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Abstract 

In 1994 universal iodization of salt was introduced on the whole Bulgarian territory. In 2005, аn international expert group gave 

the country credit for solving the problem of iodine deficiency. The last screening of pregnant Bulgarian women in 2019 

confirmed the presence of iodine sufficiency among the population. The current study aimed at updating the data on the 

prevalence of thyroid dysfunction (hypothyroidism and hyperthyroidism) in the country under conditions of iodine sufficiency in 

the Bulgarian population. The last population screening was conducted 12 years ago, allowing us to make a comparison with the 

current one in 2024, as both screenings were carried out under the conditions of systematic and continuous universal iodization of 

salt across the entire territory of Bulgaria. Material and Methods: 936 subjects were distributed into three age groups: 20-44 

years - 342 (36.5%), 45-59 years - 301 (32.2%) and 60-79 years - 293 (31.3%). TSH (ECLIA-sandwich method), FT4 

(competitive ECLIA method), TPOAb (ECLIA-method of the Cobas e601 analyzer) were examined. Thyroid dysfunction, which 

includes subclinical and clinical forms, was analysed regarding the frequency of each type and form in the studied population, as 

well as its distribution according to gender and among the three age groups. The data gathered in 2012 and 2024 were compared. 

Results: Hypothyroidism is the dominant disorder - 14.4% (135/936), while hyperthyroidism is 1.81% (17/936), p < 0.05. The 

highest number of patients have subclinical hypothyroidism - 13.67% (128/936). The prevalence of increased TPO antibodies is 

14.4% (133/936) and as expected, it is more common in women - 71.4% (95/133) compared to men - 28.6% (38/133), p < 0.001. 

The current thyroid dysfunction in our country has significantly increased - from 6.91% (166/2402) in 2012 to 16.23% (152/936) 

in 2024, p < 0.01. The relative share of known diagnosed cases during this 12-year period shows a marked rise - from 44.51% 

(73/164) to 63.16% (96/152) - p < 0.02 > 0.01, while the relative share of newly diagnosed cases during screening has a 

significant drop - from 55.49% (91/164) to 36.84% (56/152) - p < 0.02. Conclusion: These favorable trends in the reduction of 

undiagnosed cases of thyroid dysfunction are the result of increased diagnosis of thyroid pathology, ongoing regular screening 

campaigns, and raised awareness among the population, which is proof of the medical community beneficial work in the country. 
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1. Introduction 

Thyroid hormones, which affect most nuclear cells, are 

essential for growth and reproduction, as well as for the 

development of neurons and regulation of energy metabolism. 

Hypothyroidism and hyperthyroidism (known as thyroid 

dysfunction) are common conditions, which impair health and 

have negative effect on the population worldwide. 

Normal iodine levels are a key risk factor for thyroid 

diseases. However, there are other factors as well, such as 

aging, smoking, ethnicity, genetic predisposition, endocrine 

influences, and the effects of some new biological agents, 

which may impact the epidemiology of thyroid diseases [1]. 

Thyroid dysfunction affects both ganders and various age 

groups. It is more common among women, older individuals 

(over 60 years), people with family history of thyroid disease, 

people who have had thyroid disease, as well as women after 

childbirth [2]. The geographical area of residence also plays a 

role due to variations in iodine intake [3]. 

Thyroid dysfunction is one of the main endocrine disorders, 

affecting 30-40% of the patients in the endocrine practice [4, 

5]. Hypothyroidism is characterized by deficiency of thyroid 

hormones, defined according to biochemical parameters. 

Overt (clinical) hypothyroidism is combination of increased 

serum thyroid-stimulating hormone (TSH) levels and 

decreased serum free thyroxine (FT4) levels compared with 

the general population reference range. Subclinical 

hypothyroidism is defined as increased serum TSH levels 

combined with normal serum FT4 levels [6, 7]. Similarly, 

cases of clinical and subclinical hyperthyroidism are 

interpreted as TSH levels below the lower reference limit 

combined with high or normal serum FT4 levels. 

The reference ranges for functional tests assessing thyroid 

function are based on fixed percentage of the population 

distribution. It is believed that there is need for precise 

reference intervals based on key factors such as age and 

gender, as well as some specific factors like pregnancy [8]. 

The most common cause of hypothyroidism is chronic 

autoimmune thyroiditis (Hashimoto's thyroiditis), although 

other causes, including medications (such as amiodarone, 

lithium, and immune checkpoint inhibitors), radioactive 

iodine treatment and thyroid surgery are also frequent. In 

areas with sufficient iodine, autoimmune thyroid disease is 

considered the primary cause of hypothyroidism, while in 

iodine-deficient regions hypothyroidism is mainly attributed 

to iodine deficiency [1]. 

As of 2009, one-third of the world's population lived in 

areas with iodine deficiency, which had significant impact on 

fetal and child neurological development [9]. A large number 

of countries implemented programs for iodine fortification of 

table salt [10]. By 2016, 110 countries were classified as 

having optimal iodine intake, while 19 countries continued to 

have insufficient iodine intake [11]. Systematic iodine 

fortification of household salt has become mandatory in 

nearly 120 countries [10]. 

Universal iodization of salt was introduced in Bulgaria in 

1994. In 2005, a group of international experts classified 

Bulgaria among the countries, which successfully addressed 

the issue of iodine deficiency [12, 13]. According to 

WHO/UNICEF/ICCIDD, to eliminate iodine deficiency over 

90% of the households shoud use iodized salt. Bulgaria was 

officially included among the countries with ≥ 90% iodized 

salt used in households [14]. 

In 2019, a national screening was conducted in the country 

to update the data on iodine intake in pregnant women in 

Bulgaria. The iodine level in urine was determined using the 

inductively coupled plasma mass spectrometry (ICP-MS) 

method. Frozen samples were transported in a special 

container to the accredited Limbach laboratory in Heidelberg, 

Germany. The median urinary iodine concentration (mUIC) 

for the entire group of pregnant women (n=537) was 170 µg/L 

(95% CI 161.00 - 177.00) [15]. The normal range for urinary 

iodine concentration (UIC) in pregnant women is 150 - 249 

µg/L [16, 17]. That showed that there is iodine sufficiency in 

our country, allowing for accurate interpretation of the data 

obtained from thyroid hormone studies. 

The AIM of the current study is to update the data on the 

prevalence of thyroid dysfunction in Bulgaria under 

conditions of iodine sufficiency. The last screening was 

conducted 12 years ago, enabling comparisons, especially 

since both screenings were carried out under the systematic 

and continuous universal iodization of salt across the entire 

territory of Bulgaria. 

2. Material and Methods 

Precise criteria for the selection of the study participants 

had been set in advance. The participants in the study were 

divided into groups by their age, gender and place of 

residence. This distribution was made according to the data 

from the population census in Bulgaria by the National 

Statistical Institute (NSI), documented in December 2022. 

Non-institutionalized individuals from the population were 

studied as advised in the Recommendations of National 

Health and Nutrition Examination Survey (NHANES’2022) 

[18]. 

The study was carried out from 25-th March to 16-th May 

2024 in 16 regions with 51 nests. 1352 individuals aged from 

20 to 79, randomly selected from regional population registers 

according to age and gender were invited. A total of 936 

people (69.2%) agreed to participate, signed an informed 

consent, and were included in the study - 479 women (51.2%) 

and 457 men (48.8%). The avarage age of the participants was 

50.5 ± 13.6 years (from 20 to 79). The distribution of the 

subjects who were studied was made not only by gender, but 

also in three age groups according to the last population 

census of 2022 - 20-44 years - 342 (36.5%), 45-59 years - 301 

(32.2%), 60-79 years - 293 (31.3%), Table 1 [19]. 
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Table 1. Distribution of 936 subjects by gender and age. 

Gender, age 20-44 years 45-59 years 60-79 years Total 

Women - number (%) 159 (46.5%) 148 (49.2%) 172 (58.7%) 479 (51.2%) 

Men - number (%) 183 (53.5%) 153 (50.8%) 121 (41.3%) 457 (48.8%) 

Total 342 (100%) 301 (100%) 293 (100%) 936 (100%) 

 

All the data came from cross-sectional population-based 

multicenter study of the Bulgarian Society of Endocrinology. 

After thorough statistical analysis, the regions for the study 

were preselected and the optimal representative number of 

subjects from each region was estimated. 

The sample size was calculated with the expectation of at 

least 6% prevalence of the studied variable among the target 

population, 95% confidence level and 5% absolute precision. 

