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SUMMARY

Objective: Thyroid diseases are among the most common endocrinopathies and metabolic disorders. Hypothyroidism is caused by insufficient

production of thyroid hormones with a higher prevalence in women. Causes for the development of endocrine diseases may be mutations in genes
that encode peptide hormones. The aim of this scientific study was to determine the genotype and allele frequencies of the rs104893657 variant
of the PAX8 gene and to determine the genotype versus phenotype association.

Methods: The study population consisted of 135 women from northeastern Slovakia who were divided on the basis of screening into two
groups: a control group without diagnosed hypothyroidism (CG=67) and a group of women with hypothyroidism (HY =68). Biochemical markers
— thyroid-stimulating hormone (TSH), prealbumin (PREA), calcium (Ca), phosphorus (P), and alkaline phosphatase (ALP) were determined using
Cobas Integra 400 plus, Cobas e411 analysers (Roche). Genotyping was performed using TagMan® SNP Genotyping Assay instrument 7500 Fast
Real-Time PCR Systems (Applied Biosystem).

Results: Student’s t-test revealed a statistically significant difference between CG and HY in biochemical parameters: TSH (p<0.001),
P (p=0.008). By Chi-square test we found no statistically significant difference in the representation of genotypes (p=0.788) in the rs104893657
polymorphism of PAX8 gene. The T allele was not associated with hypothyroidism in Slovak women (p=0.548). In CC genotype we found statisti-

cally significant difference between CG and HY in parameters TSH (p<0.001) and P (p=0.006).

Conclusion: The mutant T allele was detected at low frequency in both groups of women studied. The association of the T allele with the devel-
opment of hypothyroidism in Slovak women was not confirmed. The results of this work provide initial information on the distribution of genotypes
and alleles in the studied variant of PAX8 gene in the Slovak female population.
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INTRODUCTION

Diseases of the thyroid gland are among the most frequent dis-
orders of the endocrine glands. They affect all populations world-
wide. A key determinant of thyroid disease risk is iodine nutrition
(1). Hypothyroidism is a common health problem that is caused by
insufficient production of thyroid hormones. The disease is associ-
ated with various symptoms such as fatigue, bradycardia, depres-
sion, obesity, and hyperlipidaemia (2). The worldwide prevalence
of the disease is estimated to be 1.5 cases per 1,000 individuals.
The incidence of thyroid problems including hypothyroidism in
the Slovak Republic is approximately 5—-10%. A higher likelihood
of thyroid disorders is in women, with an average of 10-15% (3,
4). The epidemiology of thyroid disorders is influenced by fac-

tors such as ageing, smoking, genetic predisposition, endocrine
disruptors, ethnicity, etc. (1). Hypothyroidism on autoimmune
basis is one of the frequent diagnoses within thyroid diseases.
Autoimmune thyroidopathies are polygenic conditioned diseases
(5). Molecular genetic diagnosis of diseases of the endocrine
system is of great importance. Genetic causes of the develop-
ment of endocrine diseases can be mutations in genes encoding
peptide hormones, mutations in genes for nuclear or membrane
receptors and for binding proteins (6). Candidate genes that affect
thyroid physiological processes, genesis and phenotypic varia-
tions include HEX, HNF3-f3, FGFR, TTF-2, NKX2.1, NKX2.5,
HOXA3, PAXS (7). PAXS is a transcription factor involved in
organogenesis during embryonic development. Its regulatory role
is also known in kidney, CNS, eye, thyroid, and Miillerian duct
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development (8, 9). Mutations in this gene are associated with
thyroid dysgenesis, follicular carcinomas, and atypical follicular
thyroid adenomas (10, 11). The aim of our scientific study was
to determine the representation of genotypes and alleles of the
rs104893657 PAXS gene polymorphism in a population of Slovak
women with hypothyroidism and in a control group of women.
To find out whether there are statistically significant differences
in the individual genotypes of the rs104893657 PAXS gene poly-
morphism between the control group of women and the group of
women diagnosed with hypothyroidism in terms of monitored
biochemical markers — thyroid-stimulating hormone (TSH),
phosphorus (P), calcium (Ca), alkaline phosphatase (ALP), and
prealbumin (PREA), and anthropometric parameters (body weight
and height, waist and hip circumference, BMI, and WHR index).

