in patients with VDD than in those with 
higher vitamin D levels (p = 0.04 and p = 0.03 respectively). Many 
authors observed that subjects with low 25-OHD levels had more 
frequently elevated anti-TPO antibodies and/or anti-TG antibodies 
[21,24,25,34-37,45]. In addition, in subjects with AITD, statistically 
non-significant negative correlation between 25-OHD, anti-TPO and 
anti-TG antibodies (r = -0.214, p = 0.07 and r = -0.114, p = 0.1) [46]. 
The relationship between low 25-OHD levels and the presence of anti-
TPO and anti-TG antibodies was not always observed [35,36,45,47]. 
Goswami et al. in a group of 642 subjects from India revealed no 
association between VDD 25-OHD < 25 nmol/l) and anti-TPO 
positivity [25]. The correlation of 25-OHD levels with AITD was initially 
confirmed by Kivity’s group in 2011, in which they found that the 
presence of antithyroid antibodies and abnormal thyroid functions was 
more prevalent in subjects with VDD [24]. In the study of Yasmeh et al. 
the mean 25-OHD levels were not significantly different in AITD males 
and healthy controls (36 vs. 33 nmol/l) and were even higher in females 
with AITD than in healthy ones (77 vs. 69 nmol/l). AITD females were 

Parameters Coefficients Std. Error
95% 

Confidence 
interval

P value

Age (years) -1.832 1.005 -3.818-0.153 0.07

Gender -81.214 38.395 -157.022-
(-5.406) 0.04

TSH (mIU/l) 0.953 1.896 -2.791-4.697 0.6
25-hydroxyvitamin 

D (nmol/L) -0.260 0.432 -1.113-0.593 0.5

Table 4. Linear regression analysis using serum concentrations of Anti-TG as the dependent 
variable

Figure 1. Percentage of Anti-TPO (A) and Anti-TG (B) levels in patients with and without 
vitamin D deficiency

Figure 2. Mean 25-hydroxyvitamin (nmol/l) D level in patients with and without Anti-TPO 
(A) and Anti-TG (B)
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more often vitamin D sufficient (51.7 vs. 31.1%) than control females. 
Furthermore, in males, a significant positive correlation between 25-
OHD and anti-TPO antibodies was observed (r = 0.436, p = 0.016) 
[48]. The authors concluded that AITD is not associated with higher 
prevalence of VDD. In an elderly population with a high prevalence 
of VDD /insufficiency patients with T2DM were found to be 2.5 times 
more likely to have AITD compared to a non-diabetic individual, but, 
interestingly, the higher the serum 25-OHD levels were, the higher 
this chance was [49]. In women with polycystic ovary syndrome, 25-
OHD levels were significantly lower in subjects with AITD than in 
those without AITD (p = 0.02) [50]. In the study of Mazokopakis et al. 
including 218 hypothyroidism patients, there was a significant negative 
correlation only between serum 25-OHD and anti-TPO concentrations 
and anti-TPO levels were significantly higher in 186 vitamin D deficient 
subjects compared to those with no VDD (364 ± 181 IU/ml vs. 115.8 ± 
37.1 IU/ml, p < 0.0001) [35]. Bozkurt et al. found serum 25-OHD was 
inversely correlated with anti-TPO (r = -0.361, p < 0.001) and anti-TG 
levels (r = -0.335, p < 0.001) [21]. In a study on Egyptian children, there 
were significant negative correlations between serum 25-OHD and age, 
anti-TPO, anti-TG and TSH (p < 0.001 each) [51]. Although available 
data remain controversial, vitamin D has shown to be a new developing 
issue in the pathogenesis of AITD. The lack of the association between 
serum 25-OHD levels and TPO titers in some studies may have been 
because the sample size was not sufficiently large enough to reveal a 
strong correlation. 

This study has not shown a difference in vitamin D level related 
to thyroid function. This suggests that VDD is more closely related 
to anti-thyroid antibody titer rather than thyroid function itself in 
humans, and also agrees with the existing study on patients with 
Hashimoto’s thyroiditis [26]. We suggest that vitamin D functions 
as an immune modulator in autoimmune thyroiditis and that the 
molecular mechanism should be further investigated to clarify the 
causal relationship between 25-OHD level and autoimmune thyroiditis. 
It is notable that a significant negative association between anti-TPO 
levels and 25-OHD level. This may be due to an overall low vitamin D 
level and high prevalence of AITD in the Saudi population. In fact, the 
correlation between 25-OHD level and anti-TPO levels is also seen in 
vitamin D level within the range of vitamin D deficiency as defined by 
a recent guideline on bone metabolism, suggesting a need of a different 
reference value of vitamin D for this extra-skeletal effect.

We had some limitations. study was done at only one centre and 
was done at one point of time. The study sample confined to patients 
with T2DM and VDD but without comparable groups. 

Conclusion
The majority of the studies have reported an association between 

low vitamin D status and increased risk of thyroid autoimmunity. 
It remains unclear whether vitamin D deficiency contributes to the 
pathogenesis of AITDs or is a consequence of the diseases. Since we 
found statistically non-significant inverse correlation between vitamin 
D levels and thyroid antibody levels, we might speculate that there 
might exist a casual relationship if the sample size was sufficiently large 
enough to reveal a significant correlation. 
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