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ABSTRACT

Hypothyroidism is a prevalent endocrine disorder, particularly affecting women and older adults, with
potentially serious health impacts if left untreated. Levothyroxine is the standard therapy for primary
hypothyroidism; however, its efficacy may be influenced by genetic polymorphisms. This study
investigates the influence of the THRA rs939348 T>C polymorphism on L-thyroxine treatment response
in Iraqi females with primary hypothyroidism. A cross-sectional study was conducted from September
2023 to July 2024, including 100 hypothyroid female patients on levothyroxine therapy (>4 months) and
50 healthy female controls. Clinical data and treatment outcomes were gathered through questionnaires
and medical records. DNA genotyping for THRA rs939348 was performed using Restriction Fragment
Length Polymorphism-PCR (RFLP-PCR), and biochemical analyses assessed thyroid function, glucose,
insulin, and lipid profiles. Patients were grouped by THRA 1rs939348 genotype (TT, TC, CC) and
categorized as responders or non-responders based on achieving normalized TSH levels (0.5-5uU/ml).
Key findings indicated that among responders, 33% had the TT genotype, while 20% had TC/CC
genotypes. Conversely, among non-responders, only 11% had the TT genotype, and 36% had TC/CC
genotypes, showing a significant association between the mutant allele and poorer treatment response
(P<0.0001). Responders with the TT genotype demonstrated stable TSH levels similar to healthy
controls, whereas non-responders with the TC/CC genotypes had TSH levels six times higher than
responders and healthy individuals. These results underscore the clinical relevance of THRA rs939348
polymorphism testing, as it may help identify patients at risk for suboptimal treatment response,
potentially guiding personalized hypothyroidism management strategies.
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INTRODUCTION

Hypothyroidism is a condition characterized by thyroid hormone deficiency, which can lead to serious
health complications, including mortality, if untreated. It is primarily diagnosed through elevated thyroid
stimulating hormone (TSH) and low free thyroxine (FT4) levels indicate overt hypothyroidism while
elevated TSH along with normal FT4 levels signifies subclinical hypothyroidism [1,2]. Hypothyroidism
is classified into primary hypothyroidism caused by thyroid gland dysfunction, secondary
hypothyroidism that characterized by pituitary dysfunction, or tertiary hypothyroidism caused by
hypothalamic dysfunction. Globally, hypothyroidism affects approximately 5—10% of the population,
with significant geographical variability in prevalence due to dietary iodine intake, autoimmune
disorders, and environmental factors [3]. Women are predominantly affected, with an incidence rate 8—
9 times higher than in men, particularly between the ages of 30 and 50 [4,5]. The clinical presentation of
hypothyroidism varies with age, sex, and the timing of diagnosis, and often include, dry skin, cold
sensitivity, fatigue, muscle cramps, voice changes, constipation, heavy menstrual periods, and weight
gain [4,5]. Cardiovascular complications are significant, with increased vascular resistance, lower
cardiac output, impaired left ventricular function, and higher rates of myocardial damage and pericardial
effusions [6]. Metabolic syndrome, such as dyslipidemia, elevated waist circumference, and hypertension
are also common among hypothyroid patients [7,8]. Severe untreated hypothyroidism can lead to
myxedema, a life-threatening condition that may result in coma [9]. Levothyroxine (L-thyroxine) is a
synthetic form of T4, and it is a dominant treatment for hypothyroidism [10,11]. L-thyroxine treatment,
generally at 1.6pg/Kg body weight, is influenced by many factors such as malabsorption, pH changes,
and drug interactions [12]. For instance, proton pump inhibitors can reduce levothyroxine absorption by
increasing stomach pH [13,14]. Despite its efficacy, variability in treatment response remains a
challenge, with genetic factors like polymorphisms influencing drug effectiveness [15]. The human
TRalphal gene encodes the thyroid receptor alpha 1 and located on chromosome 17 is crucial for heart
development [8,15-17]. Variations in this gene have been linked to alterations in thyroid hormone
receptor activity and associated with conditions such as higher blood pressure and dyslipidemia [17-22].
For example, THRA gene polymorphisms like rs939348 were found to correlate with variations in lipid
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profiles and body mass index (BMI) among patients with hypothyroidism, indicating a protective effect
of certain alleles against dyslipidemia [23-25]. Additionally, the importance of THRA gene
polymorphism in regulating thyroid hormone functions may be relevant in the context of
neurodegenerative diseases, particularly Alzheimer’s disease (AD). Therefore, understanding the effects
of thyroid hormones on brain functions and development by investigating the relationship between
THRA and AD risk becomes a critical area of research [26-28]. Given the variability in hypothyroidism
prevalence worldwide and the potential role of genetic factors like THRA rs939348 in influencing
treatment outcomes, this study focuses on understanding these genetic effects in Iraqi females. By
investigating the association between the THRA 15939348 T>C polymorphism and treatment responses
to L-thyroxine, we aim to identify genotype-specific variations that could guide tailored dosing strategies
and improve therapeutic outcomes [29,30].

