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Abstract  

Background: Non-communicable illness is a pressing public health issue in 

India, resulting in a significant rise in both death and morbidity.   Out of them, 

Type-2 diabetic mellitus (T2DM) and hypertension are seeing a significant 

rise. Type 2 diabetes mellitus (T2DM) elevates the likelihood of developing 

thyroid dysfunction over an extended period of time. Type 2 diabetes mellitus 

(T2DM) and hypothyroidism are the leading causes of death and illness in 

both affluent and poor nations. Aim: Investigation of Thyroid Profile and 

Vitamin D Levels in Patients with Type 2 Diabetes Mellitus. Materials and 

Methods: This research used a case-control design, using a sample of 100 

individuals from Department of Biochemistry, Rajshree Medical Research 

Institute diagnosed with type 2 diabetes and 100 individuals without diabetes. 

The venous blood sample was obtained, and the serum was separated and kept 

at a temperature of -70 °C until it could be examined.   The commercially 

available kit was used to quantify the vitamin D metabolite, serum 25-

hydroxyvitamin D (25OHD). Thyroid function was evaluated by quantifying 

thyroid stimulating hormone (TSH), free-T3 (FT3), and free-T4 (FT4) levels 

using immunochemoluminescent tests performed by an automated instrument. 

Result: The clinical biochemistry values for individuals with type 2 diabetes 

mellitus (T2DM) showed lower levels of vitamin D (P < 0.001), calcium (P < 

0.001), magnesium (P < 0.001), potassium (P = 0.01), phosphorous (P < 

0.001), fasting blood glucose (P < 0.001), cholesterol (P < 0.001), HbA1c (P < 

0.001), high-density lipoprotein (HDL) cholesterol (P < 0.001), low-density 

lipoprotein (LDL) cholesterol (P = 0.003), albumin (P < 0.001), triglycerides 

(P = 0.002), systolic blood pressure (SBP) (P < 0.001), and diastolic blood 

pressure (DBP) (P < 0.001), as well as lower levels of TSH (P < 0.001), 

triiodothyronine (T3) (P < 0.001), and thyroxine (T4) (P < 0.001) compared to 

control subjects. These differences were statistically significant (P < 0.001). 

Conclusion: There is a significant correlation between vitamin D 

insufficiency and the prevalence of thyroid problems in people with T2DM.   

This research demonstrates a correlation between the rise in thyroid illnesses 

and the growth in metabolic syndrome, vitamin D insufficiency, HbA1C 

levels, diabetes, and obesity. 

 
 

 

INTRODUCTION 
 

Thyroid dysfunction, diabetes mellitus, and vitamin 

D insufficiency have a high prevalence worldwide, 

including in India.   As to the worldwide diabetes 

federation, the global population of individuals with 

diabetes is projected to rise from 415 million to 642 

million by 2040. Among them, India is estimated to 

have 69.1 million diabetes patients.[1] Furthermore, 

research has shown that around 42 million 

individuals in India are afflicted with thyroid 

disorders.[2] Subclinical hypothyroidism is a 

common thyroid problem that affects 3-15% of the 

adult population. Over time, a significant proportion 

of people develop this condition.   Subclinical 

hypothyroidism has a conversion rate of 4.3 to 8% 

to overt hypothyroidism, particularly among the 

adult population with a high propensity.[3–6]   

Conversely, there is a global rise in vitamin D 

insufficiency, with a prevalence of 80-90%. Despite 

this, it remains the most often overlooked and 

treatable dietary deficit worldwide.[7,8] The 

relationship between vitamin D insufficiency and 

numerous illnesses, such as cancer, cardiovascular 

disorders, autoimmune diseases, endocrine diseases, 

and metabolic diseases, is receiving significant 
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attention.[9,10] Vitamin D acts as an 