MATERIALS AND METHODS

The study population consisted of 135 women from the district
of northeastern Slovakia. The women were divided on the basis
of clinical screening into two groups: a control group without
diagnosed hypothyroidism (CG=67) and a group of women with
hypothyroidism (HY =68). We excluded subjects with hysterec-
tomy, ovariectomy, diagnosed with diabetes mellitus, liver disease,
or confirmed tumor. The group of women with hypothyroidism
included newly diagnosed patients without medical therapies. The
research was conducted in the period from April to December
2022. The scientific study was conducted on the basis of the ap-
proval of the Ethics Committee of the University of PreSov No.
2/2013. The study was conducted in accordance with the ethical
principles according to the Declaration of Helsinki and after
obtaining written informed consent from all individuals.

Anthropometric parameters were measured as follows: body
height (cm) — wall scale with a centimetre scale, body weight
(kg) — digital personal scale (Mdve Frottana, Germany) with an
accuracy of 100 g, waist circumference (cm) and hip circumfer-
ence (cm) were measured with a textile tape measure, taking
into account the average of two consecutive measurements. We
calculated BMI (kg/m?) using the formula body height (m?)/body
weight (kg), and waist-hip ratio (WHR) as the ratio of waist
circumference (cm) to hip circumference (cm).

Biochemical markers — thyrotropic hormone, calcium, phos-
phorus, alkaline phosphatase, and prealbumin were determined
in blood serum. A peripheral blood sample was collected after
fasting in the morning in a 6 ml BD Vacutainer® tube. Peripheral
blood was centrifuged (Hettich universal 320R centrifuge, Ger-
many) at 6,000 rpm for 10 minutes. Using a Cobas Integra 400
plus biochemical analyser (Roche, Switzerland), we analysed
the following in the blood serum: Ca, P, ALP, and PREA. We
determined TSH levels using the Cobas e411 immunochemical
analyser (Roche, Japan).

For molecular genetic analysis, a peripheral blood sample was
collected into BD Vacutainer® tubes (3 ml) with anticoagulant. Ge-
nomic DNA was isolated using the commercial kit NucleoSpin®
Blood (Macherey-Nagel, Germany). Genotyping was performed
using TagMan genotyping SNP assay (C_ 27541358 10) (Ther-
mo Fisher Scientific, Waltham, MA, USA) via standard protocol.
Florescence was detected by Real-Time PCR using a 7500 Fast
Real-Time PCR Systems instrument (Applied Biosystem, CA).

The mutant genotype was verified by repeat measurements, then
used as a positive control.

Statistical analysis of the data was performed using Statistica
ver. 12. Among the statistical tests, Student’s t-test was used to
determine the statistical significance of differences in individual
parameters between the compared groups. The Kruskal-Wallis
test was used for non-parametric analysis of variance to detect
differences in mean values between multiple sets.

To statistically evaluate the results of genotype and allele fre-
quency representation between the control group and the group
of women with hypothyroidism, we used the chi-squared test.
MedCalc statistical software (2022) and Social Science Statistical
(2022) calculator were used to calculate the odds ratio (OR) and
confidence interval (CI). Pearson correlation coefficient was used
for correlation analysis. We set p<0.05 as statistically significant.

RESULTS

In Table 1 we present the mean values of anthropometric
and biochemical parameters in the studied groups of women.
Based on statistical analysis using Student’s t-test, we found
no statistically significant difference between the control group
and the group of women diagnosed with hypothyroidism in the
anthropometric parameters studied. On the basis of BMI index
assessment, we categorized our groups (CG, HY) as overweight.
The mean value of WHR index was 0.85 (+0.11) in CG and
0.89 (£0.15) in HY, which we classified as a risk group for the
development of CVD. The resulting mean values of thyroid as-
sociated biochemical parameters (TSH and prealbumin), mineral
elements (Ca, P), and enzymatic activity (ALP) in both CG and
HY groups of women were within the range of reference values.
Statistical analysis using Student’s t-test revealed statistically
significant difference between CG and HY in biochemical pa-
rameters: TSH (p<0.001), P (p=0.008). Through correlation
analysis, we found statistically significant relationship (p<0.05)
between TSH and body height (r=0.371), TSH and body weight
(r=0.285), ALP and age (r=0.314) (positive correlation); BMI
and prealbumin (r=-0.244) (negative correlation) (Fig. 1). We
also investigated the representation of genotypes and alleles of
rs104893657 PAXS gene polymorphism in the control group and
the group of women diagnosed with hypothyroidism. In Table
2 we present their relative and absolute representation. The CC
genotype was present in the highest frequency in both groups of
women studied. Chi-square test did not reveal a statistically sig-
nificant difference in the representation of genotypes (p=0.788).
In the polymorphism studied, the mutant allele was the T allele
(CG 5.22%, HY 4.41%). We did not detect a possible associa-
tion of the T allele with hypothyroidism disease using the online
MedCalc calculator (p=0.755). In Table 3, we present the mean
values of anthropometric and biochemical parameters in each
genotype in the two groups of women studied. We do not report
values for the TT genotype because this genotype was detected
in only two women in CG and in one woman in HY, which we
do not consider sufficient for further statistical evaluation. By
Student’s t-test, we found a statistically significant difference
between CG and HY in biochemical parameters TSH (p<0.001)
and P (p=0.006) in genotype CC. In CT genotype, there was a
statistically significant difference between CG and HY in the ALP
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Table 1. General characteristics, anthropometric parameters and biochemical markers of the studied groups

