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Significance of the Study

•	 There was a negative correlation between vitamin B12 and vitamin D levels and anti-thyroid peroxi-
dase antibodies in patients with autoimmune hypothyroidism.
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Abstract
Background: This study was designed to investigate the vi-
tamin D (vit-D) and vitamin B12 (vit-B12) levels and their cor-
relation with anti-thyroid peroxidase (anti-TPO) antibodies 
in patients with autoimmune hypothyroidism. Methods: A 
total of 130 patients diagnosed with autoimmune hypothy-
roidism were included in the study retrospectively. The pa-
tients were divided into two groups as those having vit-B12 
levels below 200 pg/mL (n = 60) and vit-B12 levels equal to 
or above 200 pg/mL (n = 70). These two groups were com-
pared in terms of age, sex, thyroid-stimulating hormone 
(TSH), free-T4 (FT4), vit-D, and anti-TPO. The correlation be-
tween vit-B12 and anti-TPO levels was also investigated in 
these groups. Patients were then divided into four groups 
according to their vit-D levels. Patients with normal vit-D lev-
els (25[OH]D > 30 ng/mL; n = 5), those with vit-D insufficiency 
(20–30 mg/mL; n = 9), those with vit-D deficiency (10–20 ng/

mL; n = 43), and those with severe vit-D deficiency (< 10 ng/
mL; n = 73). These four groups were compared in terms of 
age, gender, TSH, FT4, vit-B12, and anti-TPO levels. In addi-
tion, the correlation between levels of vit-D and anti-TPO 
was also investigated. Results: We found that vit-B12 defi-
ciency and vit-D deficiency were associated with autoim-
mune hypothyroidism, and that there was a negative corre-
lation between vit-B12 and vit-D levels and anti-TPO anti-
bodies in these patients. Conclusion: In patients with 
autoimmune hypothyroidism, vit-D and vit-B12 deficiency 
should be investigated at the time of diagnosis and periodi-
cally on follow-ups. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Hashimoto thyroiditis (HT) is the most common 
cause of hypothyroidism, a disease caused by inadequate 
synthesis and/or release of thyroid hormones [1]. In these 
patients, hypothyroidism at various levels is accompa-
nied by autoantibodies (antithyroid peroxidase antibody 
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[anti-TPO], antithyroglobulin antibody) and lymphocyt-
ic infiltration in thyroid tissue. It is more common in the 
30- to 50-year-old age group and is 4–10 times more com-
mon in women than in men [2]. 

Environmental (30%) and genetic (70%) factors influ-
ence the etiopathogenesis of HT [3]. Genetic factors in-
clude the major histocompatibility gene (HLA), immune 
regulator genes (CTLA4, PTPN22, FOXP3, CD25, CD40, 
and FRCL3) and thyroid-specific genes (TSHR, Tg) [3]. 
The possible environmental factors in etiology are smok-
ing, alcohol, dietary iodine, stress, selenium, vitamin D 
(vit-D) deficiency, bacterial and viral infections, pregnan-
cy, and drugs [4]. 

The main function of vit-D is to achieve calcium and 
phosphorus balance with bone metabolism. In recent 
years, however, vit-D has been reported to have a role in 
the formation of autoimmune diseases, heart diseases, can-
cer, inflammatory bowel diseases, diabetes, and rheumato-
logic diseases, as well as its effects on bone metabolism [5]. 
In addition, it is thought that vit-D may play a role in the 
regulation of the immune system because vit-D receptors 
are detected on cells of the immune system [6]. In some 
studies, a relationship between vit-D deficiency and auto-
immune thyroid diseases such as HT and Grave’s disease 
has been reported, and impaired vit-D signaling has been 
reported in thyroid cancers [7]. Bozkurt et al. [8] reported 
that vit-D deficiency had a role in the development of HT.

Many autoimmune diseases, such as pernicious ane-
mia, myasthenia gravis, idiopathic hypoparathyroidism, 
vitiligo, celiac disease, type 1 diabetes mellitus, autoim-
mune liver diseases, primary biliary cirrhosis, multiple 
sclerosis, Addison’s disease, rheumatoid arthritis, and 
systemic lupus erythematosus, may accompany HT [9]. 
Vitamin B12 (vit-B12) deficiency has been reported fre-
quently in autoimmune thyroid patients [10]. This asso-
ciation is probably due to impaired absorption of vit-B12 
by atrophic gastritis and/or pernicious anemia associated 
with autoimmune thyroid disease [11]. Atrophic gastritis 
is seen in 35–40% of autoimmune thyroid diseases [12]. 
It was reported that 1/3 of the patients with primary hy-
pothyroidism had antibodies against gastric parietal cells 
and 12% had pernicious anemia. Intrinsic factor antibod-
ies have also been shown in these patients [13]. 

