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Results  Overt hypothyroidism was detected in 42/56 
while subclinical hypothyroidism was detected in 14/56 
of the studied patients. Vitamin D deficiency rate was sig-
nificantly higher in the AIT group compared to the control 
subjects (71.4 vs 21.4  %, P  <  0.001). In AIT group, the 
mean level of 25OHD was significantly lower compared 
to the control group (16.2 ±  8.2 vs 33.9 ±  12.7  nmol/L, 
P  <  0.001). The difference was more evident in patients 
with overt hypothyroidism than those with subclinical 
hypothyroidism (P  <  0.01). There were significant nega-
tive correlations between serum 25OHD and age, duration 
of the disease, BMI, anti-TPOAb, anti-TGAb and TSH 
(P  <  0.001 each). On the other hand, serum 25OHD cor-
related positively with FT4 levels. While 25OHD level was 
an independent risk factor for AIT, it failed to qualify as an 
independent risk for the progression of AIT to overt hypo-
thyroidism after adjustment for other potential confounding 
factors; age, sex and BMI.
Conclusions  Low serum vitamin D is significantly asso-
ciated with AIT in Egyptian children. However, vitamin D 
level is not an independent risk for the progression of AIT 
to overt hypothyroidism. BMI may have an influence on 
serum 25OHD levels.
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AIT	� Autoimmune thyroiditis
25OHD	� 25-Hydroxyvitamin D
TSH	� Thyroid-stimulating hormone
VDR	� Vitamin D receptor
TPOAb	� Thyroid peroxidase antibodies

Abstract 
Background  Vitamin D deficiency is a global health prob-
lem. Its role as an immune modulator has been recently 
emphasized. There is increasing evidence for the significant 
role of vitamin D in reducing the incidence of autoimmune 
diseases. However, little is known about the status of vita-
min D in children and adolescents with autoimmune thy-
roiditis (AIT).
Objective  The goal of the present study was to assess 
vitamin D status in Egyptian children and adolescents with 
AIT and to explore its relation to biomarkers of autoim-
munity and thyroid function.
Design  A prevalence case–control study that included 56 
children with AIT and 56 healthy, age- and sex-matched 
subjects that served as the control group. The following 
was done for all participants: thorough history, physical 
examination, thyroid ultrasound, measurement of thyroid-
stimulating hormone (TSH), free thyroxin (FT4), anti-thy-
roid peroxidase antibodies (TPOAb), anti-thyroglobulin 
antibody (TgAb) and assessment of serum 25-hydroxy 
vitamin D (25OHD) level.
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TgAb	� Anti-thyroglobulin antibodies
BMI	� Body mass index

Introduction

Recently, there has been a growing interest in the possible 
relationship between vitamin D, a secosteroid hormone that 
exerts widespread effects on cellular proliferation, differ-
entiation, apoptosis, and angiogenesis, and variety of acute 
and chronic diseases [1, 2]. Vitamin D has been shown to 
affect the innate immunity by modulating monocyte/mac-
rophage responses to bacterial infection via Toll-like recep-
tors. Moreover, vitamin D receptors (VDR), nuclear recep-
tors which regulate gene transcription by interacting with 
response elements in gene promoters, were discovered in 
immune system cells, such as monocytes, macrophages, 
dendritic cells, and activated lymphocytes [3]. The immune 
modulating effect of vitamin D was also highlighted by 
studies demonstrating an association between the incidence 
of several autoimmune diseases (including type 1 diabetes 
mellitus, multiple sclerosis, and systemic lupus erythema-
tosus) and decreased serum levels of vitamin D [4]. While 
vitamin D status has been studied in different autoimmune 
diseases in adults, studies addressing its role in autoim-
mune thyroiditis, particularly in children, are generally few 
[5, 6]. An association between vitamin D status and AIT in 
Egyptian children has not been previously reported; up to 
our knowledge, this is the first study to address such poten-
tial role. In this study, we examined the prevalence of vita-
min D deficiency in children with AIT and its relation to 
thyroid function tests and autoimmunity biomarkers.