The geographic regions, the nests, the gender and age 

distribution of the sample were planned to represent the adult 

population (from 20 to 79 years). All participants signed 

informed consent approved by the local ethics committee at 

the University Hospital, and the research was conducted in 

accordance with the Declaration of Helsinki. The participants 

filled in a questionnaire containing demographic data, current 

and past health status, medical history, family history for 

cardiovascular, thyroid disorders and diabetes, past history 

and therapies, menstrual status for the females, and current 

smoking. Height, body weight and arterial pressure on the arm 

in sitting position were measured. The body mass index (BMI 

- kg / m2) was calculated. Hypertension was defined according 

to the recommendation for arterial pressure levels up to 130 / 

80 mmHg in the latest Guideline of European Society of 

Hypertension (ESH) 2023 [20]. 

1. Methodology 

The lack of consensus regarding the reference ranges for 

thyroid hormone levels used for diagnosis, as well as the 

sensitivity analysis, has led to some differences in the 

assessment of the prevalence of thyroid dysfunction. The 

number of participants in a given sample also played a role. 

With a smaller number, higher estimates of frequency are 

provided, and such a trend has been noted in analyses from 

Southern and especially Eastern Europe [21]. 

In countries with iodine sufficiency, the prevalence of 

hypothyroidism varies from 1-2%, increasing to 7% in 

individuals aged between 85-89 years. In the absence of 

age-specific reference ranges for TSH, population aging is 

likely to lead to higher prevalence of hypothyroidism [22]. 

Regarding reference ranges for serum thyroid hormones, 

the variation in the upper limit of the reference range for TSH 

concentration in most studies is significant (ranging from 3.4 

to 5.5 mIU/L) [23]. 

The most commonly cited reference range for TSH 

concentration in the clinical literature has set the upper limit at 

4.0 mIU/L and the lower limit at 0.4 mIU/L [24]. 

TSH was determined using an electrochemiluminescence 

immunoassay (ECLIA) for the in vitro quantitative 

determination in human serum, with measuring range of 

0.005-100 µIU/mL > 20 years TSH - 0.27 - 4.20 mIU/L. The 

conceptual definition of subclinical hypothyroidism 

(increased TSH and normal free thyroid hormone) and clinical 

hypothyroidism (high TSH and low free thyroid hormone) is 

currently in effect [23]. Some authors arbitrarily classify 

subclinical hypothyroidism as grade 1 (mild) if the initial TSH 

is < 10 mIU/L and grade 2 (severe) if the initial TSH is ≥ 10 

mIU/L [25, 26]. 

Our criteria for assessing thyroid function are as follows: 

subjects with TSH values below 0.27 mIU/L were considered 

hyperthyroid, and those with values above 4.20 mIU/L - 

hypothyroid. Subclinical hypothyroidism was defined as 

TSH > 4.20 mIU/L with normal FT4 levels (11.9 - 21.6 

pmol/L) and overt hypothyroidism - as TSH > 4.20 mIU/L 

with FT4 < 11.9 pmol/L. Subclinical hyperthyroidism was 

defined as TSH < 0.27 mIU/L with normal FT4 levels (11.9 - 

21.6 pmol/L) and overt hyperthyroidism - as TSH < 0.27 

mIU/L with FT4 > 21.6 pmol/L; TPOAb: 0 - 34 IU/mL. 

2. Laboratory analysis 

After a 12-hour overnight fast, cubitalis venipuncture blood 

samples were taken to determine TSH (Thyroid-Stimulating 

Hormone), FT4 (free thyroxine), TPOAb (thyroid peroxidase 

antibody). 

The laboratory analysis of all blood samples was performed 

in a Central laboratory on the day of taking morning blood 

sample on an empty stomach. Thyroid-Stimulating Hormone 

(TSH) - reference limits 0.27 - 4.2 mIU/L was quantified 

using the ECLIA-sandwich method of the Cobas e601 

analyzer; free thyroxine (FT4) with a competitive ECLIA 

method (reference limits 11.9 - 21.6 pmol/L), as well as 

thyroid peroxidase antibody (TPOAb) - reference limits < 34 

IU/mL by the ECLIA-method of the Cobas e601 analyzer. 

3. Ultrasound examination 

To determine the volume and structural characteristic of the 

thyroid gland, an ultrasound examination was performed with 

a Digital Color Doppler Diagnostic Scanner, C5 Ex 

(Shenzhen Landwind Medical Industry, China). The volume 

of the thyroid gland in mL was calculated according to a 

standard formula, [27]. 

4. Statistical analysis 

A. Descriptive and evaluation methods Variance analysis 

of quantitative variables - mean, median, standard deviation, 
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standard error of the mean, 95% confidence interval of the 

mean and median, minimum, maximum. 

Frequency analysis of qualitative variables (nominal and 

rank), which includes absolute frequencies, relative 

frequencies (in percentages), cumulative relative frequencies 

(in percentages). 

B. Hypothesis Testing Methods Chi-square test or Fisher's 

exact test - search for a relationship between two qualitative 

variables. 

Logistic regression analysis for odds ratios (OR). The 

statistical analysis was performed using IBM SPSS Statistics 

25. The critical significance level we used was α = 0.05. The 

corresponding null hypothesis is rejected when the P-value is 

less than α. 

3. Results 

The average levels of TSH, FT4, and TPO for the entire 

studied group and for both genders are shownd in Table 2. 

Table 2. Average levels of TSH, FT4, and TPO in both genders and overall for the entire group. 

Group Mean Standard deviation Median 95% Confidence Interval for Median 

TSH     

Women (n-479) 3.04 5.73 2.20 2.04 - 2.32 

Men (n-457) 2.27 1.52 1.95 1.84 - 2.05 

Total (n-936) 2.39 4.25 2.05 1.97 - 2.16 

FT4     

Women (n-479) 15.80 2.47 15.70 15.40 - 15.92 

Men (n-457) 16.01 2.17 15.99 15.68 - 16.20 

Total (n-936) 15.90 2.33 15.80 15.60 - 16.00 

ТРО     

Women (n-479) 52.77 111.81 11.50 10.80 - 12.00 

Men (n-457) 27.13 68.20 10.50 10.20 - 11.20 

Total (n-936) 40.25 93.93 10.90 10.60 - 11.40 

 

There is a significant difference in the level of TSH 

between the two genders in favor of women in the middle 

(45-59 years) and older (60-79 years) age groups - 2.27 (95% 

CI: 1.99-2.60) versus 1.91 (95% CI: 1.73-2.16), p < 0.025, 

and respectively 2.30 (95% CI: 1.96-2.61) versus 1.87 (95% 

CI: 1.60-2.09), p = 0.047 (Chi-Square test). In the younger age 

group (20-44 years) no such difference was found (p = 0.422), 

see Supplementary material Table S1. 

At the same time, a significant difference in the FT4 level 

was observed between the two genders only in the younger 

age group (20-44 years) - 15.79 ± 2.22 pmol/L versus 16.44 ± 

2.26 pmol/L, p < 0.013, see Supplementary material Table S2. 

A statistically significant difference was found between the 

two genders regarding TPOAb - 52.77 ± 111.81 IU/mL, 

median 11.50 (95% CI: 10.8-12.0) for women versus 27.13 ± 

68.20 IU/mL, median 10.50 (95% CI: 10.2-11.2) for men, p < 

0.006 (Mann-Whitney Test). The average level of TPOAb is 

higher in women compared to men in every age group, but the 

difference is significant only in the younger age group (20-44 

years) - 50.06 ± 107.6 IU/mL versus 22.8 ± 55.78 IU/mL, p < 

0.02. In the other two age groups, the ratios favoring women 

are maintained, but there is no significant difference, see 

Supplementary material Table S3. 

Table 3 presents the current prevalence of the two main 

functional disorders (hypothyroidism and hyperthyroidism in 

both clinical and subclinical forms) overall and by gender. 

The prevalence of functional thyroid disorders is 16.23% 

(152/936), with hypothyroidism being significantly more 

common compared to hyperthyroidism - 14.4% (135/936) vs. 

1.8% (17/936), p < 0.05. 
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Table 3. Types of thyroid dysfunction in the studied group - overall and by gender (current summarized data). 