immunomodulator, and a lack of it may impact 

autoimmune thyroid disease.   Subclinical 

hypothyroidism is characterised by elevated levels 

of TSH and normal levels of T3 and T4. It is often 

an early stage of hypothyroidism and is frequently 

caused by chronic autoimmune thyroiditis. Over 

time, this condition may progress to overt 

hypothyroidism, with an annual conversion rate of 

4.3-8%. Multiple publications have documented 

positive connections between vitamin D 

insufficiency and thyroid dysfunction in individuals 

with type 2 diabetes mellitus.[9] Clinical practise has 

documented the correlation between vitamin D 

insufficiency and thyroid illnesses, which are the 

most prevalent endocrinological medical 

problems.[10] Impairments in pancreatic β-cell 

function, insulin sensitivity, and systemic 

inflammation are some of the variables that 

contribute to the development of T2DM.   The 

primary hazards in both developed and developing 

nations are Type 2 Diabetes Mellitus and 

hypothyroidism.   T2DM heightens the long-term 

susceptibility to thyroid dysfunction.[11] T2DM and 

hypothyroidism are the leading causes of death and 

illness in both affluent and developing nations.[12] 

The purpose of our research was to investigate the 

potential correlation between reduced levels of 

vitamin D and the prevalence of thyroid illness. This 

research is a cross-sectional case-control analysis 

that investigated the levels of 25(OH)D in 

individuals with thyroid conditions, both with 

T2DM and in a control group. 

 

MATERIALS AND METHODS 

 

This research used a case-control approach.   The 

research included individuals aged 20 to 63 who 

were admitted to our hospital.   This research used a 

case-control design, using a sample of 100 

individuals from Department of Biochemistry, 

Rajshree Medical Research Institute diagnosed with 

type 2 diabetes and 100 individuals without diabetes 

(control participants).   The current investigation 

obtained ethical clearance from the institution, and 

patients provided informed written permission prior 

to commencement. Patients were classified as 

having DM if they had a documented history of DM 

and were presently using any oral drugs for diabetes.   

The World Health Organisation (WHO) and the 

International Diabetes Federation (IDF) define the 

diagnosis of DM as having a fasting venous blood 

glucose (FBG) concentration of 7.0 mmol/L or 

higher and/or a postprandial blood glucose (PPG) 

concentration higher than 11.1 mmol/L.   A 

participant was assigned to the control group 

(consisting of individuals without diabetes) if their 

fasting blood glucose (FBG) level was below 7.0 

mmol/L (126 mg/dL), their glycosylated 

haemoglobin (HbA1c) level was below 48 

mmol/mol (6.5%), and they did not disclose taking 

any prescription diabetic drugs.  The following 

variables were also examined: FBG, serum 

cholesterol, serum triglycerides, HDL, LDL, PPG, 

HbA1c, VLDL, blood urea, and serum creatinine.  

Methodology 

The venous blood sample was obtained, and the 

serum was separated and kept at a temperature of -

70 °C until it could be examined.   The 

commercially available kit was used to quantify the 

vitamin D metabolite, serum 25-hydroxyvitamin D 

(25OHD).   The processed samples were then 

analysed using the competitive binding 

radioimmunoassay (RIA) method.   The subjects 

were categorised into two distinct classifications:   

1) Insufficient levels of Vitamin D, with a 25(OH)D 

concentration below 20 ng/mL; 2) Adequate levels 

of Vitamin D, with a 25(OH)D concentration over 

20 ng/mL, as recommended by Bener et al,[10] 

Mazokopakis and Kotsiris,[13], and Holick et al.[14] 

Thyroid function was evaluated by quantifying 

thyroid stimulating hormone (TSH), free-T3 (FT3), 

and free-T4 (FT4) levels using 

immunochemoluminescent tests performed by an 

automated instrument.   The measurement of TSH 

was conducted using an immunoassay technique.   

The assessment of FT3 and FT4 is crucial in the 

diagnosis of thyroid diseases, since the levels of 

these hormones are influenced by changes in 

binding protein concentrations.   Accurate 

assessment of hormone concentration is crucial for 

free thyroid hormone measurement, especially in the 

face of substantial variance.   Patients with thyroid 

nodules larger than 1.00 cm were recommended to 

have a fine needle aspiration biopsy of the thyroid.   

This research included several criteria, including 

socio-demographic characteristics, lifestyle 

behaviours, and biochemical test findings.   Patients 

were classified as physically active if they engaged 

in walking or cycling for a duration exceeding 30 

minutes per day.  