Patients and methods

We consecutively enrolled 56 children and adolescents 
newly diagnosed with AIT. They were recruited as they 
attended the Endocrinology Clinic of Children Hospital, 
Assiut University, Egypt. Final enrollment in the study was 
confirmed by elevated serum level of anti-thyroid peroxi-
dase antibodies and/or anti-thyroglobulin antibodies, and 
the typical finding of hypoechogenicity of the thyroid gland 
on high-resolution ultrasound scans [7, 8]. Subjects were 
excluded from the study if they had major illness or chronic 
inflammatory/autoimmune disease other than AIT. They 
were also excluded if they consumed vitamin D, multi-
vitamins, calcium, or vitamin D/mineral fortified food dur-
ing the previous 3 months. The control group comprised 56 
healthy volunteers, of matched age and gender, who had no 
personal/family history of thyroid, autoimmune or chronic 
inflammatory illnesses. They had no clinical evidence of 

thyroid disease and had normal thyroid function and nor-
mal anti-TPO antibodies tests. A thorough history taking 
and complete physical examination aimed to find the signs 
of thyroid dysfunction or disease. The weight and height 
were measured and body mass index (BMI) was calculated 
(weight in kilograms divided by the square of the height in 
meters).

The study was approved by the ethics committee of 
Children Hospitals and Faculty of Medicine, Assiut Univer-
sity and was performed in accordance with the standards 
laid down in the 1964 Declaration of Helsinki and its later 
amendments. Written informed consent was obtained from 
the legal guardians of participants before enrollment in the 
study.

Laboratory investigations

Thyroid-stimulating hormone (TSH) serum level was 
determined by ultrasensitive immunometric assays (Immu-
liteTM 2000 Third Generation, Diagnostic Products Corpo-
ration, Los Angeles, CA). Free thyroxin (FT4) was deter-
mined by radioimmunoassay (RIA) using an automated 
system (Roche Diagnostics).

The reference range for TSH was 0.4–4.0  mU/L, and 
for FT4 10.0–26.0  pmol/L. The coefficients of variations 
(CVs) were 5.0 and 5.1 % at TSH concentrations of 4.0 and 
10.0 mU/L, respectively, and for FT4, the CV was 6.5 % at 
10.0 pmol/L.

Subclinical hypothyroidism is defined as a serum thy-
roid-stimulating hormone (TSH) concentration above the 
statistically defined upper limit of the reference range when 
serum free T4 concentration is within its reference range. 
Overt hypothyroidism was defined as an elevated TSH in 
the presence of low free T4 levels [9].

Serum anti-thyroid peroxidase antibodies (TPOAb) 
and anti-thyroglobulin (TgAb) were measured by rapid 
enzyme-linked immunosorbent assay (ELISA); (Genesis 
Diagnostics, Littleport, UK). Tg Ab and TPO Ab concen-
trations more than 100 and 75  IU/ml, respectively, were 
considered positive and at least one positive antibody con-
ferred the diagnosis of AIT.

Serum 25OH vitamin D level was estimated using a 
semi-automated solid-phase extraction, reverse-phase high-
performance liquid chromatography assay [2]. Vitamin 
D status was classified according to the American Acad-
emy of Pediatrics (AAP)/LWEPS’s recommendations on 
the cutoff levels for states of vitamin D. A 25OH vitamin 
D level of <5  ng/ml was considered as severe deficiency, 
a level between 5 and 15  ng/ml as deficiency, a level of 
15–20 ng/ml as insufficiency, and a level of 20–100 ng/ml 
as normal (sufficient) [10].
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Statistical analysis

Simple statistics such as frequency, mean, and stand-
ard deviation (SD) were used. For comparison of two 
groups, Student’s t test was used for parametric data 
and Mann–Whitney U test for nonparametric data. Mul-
tiple groups were tested using ANOVA. Linear correla-
tions were performed by Spearman’s or Pearson’s test. 
General linear model and logistic regression were used 
to test “between-subjects effects” and independent risk 
effectors, respectively. In regression model, the covari-
ates are the quantitative variable (interval scale or ratio 
scale) and the factors are the qualitative variables (cat-
egorical/nominal). For all analyses, P values <0.05 were 
considered statistically significant. Data analysis was 
carried out using Statistical Package for Social Sciences 
(SPSS®, version 16).