Control group Hypothyroid group
Parameters n=67 n=68 p-value
Mean (SD) Mean (SD)

Age (years) 50.90 (12.90) 51.98 (16.20) 0.665
Body height (cm) 163.34 (6.06) 163.56 (7.37) 0.501
Body weight (kg) 72.93 (13.66) 71.80 (15.94) 0.660
Waist circumference (cm) 86.65 (14.08) 89.15 (14.43) 0.311
Hip circumference (cm) 101.69 (8.61) 100.61 (10.49) 0.514
BMI (kg/m?) 27.08 (5.32) 26.83 (5.55) 0.787
Waist-hip ratio 0.85(0.11) 0.89 (0.15) 0.059
ALP (pkatiL) 1.16 (0.33) 1.26 (0.40) 0.128
Calcium (mmol/L) 2.27 (0.19) 2.20 (0.25) 0.095
Phosphorus (mmol/L) 0.87(0.20) 0.97 (0.23) 0.008*
TSH (ulU/ml) 1.94 (1.09) 2.99(2.17) <0.001**
Prealbumin (g/L) 0.24 (0.05) 0.24 (0.04) 0.472

BMI — body mass index; ALP — alkaline phosphatase; TSH — thyroid-stimulating hormone; statistical significance **p<0.01, ***p<0.001
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Fig. 1. Association between age and ALP enzymatic activity
in the HY group.

Equation of a straight line: ALP=0.88162 + 0.0723* age; coefficient of determina-
tion: r=0.313682

parameter (p=0.030). In multiple comparisons of values, based
on Kruskal-Wallis test, we did not find statistically significant
differences between CG and HY genotypes in anthropometric
parameters and biochemical markers.

DISCUSSION

WHR values are often markers associated with the develop-
ment of diseases of civilization such as atherosclerosis, dyslipi-
daemia, hypertension, diabetes mellitus, and others. In addition
to the assessment of body fat distribution through WHR index,
BMI, urinary and liver function tests, glycaemia, lipid profile,
blood pressure, ECG, hormone testing for diseases such as hy-
pothyroidism, hypercortisolism, menstrual disorders, fertility,
and insulin resistance can be assessed (12, 13). The authors in a
scientific study (14) performed on Indian population compared

anthropometric parameters (body height and weight, waist and hip
circumference, WHR, and BMI) between control group (n=100)
and hypothyroid women group (n=100). Comparing the results
of our study with this study (14), we found higher values of body
height (by 9.56 cm) but lower values of waist circumference (by
1.1 c¢cm), hip circumference (by 2.74 ¢cm), and BMI (by 3.2 kg/
m?) in our HY group. In contrast, in the female control group
(CG), we found higher values of body height (by 8.34 cm), body
weight (by 14.43 kg), waist circumference (by 8.75 cm), hip cir-
cumference (by 6.86 cm), and BMI (by 3.26 kg/m?). WHR values
were higher in CG and HY (by 0.03) than in the aforementioned
study. The authors of the study (14) found statistically significant
values between the study groups in the parameters of body height
(p<0.05), body weight, waist and hip circumference, BMI, and
WHR (p<0.001). In our study, we did not find statistically sig-
nificant differences in these studied anthropometric parameters
using Student’s t-test. When comparing the results of our study
with those of the authors (15) who performed a scientific study
in Brazilian women, we again found higher WHR index in the
CG and HY groups. This finding suggests that WHR may be a
risk factor associated with the development of CVD related to the
accumulation of body fat in the central part of the body. Relevant
findings were that women with hypothyroidism in the study by
Savita et al. and Azevédo et al. (14, 15) and in our study had higher
body fat percentage compared to women in the control group. The
reason for this difference may be due to variation in the levels
of thyroid hormones that regulate cellular metabolic activity.
TSH levels were positively correlated with body weight gain in
women in a study of Fox et al. (16). In our scientific study, we
also found a positive correlation between TSH and body weight
(p<0.05). Scientific study conducted in Greek population focused
on observing correlations between anthropometric parameters
and thyroid hormones (17). Using Pearson’s correlation coef-
ficient, the authors found no statistically significant relationship
between TSH and anthropometric parameters. In our scientific
study, a positive correlation was found between TSH and body
height (r=0.371), TSH and body weight (r=0.285) in the group
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Table 2. Genotype and allele frequencies of PAX gene rs104893657 single nucleotide polymorphisms in Slovak women