Statistical Analysis  

Analysed data was processed using the Statistical 

Package for the Social Sciences (IBM SPSS 

Statistics for Windows, Version 25.0).   The 

statistical significance of differences in mean values 

between two continuous variables was assessed 

using the Student's t-test for normally distributed 

data and the Mann-Whitney test for non-normally 

distributed data.   The chi-square and Fisher's exact 

tests are used to determine significant differences 

between two or more category groups.   A 

multivariate logistic regression analysis was 

conducted to forecast the risk variables associated 

with the occurrence of thyroid nodules.   A 

significance threshold of 0.05 was used. 
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RESULTS  

 

Table 1 displays the socio-demographic and clinical 

characteristics of the T2DM patients and control 

participants that were examined.   Statistically 

significant disparities were seen between those with 

T2DM and those without the condition in terms of 

BMI, physical activity, family history of diabetes, 

hypertension, and family history of thyroid nodules. 

[Table 1] 

Table 2 displays the first clinical biochemistry data 

for both T2DM and control individuals.   The 

clinical biochemistry values for individuals with 

type 2 diabetes mellitus (T2DM) showed lower 

levels of vitamin D (P < 0.001), calcium (P < 

0.001), magnesium (P < 0.001), potassium (P = 

0.01), phosphorous (P < 0.001), fasting blood 

glucose (P < 0.001), cholesterol (P < 0.001), HbA1c 

(P < 0.001), high-density lipoprotein (HDL) 

cholesterol (P < 0.001), low-density lipoprotein 

(LDL) cholesterol (P = 0.003), albumin (P < 0.001), 

triglycerides (P = 0.002), systolic blood pressure 

(SBP) (P < 0.001), and diastolic blood pressure 

(DBP) (P < 0.001), as well as lower levels of TSH 

(P < 0.001), triiodothyronine (T3) (P < 0.001), and 

thyroxine (T4) (P < 0.001) compared to control 

subjects. These differences were statistically 

significant (P < 0.001). [Table 2] 

Table 3 gives multivariable stepwise logistic 

regression analysis of independent predictors for the 

presence of thyroid nodules. TSH mIU/L (OR: 5.03, 

95% CI: 2.99 – 6.06, P = 0.01), HbA1c (OR: 4.02, 

95% CI: 3.11 – 5.19, P = 0. 01), vitamin D 

deficiency (OR: 3.29 95% CI: 1.99 – 6.71, P =0.01), 

SBP (mm Hg) (OR: 3.11, 95% CI: 1.89 – 4.06, P = 

0.01), family history of T2DM (OR: 2.52, 95% CI: 

1.77 – 4.36, P = 0.001), BMI (OR: 2.39, 95% CI: 

1.59 - 3.87, P = 0.002), serum calcium level 

(mmol/L) (P = 0.006), and family history of thyroid 

(P = 0.01) were considered at higher risk as 

predictors of thyroid among T2DM patients. [Table 

3]

 

Table 1: Basic profile of the participants.  
T2DM =100 Control =100 P value 

Gender Number  Percentage  Number  Percentage  
 

  Male 34 34 33 33 0.31 

  Female 66 66 67 67 
 

Age groups (in years) 
 

 
 

 
 

below 25 10 10 11 11 
 

25-35 16 16 18 18 0.54 

35-45 25 25 24 24 
 

  45-55 20 20 22 22 
 

above 55 29 29 25 25 
 

Family history of DM 
 

 
 

 
 

  Yes 15 15 6 6 0.001 

  No 85 85 94 94 
 

BMI (kg/m2) 
 

 
 

 
 

  Normal (< 25 kg/m2) 25 25 32 32 
 

  Overweight (29 - 30 kg/m2) 45 45 43 43 0.02 

  Obese (> 30 kg/m2) 30 30 25 25 
 

Physical activity 
 

 
 

 
 

  Yes 25 25 30 30 0.04 

  No 75 75 70 70 
 

Hypertension 
 

 
 

 
 

  Yes 20 20 12 12 0.003 

  No 80 80 88 88 
 

 

Table 2: Biochemical parameter. 