PATIENTS AND METHODS

Patients

This study was performed from September 2023 to July 2024. A total of 150 female patients were
enrolled in this cross-sectional study when they visit a private clinic to get medication and advice about
their cases. All the patients were already diagnosed with primary hypothyroidism. The patients were
receiving levothyroxine for at least 4 months. The study was approved by the College of Pharmacy's
Scientific and Ethical Committee at the University of Kerbala. Following an explanation of the study's
purpose and design, each patient signed an informed consent form. Patients were excluded from this
study whose course of treatment is shorter than four months so who is under 40 years old, also the patients
were given any medicine that affects the expression or activity of TRA1 or interacts with levothyroxine
and the patient had a thyroidectomy. The sample size was performed based on practical considerations,
including resource viability, the prevalence of hypothyroidism in the local population and recruitment
feasibility within the study time line. In addition, this study was designed based on previous genetic
cross-sectional studies aimed to detect statistically significant differences in treatment outcomes and
genotype frequencies.

Clinical Data Collection

All subjects completed a written consent form outlining the goal of the research and were asked to
complete a specially created questionnaire before being officially included age, weight, family history,
smoking, Hypothyroidism complication, Duration of treatment of levothyroxine, Drug side effect, Other
disease, Other medication, and blood pressure.

Inclusion Criteria
Female patients with hypothyroidism aged 40 years or older who have been receiving levothyroxine for
four months or more.

Exclusion Criteria

patients whose treatment duration was less than four months, those under 40 years of age. Patients who
were taking medications that affect the expression or activity of TRA1 or interact with levothyroxine,
and those who had undergone thyroidectomy.

Blood Sample Collection

Following an overnight fast and vein puncture, patients' 5 ml of blood were drawn; these samples were
separated into two portions, the first of which, 2 ml, was stored in an EDTA tube for the extraction of
DNA, and the remainder of which Second part: 3 ml were placed in a gel tube for the purpose of
extracting sera, which was utilized to evaluate the other biochemical test and thyroid function tests

GENOTYPING

Genotyping Methodology

This study investigated a single nucleotide polymorphism (SNP), rs939348, in the thyroid hormone
receptor alphal (THRA1) gene, which encodes a receptor crucial for the binding and response of thyroid
hormones. DNA was extracted from collected samples at the Laboratory of Molecular Biology, College
of Pharmacy, University of Kerbela, using the gSYNC™ Genomic DNA Extraction Mini-Kit (Taiwan).
DNA concentration and purity were assessed using spectrophotometry, and the extracted DNA was
stored at -20 °C until use. The RFLP-PCR method was employed for genotyping the THRA1 rs939348
SNP. This technique utilized the restriction enzyme Msel (purchased from American BioLabs), selected
based on its ability to specifically recognize and cleave the sequence containing the rs939348
polymorphism. Specific primers for this SNP, designed using Primer-BLAST software and synthesized
by Oligo (Korea), are listed in Table 1.