Genotype frequencies
cc CT 1T )
Group n (%) n (%) n (%) HWE X p-value
Control (n = 67) 62 (92.54) 3(4.48) 2(2.99) 0.001**
- 0.477 0.788
Hypothyroid (n = 68) 63 (92.65) 4 (5.88) 1(1.47) 0.013*
Allele frequencies
Group ¢ T % pevalue OR 95% Cl
n (%) n (%)
Control 127 (94.78) 7(5.22)
- 0.097 0.755 0.837 0.274-2.560
Hypothyroid 130 (95.59) 6 (4.41)

¥?— chi-square test; OR — odds ratio; Cl — confidence interval; statistical significance *p<0.05, ***p<0.001, HWE — Hardy-Weinberg equilibrium, investigated polymorphism
in the given population is not in H-W; we justify this by the fact that between genotype frequencies and theoretically calculated frequencies for a given population group
(observed versus expected number) is a statistically significant difference (p less than 0.05).

of women with HY (p<0.05). The relationship between BMI
and TSH was studied by Gupta et al. (18) in Indian women with
subclinical hypothyroidism. The authors found a positive correla-
tion between TSH and BMI (p<0.05) in CG and HY. In our study,
there was no correlation between TSH and BMI parameters in
either of the study groups. A very sensitive negative acute phase
protein is prealbumin. It is one of the transport proteins of the
thyroid hormones T3 and T4. Increased levels of this marker occur
in adrenal hyperfunction, hypothyroidism, prednisone treatment,
glomerular and tubular proteinuria (19). Its determination is part
of several scientific studies in connection with thyroid activity.
Henze et al. (20) measured prealbumin levels in women with
treated and untreated hypothyroidism, hyperthyroidism and in a
control group of women. In all groups, prealbumin levels were
within reference ranges. Our mean PREA values were the same
in CG (0.24+0.05 g/L) and HY (0.24+0.04 g/L), as well as
reported by Henze et al. (20) in their study in the Turkish popula-
tion. The effect of thyroid hormones on ALP enzymatic activity
in hypothyroid women has been studied by Mane and Bhagwat,

Prathyusha and Priya, and Yadav et al. (21-23) and others. In our
scientific study we found lower values of ALP enzymatic activ-
ity in CG and HY compared to other studies (22, 23). Thyroid
hormones are needed for the function, growth and development
of all organs in the body. They regulate the basal metabolism of
all cells of the body, including hepatocytes, and thus modulate
the function of the liver. The liver metabolises thyroid hormones
and regulates their systemic endocrine effects. Therefore, thyroid
disorders can impair liver function and, by contrast, liver disease
affects thyroid hormone metabolism and various systemic dis-
eases (24). In our study, we found no correlation of TSH with
ALP levels in the group of women with thyroid dysfunction.
Proper thyroid function helps in the regulation of calcium in the
blood stream and influences the absorption of calcium from the
intestine. A scientific study by Susanna et al. (25) was focused
on the comparison of thyroid parameters and mineral profile
in Indian subjects with hypothyroidism and control group. The
authors reported the same mean Ca value in the control and hy-
pothyroid women groups (2.245 mmol/L), mean P value in CG