Disorder Total number (%) Women-number (%) Men- number (%) 

Clinical hypothyroidism 7 (0.74%) 5 (1.04%) 2 (0.44%) 

Subclinical hypothyroidism 128 (13.67%) 98 (20.45%) 30 (6.56%) 

Hypothyroidism - total 135 (14.4%) 103 (21.5%) 32 (7.0%) 

Clinical hyperthyroidism 3 (0.32%) 2 (0.41%) 1 (0.22%) 

Subclinical hyperthyroidism 14 (1.49%) 8 (1.67%) 6 (1.31%) 

Hyperthyroidism - total 17 (1.81%) 10 (2.1%) 7 (1.53%) 

Euthyroid state 784 (83.79%) 366 (76.4%) 418 (91.47%) 

Total 936 (100%) 479 (100%) 457 (100%) 

 

In the pre-conducted survey among the participants, current 

and past illnesses, current treatments, and surgeries related not 

only to the thyroid gland but to all diseases were declared in 

the Questionnaire. Information about any known thyroid 

disease was obtained from 19.76% (185/936) of the examined 

individuals. In 8.86% (83/936) of the cases, individuals 

reported a nodular goiter—women 7.58% (71/936) and men 

1.28% (12/936), NS. Autoimmune thyroid disease (AITD) 

was reported by 10.89% (102/936) of the examined 

individuals—women 9.6% (90/936) and men 1.28% (12/936), 

NS. Based on the participants' data, two separate analyses 

have been prepared—one for known thyroid diseases and one 

for newly diagnosed thyroid diseases, which are presented in 

two separate tables (Tables 4 and 5). 

It should be noted that 79 of the examined individuals 

reported being on treatment for thyroid disease. 7.26% 

(68/936) have been taking Levothyroxine, 1.17% (11/936) - 

thionamide, or a total of 8.44% (79/936). Additionally, 

another 1.8% (17/936) of the participants have undergone 

surgery for thyroid pathology, meaning that a total of 10.25% 

(96/936) have received some therapeutic intervention for 

previously known thyroid disease. After surgery, only 35.3% 

(6/17) had functional thyroid disorders, and all of them were 

included in the group of patients with known functional 

thyroid disorders, as shown in Table 4. 

Table 4. Distribution of known thyroid functional disorders—overall and by gender. 

Disorder Total-number (%) Women- number (%) Men -number (%) 

Clinical hypothyroidism 4 (0.42%) 4 (0.83%) 0 

Subclinical hypothyroidism 76 (8.11%) 68 (14.2%) 8 (1.75%) 

Hypothyroidism - total 80 (8.53%) 72 (15.03%) 8 (1.75%) 

Clinical hyperthyroidism 2 (0.21%) 2 (0.41%) 0 

Subclinical hyperthyroidism 14 (1.5%) 7 (1.46%) 7 (1.53%) 

Hyperthyroidism - total 16 (1.7%) 9 (1.87%) 7 (1.53%) 

Euthyroid state 840 (89.76%) 398 (83.1%) 442 (96.7%) 

Total 936 (100%) 479 (100%) 457 (100%) 

 

(1) total - hypothyroidism-80/8.53% + 

hyperthyroidism-16/1.7% - 96/936 = 10.23%. 

(2) women - hypothyroidism-72/15.03% + 

hyperthyroidism-9/1.87% - 81/936 = 8.65% or 81/479 = 

16.9%. 

(3) men - hypothyroidism-8/1.75% + 

hyperthyroidism-7/1.53% - 15/936 = 1.6% or 15/457 = 

3.28%. 

The summary shows that some thyroid dysfunction is 

present in 10.24% (96/936) of the examined 
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individuals—hypothyroidism in 8.53% (80/936) and 

hyperthyroidism in 1.7% (16/936), p < 0.02. Functional 

disorders are about 5 times more common in women 

compared to men: 16.9% (81/479) vs. 3.28% (15/457), NS. 

This ratio is due to higher prevalence of hypothyroidism in 

women compared to men: 15.03% (72/479) vs. 1.75% (8/457), 

NS. 

Functional thyroid disorders in individuals with newly 

diagnosed thyroid dysfunction were analyzed separately, 

with the corresponding frequencies presented in Table 5. 

Subclinical hypothyroidism is present in 5.5% (52/936), 

clinical hypothyroidism in 0.32% (3/936) of the examined 

individuals, resulting in overall hypothyroidism 

frequency of 5.8% (55/936). Subclinical hyperthyroidism 

was present in 0.1% (1/936), while no cases of clinical 

hyperthyroidism were identified, making the overall 

hyperthyroidism frequency 0.1% (1/936). Overall, newly 

diagnosed thyroid dysfunction is present in 5.98% (56/936) of 

the examined group. 

Table 5. Distribution of newly diagnosed thyroid functional disorders - overall and by gender. 

 Total- number (%) women - number (%) men -number (%) 

Clinical hypothyroidism 3 (0.32%) 1 (0.21%) 2 (0.43%) 

Subclinical Hypothyroidism 52 (5.55%) 30 (6.26%) 22 (4.81%) 

Hypothyroidism - total 55 (5.8%) 31 (6.47%) 24 (5.25%) 

Clinical hyperthyroidism 0 0 0 

Subclinical Hyperthyroidism 1 (0.1%) 1 (0.1%) 0 

Hypetthyroidism - total 1 (0.1%) 1 (0.1%) 0 

Euthyroid state 880 (94.1%) 447 (93.43%) 433 (94.75%) 

Total 936 (100%) 479 (100%) 457 (100%) 

 

Distribution of functional thyroid disorders was made 

according to type in the three age groups (20-44 years, 45-59 

years, 60-79 years) - overall and by gender, Table 6. No 

significant difference was found in the frequency of each type 

of thyroid dysfunction between the three age groups. 

Table 6. Thyroid functional disorders by type - in the three age groups and for both genders. 

Gender, number, percent Type of functional disorder Number, per cent 
Functional disorder for each group - number 

(%) 

20-44 years 

women- 159 (46.5%) 

men - 183 (53.5%) 

total - 342 (100%) 

Total Hypothyroidism 

20-44 years 

women - 22 (71%) 

men - 9 (29%) 

total - 31 (100%) 

9.06% (31/342) 

 Subclinical hypothyroidism 

women - 20 (69%) 

men - 9 (31%) 

total - 29 (100%) 

 

 Clinical hypothyroidism  

women - 2 (100%) 

men - 0 

total - 2 (100%) 

 

45-59 years 

women- 148 (49.2%) 

men - 153 (50.8%) 

Total Hypothyroidism 

45-59 years 

women - 39 (73.6%) 

men - 14 (26.4%) 

total - 53 (100%) 

17.6% (53/301) 
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Gender, number, percent Type of functional disorder Number, per cent 
Functional disorder for each group - number 

(%) 

total - 301 (100%) 

 Subclinical hypothyroidism  

women - 37 (74%) 

men - 13 (26%) 

total - 50 (100%) 

 

 Clinical hypothyroidism 

women - 2 (66.7%) 

men - 1 (33.3%) 

total - 3 (100%) 

 

60-79 years 

women-172 (58.7%) 

men - 121 (41.3%) 

total - 293 (100%) 

Total Hypothyroidism 

60-79 years 

women - 40 (78.4%) 

men - 11 (21.6%) 

total - 51 (100%) 

17.4% (51/293) 

 Subclinical hypothyroidism 

women - 39 (%) 

men - 10 (%) 

total - 49 (100%) 

 

 Clinical hypothyroidism 

women - 1 (%) 

men - 1 (%) 

total - 2 (100%) 

 

20-44 years 

women- 159 (46.5%) 

men - 183 (53.5%) 

total - 342 (100%) 

Total hyperthyroidism 

20-44 years 

women - 3 (75%) 

men - 1 (25%) 

total - 4 (100%) 

1.16% (4/342) 

 Subclinical hyperthyroidism 

women - 3 (75%) 

men - 1 (25%) 

total - 4 (100%) 

 

 Clinical hyperthyroidism  

women - 0  

men - 0  

total - 0  

 

45-59 years 

women - 148 (49.2%) 

men - 153 (50.8%) 

total - 301 (100%) 

Total hyperthyroidism 

45-59 years 

women - 3 (75%) 

men - 1 (25%) 

total - 4 (100%) 

1.3% (4/301) 

 Subclinical hyperthyroidism 

women - 2 (66.7%) 

men - 1 (33.3%) 

total - 3 (100%) 

 

 Clinical hyperthyroidism 

women - 1 (100%) 

men - 0 

total - 1 (100%) 

 

60-79 years 

women - 172 (58.7%) 

men - 121 (41.3%) 

total - 293 (100%) 

Total hyperthyroidism 

60-79 years 

women - 7 (77.8%) 

men - 2 (22.2%) 

total- 9 (100%) 

3.07% (9/293) 

 Subclinical hyperthyroidism 
women - 6 (85.7%) 

men - 1 (14.3%) 
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Gender, number, percent Type of functional disorder Number, per cent 
Functional disorder for each group - number 

(%) 

total - 7 (100%) 

 Clinical hyperthyroidism 

women - 1 (50%) 

men - 1 50 (%) 

total - 2 (100%) 

 

The distribution of TPO antibodies (TPOAb) frequency among individuals of both genders in euthyroid, hypothyroid, and 

hyperthyroid states is presented in Table 7. 