HT is an autoimmune disease and studies suggest that 
vit-D deficiency has an effect on the etiopathogenesis of 
the disease. In addition, vit-B12 deficiency is frequently 
seen in this disease [7, 10]. This study was designed to in-
vestigate levels of vit-D and vit-B12 in patients with auto-
immune hypothyroidism and to evaluate their correla-
tion with anti-TPO antibodies.

Materials and Methods

A total of 130 patients aged between 18 and 65 years who were 
diagnosed with autoimmune hypothyroidism in the Internal Med-
icine Outpatient Clinic of Umraniye Education and Research Hos-
pital were included in the study retrospectively. Approval was ob-
tained from the Ethics Committee of our hospital. Exclusion cri-
teria were thyroidectomy, receiving RAI treatment, malabsorption 
syndromes, gastrectomy, ileal resection, a vegetarian diet, preg-
nancy, and use of drugs to treat vit-B12 deficiency (phenytoin, 
metformin, and DHF reductase inhibition).

The patients were divided into two groups as those having 
vit-B12 levels below 200 pg/mL (n = 60) and vit-B12 levels equal 
to or above 200 pg/mL (n = 70) [14]. These two groups were 
compared in terms of age, sex, thyroid-stimulating hormone 
(TSH), free-T4 (FT4), vit-D, and anti-TPO. In addition, the cor-
relation between levels of vit-B12 and anti-TPO was also exam-
ined in these two groups. Patients were then divided into four 
groups according to their vit-D levels [5]: patients with normal 
vit-D levels (25[OH]D > 30 ng/mL; n = 5), those with vit-D in-
sufficiency (20–30 ng/mL; n = 9), those with vit-D deficiency 
(10–20 ng/mL; n = 43), and those with severe vit-D deficiency  
(< 10 ng/mL; n = 73). Then the age, gender, TSH, FT4, vit-B12, 
and anti-TPO levels of these four groups were compared. In ad-
dition, the correlation between vit-D and anti-TPO levels was 
also investigated in these four groups.

Serum vit-B12 (187–883 pg/mL), vit-D (> 30 ng/mL), TSH 
(0.35–4.94 mU/mL), FT4 (0.4–1.48 ng/mL), and anti-TPO (< 5.6 
IU/mL) measurements were performed in the fasting blood tak-
en from the patients on the same day. These tests were per-
formed by ABBOTT Architect i2000 with the chemilumines-
cence method. The anti-TPO antibody cut off level was accepted 
as 5.61 IU/mL.

Statistical Analysis
Statistical analyses were performed using the MedCalc Statisti-

cal Software version 12.7.7 (MedCalc Software bvba, Ostend, Bel-
gium; http://www.medcalc.org; 2013). Statistical significance was 
set at p < 0.05. Descriptive statistics were used to define continuous 
variables (mean ± standard deviation, and median, minimum and 
maximum). The comparison of two independent groups with a 
normal distribution was performed using the Student t test. The 
comparison of two independent groups without a normal distribu-
tion was performed using the Mann-Whitney U test. The correla-

Table 1. Demographic data and distribution of parameters

Male 15 (11.5)
Female 115 (88.5)
Vit-B12 <200 pg/mL 60 (46)
Vit-D <30 ng/mL 125 (96)
Anti-TPO (+) 130 (100)
Age, years

Mean 41.4±1.9
Median 41 (18–64)

Values are presented as n (%), the mean ± SD, or median (min.–
max.). 
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tion between two continuous variables not compatible with a nor-
mal distribution was examined with the Spearman rho correlation 
coefficient. Statistical evaluation of categorical variables was per-
formed using the χ2 test.

Results

The mean age of all patients was 41.4 + 11.9 years, and 
115 patients (88.5%) were female and 15 (11.5%) were 
male. Vit-B12 deficiency was found in 60 (46%) and vit-D 
deficiency was found in 125 (96.1%) of all patients. Sev-
enty-three patients (56.1%) with hypothyroidism had se-
vere vit-D deficiency. Anti-TPO antibody was positive in 
all patients (Table 1). 

There was no significant difference between the two 
vit-B12 groups in terms of age, gender, TSH, FT4, and vit-
D levels. However, the anti-TPO levels were significantly 
higher in patients with low vit-B12 levels (p < 0.001; Table 
2). There was no significant difference between the four 
vit-D groups in terms of age, gender TSH, FT4, vit-B12, 
and anti-TPO levels (Table 3).

There was a weak, negative correlation between TSH 
and vit-D levels in the 25(OH)D < 10 ng/mL group. More-
over, there was also a weak, negative correlation between 
anti-TPO and vit-D levels in the 25(OH)D < 10 ng/mL 
group. There was a weak, negative correlation between 
anti-TPO and vit-B12 levels in all patient groups (p < 
0.001; Table 4; Fig. 1). There was also a weak, negative 
correlation between anti-TPO and vit-D levels in all of the 
groups (Table 5; Fig. 2).