Table 3. Biochemical and anthropometric markers in relation to the genotypes of the rs104893657 PAX8 gene polymorphism

cC CT
Parameters cG HY cG HY
Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value
Number 62/67 63/68 3/67 4/68
Body height (cm) 164.34 (6.20) 163.54 (7.48) 0.444 160.00 (2.00) 163.75 (7.54) 0.449
Body weight (kg) 73.44 (13.94) 71.24 (16.20) 0.419 70.00 (9.17) 77.25 (12.26) 0.432
Waist circumference (cm) 87.11 (14.38) 88.52 (14.60) 0.589 84.83 (9.28) 93.75 (7.53) 0.217
Hip circumference (cm) 101.87 (8.68) 101.35(10.71) 0.386 102.61 (10.21) 103.38 (8.06) 0.885
BMI (kg/m?) 27.23 (5.43) 26.62 (5.60) 0.537 27.29 (2.93) 28.95 (5.09) 0.640
Waist-hip ratio 0.85(0.11) 0.89(0.15) 0.129 0.84 (0.12) 0.91(0.02) 0.284
ALP (ukat/l) 1.18(0.33) 1.26 (0.41) 0.258 0.77 (0.19) 1.32(0.27) 0.030*
Calcium (mmoliL) 2.26 (0.19) 2.21(0.26) 0.170 2.22 (0.26) 2.11(0.12) 0.474
Phosphorus (mmol/IL) 0.87 (0.20) 0.98 (0.24) 0.006** 0.83(0.09) 0.87 (0.06) 0.542
TSH (pIU/ml) 1.91 (1.06) 2.95(2.2.20) <0.001** 1.40 (0.81) 3.71(2.14) 0.141
Prealbumin (g/L) 0.24 (0.05) 0.24 (0.04) 0.729 0.27 (0.09) 0.22 (0.04) 0.337

CC and CT - genotypes; CG — control group; HY — group of women with hypothyroidism; ALP — alkaline phosphatase; TSH — thyroid-stimulating hormone; statistical

significance *p<0.05
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(0.733 mmol/L), and in HY (1.397 mmol/L). Comparing these
results with our study, we found a mean value of Ca (2.27+0.19
mmol/L), P (0.87+0.20 mmol/L) in CG and HY (Ca 2.20+0.25
mmol/L; P 0.97+0.23 mmol/L). Higher phosphorus values were
observed in women with HY. Based on statistical evaluation by
Student’s t-test, we found a statistically significant difference
(p=0.008) between CG and HY in this parameter in our study. In
addition to its role in thyroid development, the PAXS8 gene is an
important regulator of the activation of the expression of specific
genes, namely thyroid peroxidase (TPO) and thyroglobulin (TG)
(26). The aim of this presented scientific study was to analyse
the representation of genotypes and alleles of the rs104893657
polymorphism of the PAX8 gene in women with hypothyroidism
and in a control group of women. To determine whether there
is a correlation between the given variant of the P4X§ gene
with the phenotypes (anthropometric parameter, biochemical
marker). Alcantara-Ortigoza et al. (27) identified 3 novel intronic
variants of the PAX8 gene and 5 novel exon substitutions in the
Mexican population. The identified variant was also a mutation
designated as Arg3 1 His (rs104893657) with clinical impact. The
allelic frequencies of the novel variants were different in CG and
HY. In our study, the frequency of the homozygous genotype
for the mutant allele was higher in the HY group (TT=1.47%)
and in the CG group (TT=2.99%). Heterozygous genotype was
present in frequency in HY group (CT=5.88%) and CG group
(CT=4.48%). The occurrence of the T allele in CG suggests that
the women in question have a genetic predisposition to congeni-
tal hypothyroidism within the rs104893657 PAXS8 gene. When
looking at the genotype versus phenotype association, we found
a statistically significant difference between CG and HY in P
(p=0.006) and TSH (p<0.001) parameters in the CC genotype.
The rs104893657 polymorphism of the PAXS8 gene is poorly
studied in association with hypothyroidism. Scientific studies by
Vincenzi et al., Komatsu et al., Ramos et al., and Cerqueira et al.
(7,28-30) are mainly focused on the detection of polymorphisms
of different genes that are associated with thyroid dysgenesis,
congenital hypothyroidism. Our study provides initial informa-
tion on the frequency representation of genotypes and alleles of
the rs104893657 PAXS8 gene polymorphism in the Slovak female
population, therefore we consider these results unique.