Table 7. Frequency of increased TPOAb among women and men according to the type of functional thyroid disorder. 

Functional thyroid status Women Men Total 

Clinical hypothyroidism  6 (66.7%) 3 (33.3%) 9 (100%) 

Subclinical hypothyroidism  44 (86.3%) 7 (13.7%) 51 (100%) 

Clinical hyperthyroidism 2 (66.7%) 1 (33.3%) 3 (100%) 

Subclinical hyperthyroidism  0 0 0 

Euthyroid state 43 (61.4%) 27 (38.6%) 70 (100%) 

Total 95 (71.4%) * 38 (28.6%) * 133 (100%) 

*p < 0.001 

The frequency of TPOAb (TPOAb/+/) in women is 

significantly higher than that in men - 71.4% (95/133) 

compared to 28.6% (38/133), p < 0.001. In the group of 

women, the frequency of TPOAb/+/ is almost two times 

higher at 19.8% (95/479) than that in men - 8.31% (38/457), 

NS. 

In 47.4% (63/133) of cases, increased TPOAb/+/ is 

associated with functional thyroid disorders, while in 52.6% 

(70/133) it is present in an euthyroid condition. The highest 

frequency of TPOAb/+/ is found in hypothyroidism - 95.2% 

(60/63), whereas in hyperthyroidism, it is only 4.76% (3/63), 

p < 0.001, Table 8. 

Table 8. Frequency of TPOAb/+/ in impaired thyroid function and in euthyroid status. 

TPO Total number 
Hypothyroidism number 

(%) 
Hyperthyroidism - number (%) Euthyroid state - number (%) 

TPO/+/ 133 45.11% (60/133)* 2.25% (3/133) 52.63% (70/133)** 

TPO/-/ 803 9.33% (75/803)* 1.74% (14/803) 88.91% (714/803)** 

Total number 936 135 17 784 

p  < 0.001* NS < 0.001** 

Additionally, a comparative analysis of thyroid functional disorders in our country over the past 12 years was conducted based 

on the current screening and the analysis from 2012, as seen in Table 9. 
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Table 9. Comparison of the frequency of functional thyroid disorders (hypothyroid and hyperthyroid variants) in 2012 and 2024. 

 2024 y 2012 y  

Thyroid function Total number (%) Total number (%) р 

Hypothyroidism- clinical 0.75% (7/936) 0.9% (22/2402) NS 

Hypothyroidism - subclinical 13.67% (128/936) 3.2% (76/2402) < 0.01 

Known hypothyroidism 8.55% (80/936) 2.2% (53/2402) NS 

Euthyroid condition 73.51% (688/936) 90% (2163/2402) < 0.001 

Hyperthyroidism -clinical 0.32% (3/936) 0.4% (9/2402) NS 

Hyperthyroidism - subclinical 1.49% (14/936) 2.5% (59/2402) NS 

Known hyperthyroidism 1.71% (16/936) 0.8% (20/2402) NS 

Total 936 (100%) 2402 (100%)  

Impaired thyroid function 16.23% (152/936) 6.91% (166/2402) < 0.01 

 

4. Discussion 

There is an increasing trend in the prevalence of thyroid 

diseases worldwide, with numerous demographic and 

geographic factors influencing their epidemiology [28]. 

Variations in the prevalence of thyroid diseases across 

different countries may be due to several factors—differences 

in testing locations (in-clinic or outside), age, gender, 

race/ethnicity, geographic variations in iodine dietary intake, 

certain medications, and the method used for assessment. 

Additionally, the particular case of the included individuals is 

not always clear—whether they have known thyroid disease 

or are being treated with thyroid hormones or other 

medications, which may influence thyroid function [29]. 

Diogo Mendes et al. (2019) presented a very important 

analysis, emphasizing the role of numerous factors in 

assessing the prevalence of thyroid dysfunction, particularly 

the most common disorder, hypothyroidism - gender, age, 

number of participants in specific studies, and geographic 

area. Obviously, hypothyroidism is more common in women 

compared to men [women - 4.83% (2.74-7.46), F=99.06% 

versus men - 2.67% (1.62-3.96%), F=96.08%]. The 

prevalence of hypothyroidism below and above the age of 65 

is as follows: under 65 - 4.16% (2.34-6.48), F=99.54% versus 

over 65 - 6.60% (2.54-12.35%), F=NR. 

The number of individuals included in the study plays a 

significant role. The prevalence of hypothyroidism with less 

than 1000 participants is 6.72% (2.11-13.60%), F=NR; with a 

number between 1000 and 10,000 - 4.54% (3.73-5.42%), 

F=81.41%; and with more than 10,000 - 3.54% (0.87-7.93%), 

F=NR. 

Geographic location also plays a significant role in 

assessing hypothyroidism prevalence. In Europe, the northern 

and western parts have the same prevalence of 

hypothyroidism, the south has a slightly higher prevalence, 

while the eastern part of the continent shows the highest 

prevalence of this thyroid disorder. In Western Europe, the 

prevalence is 4.08% (3.12-5.31%), F=NR, while in Eastern 

Europe, it is 6.43% (4.36-9.40%), F=NR. 

All of the above factors should be considered in the 

analyses, so it will not be correct if we compare mechanically 

population studies which may differ regarding gender, age, 

number, and geographic locations. The same analysis 

emphasizes that subclinical hypothyroidism is the dominant 

form in Europe, more common among women and individuals 

over 65 years, with higher prevalence in Southern and 

especially Eastern Europe [21]. 

Our data demonstrated that among the two functional 

thyroid disorders, hypothyroidism is more common—88.8% 

(135/152), while hyperthyroidism accounts for only 11.2% 

(17/152), p < 0.001. 

In both disorders, subclinical forms are significantly more 

common, which is typical for Europe. For hypothyroidism, 

subclinical forms are present in 94.8% (128/135), whereas 

clinical hypothyroidism is present in 5.2% (7/135), p<0.001. 

In hyperthyroidism, 82.3% (14/17) were subclinical, and 17.7% 

(3/17) were clinical, p<0.01 (Table 3). 

The distribution between the two genders showed that 

thyroid dysfunction is present in 12.07% (113/936) of the 

women and 4.16% (39/936) of he men, NS. The distribution 

of the two types of functional thyroid disorders among women 

and men is as follows: 

(1) In women, thyroid dysfunction is present in 12.07% 

(113/936) - with 11% hypothyroidism (103/936) and 

1.06% hyperthyroidism (10/936). However, the 

distribution within the female group (n=479) shows that 

overall thyroid dysfunction is present in 23.59% 

(113/479) - with hypothyroidism 21.5% (103/479) and 

hyperthyroidism - 2.1% (10/479). 
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(2) In men, thyroid dysfunction is present in 4.16% (39/936) 

- with 3.4% hypothyroidism (32/936) and 0.75% 

hyperthyroidism (7/936). However, the distribution 

only within the male group (n=457) shows that overall 

thyroid dysfunction is present in 8.53% (39/457) - with 

7% hypothyroidism (32/457) and 1.53% 

hyperthyroidism (7/457). 

It can be summarized that functional thyroid disorders are 

about three times more common in women compared to men, 

23.59% (113/479) versus 8.53% (39/457), p < 0.05 - > 0.02. 

This ratio is due to the high prevalence of hypothyroidism in 

women compared to men, 21.5% (103/479) versus 7.0% 

(32/457), p < 0.05 (Table 3). 

In the young age group (20-44 years), the prevalence of 

hypothyroidism is 9.06% (31/342), with the prevalence 

doubling in the next two age groups - 17.6% (53/301) for the 

middle group (45-59 years) and 17.4% (51/293) for the third 

age group (60-79 years), NS. 