Parameter T2DM =100 Control =100 
 

 
Mean Sd Mean Sd P value 

Vitamin D (ng/mL) 18.03 2.36 24.06 3.96 0.001 

Hemoglobin (g/dL) 12.15 2.48 13.45 1.87 0.14 

Magnesium (mmol/L) 0.81 0.06 0.93 0.22 < 0.001 

Potassium (mmol/L) 3.45 0.34 3.82 0.44 < 0.001 

Calcium (mmol/L) 1.59 0.39 1.77 0.39 0.001 

Phosphorous (mmol/L) 1.51 0.44 1.63 0.41 0.041 

Creatinine (mmol/L) 69.63 4.58 68.06 4.89 0.11 

Fasting blood glucose (mmol/L) 7.52 1.25 6.49 1.64 < 0.001 

HbA1C (mmol/L) 7.45 1.11 5.36 1.03 < 0.001 

Cholesterol (mmol/L) 4.72 0.98 4.28 0.63 < 0.001 

HDL (mmol/L) 0.97 0.11 1.21 0.28 0.43 

LDL (mmol/L) 1.65 0.45 1.56 0.54 0.003 

Albumin (mmol/L) 42.26 2.65 40.09 3.61 < 0.001 

Bilirubin (mmol/L) 7.02 1.09 6.99 ± 2.54 1.74 0.01 

Triglyceride (mmol/L) 1.69 0.87 1.61  0.77 < 0.001 

Uric acid (mmol/L) 281 .47 8.36 265.58 7.96 < 0.001 

Systolic blood pressure (mm Hg) 129.78  5.58 125.98  5.33 0.007 
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Diastolic blood pressure (mm Hg) 78.52  4.39 76.05  4.06 0.003 

Thyroid stimulating hormone (TSH) 2.61  0.78 2.29  0.55 < 0.001 

T3 1.91  0.69 1.61 0.36 < 0.001 

T4 1.21  0.48 0.96  0.21 < 0.001 

 

Table 3: Multivariate Logistic Regression Analysis. 

Independent variables Adjusted odds ratio (95% Confidence interval) P value 

TSH, mIU/L 5.03(2.99 – 6.06) 0.01 

HbA1C (mmol/L) 4.02(3.11 – 5.19) 0.01 

Vitamin D deficiency 3.29(1.99 – 6.71) 0.01 

Systolic blood pressure, mm Hg 3.11(1.89 – 4.06) 0.01 

Family history of T2DM 2.52(1.77 – 4.36) 0.01 

BMI ( kg/m2) 2.39(1.59 – 3.87) 0.002 

Serum calcium level (mmol/L) 2.01(1.44 – 3.05) 0.006 

Family history of thyroid 1.84(1.22 – 3.04) 0.01 

 

DISCUSSION 
 

Diabetes mellitus is a global pandemic and now the 

most widespread chronic disease in the world, 

affecting around 9% of the adult population. 

Furthermore, VDD has garnered significant scrutiny 

recently due to its elevated prevalence and its 

involvement in the development of other chronic 

diseases. VDD and T2DM are well acknowledged 

as a comorbidity and susceptibility factor for thyroid 

disease.[15] The present research discovered that 

vitamin D deficiency (VDD) is prevalent among 

individuals with diabetes, with a prevalence rate of 

49%.   Furthermore, elevated levels of TSH have 

been linked to decreased levels of 25-

hydroxyvitamin D (25-OHD). Furthermore, 

decreased levels of TSH have been linked to 

elevated levels of 25-hydroxyvitamin D (25-OHD).   

Furthermore, a direct correlation has been shown 

between TSH and 25-OHD levels in individuals 

with type 2 diabetes mellitus.   Higher levels of 25-

OHD with suppressed TSH levels may be attributed 

to enhanced absorption of 25-OHD in a 

hyperthyroid condition.   The metabolism of 25-

OHD is likewise controlled in a reciprocal manner 

by thyroid hormones.   Examination of the skin in 

individuals with hypothyroidism has shown a 

reduction in the thickness of the outer layer of the 

skin (epidermis) and an excessive accumulation of 

keratin (hyperkeratosis). Consequently, the body 

may have difficulties in effectively utilising vitamin 

D.[16] The present research included a matched case-

control design to investigate the correlation between 

vitamin D and thyroid illness in individuals with 

T2DM. The presence of low levels of vitamin D has 

been shown to be associated with elevated levels of 

thyroid antibodies in both adults and adolescents.[17-

19] This aligns with the present findings of the 

research.  Additionally, vitamin D insufficiency and 

type 2 diabetes mellitus (T2DM) are well 

acknowledged as factors that contribute to the 

development and increased likelihood of thyroid 

illness.   Hence, it is crucial to implement efficient 

measures to regulate vitamin D and T2DM in order 

to decrease the prevalence of thyroid disorders 

among individuals in the middle age bracket, which 

might potentially impact their overall well-being.   