Results

The mean age of the AIT patients was 14.32 ± 3.12 years 
and 78.6  % were female (44/56). Overt hypothyroidism 
was detected in 75 % of patients (42/56) while subclinical 
hypothyroidism was detected in 25 % (14/56).

Children in the AIT group, compared to controls, had 
significantly higher BMI (P  <  0.05), significantly higher 
vitamin D deficiency rates (71.42 vs 21.42 %, P < 0.0001) 
and significantly lower mean vitamin D levels (16.2 ± 8.2 
vs 33.9 ± 12.7 nmol/L, P < 0.001); Table 1.

Children and adolescent with overt hypothyroidism, 
compared to the subclinical hypothyroidism group, were 
significantly older (15. 21 ±  4.32 vs 13.10 ±  3.56 years, 
P < 0.05), with significantly higher BMI (23.9 ±  3.33 vs 
18.7 ± 3.54, P < 0.05), and significantly lower vitamin D 
levels (9.54 ± 3.21 vs 16.42 ± 7.51 nmol/L, P < 0.01).

Serum 25OH D showed a significant positive correla-
tion with the free T4 level among AIT cases (r =  0.559, 
P < 0.001). However, it showed a significant negative cor-
relation with each of the following (r is the correlation 
coefficient): age (r  =  −0.445), duration of the disease 
(r = −0.676), BMI (r = −0.765), anti-TPO (r = −0.533), 
anti-Tg (r  =  −  0.487) and serum TSH (r  =  −0.445) 
(P < 0.001 each).

General linear model of “between-subjects effect” 
showed that the age, BMI, and vitamin D deficiency rate 
were significantly associated with occurrence of overt 
hypothyroidism (P = 0.001, P = 0.012, and P = 0.0001, 
respectively) in AIT.

Multiple regression analysis showed that vitamin D defi-
ciency is an independent risk factor for occurrence of AIT 
in our patients [odds ratio (OR) 8.2, 95 % confidence inter-
val (CI) 4.2–27.7, P < 0.0001], and that normal vitamin D 

level is a protective factor in the control group (OR 2.32 
CI 1.25–4.29, P = 0.007). However, serum 25OHD did not 
qualify as an independent risk factor for the progression of 
AIT to subclinical (OR 0.774, CI 0.278–5.386, P = 0.011) 
or overt hypothyroidism (OR 0.65, CI 0.48–1.9, P = 0.07); 
Table 2.

Discussion

In the present study, we reported a significantly higher vita-
min D deficiency rate in the AIT group compared to the 
control group (P  < 0.001). Our findings are in agreement 
with earlier studies showing lower serum vitamin D levels, 
and higher deficiency rates, in patients with Hashimoto’s 
thyroiditis [5, 11]. However, our findings are contradicted 
by other studies showing that vitamin D deficiency is not 
associated with thyroid autoimmunity [12, 13]. Hence, 
lower levels of vitamin D in AIT children may be a primary 
phenomenon involved in the pathogenesis of the disease, or 
may only represent an association caused by the higher rate 
of vitamin D deficiency in Egyptians [14]. In fact, earlier 
studies from Egypt showed that about 42 % of healthy chil-
dren and 21 % of adolescent girls had vitamin D deficiency 
[15, 16]. Vitamin D deficiency in Egyptian children, despite 
availability of sunlight throughout the year, was explained 

Table 1   BMI, thyroid functions and vitamin D status in AIT patients 
and controls

AIT group  
(n = 56)

Control group 
(n = 56)

P value

BMI (kg/m2) 20.4 ± 3.29 17.2 ± 4.82 <0.05

TSH (IU/ml) 39.09 ± 9.55 3.67 ± 2.77 <0.001

Free T4 (pmol/l) 6.51 ± 1.61 17.53 ± 3.22 <0.001

Vitamin D defi-
ciency rate

71.42 % (40/56) 21.42 % (12/56) <0.001

Serum 25OH D  
(ng/ml)

16.2 ± 8.2 33.9 ± 12.7 <0.001

Table 2   Multiple regression analysis testing independent risks for 
AIT progression

While vitamin D deficiency rate was an independent risk for progres-
sion to overt hypothyroidism, 25OH D level was not the major deter-
minant of AIT progression (after adjusting for age, gender and BMI)

Factors and covariates OR (odds ratio) 95 % CI P value

Age (years) 0.977 0.949–1.017 0.256

Sex 0.382 0.232–1.511 0.249

BMI (kg/m2) 1.100 0.974–1.321 0.312

25OHD (ng/ml) 0.774 0.278–5.386 0.011

Vitamin D deficiency rate 8.2 4.2–27.7 <0.0001
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by traditional and cultural factors in addition to a genetic 
predisposition [17].