The prevalence of hyperthyroidism in the young age group 

(20-44 years) and the middle age group (44-59 years) is 1.16% 

(4/342) and 1.3% (4/301), respectively, and it nearly triples in 

the older age group (60-79 years) to 3.1% (9/293), which is 

not statistically significant (NS). Summarizing thyroid 

dysfunction across the three age groups, the distribution is as 

follows: 20-44 years - 10.23% (35/342); 45-59 years - 18.93% 

(57/301); 60-79 years - 20.47% (60/293), NS. Therefore, the 

frequency of thyroid dysfunction doubles with advancing age, 

Table 6. 

In all age groups, hypothyroidism predominates among 

women, who comprise about two-thirds of the cases: 20-44 

years - 71% (22/31); 45-59 years - 73.6% (39/53); 60-79 years 

- 78.4% (40/51). The same ratio between the two genders is 

maintained across the three age groups for hyperthyroidism - 

20-44 years - 75% (3/4); 45-59 years - 75% (3/4); 60-79 years - 

77.8% (7/9), Table 6. All these facts strongly emphasize the 

powerful role of gender in the development of thyroid 

disorders. 

The role of age is well illustrated in the study by Nermin 

Diab et al. (2019), which examined 5 392 participants over the 

age of 65 and found that nearly 25% of them had thyroid 

dysfunction, with subclinical forms predominating. In our 

study, a very similar result was found in the older age group 

(60-79 years) where thyroid dysfunction was present in 20.47% 

(60/293) of the screened individuals. Notably, in the study of 

Nermin Diab et al., while only 0.11% (6/5392) were on 

thyroid suppressive treatment, 16.9% (911/5392) were on 

replacement therapy with Levothyroxine. Thus, individuals 

with hypothyroidism made up 23.78%, and those with 

hyperthyroidism 1.25%, leading to prevalence of thyroid 

dysfunction of 25.03% among individuals over 65. It should 

be noted that the participants in this study included two races 

(white and black), which is important for the interpretation of 

the data [30]. 

The analysis by Nermin Diab et al. provides indisputable 

evidence for the importance of age in the increasing 

prevalence of thyroid dysfunction, which we also indicated in 

our material. On the other hand, a comparison of data from the 

two analyses showed that lower percentage of individuals in 

our material were on replacement therapy with Levothyroxine 

- 7.26% (68/936) compared to 16.9% (911/5392) in the study 

by Nermin Diab et al., while at the same time, our data 

showed thyroid suppressive treatment to be more frequent 

with 1.17% (11/936) compared to 0.11% (6/5392). These 

significant differences do not allow for direct comparison of 

our findings with the results obtained by Nermin Diab et al. 

regarding thyroid dysfunction. 

It is also important to discuss the inclusion of individuals in 

our screening who were under treatment for thyroid 

dysfunction, accounting for 8.44% (79/936) of those screened 

- with 7.26% (68/936) taking Levothyroxine and 1.17% 

(11/936) on antithyroid medication. Moreover, 1.8% (17/936) 

of screening participants had undergone surgery for thyroid 

pathology, with only 35.3% (6/17) having functional thyroid 

disorders post-surgery. These 6 individuals were also 

included in the group of patients with known functional 

thyroid disorder. 

In the analysis by Wouters, H. J. C. M. et al. (2020), 

involving 152 180 participants with an average age of 44.6 ± 

13.1 years, 58.5% were women. Thyroid medication was used 

by 4790 participants (3.1%), primarily Levothyroxine in 98.2% 

of cases. 88% of the participants were women. Among those 

on Levothyroxine, 59.3% had normal TSH levels. TSH levels 

outside the reference range in individuals not taking thyroid 

medications were found in 10.8% - with 9.4% having slightly 

higher levels (4.01-10.0 mIU/L), 0.7% with moderately high 

levels (>10.0 mIU/L), and another 0.7% who had suppressed 

TSH levels (<0.40 mIU/L). More than 98% of patients with 

TSH levels between 4 and 10 mIU/L had normal FT4 levels 

[31]. These researchers report a much lower percentage of 

participants included in screening who were on thyroid 

treatment - 3.1% compared to 7.26% in our screening. The 

most significant difference between these two screenings was 

the number of participants included and the geographic 

location, which made direct comparison difficult. 

The significant role of habitat and the sufficiency or 

deficiency of iodine in the studied region were demonsrated 

by the data from Shiva Kargar et al. (2016) meta-analysis 

showing the prevalence of thyroid dysfunction at 19.2% (95% 

CI: 11.0-33.2) among adults in some Middle Eastern countries. 

The analysis highlighted the great difference in the frequency 

of thyroid dysfunction among different countries in the 

Middle East, ranging from 31.3% in Saudi Arabia to 12.7% in 

Iran. The high prevalence of thyroid diseases in Saudi Arabia 

may be due to proven iodine deficiency and poor nutrition 

[32]. Another notable finding in the analysis of Shiva Kargar 

et al. is the distribution of forms of thyroid dysfunction - 

clinical hypothyroidism at 7.2% (95% CI: 3.6-4.3), 

subclinical hypothyroidism at 8.3% (95% CI: 5.3-13.0), 

clinical hyperthyroidism at 2.4% (95% CI: 1.4-3.9), and 

subclinical hyperthyroidism at 3.2% (95% CI: 2.1-4.7). The 
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higher frequency of clinical forms of thyroid dysfunction is 

noteworthy, which is not typical for the European population 

where subclinical forms predominate. There are several 

reasons for this discrepancy - methods of investigation, 

inclusion of different population groups by age/sex/ethnicity, 

various environmental factors, iodine sufficiency or 

deficiency in the country or region, accepted cut-off for 

determining the presence of thyroid dysfunction, frequency of 

screening studies, public awareness, and healthcare structure 

[33]. 

The issue of undiagnosed cases of thyroid dysfunction is 

always the subject of analysis when conducting population 

screening. Garmendia Madariaga A. et al. (2014) in 

meta-analyses focused specifically on undiagnosed forms and 

reported that the prevalence of undiagnosed hyperthyroidism 

was 1.7% (95% CI: 1.66-1.88), with subclinical forms of 

thyroid dysfunction predominating; clinical hyperthyroidism 

at 0.35% (95% CI: 0.29-0.41) and subclinical 

hyperthyroidism at 0.50% (95% CI: 0.57-1.43) [4]. Bulgarian 

data show only 56 cases of newly diagnosed thyroid 

dysfunction - 5.98% (56/936), of which 93% (52/56) have 

subclinical hypothyroidism. No cases of newly diagnosed 

clinical hyperthyroidism were found, and only one case of 

subclinical hyperthyroidism at 1.7% (1/56). Garmendia 

Madariaga A. et al. also utilized an empirical Bayesian 

random-effects model to estimate the prevalence of 

undiagnosed thyroid dysfunction in 7 studies with an overall 

average of 6.71% (95% CI: 6.49%-6.93%), while in our 

material, undiagnosed thyroid dysfunction is 5.98% (56/936). 

It is important to emphasize the fact that in the group of 

patients with newly diagnosed hypothyroidism, the 

percentage of men is higher - 5.25% (24/457) compared to 

that of women - 6.47% (31/479). In comparison, in the group 

with known hypothyroidism, men had a frequency of 1.75% 

(8/457) versus 15.03% (72/479) of women, which is 8 times 

lower. It can be concluded that in the screening for thyroid 

functional disorders, attention should be directed toward both 

genders without ignoring men. 

Increased TPO antibodies (TPOAb/+/) are present in our 

material in 14.2% (133/936) of the examined individuals - 

10.15% (95/936) women and 4.06% (38/936) men, NS. The 

frequency of TPOAb/+/ in the female group is 19.8% (95/479) 

and 8.3% (38/457) in the male group, NS, Table 7. The 

current results are very similar to those from our screening in 

2012 - overall 16.5% (women - 23%, 219/953 and men - 10%, 

93/934, p < 0.001) [34]. 