In addition, the present study found that individuals 

with T2DM had a greater frequency and bigger size 

of thyroid nodules, which aligns with earlier 

research indicating a favourable association between 

insulin resistance and thyroid nodule size. The 

current investigation revealed a significant disparity 

in average vitamin D levels between those with 

thyroid nodules, who exhibited a deficit, and those 

without thyroid nodules, who had sufficient levels 

of vitamin D.   This is consistent with the findings 

of the earlier cited research.[17,18] T2DM and thyroid 

illnesses have a strong correlation, since they are the 

most often reported endocrinological medical 

problems that are associated with vitamin D 

insufficiency in general clinical practise.  Moreover, 

other studies have shown a correlation between 

thyroid volume and various risk factors, including 

iodine shortage and supply, BMI, age, gender, 

smoking status, hereditary variables, impaired 

fasting glucose, and diabetes mellitus.[18-20] In 

addition, a research has examined the influence of 

environmental and lifestyle variables.   It is 

important to acknowledge that vitamin D 

insufficiency/deficiency may have a role in the 

development of both diabetes mellitus (DM) and 

thyroid illness.   However, it is possible for vitamin 

D insufficiency to potentially be a result of these 

disorders.   The use of oral anti-diabetic drugs and 

adherence to therapeutic dietary restriction may 

have an impact on the vitamin D levels of 

individuals with diabetes.   Furthermore, thyroid 

dysfunction has the potential to alter the intake, 

absorption, or metabolism of vitamin D. Several 

recent studies have identified several risk factors for 

thyroid cancer, such as iodine deficiency, 

environmental variables, genetic factors, family 

history of diabetes mellitus and hypertension, and 

lifestyle factors.[21] Given the current investigation 

into the intricate relationship between vitamin D and 

thyroid autoimmunity in the setting of T2DM, our 

data findings provide confirmation for the 

hypothesis put out in this research.  The incidence of 

thyroid cancer has been increasing at a faster rate 

compared to other types of cancer throughout time. 

This may be attributed to the rise in obesity, 

diabetes, and sedentary lifestyle, which increase the 

risk of developing thyroid cancer.[22,23] The findings 
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of our study align with earlier research, specifically 

indicating that there is a correlation between vitamin 

D insufficiency and a higher likelihood of 

developing thyroid illness in individuals with type 2 

diabetes mellitus.[24] Moreover, the heightened 

susceptibility to thyroid cancer in individuals with 

diabetes may be associated with other variables such 

as elevated HbA1C and metabolic syndrome, 

triglyceride levels, obesity, dietary habits, and 

lifestyle choices.   Individuals who are obese have a 

much higher risk, 10 times greater, of acquiring 

diabetes. Additionally, obesity is linked to an 

elevated risk of thyroid cancer.[24] The results of our 

study showed a notable occurrence of thyroid 

disorders among individuals with type 2 diabetes 

mellitus (T2DM) as compared to the control group.   

This study validates prior research findings on the 

association between vitamin D insufficiency and 

thyroid illnesses in diabetic patients within the 

Turkish population. Additionally, it highlights the 

frequency of thyroid problems in patients with type 

2 diabetes, a topic that has been inadequately 

explored in other studies.[17] The research has 

several merits, although it also presents some 

shortcomings.   The current investigation has many 

constraints.   Firstly, the sample may exhibit partial 

bias, which is suboptimal for a matched case and 

control research.   This is because there is a potential 

for selection bias as the individuals were chosen 

from patients who sought treatment at a tertiary 

hospital.   Another constraint relates to the absence 

of data about the frequency of thyroid tests in our 

research sample.   Finally, there were no cytological 

or histological findings for either nodule. The 

primary benefits of this research lie in its extensive 

participant pool and the comprehensive dataset 

including many risk factor variables, including TSH, 

T3, T4, body weight, physical activity, smoking, 

food, BMI, family history of diabetes, hypertension, 

and thyroid. Moreover, the differentiation between 

the T2DM participants and the control group was 

established by evaluating fasting blood glucose and 

HbA1c levels, ensuring a definitive separation 

between the two groups. 
 