Primer Preparation

Each primer was dissolved in nuclease-free water to prepare a stock solution at a concentration of 100
pmol/ul. Working solutions (10 pmol/pl) were prepared by diluting 10 pl of stock solution with 90 ul of
nuclease-free water.
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PCR Amplification

PCR was performed in a total reaction volume of 25 pl containing:

50 ng of genomic DNA

1X PCR buffer

1.5 mM MgCl»

0.2 mM dNTPs

0.5 uM of each primer

1 U Taq polymerase

The thermocycling conditions were as follows:

Initial denaturation at 95 °C for 3 minutes

32 cycles of:

Denaturation at 95 °C for 35 seconds

Annealing at 62 °C for 45 seconds

Extension at 72 °C for 55 seconds

Final extension at 72 °C for 5 minutes

Gel Electrophoresis and Visualization:

Amplified PCR products were separated using 1.5% agarose gel electrophoresis stained with ethidium
bromide. A 100-1500 base pair DNA ladder was used to estimate the fragment sizes. Bands were
visualized and photographed under a UV trans-illuminator.

Limitations of the RFLP-PCR Method:

The RFLP-PCR method has limitations, including the potential for incomplete digestion of PCR
products, which can result in genotype misclassification. Additionally, its sensitivity may be affected by
DNA quality, requiring high-purity DNA for accurate results. Advanced techniques like real-time PCR
or next-generation sequencing could offer improved sensitivity and specificity but were not feasible in
this study due to resource constraints.

Biochemical Analysis

An immunoassay was used to quantify thyroid hormones. TSH was quantified using
electrochemiluminescence immunoassay (ECLIA) designed for the Cobase immunoassay analyzer.
Briefly, two different monoclonal antibodies specific for TSH to form a sandwich complex.
Microparticles are magnetically attracted to the ekectrode surface, where chemiluminescent emission is
induced by applied voltage and measured by a photomultiplier. Total and free T4 and T3 were measured
using competitive chemiluminescence immunoassays. The catalog numbers for the thyriod function test
kits were 130203001M, 130203003M, 130203005M, 130203002M, and 130203004M, respectively.
Fasting serum insulin levels were measured using an enzyme-linked immunosorbent assay (ELISA) kit
based on the sandwich principle. The kit was manufactured Mindray Corporation (China), catalog
number 130205002M. Blood glucose, cholesterol, triglycerides, HDL, LDL and VLDL plasma levels
were measured photometrically using lab kits manufactured by Mindray Corporation (China). The
respective catalog numbers were GLU0102, TC0102, TG0102, HDL0102, LDL0102, and VLDL0102.

Clarifying Cut-off Determination for Responders and Non-Responders

The classification of hypothyroid patients as responders or non-responders to levothyroxine (L-
thyroxine) treatment was based on their thyroid function test results and clinical improvement after at
least four months of treatment. Responders were defined as patients achieving normalized TSH levels
within the reference range (0.4—4.0 ulU/mL) accompanied by clinical symptom resolution. Non-
responders were defined as those with persistently elevated TSH levels (>4.0 uIU/mL) despite adherence
to treatment or those reporting incomplete symptom resolution. These criteria align with guidelines for
managing hypothyroidism and reflect a combination of biochemical and symptomatic assessment.

Statistical Analysis

The collected data of the present study were entered from patients' sheets and analyzed through the
Statistical Package for the Social Sciences (SPSS version 26). The data were presented as frequencies
and percentages or mean and standard deviation in appropriate tables and graphs. The distribution of
alleles and genotypes in accordance with Hardy-Weinberg equilibrium was examined using the goodness
of fit test, followed by a Chi-square analysis. The P value of 0.05 or less was regarded as statistically
significant.