It should be noted that in individuals with TPOAb/+/, the 

frequency of hypothyroidism is significantly higher at 45.1% 

(60/133) compared to individuals with TPOAb/-/ - 9.33% 

(75/803), p < 0.001. Hyperthyroidism is present in only 2.25% 

(3/133) of individuals with TPOAb/+/ compared to 1.74% 

(14/803) in individuals with TPOAb/-/, NS, Table 8. Among 

euthyroid individuals (n=784), only 70 have TPOAb/+/ - 8.9% 

(70/784), while the remaining 714 are TPOAb/-/ - 91.1% 

(714/784), p < 0.001. It can be summarized that among 133 

individuals with TPOAb/+/, 45.1% (60/133) have 

hypothyroidism, 2.25% (3/133) have hyperthyroidism, and 

the remaining 52.65% (70/133) are euthyroid. 

In epidemiological data from Croatia, Ivana Striki ć Ðula et 

al. (2022) found TPO/+/ in 23.7% (1044/4402) of the 

examined individuals. Of these, 1/4 (227/1044) were in 

individuals with thyroid dysfunction, and the remaining 3/4 

(773/1044) - in euthyroid individuals [35]. Therefore, they 

found higher frequency of TPOAb/+/ among euthyroid 

individuals compared to our data - 74.2% (773/1044) versus 

52.6% (70/133). Similar results were reported by Kamel M. 

Ajlouni et al. (2022), who found 14.9% frequency of 

TPOAb/+/ in a group of 3753 examined individuals. However, 

in their euthyroid group, the frequency of TPOAb/+/ was 

10.3%, which was about two-thirds of the cases. The 

frequency was significantly higher in women compared to 

men - 15.79% versus 8.3%, p < 0.001 [36]. 

An important aspect for us is the comparison of the 

dynamics in the frequency of thyroid dysfunction established 

in our two studies from 2012 and 2024 [37]. The analysis 

showed that subclinical hypothyroidism increased four times 

from 3.2% (76/2402) to 13.67% (128/936), p < 0.01. At the 

same time, the frequency of subclinical hyperthyroidism 

decreased insignificantly - from 2.5% (59/2402) to 1.49% 

(14/936), NS. The frequency of the two clinical forms 

(hypothyroidism / hyperthyroidism) remained stable, Table 9. 

The relative share of known cases with thyroid functional 

disorders when comparing the data from the two screenings 

increased almost four times - 3.04% (73/2402) for 2012 

compared to 10.25% (96/936) for 2024, p < 0.05. Therefore, 

the possibility of diagnosing and treating thyroid functional 

disorders significantly increased over the 12-year period. 

Very important are the data from the analysis by Arulmani 

Thiyagarajan et al. (2024), who use the German database for 

pharmacoepidemiological studies (GePaRD - data from ~ 20% 

of health insurance covering about 25 million of the German 

population). The authors examine trends in Germany for the 

period 2008-2019 after the implementation of a national 

program for disease prevention related to iodine deficiency in 

1993. For the 12-year period (2008-2019), after stratification 

by gender and age, the assessment was that the frequency of 

TSH testing increased by 44% in men (from 165 to 238 per 

1000 individuals) and by 31% in women (from 134 to 176 per 

1000). At the same time, the prevalence in the use of 

Levothyroxine increased by ~ 31%, both in men (from 36 to 

47 per 1000) and in women (from 134 to 175 per 1000). It 

should be noted that the prevalence in the use of thionamide, 

iodine, thyroidectomy, and treatment with radioactive iodine 

decreased [38]. 

A study from Denmark using data from the National 

Registry reported that after the implementation of the iodine 

enrichment program, the prevalence of Levothyroxine use 

increased. It become stable in 10 years but remained above the 

level at the start of the program [39]. 

It is very important to study the Gonzalo J Acosta et al. 
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(2024), who pointed out cases of inappropriate inclusion of 

Levothyroxine, which occured due to the disregard for the 

physiological changes in TSH levels and the higher frequency 

of hypothyroidism with age, which may create the impression 

of increased use of Levothyroxine [40]. 

In our 2012 data compared to that from 2024, there is a 

noticeable difference in newly discovered thyroid functional 

disorders, with their relative share increasing by about 60% - 

from 91 cases (43 hypothyroidism and 48 hyperthyroidism) in 

2012 or 3.78% (91/2402), they became 56 cases (55 

hypothyroidism and 1 hyperthyroidism) in 2024 or 5.98% 

(56/936). In 2012, the number of newly diagnosed cases of the 

two functional disorders was similar, and there was even a 

slight predominance of hyperthyroid cases, whereas in 2024, 

there was only one case with increased function and all the 

others had hypothyroidism. 

When comparing individuals with proven thyroid 

dysfunction, it turned out that the relative share of known 

cases in 2024 was significantly higher than in 2012 - 63.16% 

(96/152) versus 44.51% (73/164), p < 0.02 - > 0.01. At the 

same time, the share of newly diagnosed cases during the 

screening itself (2024 vs. 2012) decreased significantly - 

36.84% (56/152) versus 55.49% (91/164), p < 0.02. 

Regarding the frequency of undiagnosed i.e., newly 

discovered cases of thyroid dysfunction, a comparison was 

made with data from an epidemiological study in Croatia 

published in 2022 [35]. It should be noted that among 

participants in our screening with proven thyroid dysfunction, 

only 36.8% (56/152) were discovered during the screening, 

that is, undiagnosed up to that point. That was the indicator 

with which we compared our data with the data from the 

national study carried out in Croatia, where there was 

sufficient iodine among their population, similar to ours, and 

very similar habitat - the Balkan Peninsula. The only 

difference was in the number of individuals examined - for 

Croatia 4402 and for Bulgaria - 936, which slightly reflected 

on the frequency, i.e., in a tested population of up to 1000 

individuals, the frequency is slightly higher [21]. The 

frequency of hypothyroidism reported by Ivana Striki ć 

Ðula et al. (2022) was 10.5% and hyperthyroidism - 1.3%, 

which is very close to our data. The large difference is in 

the share of undiagnosed cases with thyroid dysfunction in 

Croatia. The authors reported a high percentage of 

undiagnosed individuals - the frequency of undiagnosed 

subclinical and clinical hypothyroidism was 6.9% and 2.8% 

respectively, and undiagnosed subclinical and clinical 

hyperthyroidism - 0.9% and 0.1% respectively [35]. In 

comparison, in the Bulgarian data, undiagnosed individuals 

with hypothyroidism are 5.82% (subclinical 5.5% and 

clinical 0.32%), and with hyperthyroidism - 0.1% - only 

subclinical, Table 5. In fact, only cases of subclinical 

hypothyroidism, with the exception of four cases of clinical 

thyroid dysfunction (three with hypothyroidism and one 

with hyperthyroidism) were newly discovered. 

Similar data came from an epidemiological study 

conducted in Jordan by Kamel M. Ajlouni et al. (2022), which 

reported an overall prevalence of thyroid dysfunction in 11.9% 

of the screened individuals, with about 76% newly discovered 

i.e., previously undiagnosed [36]. In Jordan, iodine 

sufficiency was achieved following the introduction of special 

program whereby 96% of households have used iodized salt 

(≥15 ppm) since 2010 [41]. However, there are two 

differences from our study - different geographical area and 

larger number of screened participants - 3753 compared to 

936 in our screening. The percentage of newly diagnosed 

individuals with thyroid dysfunction was twice as high as in 

their case - 76% (2852/3753) versus 36.8% (56/152). The data 

presented in the last two studies showed that the relative share 

of undiagnosed cases was much higher than our data, which 

was only 36.8% (56/152). 

5. Conclusion 

The dynamic changes in the prevalence of thyroid 

dysfunction in our country over the last 12 years (2012-2024) 

showed significant increase in the proportion of known 

diagnosed cases - 63.16% (96/152) compared to 44.51% 

(73/164) - p < 0.02 > 0.01, which can be explained with the 

increased diagnosis of thyroid pathology, the screening 

campaigns, and raised public awareness. At the same time, 

there was marked reduction in the proportion of undiagnosed 

cases of thyroid dysfunction during the time of screening - 36.84% 

(56/152) compared to 55.49% (91/164) - p < 0.02, which is 

evidence of the medical community useful work in the country - 

good training of medical specialists, active participation of 

cardiologists and general practitioners, mass screening of pregnant 

women and increasing the health culture of the population. 

Both screenings were conducted under conditions of iodine 

sufficiency, allowing for a comparative analysis. Thus, the 

current prevalence of thyroid dysfunction in our country has 

significantly increased from 6.91% (166/2402) in 2012 to 

16.23% (152/936) in 2024, p < 0.01, primarily due to the 

number of diagnosed cases. Therefore, screening for thyroid 

function in the presence of risk factors for thyroid disease, 

along with screening by gynecologists, cardiologists, and 

internal medicine specialists, can help the early detection of 

thyroid dysfunction and its timely treatment. 