CONCLUSION 
 

There is a significant correlation between vitamin D 

insufficiency and the prevalence of thyroid 

problems in people with T2DM.   This research 

demonstrates a correlation between the rise in 

thyroid illnesses and the growth in metabolic 

syndrome, vitamin D insufficiency, HbA1C levels, 

diabetes, and obesity.   While it is evident that the 

incidence of thyroid cancer has been increasing at a 

faster rate compared to other types of cancer, this 

may be attributed to factors such as the rise in 

obesity, diabetes, and sedentary lifestyle. 

 

REFERENCES 
 

1. Bener A, Ozdenkaya Y, Al-Hamaq AOAA, Barisik CC, 

Ozturk M. Low vitamin D deficiency associated with thyroid 

disease among Type 2 diabetic mellitus patients. J Clin Med 

Res. 2018 September;10(9):707-14. doi: 

10.14740/jocmr3507w. PMID 30116441, PMCID 
PMC6089577. 

2. Li Q, Bi R. Relationship between serum 25-hydroxyvitamin 

D deficiency and thyroid disease in postmenopausal women 
with type 2 diabetes mellitus. Diabetes Metab Syndr Obes. 

2023 May 16;16:1407-14. doi: 10.2147/DMSO.S404172, 

PMID 37213210, PMCID PMC10199712. 
3. Zou J, Li Z, Tian F, Zhang Y, Xu C, Zhai J, et al. 

Association between normal thyroid hormones and diabetic 

retinopathy in patients with type 2 diabetes. BioMed Res Int. 
2020;2020:8161797. doi: 10.1155/2020/8161797, PMID 

32104706. 

4. Szabolcs I, Podoba J, Feldkamp J, Dohan O, Farkas I, Sajgó 
M et al. Comparative screening for thyroid disorders in old 

age in areas of iodine deficiency, long term iodine 

prophylaxis and abundant iodine intake. Clin Endocrinol 
(Oxf). 1997;47(1):87-. doi: 10.1046/j.1365-

2265.1997.2271040.x, PMID 9302377. 

5. Siddique Ahmed Khan MI, Ibrahim Shaik MS, Tasneem A, 
Mymoona . Assessment of interrelationship between vitamin 

D status, thyroid stimulating hormone levels, insulin 

resistance and secretion in patients with subclinical 
hypothyroidism. Int J Clin Biochem Res. 2019;6(4):464-9. 

doi: 10.18231/j.ijcbr.2019.097. 

6. Parle JV, Franklyn JA, Cross KW. Prevalence and follow-up 
of abnormal thyrotrophin (TSH) concentrations in the elderly 

in the UK. Clin Endocrinol (Oxf). 1991;34:77-. 

7. van Schoor NM, Lips P. Worldwide vitamin D status. Best 
Pract Res Clin Endocrinol Metab. 2011;25(4):671-80. doi: 

10.1016/j.beem.2011.06.007, PMID 21872807. 

8. Mithal A, Wahl DA, Bonjour JP, Burckhardt P, Dawson-
Hughes B, Eisman JA, et al. Global vitamin D status and 

determinants of hypovitaminosis D. Osteoporos Int. 

2009;20(11):1807-20. doi: 10.1007/s00198-009-0954-6, 
PMID 19543765. 

9. Bener A, Zirie M, Musallam M, Khader YS, Al-Hamaq AO. 

Prevalence of metabolic syndrome according to Adult 
Treatment Panel III and International Diabetes Federation 

criteria: a population-based study. Metab Syndr Relat Disord. 

2009;7(3):221-9. doi: 10.1089/met.2008.0077, PMID 
19320557. 

10. Bener A, Al-Hamaq AO, Kurtulus EM, Abdullatef WK, Zirie 

M. The role of vitamin D, obesity and physical exercise in 
regulation of glycemia in type 2 diabetes mellitus patients. 

Diabetes Metab Syndr. 2016;10(4):198-204. doi: 

10.1016/j.dsx.2016.06.007, PMID 27381964. 
11. Ashok T, Palyam V, Azam AT, Odeyinka O, Alhashimi R, 

Thoota S, et al. Relationship between vitamin D and thyroid: 
an enigma. Cureus. January 10, 2022;14(1):e21069. doi: 

10.7759/cureus.21069, PMID 35165540. 