RESULTS

Demographic Data of The Study’s Participants:

The demographic and clinical analyses of the study participants all of whom were females including 50
healthy and 100 patients with hypothyroidism undergoing L-thyroxine treatment was presented in the
Table 2. No significant difference was found in age between the two groups, with a mean age of 51.40 +
8.776 years for healthy controls and 2.76 + 9.358 years for the patients (P=0.3932). Highly significant
differences were noticed in body weight and BMI. The mean wight of hypothyroid patients was
significantly higher (84.88 + 15.96 Kg) than the mean weight of healthy controls (71.66 + 9.983Kg,
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P<0.0001). Similarly, the BMI of hypothyroid patients (33.26 + 5.929 kg/m?) was dramatically higher
than in healthy individuals (28.38 + 3.600, P value <0.0001). HT prevalence was much more prevalent
hypothyroid patients with (66%, n=66) compared to (6%, n=3, P=0.0272) in the healthy group. While
(94%, n=47) of healthy women did not have hypertension, only 34%(n=34) of patients were without
hypertension. Blood pressure measurement was further supported these findings: the mean SBP was
significantly higher in the patients with hypothyroidism (133.8+15.80mmHg) compared to controls
(124.6+7.549mmHg, P<0.0001). DBP was also elevated significantly in patients (84.61+£7.184mmHg)
compared to healthy people (81.00+5.425mmHg, P=0.0021). DM was significantly higher in
hypothyroid patients (37%) compared to healthy individuals (16%, P=0.048). conversely, 84% of healthy
group and 63% of the patients did not have DM. The duration of L-thyroxine treatment among patients
was varied as follow: 42% of the patients had been treated for 1-5 years, 44% for 6-10 years, 8% for 11-
15 years, 3% for 16-20 years, and 3% for 21-25 years. The L-thyroxine dosage ranged from 25mcg to
250mcg, as shown in Table 2.

Analyses of Plasma Thyroid Hormones and Glucose Hemostasis in Patients and Healthy Control
Groups:

The plasma thyroid hormone levels and metabolic biomarkers in patients with hypothyroidism and
healthy individuals were presented in the Figure 1A-H. Interestingly, the data revealed significant
differences between the two groups. Thyroid stimulating hormone (TSH) levels were significantly higher
in hypothyroid patients (4.300+4.708 pU/ml) compared to healthy group (2.130 + 0.8125, P<0.0015, and
a 95% CI 0.8421 to 3.497). Conversely, FT4 levels were significantly lower in the patient with
hypothyroidism (13.38+2.283 pmol/L) compared to healthy individuals (14.60+1.804 pmol/L, P<0.001
and a 95% CI -1.942 to -0.5014). FT3 plasma levels were slightly lower, but statistically significant in
patients (5.108 = 0.979 pmol/L) compared to healthy controls (5.450 + 0.997 pmol/L, P=0.0483 and a
95% C10.002551 to 0.6814), with a P value of 0.0483. However, we did not notice statistically significant
differences in total triiodothyronine (TT3) and total thyroxine (TT4) plasma levels between the groups
as shown in the Figure 1A-H. Glucose hemostasis analyses revealed elevated plasma insulin levels in
hypothyroid patients with a P value of <0.0001. Fasting plasma glucose (FPG) were also significantly
higher in hypothyroidism patients (119.4+41.22 mg/dl) compared to healthy controls (99.13+12.97
mg/dl, P=0.004 and 95% CI 8.628 to 31.82). Furthermore, the hemostatic model assessment for insulin
resistance (HOMA-IR) was significantly elevated in hypothyroid patient (5.166+3.186) compared to
healthy individuals (2.120+£0.981, P<0.0001 and a 95% CI 2.133 to 3.959).

Genotyping of THRA rs939348 T>C Gene:

the Figure 2, the RFLP-PCR yielded a clear 190 bp and 142 bp amplicons, which were comparison with
a 100-1500 bp DNA ladder. Lane M refers to the DNA ladder for size reference. Lanes 1-12 refer to the
individuals (1-3) represent TT genotype (wild alleles), lanes (4 and 7) refer to the mutant genotype (CC,
homozygote), and (5 and 10) indicate the mutant genotypes (CT/TC, heterozygote). The electrophoresis
gel was conducted at 45V.