CONCLUSION

The results of our study provide initial information on the dis-
tribution of genotypes and alleles of the rs104893657 variant of
the PAXS8 gene in a group of Slovak women with hypothyroidism.
An important finding was that the mutant T allele was detected
at low frequency in both CG and HY groups of women but the
association of the T allele with the onset of hypothyroidism was
not confirmed. Highly specialized biochemical markers are the
basis for the diagnosis of reduced thyroid function. Within the
biochemical markers, we also monitored the specific parameter
prealbumin (a carrier of thyroid hormones). According to our
results, we can conclude that the PREA value was not affected by
hypothyroid state. Elucidation of pathological mechanisms and
complementation of laboratory parameters including ultrasonog-
raphy and molecular genetic screening in the diagnosis of thyroid
disorders is of great importance in predictive diagnostics, since

these are diseases that affect all populations worldwide with a
higher prevalence in women. In the future, we recommend that this
issue be further addressed to expand the pool of individuals and to
monitor other biochemical markers associated with this disease.

Conflicts of Interest
None declared

Funding
This research has been financially supported by the project KEGA No.
002PU-4/2021.

REFERENCES

1. Taylor P, Albrecht D, Scholz A, Gutierrez-Buey G, Lazarus JH, Dayan
C, et al. Global epidemiology of hyperthyroidism and hypothyroidism.
Nat Rev Endocrinol. 2018 May;14(5):301-16.

2. Hussian BI, Hadi MA, Al-Harbi HJ. The association of TSHR gene
1s2268458 polymorphism with hypothyroidism in females of Babylon
Province-Iraq. J Univ Babylon. 2018 Oct 10;26(8):7-18.

3. Kinova S, Korein M. [Thyropathies in the general practitioner's clinic].
Via practica. 2016;13(6):252-5. Slovakia.

4. Vanderpump MPJ. The epidemiology of thyroid disease. Brit Med Bull.
2011;(99):39-51.

5. Tomer Y. Genetic susceptibility to autoimmune thyroid disease: past,
present, and future. Thyroid. 2010 Jul;20(7):715-25.

6. Ye L, Ning G. The molecular classification of hereditary endocrine
diseases. Endocrine. 2015 Dec;50(3):575-9.

7. Vincenzi M, Camilot M, Ferrarini E, Teofoli F, Venturi G, Gaudino R,
et al. Identification of a novel pax8 gene sequence variant in four mem-
bers of the same family: from congenital hypothyroidism with thyroid
hypoplasia to mild subclinical hypothyroidism. BMC Endocrin Disord.
2014 Aug;14:69. doi: 10.1186/1472-6823-14-69.

8. Liu S, Wang X, Zou H, Ge Y, Wang F, Wang Y, et al. Identification and
characterization of novel PAXS8 mutations in Congenital Hypothyroidism
(CH) in a Chinese population. Oncotarget. 2017 Jan 31;8(5):8707-16.

9. Van Vliet G. Development of the thyroid gland: lessons from congenitally
hypothyroid mice and men. Clin Gen. 2003 Jun;63(6):445-55.

10. Qian F, Li GY, Wu XJ, Jia Q, Lyu GT, Wang ML, et al. Novel non-
synonymous mutations of PAX8 in a cohort of Chinese with congenital
hypothyroidism. Chin Med J (Engl). 2019 Jun 9;132(11):1322-7.

11. LiM, Wang F, Wang X, Zang Y, Liu W, Wang F, et al. Genetic testing of
PAX8 mutations associated with thyroid dysgenesis in Chinese congenital
hypothyroidism patients. Endokrynologia Polska. 2020 Dec;71(2):153-9.

12. Kankana DE. Waist circumference, waist-hip ratio and Body Mass Index
in assessing nutritional status and central obesity of adolescent. Glob J
Archeol Anthropol. 2017 March 15;1(1):5-8.

13. BukovaA, Chovanova E, Kiichelova Z, Junger J, Horbacz A, Majherova
M, et al. Association between educational level and physical activ-
ity in chronic disease patients of eastern Slovakia. Healthcare (Basel).
2021;9(11):1447. doi: 10.3390/healthcare9111447.

14. Savita S, Geeta A, Kattaria SK, Joya H, Dhadich A. A study of anthro-
pometric parameters, skin and its appendages in hypothyroid patients in
Western Rajasthan Population. Pharma Innov J. 2014 Nov 30;3(10):88-93.