Abbreviations 

TSH Thyroid Stimulating Hormone 

FT4 Free Thyroxine 

TPO Thyroid Specific Peroxidase 

WHO World Hwalth Organization 

UNICEF United Nation Children’s Fund 

ICCIDD International Council for Control of Iodine 

Deficiency Disorders 

ICP-MC Inductively Coipled Plasma Mass 

Spectrometry 

http://www.sciencepg.com/journal/cmr


Clinical Medicine Research http://www.sciencepg.com/journal/cmr 

 

77 

mIUC Median Urinary Iodine Concentration 

UIC Urinary Iodine Concentration 

NSI National Statistical Institute 

NHANES National Health and Nutrition Examination 

Survey 

BMI Body Mass Index 

ESH European Society of Hypertension 

ECLIA Electrohemiluminescence Immunoassay 

TPOAb Thyroid Peroxidase Antibody 

AITD Autoimmune Thyroid Disease 

GEPARD German Pharmacoepidemiological Research 

Database 

Supplementary Material 

The supplementary material can be accessed at  

https://doi.org/10.11648/j.cmr.20251403.13 

Acknowledgments 

The authors thank the endocrinologists who provided local 

support: Dr. Valeria Yotova, Dr. Dotska Atanasova, Dr. Emil 

Mladenov, Dr. Andrian Yakov, Dr. Miglena Rizova, Mehmed 

Lyatif, Dr. Todor Cherkezov, Dr. Semra Izetova, Dr. Krasimir 

Atanasov, Veneta Kushanova, Dr. Emilia Apostolova, Dr. 

Stanka Ivanova, Dr. Valya Michorova, Dr. Mariana Mаzalova, 

Dr. Todor Stoykov, Dr. Valentina Gushterova, Dr. Margarita 

Getova, Dr. Galina Gareva, Dr. Dilyana Vachkova, Dr. 

Zhivko Tagarev, Zhivka Mitkova, Nikolay Radkov, Angelina 

Rimpova, Radostina Vasileva, Dr. Nadia Domuschieva, 

Donka Mihaylova, Tsvetelina Kalcheva, Galya Zaharieva, 

Valentin Dimov, K. Kamchev. Technical assistants: Zorka 

Metodieva, Evgenia Borisova, Neriman Topchieva, 

Radostina Vasileva, Natalia Doncheva and 32 other local 

technical assistants. 

Author Contributions 

Anna-Maria Borisova: Conceptualization, Resources, 

Formal Analysis, Funding acquisition, Project administration, 

Supervision, Writing - original draft, Methodology 

Boyana Trifonova: Investigation, Project administration, 

Supervision, Writing - review & editing 

Lilia Dakovska: Data curation, Investigation 

Mircho Vukov: Software, Formal Analysis, Validation 

Funding 

This study was supported by grant from the Bulgarian 

Society of Endocrinology (Project Number 2/2024) as part of 

the National Epidemiological Program for Еndocrine diseases 

in Bulgaria, 2006-2024. The study was conducted, analyzed, 

and interpreted by the investigators independent of the 

industry sponsors. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Taylor, Peter N., Albrecht, Diana, Scholz, Anna, 

Gutierrez-Buey, Gala, Lazarus, John H., Dayan, Colin M. and 

Okosieme, Onyebuchi E. 2018. Global epidemiology of 

hyperthyroidism and hypothyroidism. Nature Reviews 

Endocrinology 14 (5), pp. 301-316.  

https://doi.org/10.1038/nrendo.2018.18 

[2] Reyes Domingo F, Avey MT, Doull M. Screening for thyroid 

dysfunction and treatment of screen-detected thyroid 

dysfunction in asymptomatic, community-dwelling adults: A 

systematic review. Syst Rev 2019; 8(1): 260.  

http://dx.doi.org/10.1186/s13643-019-1181-7 

[3] Ittermann, T., Khattak, R. M., Nauck, M., Cordova, C. M. & 

Volzke, H. Shift of the TSH reference range with improved 

iodine supply in Northeast Germany. Eur J Endocrinol 2015, 

172, 261-267. https://doi.org/10.1530/EJE-14-0898 

[4] Garmendia Madariaga A, Santos Palacios S, GuillénGrima F, 

Galofré JC. The incidence and prevalence of thyroid 

dysfunction in Europe: a meta-analysis. J Clin Endocrinol 

Metab. 2014; 99(3): 923-31.  

https://doi.org/10.1210/jc.2013-2409 

[5] Garduno Garcia JDJ, Chavez AO and El´ıas-Lo´ pez D (2023). 

Subclinical thyroid disease: present knowledge and future 

direction, volume II. Front. Endocrinol. 14: 1293910.  

https://doi.org/10.3389/fendo.2023.1293910 

[6] Chaker L, Bianco AC, Jonklaas J, Peeters RP. Hypothyroidism. 

Lancet. 2017 Sep; 390 (10101): 1550-62.  

https://doi.org/10.1016/S0140-6736(17)30703-1 

[7] Peeters RP. Subclinical Hypothyroidism. N Engl J Med. 

2017 Oct; 377(14): 1404.  

https://doi.org/10.1056/NEJMc1709853 

[8] Peter N Taylor, Marco M Medici, Alicja 

Hubalewska-Dydejczyk, Kristien Boelaert. 

Hypothyroidism. Seminar Volume 404, Issue 10460, 

p1347-1364, October 05, 2024.  

https://doi.org/10.1016/S0140-6736(24)01614-3 

[9] Zimmermann, M. B. Iodine deficiency. Endocr Rev 2009, 30, 

376-408. https://doi.org/10.1210/er.2009-0011 

[10] Dasgupta, P. K., Liu, Y. & Dyke, J. V. Iodine nutrition: iodine 

content of iodized salt in the United States. Environmental 

science & technology 42, 1315-1323 (2008).  

https://doi.org/10.1021/es0719071 

[11] Iodine Global Network in 2016 Annual report IGN: Seattle, 

WA. 22 May, 2016.  

http://www.ign.org/our-regional-representatives.htm 

[12] Decree of the Council of Ministers 96/1994 on the introduction 

of universal iodization of salt in Bulgaria, State newspaper 43 

of 1994. 

http://www.sciencepg.com/journal/cmr


Clinical Medicine Research http://www.sciencepg.com/journal/cmr 

 

78 

[13] Review of Progress towards Sustained Optimal Iodine 

Nutrition in Bulgaria. Report by a team of experts on behalf of 

the Network for Sustained Elimination of Iodine Deficiency, ed 

by Tz. Timcheva, SMART Publ. 2006. pp 32. 

[14] UNICEF, State of the World’s Children. (2017). Global 

Experience of with salt iodization: percentage of households 

currently cosuming iodized salt. ISBN: 978-92-806-5003-7. 

[15] Anna-Maria Borissovа, Ludmila Ivanova, Boyana Trifonova, 

Lilia Dakovska, Eugenia Mihailova, Mircho Vukov. Role of 

Supplementations of Combined Vitamins with Minerals on 

Iodine Status in Pregnant Women in Bulgaria. International 

Journal of Diabetes and Endocrinology 2020; 5(3): 47-53.  

https://doi.org/10.11648/j.ijde.20200503.13 

[16] World Health Organization (2004). Iodine status worldwide: 

WHO global database on iodine deficiency. Geneva. ISBN 92 

4 159200 1. 

[17] WHO, UNICEF, KDIGO (2001). Assessment of iodine 

deficiency disorders and monitoring their elimination. A guide 

for programme managers, 2nd ed. WHO, Geneva. ISBN 978 92 

4 159582 7. 

[18] Akinbami LJ, Chen TC, Davy O, Ogden CL, Fink S, Clark J. et 

al. National Health and Nutrition Examination Survey, 

2017-March 2020 Prepandemic File: Sample Design, 

Estimation and Analytic Guidelines. Data Evaluation and 

Methods Research. NATIONAL CENTER FOR HEALTH 

STATISTICS. Vital and Health Statistic Series 2, Number 190 

May 2022. https://dx.doi.org/10.15620/cdc:115434 

[19] NSI. National population census in Bulgaria. National Statistical 

Institute. December 2022.  

https://www.nsi.bg/sites/default/files/files/publications/StatBook_C

ensus2021.pdf 

[20] 2023 ESH Guidelines for the management of arterial hypertension. 