Examine the Association of THRA rs939348 T>C Genotypes with Hypothyroid Risk:

Our findings revealed that the frequency distribution of the THRA rs939348 T>C genotypes had a
significant difference between healthy individuals and hypothyroid patient as presented in the Table 3.
The TT genotype (wild alleles) was significantly more common in healthy control (80%) compared to
patients (33%), suggesting a promising protective effect (P<0.001). In contrast, the CC genotype (mutant
homozygote) was more prevalent in patients (48%) compared to healthy group (10%), indicating a strong
correlation with increased risk of hypothyroid P<0.001. The CT genotype (mutant heterozygote) showed
a higher frequency in patients (19%) than in healthy people (10%), but this difference was not statistically
significant P=0.199, indicating it might not be a major risk factor for the disease. The pairwise
comparison of allele frequencies for the THRA rs939348 gene, using Chi-square (?) tests, revealed a
substantial difference between the wild (TT) and mutant (CT and CC) genotypes (P<0.001), as shown in
Table 4.

Table 5 and Figure 3 present the pairwise comparisons of alleles frequencies for the THRA rs939348
T>C polymorphism among healthy individuals, using chi-square (y?) tests. The TT (wild type) and CT
(mutant heterozygous) genotypes yielded a chi-square value of 54.44 with a p-value of <0.0001,
indicating a highly significant difference. Similarly, the TT vs. CC (mutant homozygous) comparison
also showed a chi-square value of 54.44 with a p-value of <0.0001, demonstrating a highly significant
difference. The comparison between the CT and CC genotypes resulted in a chi-square value of 0 with a
p-value of 1, indicating no significant difference between these two genotypes. These results indicating
that although the wild alleles (TT) significantly differ in frequency from both mutant genotypes (CT and
CC) in healthy individuals, the frequencies of the mutant genotypes do not differ significantly from each
other.
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Analyses of THRA Rs939348 T>C Genotype Frequencies in Hypothyroid Patient and Healthy
Individuals Using Hardy-Weinberg Equilibrium:

The genotype frequencies of THRA 15939348 T>C in hypothyroid patient were analyzed using HWE.
The calculation involved of 100 sample size and comparing observed frequencies and those expected
under HWE. In the patients the observed genotype frequencies were 42.5% for the TT genotype and
57.5% for the C allele. The expected frequencies were 18.1% for the T allele, 33.1% for the C allele, and
48.9% for the TC/CT genotype. A significant deviation from HWE expectation was found with a P-
values of 0.0002 for the TT genotype, 0.0001 for the CT genotype, and 0.001 for the CC genotype,
indicating a statistically relevant difference between the observed and expected frequencies (Table 6 and
Figure 4).

Healthy control group of 50 individuals showed that the observed genotype frequencies were 85% for
the TT genotype and 15% for the allele C. HWE equilibrium calculations yielded 72.25% for the T allele,
2.25% for the allele C and 25.5% for the TC/CT genotype. Interestingly Fischer exact test results showed
a significant deviation with a P values of 0.0002 for the TT genotype, 0.001 for the CC genotype, and
0.001 for the CT/TC genotype as presented in the (Table 7 and Figure 4). These results suggest a
meaningful difference between the observed and expected frequencies in both healthy control group.