15. Azevédo LM, De Oliveira MF, Dos Santos M, Adaes Mota ADS,
Rabelo M, Hemmings S, et al. Anthropometric profile of sedentary
women with and without hypothyroidism. Rev Andal Med Deporte. 2016
Sept;11(2):47-92.

16. Fox CS, Pencina MJ, D’ Agostino RB, Murabito JM, Seely EW, Pearce
EN, etal. Relations of thyroid function to body weight. Arch Intern Med.
2008 March;168(6):587-92.

17. Milionis A, Milionis CH. Correlation between body mass index and
thyroid function in euthyroid individuals in Greece. ISRN Biomarkers.
2013 Sept 23;(2013):651494. doi: 10.1155/2013/651494.

18. Gupta G, Sharma P, Kumar P, Itagappa M, Sharma R. A correlation
between thyroid stimulating hormone and body mass index in women
with subclinical hypothyroidism. Asian J Pharm Clin Res. 2015 May
18;8(4):206-8.

19. Tothova C, Nagy O. Transthyretin in the Evaluation of health and disease
in human and veterinary medicine. In: Gaze DC, editor. Pathophysiol-

S93



20.

21.

22.

23.

24.

25.

26.

ogy — altered physiological states. London (UK): IntechOpen; 2017. p.
51-67.

Henze A, Homann T, Serteser M, Can O, Sezgin O, Coskun A, et al. Post-
translational modifications of transthyretin affect the triiodonine-binding
potential. J Cell Mol Med. 2015 Feb;19(2):359-70.

Mane AY, Bhagwat VR. Serum enzymes and liver funtion tests in thyroid
disorders. Biomedicine. 2011 Oct 11;31(4):517-22.

Prathyusha U, Priya BD. Association of acid and alkaline phosphatase
among the thyroid patients. Asian J Pharm Clin Res. 2013 Sept 1;6(4):37-
8.

Yadav A, Arora S, Saini V, Arora MK, Singh R, Bhattacharjee J. Influ-
ence of thyroid hormones on biochemical parameters of liver function:
a case-control study in North Indian population. Internet ] Med Update.
2013 Feb 1;8(1):4-8.

Rewatkar M, Tadas A, Agrawal S, Nimbarte. Implication of thyroid
dysfunction on liver enzymes. Glob J Res Anal. 2020 March;9(3):39-40.
Susanna TY, Sagayaraj A, Shashidhar KN, Gomathi M. A correlative
study of thyroid profile and mineral status in patients with hypothy-
roidism - a hospital based case control study. Asian J Pharm Clin Res.
2016 Jan;9(3):292-4.

Di Palma T, Nitsch R, Mascia A, Nitsch L, Di Lauro R, Zannini M. The
paired domain-containing factor Pax8 and the homeodomain-containing

217.

28.

29.

30.

factor TTF-1 directly interact and synergistically activate transcription.
J Biol Chem. 2003 Jan 31;278(5):3395-402.

Alcéantara-Ortigoza MA, Del Angel AG, Martinez-Cruz V, Vela-Amieva
M, Sanchez-Pérez C, Moreno-Rojas R, et al. Molecular analysis of the
PAXS8 gene in a sample of Mexican patients with primary congenital
hypothyroidism: identification of the recurrent p.Arg31His mutation.
Clin Endocrinol. 2012 Jan;76(1):148-50.

Komatsu M, Takahashi T, Takahashi M, Nakamura M, Takahashi I, Takada
G. Thyroid dysgenesis caused by PAX8 mutation: the hypermutability
with CpG dinucleotides at codon 31. J Pediatr. 2001 Oct;139(4):597-9.
Ramos HE, Carré A, Chevrier L, Syinnai G, Tron E, Cerqueira TLO,
et al. Extreme phenotypic variability of thyroid dysgenesis in six new
cases of congenital hypothyroidism due to PAXS8 gene loss-of-function
mutations. Eur Soc Endocrinol. 2014 Oct;171(4):499-507.

Cerqueira TLO, Ramos YR, Strappa GB, De Jesus MS, Santos JG, Sousa
C, et al. Mutation screening in the genes PAX-8, NKX2-5, TSH-R, HES-1
in cohort of 63 Brazilian children with thyroid dysgenesis. Arch Endocrin
Metab. 2018 Aug 1;62(4):466-71.

Received April 15, 2023
Accepted in revised form December 15, 2023

S94