In this study, vitamin D level showed a significant 
negative correlation with the serum levels of the autoim-
mune thyroid marker TPOAb. While the pathogenic role 
of TPOAb has not been clearly established, their presence 
denoted an ongoing thyroid destruction that may have 
started years before the establishment of thyroid hypofunc-
tion [18]. There is increasing body of evidence that vitamin 
D has direct regulatory effects on immune system com-
ponents, including regulatory T cells, innate and adaptive 
immunity. Furthermore, vitamin D supplementation pre-
vented the onset and/or progression of several autoimmune 
diseases in humans and animal models [4]. Modification 
of tolerance to self-antigens appears to be related to vita-
min D-deficient status. One of the mechanisms described 
is the stimulation of the expression of FoxP3 in regulatory 
T cells that have a direct action on the adaptive tolerance to 
self-antigens [19]. Vitamin D inhibits the production of Th1 
polarizing cytokine (IL-12), thereby indirectly shifting the 
polarization of T cells from a Th1 toward a Th2 phenotype 
and directly inhibits the production of Th1 cytokines (IL2 
and IFNc), and enhances Th2 cytokine (IL-4) production. 
Vitamin D mediates its immunologic effects though bind-
ing VDR, and activation of the VDR-responsive genes [20, 
21]. Several genetic variations have been identified in the 
VDR gene and were found to be associated with autoim-
mune diseases [22]. It is possible that vitamin D is contrib-
uting to the pathogenesis of AIT via genetic polymorphism.

Vitamin D level is a simple and inexpensive test that can 
serve as a prognostic marker for AIT [23, 24]. We noted 
a significantly lower vitamin D level in children and ado-
lescents with overt hypothyroidism when compared to the 
subclinical group; vitamin D also correlated positively 
with the free T4 and negatively with TSH and TgAb. We 
can assume, from these observations, that assessment of 
vitamin D level early in AIT disease, in addition to vitamin 
D supplementation (if needed), may slow the progression 
of the autoimmune process and prevent the grave conse-
quences of the disease [25]. However, further studies are 
needed to support these recommendations as vitamin D 
level was not an independent risk for the progression of 
AIT to overt hypothyroidism in our children.

Despite being significantly correlated with FT4 level, 
serum 25OH D did not qualify as an independent risk for 
the occurrence of overt hypothyroidism in children with 
AIT. This finding suggests that the effect of serum 25OH 
D on the clinical outcome of AIT would be confounded 
by other factors. In fact, children in the overt hypothyroid-
ism group had a significantly higher age and BMI than the 
subclinical and control groups. Moreover, further analy-
sis of our data confirmed that vitamin D levels correlated 
negatively and significantly with BMI. Generally, lower 

levels of vitamin D have been associated with obesity and 
increased BMI [26]. Vitamin D is a lipophilic hormone; it 
is possible that in obese patients it is stored in adipose tis-
sue with increased catabolism and relative unavailability 
in the circulation to exert its physiological function. It is 
also possible that fatty liver disease, associated with obe-
sity, reduces the hydroxylation of vitamin D to 25OH vita-
min D [27, 28].

Our study has its limitations: the relative small number of 
cases, the complex nature of AIT pathogenesis, the effect of 
BMI on vitamin D homeostasis, and the possibility that an 
unknown factor like genetic polymorphism is implicated in 
the noted association of vitamin D deficiency and AIT pro-
gression. Further studies with larger number of patients are 
needed before conclusions can be drawn about the relation 
of vitamin D and AIT in children.

Conclusions

Low serum vitamin D is significantly associated with AIT 
in Egyptian children. However, vitamin D level is not an 
independent risk for the progression of AIT to overt hypo-
thyroidism. BMI may have an influence on serum 25OHD 
levels. Further studies evaluating the pathophysiologic role 
of vitamin D in AIT children are needed.
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