Table 2. Relationship between vit-B12 levels and TSH, FT4, anti-TPO, and vit-D

Vit-B12 <200 pg/mL (n = 60) Vit-B12 ≥200 pg/mL (n = 70) p

TSH, mU/mL 14.9±18.5 9.5 (4–100) 13.4±10.3 8.0 (5–45) 0.302a

FT4, ng/mL 1.0±1.3 0.8 (0.2–8.0) 1.0±1.0 0.9 (5–6.5) 0.614a

Anti-TPO, IU/mL 484.7±377.1 460 (4–1000) 292±389.4 34 (5–1000) <0.001a

Vit-D, ng/mL 11.9±7 10 (4.1–36) 11.5±7.7 9 (3.6–36) 0.186a

Age, years 41.4±12 39 (19–64) 41.3±11.9 41 (18–64) 0.967b

Male 8 (13.3) 7 (10)
Female 52 (86.7) 63 (90)

Data are presented as the mean ± SD, median (min.–max.), and n (%).
a Mann-Whitney U Test. b Student t test.
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Fig. 1. Correlation between anti-TPO and 
vit-B12. There was a weak, negative, statis-
tically significant correlation between anti-
TPO and vit-B12 levels in both groups with 
and without vit-B12 deficiency (r = –0.394, 
p < 0.001).
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Discussion

HT is the most common cause of primary hypothy-
roidism. The disease is more common in the 30- to 50-
year age group, and 95% of patients are women. The fe-
male to male ratio is about 7.2 [15]. In our study, the male 
to female ratio was 7.7, and the mean age of the patients 
was 41.4 ± 11.9 years, similar to the literature.

There are several studies suggesting that the preva-
lence of vit-D deficiency is high in patients with HT and 
that there is a relationship between hypothyroidism and 
vit-D in these patients [16]. In our study, we found that 
96% of patients with HT had vit-D deficiency, and 56.1% 
of patients had severe vit-D deficiency (< 10 ng/mL). We 
also found a negative correlation between vit-D levels and 
anti-TPO levels in these patients. We think that vit-D de-
ficiency may cause autoimmune hypothyroidism. Boz-
kurt et al. [8] reported that vit-D deficiency had a role in 
the development of HT.

Some studies have reported a relationship between vit-
D deficiency and thyroid autoimmunity in all age groups, 
and decreased anti-TPO levels when cholecalciferol sup-
plementation is performed in HT patients with vit-D de-
ficiency [17, 18]. Kivity et al. [19] reported that the prev-
alence of vit-D deficiency (25[OH]D level < 25 nmol/L) 
was higher in people with autoimmune thyroid disease. 
They also reported a correlation between vit-D deficiency 
and anti-TPO levels and that this had an effect on the 
pathogenesis of autoimmune thyroid diseases. Mansour-
nia et al. [20] reported a significant negative correlation 
between HT disease and serum levels of 25(OH)D. Shin 
et al. [21] reported that people with high anti-TPO levels 
had lower vit-D levels.

Mazokopakis et al. [17] showed that serum levels of 
25(OH)D were inversely related to anti-TPO levels in pa-
tients with HT. Anti-TPO levels were also significantly 
higher in HT patients with vit-D deficiency (< 75 nmol/L) 
than those HT patients without vit-D deficiency. In an-
other study, a significant decrease in serum anti-TPO lev-
els was reported after 4 months of oral vit-D3 supplemen-
tation (1,200–4,000 IU/day) in patients with vit-D defi-
ciency [17]. Screening for vit-D deficiency and replacement 
therapy if necessary has been recommended [22]. Levels 
of vit-D were observed to be significantly lower in chil-
dren with HT [23]. A negative correlation between vit-D 
and TPO antibodies was found in our study. HT disease 
activity has been reported to decrease with vit-D treat-
ment [24].

The relationship between vit-D deficiency and thyroid 
autoimmunity remains unclear. However, it is suggested Ta
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that vit-D may be associated with anti-inflammatory and 
immunomodulatory effects. Vit-D plays a significant role 
in modulation of the immune system, enhancing the in-
nate immune response while exerting an inhibitory ac-
tion on the adaptive immune system. Most immune cells, 
including T cells, B cells, dendritic cells, and macro-
phages, express the vit-D receptor and 1α-hydroxylase 
[25].