The Task Force for the management of arterial hypertension of the 

European Society of Hypertension Endorsed by the International 

Society of Hypertension (ISH) and the European Renal Association 

(ERA). Authors/Task Force Members: Giuseppe Mancia 

(Chairperson), Reinhold Kreutz (Co-Chair), Mattias Brunstrom, 

Michel Burnierd, Guido Grassie, Andrzej Januszewiczf et al. J. of 

Hypertension. 2023; Vol 41, Number 12.  

https://doi.org/10.1097/HJH.0000000000003480 

[21] Diogo Mendes, Carlos Alves, Nuno Silverio, Francisco Batel 

Marques. Prevalence of Undiagnosed Hypothyroidism in 

Europe: A Systematic Review and Meta-Analysis. Eur Thyroid 

J. 2019 May 17; 8(3): 130-143.  

https://doi.org/10.1159/000499751 

[22] Gussekloo, J. et al. Thyroid status, disability and cognitive 

function, and survival in old age. Jama 292, 2591-2599 (2004). 

https://doi.org/10.1001/jama.292.21.2591 

[23] Ludwig U, Holzner D, Denzer C, Greinert A, Haenle MM, 

Oeztuerk S. et al. EMIL-Study Subclinical and clinical 

hypothyroidism and non-alcoholic fatty liver disease: a 

cross-sectional study of a random population sample aged 18 to 

65 years. BMC Endocr Disord. 2015 Aug; 15(1): 41. 

https://doi.org/10.1186/s12902-015-0030-5 

[24] Hogervorst E, Huppert F, Matthews FE, Brayne C. Thyroid 

function and cognitive decline in the MRC Cognitive Function 

and Ageing Study. Psychoneuroendocrinology 2008 Aug; 33(7): 

1013-22. https://doi.org/10.1016/j.psyneuen.2008.05.008 

[25] Biondi B, Cooper DS. Subclinical Hyperthyroidism. N Engl J 

Med. 2018; 378(25): 2411-2419.  

https://doi.org/10.1056/NEJMcp1709318 

[26] Peeters RP. Subclinical Hypothyroidism. N Engl J Med. 2017; 

376 (26): 2556-2565. https://doi.org/10.1056/nejmcp1611144 

[27] Zimmermann MB, Hess S. Y, Molinari L, de Benoist B, 

Delange F, Braverman L. E, Fujieda K, Ito Y, Jooste P. L, Moos 

K, Jooste P. L, Pearce E. N Pretell E. A, Shishiba Y. (2004). 

New reference values for thyroid volume by ultrasound in 

iodine sufficient school children: a World Health Organization 

/ Nutrition for Health and Development Iodine Deficiency 

Study Group Report. Am J Clin Nutr 79: 231-237. 

[28] Masooma Naseem, Sajjad Ali, Sara Qadir, Anshahrah Riaz, 

Abdullah Monawwer, Burhanuddin Tahir, Zehra Naseem and 

Zahid Mehmood. Trends of Pathological Findings in Patients 

with Thyroid Diseases: A Single-center, Retrospective Study. 

Clinical Medicine Insights: Endocrinology and Diabetes 2024, 

Volume 17: 1-7. https://doi.org/10.1177/1179551424129970 

[29] Sharafi M, Baeradeh N, Daliri M, Kargar H, Haghjoo E, Farhadi 

A, Afrashteh S. Investigating the Prevalence of Thyroid Disorders 

and Their Contributing Factors in Iran: A Cross-Sectional 

Analysis. J Health Sci Surveillance Sys. 2024; 12(3): 344-350).  

https://doi.org/10.30476/jhsss.2023.97648.1716 

[30] Nermin Diab, Natalie R. Daya, Stephen P. Juraschek, Seth S. 

Martin, John W. Mcevoy, Ulla T. Schultheiß, Anna Köttgen, 

Elizabeth Selvin. Prevalence and Risk factors of thyroid 

Dysfunction in older Adults in the community. Scientific 

RepoRtS (2019) 9: 13156.  

https://doi.org/10.1038/s41598-019-49540-z 

[31] Wouters, H. J. C. M., Slagter, S. N., Muller Kobold, A. C., van 

der Klauw, M. M., & Wolffenbuttel, B. H. R. (2020). 

Epidemiology of thyroid disorders in the Lifelines Cohort 

Study (the Netherlands PLoS ONE, 15(11), 1-17. Article 

0242795. https://doi.org/10.1371/journal.pone.0242795 

[32] Awad SAS, Ashraf EM, Khaled AS. et al. The epidemiology of 

thyroid diseases in the Arab world: A systematic review. J 

Public Health Epidemiol 2016; 8(2): 17-26.  

http://dx.doi.org/10.5897/JPHE2015.0713 

[33] Shiva Kargar, Seyed Mehdi Tabatabaei, Hassan Okati-Aliabad 

and Hossein Izadi Rad. Prevalence of Thyroid Dysfunction 

Disorders among Adult Populations in the Middle-East: A 

Systematic Review and Meta-analysis. Open Public Health J, 

2024; 17: e18749445317174.  

http://dx.doi.org/10.2174/0118749445317174240827052511 

[34] Shinkov A, Borissova AM, Vlahov J, Dakovska L, Blajeva E. 

Male gender differences in the thyroid ultrasound features, 

thyroid peroxidase antibodies and thyroid hormone levels: a 

large population-based study. J Endocrinol Invest. 2014 Mar; 

37(3): 269-76. https://doi.org/10.1007/s40618-013-0024-y 

Epub 2014 Jan 9. 

http://www.sciencepg.com/journal/cmr


Clinical Medicine Research http://www.sciencepg.com/journal/cmr 

 

79 

[35] Ivana Striki´c Ðula, Nikolina Plei´c, Mirjana Babi´c Leko, 

Ivana Gunjaˇca, Vesela Torlak, Dubravka Brdar, Ante Punda, 

Ozren Polašek, Caroline Hayward and Tatijana Zemunik. 

Epidemiology of Hypothyroidism, Hyperthyroidism and 

Positive Thyroid Antibodies in the Croatian Population. 

Biology 2022, 11, 394.  

https://doi.org/10.3390/biology11030394 

[36] Kamel M. Ajlouni, Nahla Khawaja, Mohammed EL-Khateeb, 

Anwar Batieha and Oraib Farahid. The prevalence of thyroid 

dysfunction in Jordan: a national population-based survey. 

BMC Endocrine Disorders (2022) 22: 253.  

https://doi.org/10.1186/s12902-022-01166-5 

[37] Alexander Shinkov, Anna-Maria Borissova, Roussanka 

Kovatcheva, Jordan Vlahov, Lilia Dakovska, Iliana 

Atanassova, Mirtcho Vukov, Nina Aslanova. Thyroid 

dysfunction and cardiovascular risk factors in Bulgarian adults. 

Cent. Eur. J. Med. 8(6) 2013, 742-748.  

https://doi.org/10.2478/s11536-013-0235-9 

[38] Arulmani Thiyagarajan, Niklas Koenen, Till Ittermann, Henry 

Völzke, Ulrike Haug. Trends in the use of thyroid diagnostics 

and treatments between 2008 and 2019 in Germany. Scientific 

Reports (2024) 14: 26710.  

https://doi.org/10.1038/s41598-024-77896-4 

[39] Line Tang Møllehave, Allan Linneberg, Tea Skaaby, Nils 

Knudsen, Torben Jørgensen, Betina Heinsbæk Thuesen. 

Trends in treatments of thyroid disease following iodine 

fortification in Denmark: a nationwide registerbased study. 

Clin. Epidemiol. 2018, 10, 763-770.  

https://doi.org/10.2147/clep.S164824 

[40] Gonzalo J Acosta, Naykky Singh Ospina, Juan P Brito. 

Epidemiologic changes in thyroid disease. Curr Opin 

Endocrinol Diabetes Obes 2024 Oct 1; 31(5): 184-190.  

https://doi.org/10.1097/MED.0000000000000877 

[41] Massa’d HBR. National survey to assess iodine deficiency 

disorders (IDD) among Jordanian children—2010. Amman: 

World Health Organization Non-Communicable Disease 

Department, Jordan Ministry of Health Nutrition Department; 

2011. UNICEF Jordan Country Office The Hashemite 

Kingdom of Jordan WFP Jordan Country Office. 

 

http://www.sciencepg.com/journal/cmr