Compare Demographic and Clinical Characteristics of Participants with THRA Rs939348 T>C
Genotype:

The demographic analyses of the THRA rs939348 T>C genotypes showed a notable difference between
healthy control group (n=50) and hypothyroid patient (n=100), as presented in the Table 8. The mean
age was slightly higher in patients with all genotypes (TT: 51.82+8.897, TC: 52.68+8.159, CC:
53.44+10.2) compared to healthy participants (TT: 52.25+8.602, TC: 51.8+£10.45, CC: 44.2+6.38) Figure
SA. Age distribution revealed a higher percentage of older individuals among patients with CC genotype
Figure5B. BMI and mean body weight were statistically higher in the patients with all the genotypes
compared to the healthy individuals. However, within each group either healthy individuals or patients,
no statistical differences were observed based on the genotypes see Figure SC-F. BMI analysis showed
statistically significant differences in the distribution of normal weight (TT: 10%, TC: 0%, CC: 3%) and
overweight individuals (TT: 46%, TC: 6%, CC: 8%) between the patients and control group Table 8. HT
prevalence was significantly higher in patients (TT: 20%, TC: 14%, CC: 32%) compared to healthy
participants (TT: 6%, TC: 0%, CC: 0%) Table 9. SBP was significantly elevated in the hypothyroid
patient with TT genotype compared to the healthy group with TT genotype whereas no statistically
differences were noticed in the other genotypes. DBP in the other hand was constant and did not show
significant differences between the two groups as described in the Figure 5SG-H.

Intriguingly, DM was more common in the patients compared to the healthy participants (y2=11.67, 5,
P<0.0396) see Table 10. The duration and dose of L-thyroxin treatment were recorded only for patients,
with the many requiring higher doses over time. These results suggesting that THRA rs939348 T>C
polymorphism are associated with various demographic and clinical parameters, underscore the need for
personalized management strategies in hypothyroid patient with these genotypes.

Analyses of Plasma Thyroid Hormones in Patients and Healthy Individuals with THRA Rs939348
T>C Genotypes:

We aimed to investigate the idea of genetic variations at the THRA 1s939348 T>C locus influences
plasma thyroid hormone levels and metabolic markers in both healthy individuals and hypothyroid
patients. Interestingly, patients with CC-mutant type showed two folds higher plasma TSH levels
(4.74+3.636) compared to the healthy people with CC genotype (2.1324+0.9426, P<0.01 with a 95% CI -
0.3801 to 6.854) as shown in the Figure 6A-C and detailed in the Table 10. However, TSH levels were
relatively consistent across all the other genotypes between healthy and hypothyroid patients. TT3 levels
were relatively consistent across genotypes, while comparing patients to controls, there were
significantly differences in FT3 levels across different genotypes as explained in the Table 10 and
presented in the Figure 6E-G. However, within each group (patients or controls), FT3 levels showed no
astatically differences, which may indicate the effect of gene variations on the FT3 levels is crucial in
the context of comparing patients to controls but not in the same group. We did not notice statistically
important differences between the two groups in the level of TT4 as shown in the Figure 6H. Not
surprisingly, healthy people with TT, TC and CC variations presented higher levels of FT4 compared to
hypothyroid patients Figure 61. This is consistent with the hypothesis that genetic variations significantly
impact thyroid hormone levels in the context of comparing patients to controls, rather than within each
group (patients or controls). Hence the results revealed significant variations in thyroid hormone levels
between patients and healthy control groups, indicating the influence of THRA 1rs939348 T>C
polymorphism on thyroid physiological functions.

Analyses of Glucose Hemostasis and Blood Lipid Profiles in Patients and Healthy Individuals with
THRA rs939348 T>C Genotypes:

Glucose hemostasis profiles of individuals with THRA rs939348 T>C gene variations revealed notable
differences between healthy people and patients. Hypothyroid patients showed more than two folds
increased in insulin levels for both wild and mutant genotypes compared to healthy individuals see Table
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11 and Figure 7A. Although insulin level was significantly higher in the patients compared to healthy
controls, it was remained relatively constant within both patient and control groups, as shown in the
Figure 7B-C. This indicates that THRA rs939348 T>C gene polymorphism significantly impact insulin
stability in hypothyroid patients compared to healthy controls but does not cause notable differences
within the same groups. FPG is a critical parameter used to study glucose hemostasis because it provides
a baseline measurement of blood glucose levels without the influence of recent food intake, reflecting
the ability of body to blood glucose through endogenous insulin production and response to glucose
regulation mechanisms. Interestingly, our results showed elevated of FPG in hypothyroid patients with
wild type TT genotype and mutant type CC genotype (P<0.01) compared to healthy individuals as shown
in the Figure 7D. However, no notable differences were observed within both patient and healthy control
groups as shown in the Figure 7E-F. HOMA-IR was considerably higher in patients across all genotypes
compared to healthy people, as shown in the Figure 7G-1. Patients with wild type TT genotype showed
significant higher blood cholesterol level compared to healthy individuals as detailed in the Table 12 and
Figure 8A. Cholesterol levels were relatively similar between patients and healthy controls in the other
genotypes as shown in the Figure 8B-C. TG blood levels were significantly higher in hypothyroid
patients with TT and CC genotypes compared to the healthy females with a P-value<0.01 Figure 8D.
Healthy people with mutant CC genotype showed the lowest level of TG compare to other gene variations
Figure 8E, while TG levels remained constant across the patient groups. In addition, HDL, LDL and
vLDL levels were consistent and showed no significant differences between patients and healthy
individuals, and they remained constant within both groups as well.

THRA rs939348 T>C Genotype and Response to L-Thyroxine Treatment Hypothyroid Patients:
We examined whether the THRA rs939348 T>C genotypes influences the response to L-thyroxine
treatment in patient with hypothyroidism. Table 12 describes the duration of L-thyroxine treatment in
patients with different THRA rs939348 T>C genotypes (TT, TC, CC). For patients treated for five years
or less, 12% had wild genotype (TT), 9% were heterozygous mutant (TC) and 21% had the homozygous
mutant genotype (CC). For patients who treated for more than 5 years, 21% had the wild genotype (TT),
10% were mutant genotype (heterozygous) and 27% had the homozygous mutant genotype (CC). There
were no statistical differences were found in duration of treatment among the genotypes (P=0.1496), nor
there were differences in genotype distribution between the two treatment durations (P-value 0.0721).
Therefore, it is worthwhile to study the correlation between the duration of the treatment, the genotypes,
and TSH levels to gain a better understanding of their interplay and influence on treatment outcomes. To
determine whether the duration of L-thyroxine treatment is affected by THRA rs939348 T>C
polymorphism, which may influence thyroid hormone and metabolic response to L-thyroxine, we
analyzed TSH plasma levels across treatment durations. Interestingly, for patients treated for five years
or less, TSH were significantly higher in the TC genotype compared to patients with the same genotype
treated for more than five years (Table 13 and Figure 9A). In contrast, TSH levels was slightly higher
but not statistically significant for patients with CC and TT genotypes treated for <5 compared to those
who treated for >5 years (Table 13 and Figure 9A). TT3 levels were relatively similar across genotypes
for both treatment durations, with a notable increase in the CC genotype for >5 years Figure 9B. FT3
levels remained fairly consistent across all genotypes and treatment durations. FT3, TT4 and FT4 plasma
levels were relatively similar across all genotypes for <5 compared to patients treated for >5years, as
showed in the Figure 9C-E. These results indicate that prolonged L-thyroxine treatment did not lead to
improve thyroid hormone levels, especially in the TT and TC mutant genotypes, suggesting that alpha
thyroid gene variations may strongly correlated to the effectiveness of the treatment in hypothyroid
patients and should be considered in their care and management.

Impact of L-Thyroxine Treatment Duration on Clinical Parameters in Hypothyroid Patient with
THRA rs939348 T>C Genotypes:

Thyroid hormones in particular T4 and T3 play a crucial regulation role in glucose hemostasis and lipid
profiles. Hypothyroidism often leads to increase insulin resistance, elevated FPG, and alter blood lipid
profiles. Therefore, we aimed to study the impact of L-thyroxine treatment duration on clinical
biomarkers in hypothyroid patient with THRA 1rs939348 T>C gene polymorphism to assess whether
genetic variations influence treatment outcomes. Interestingly, our study did not reveal notable
differences in glucose hemostasis parameters-including insulin, FPG and HOMA-IR between patients
treated with L-thyroxin for 5 years or less and those treated for more than 5 years across all genotypes as
detailed in the Table 14 and presented in the Figure 10A-H. These data did not show a clear pattern of
effect of L-thyroxine treatment on the clinical parameters across different genotypes. This may suggest
either a lack of response to the treatment or THRA gene variations, in particular rs939348 T>C
polymorphism, influence responses to treatment in ways that not evident in these patients.