In our study, we found that the incidence of vit-B12 
deficiency in autoimmune hypothyroid patients was 46%. 
We also found that there was a negative correlation be-
tween anti-TPO and vit-B12 levels. It is possible that this 
may be due to pernicious anemia or atrophic gastritis ac-
companying autoimmune hypothyroidism, which is of-
ten accompanied by other autoimmune diseases. Perni-

cious anemia may be part of a polyglandular endocrinop-
athy associated with hypothyroidism [26]. This association 
is caused by atrophic gastritis and/or pernicious anemia 
associated with autoimmune thyroid diseases disrupting 
vit-B12 absorption. Overall, 35–40% of patients with au-
toimmune thyroid diseases have atrophic gastritis [26], 
while 33% of patients with primary hypothyroidism have 
been shown to have antibodies to gastric parietal cells, 
and 12% have pernicious anemia. Intrinsic factor anti-
bodies have also been observed in patients with autoim-
mune hypothyroidism [9].

The prevalence of vit-B12 deficiency in patients with 
hypothyroidism in Pakistan, Turkey, and India is report-
ed to be 40.5, 18.6, and 10%, respectively [27]. The differ-
ences in prevalence between these ratios could be caused 

Table 4. Correlation between levels of vit-B12 and other parame-
ters

ra p

Vit-B12 <200 pg/mL (n = 60)
TSH and B12 –0.182 0.164
Anti-TPO and B12 –0.170 0.194
FT4 and B12 –0.055 0.674

Vit-B12 ≥200 pg/mL (n = 70)
TSH and B12 –0.102 0.401
Anti-TPO and B12 –0.170 0.159
FT4 and B12 0.062 0.609

All groups
TSH and B12 0.018 0.835
Anti-TPO and B12 –0.394 <0.001
FT4 and B12 0.039 0.658

a Spearman rho correlation coefficient.
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Table 5. Correlation between vit-D and other parameters

ra p

Vit-D <10 ng/mL (n = 73)
TSH and vit-D –0.304 0.009
Anti-TPO and vit-D –0.257 0.028
FT4 and vit-D 0.177 0.134

Vit-D ≥10 ng/mL (n = 57)
TSH and vit-D –0.021 0.876
Anti-TPO and vit-D 0.067 0.619
FT4 and vit-D 0.005 0.969

All groups
TSH and vit-D –0.149 0.091
Anti-TPO and vit-D –0.185 0.035
FT4 and vit-D 0.068 0.441

a Spearman rho correlation coefficient.

Fig. 2. Correlation between anti-TPO and 
vit-D. There was also a weak, negative, and 
statistically significant correlation between 
anti-TPO and vit-D levels in all these 
groups (r = –0.185, p = 0.035).
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by differences in diet and nutrition status. Clinical mani-
festations of vit-B12 deficiency are very variable. Hema-
tological and neurological abnormalities may coexist,  
be independently found, or be very uncertain. Even in 
asymptomatic patients, the first sign may be the detection 
of vit-B12 deficiency [28]. Patients with both hypothy-
roidism and vit-B12 deficiency also have similar symp-
toms. Symptoms such as fatigue, weakness, dementia, de-
pression, memory impairment, lethargy, and tingling are 
frequently seen in patients with hypothyroidism and vit-
B12 deficiency. Thus, vit-B12 deficiency may be ignored 
in hypothyroidism. 

Vit-B12 deficiency increases homocysteine levels [13] 
and a relationship is known to exist between hyperhomo-
cysteinemia and the development of atherosclerosis. Sev-
eral studies have shown a relationship between hypothy-
roidism and homocysteine levels. Thus, if vit-B12 deficien-
cy is overlooked in hypothyroid patients it may increase 
cardiovascular risk through hyperhomocysteinemia [29].

Ness-Abramof et al. [30] recommend screening vit-
B12 levels at the time of diagnosis of autoimmune thyroid 
disease, with 3- to 5-year intervals. Collins and Pawlak 
[28] also recommend screening for vit-B12 deficiency in 
hypothyroid patients at the time of diagnosis and at cer-
tain intervals periodically. Our study supports these rec-
ommendations.

One of the limitations of this study is its retrospective 
design. Another is the small number of patients included. 
Studies investigating the relationship between future hy-
pothyroidism and vit-D and vit-B12 should be prospec-
tively designed in larger sample sizes. 

Conclusion

In this study, we observed vit-B12 and vit-D deficiency 
in patients with HT. We also found a negative correlation 
between vit-D deficiency, vit-B12 deficiency, and levels of 
anti-TPO. We suggest that vit-D deficiency contributes to 
the etiopathogenesis of HT, and that vit-B deficiency and 
HT are part of a polyglandular endocrine pathology. Vit-
D and vit-B12 deficiency should be investigated in pa-
tients with autoimmune hypothyroidism at the time of 
diagnosis and during periodic follow-ups, and supple-
mentation should be performed in those who need it. 
More randomized controlled trials are needed to investi-
gate the effect of vit-D and vit-B12 deficiency in the etio-
pathogenesis of HT, and to determine the effect of re-
placement therapy on the clinical course of HT.
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