12. Bener A, Ozdenkaya Y, Barişik CC. The impact of metabolic 
syndrome on increased risk of thyroid nodules and size. 

2018;5:1-6. 

13. Mazokopakis EE, Kotsiris DA. Hashimoto’s autoimmune 
thyroiditis and vitamin D deficiency. Current aspects. Hell J 

Nucl Med. 2014;17(1):37-40. doi: 10.1967/s002449910120, 

PMID 24563883. 
14. Holick MF. Vitamin D deficiency. N Engl J Med. 

2007;357(3):266-81. doi: 10.1056/NEJMra070553, PMID 

17634462. 
15. Matyjaszek-Matuszek B, Pyzik A, Nowakowski A, Jarosz 

MJ. Diagnostic methods of tsh in thyroid screening tests. 

Ann Agric Environ Med. 2013;20(4):731-5. PMID 
24364444. 

16. Hanley K, Jiang Y, Katagiri C. Epidermal steroid sulfatase 

and cholesterol sulfotransferase are regulated during late 
gestation in the fetal rat. J Investig Dermatl.l. 

1997;108(6):871-5. 

17. Camurdan OM, Döğer E, Bideci A, Celik N, Cinaz P. 
Vitamin D status in children with Hashimoto thyroiditis. J 

Pediatr Endocrinol Metab. 2012;25(5-6):467-70. doi: 

10.1515/jpem-2012-0021, PMID 22876540. 



1006 

 International Journal of Academic Medicine and Pharmacy (www.academicmed.org) 
ISSN (O): 2687-5365; ISSN (P): 2753-6556 

18. Shin DY, Kim KJ, Kim D, Hwang S, Lee EJ. Low serum 

vitamin D is associated with anti-thyroid peroxidase antibody 

in autoimmune thyroiditis. Yonsei Med J. 2014;55(2):476-

81. doi: 10.3349/ymj.2014.55.2.476, PMID 24532520. 

19. Welsh KJ, Soldin SJ. Diagnosis of endocrine disease: how 
reliable are free thyroid and total T3 hormone assays? Eur J 

Endocrinol. 2016;175(6):R255-63. doi: 10.1530/EJE-16-

0193, PMID 27737898. 
20. Palma CC, Pavesi M, Nogueira VG, Clemente EL, 

Vasconcellos F, Pereira LCJ. et al. Prevalence of thyroid 

dysfunction in patients with diabetes mellitus. Diabetol 
Metab Syndr. 2013;5(1):58. doi: 10.1186/1758-5996-5-58, 

PMID 24499529. 

21. Toulis K, Tsekmekidou X, Potolidis E, Didangelos T, 
Gotzamani-Psarrakou A, Zebekakis P. et al. Thyroid 

autoimmunity in the context of type 2 diabetes mellitus: 

implications for vitamin D. Int J Endocrinol. 

2015;2015:710363. doi: 10.1155/2015/710363, PMID 

26078759. 

22. Aschebrook-Kilfoy B, Sabra MM, Brenner A, Moore SC, 

Ron E, Schatzkin A. et al. Diabetes and thyroid cancer risk in 

the National Institutes of Health-AARP Diet and Health 
Study. Thyroid. 2011;21(9):957-63. doi: 

10.1089/thy.2010.0396, PMID 21767143. 

23. Schmid D, Behrens G, Jochem C, Keimling M, Leitzmann 
M. Physical activity, diabetes, and risk of thyroid cancer: a 

systematic review and meta-analysis. Eur J Epidemiol. 

2013;28(12):945-58. doi: 10.1007/s10654-013-9865-0, 
PMID 24243033. 

24. Leitzmann MF, Brenner A, Moore SC, Koebnick C, Park Y, 

Hollenbeck A. et al. Prospective study of body mass index, 
physical activity and thyroid cancer. Int J Cancer. 

2010;126(12):2947-56. doi: 10.1002/ijc.24913, PMID 

19795465. 
 

 