Measuring the Impact of THRA rs939348 Mutation on The TSH Levels in Hypothyroid Patient
and Healthy People:

In this experiment, we interested to measure TSH levels by categorizing of wild genotypes (TT) vs
mutant genotypes (TC, CC) instead of the specific genotypes. This approach increased the sample size
for each group by enhancing the power of the statistical calculations. This would help the researchers to
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understand the impact of the mutation that providing a basis for more detailed studies if significant
differences were found. Interestingly, as detailed in (Table 15 and Figure 11) hypothyroid patient with
wild genotypes showed no significant differences in TSH plasma levels compared to the healthy
individuals with wild genotypes. However, patients with mutant genotypes exhibited fourfold higher
levels of plasma TSH compared to the healthy individuals with mutant genotypes with (P<0.01, 95% CI
-5.780 to -0.06452). Additionally, Patients with mutant genotypes showed significantly higher levels of
TSH compared to healthy controls with wild genotypes. These results indicate that the THRA rs939348
T>C mutation has a strong impact on TSH levels in hypothyroid patients. Hypothyroid patient with
mutant genotypes (TC or CC) showed significantly higher TSH levels compared to the healthy
participants with the same genotypes, suggesting a potential genetic influence of the mutant allele on the
severity of the hypothyroidism and responses to L-thyroxine. In contrast, there is no clinically relevant
differences between patients with wild genotypes and healthy individuals with the same genotype,
indicating that the wild type does not strongly influence TSH levels in the context of hypothyroidism.

Impact of THRA rs939348 T>C Polymorphism on The Treatment Responsiveness in Patients with
Hypothyroidism:

The results of the previous experiment heightened responsiveness among patients with wild genotype
(TT). Therefore, in the next experiment we measured TSH levels in wild type genotype based on the
duration of L-thyroxine treatment aiming to examine whether genotype influence the efficacy of
treatment by regulating TSH levels. Table 16 and Figure 12 presented plasma TSH levels in hypothyroid
patient and healthy participants according to the THRA rs939348 mutant and wild genotypes, categorized
by the duration of L-thyroxine treatment. Not surprisingly, for patient with wild type genotypes, TSH
levels were consistent and no significant changes were noticed between patients who treated for 5 years
or less and patients who treated for more than 5 years compared to compared to healthy individuals. In
contrast, patients with mutant genotypes exhibited higher TSH levels regardless of treatment duration
compared to healthy individuals. These findings strongly indicate that THRA rs939348 T>C mutation
may contribute to elevated TSH levels in hypothyroid patients and influence their response to the therapy.

Effect of L-Thyroxine Dose Variations on TSH Plasma Levels in Hypothyroid Patient with THRA
rs939348 T>C Polymorphism Compared to Healthy Individuals:

This experiment was conducted based on our observations that patients with wild alleles responded
effectively to the therapy. We aimed to examine whether this responsiveness varies according to different
doses of L-thyroxine. Consistently, patients with THRA rs939348 T>C wild genotype exhibited
consistent and stable TSH plasma levels compared to the healthy individuals with the same genotypes,
ranging from 4.253 + 2.336 pU/ml to 3.390 + 1.854 pU/ml, with no data available for dosages below
50meg or >200mcg (Table 17 and Figure 13A-G). In contrast, patients with mutant genotypes (TC or
CC) showed significant elevated in the levels of TSH compared to the healthy participants with the same
genotypes. These results indicate that genotype specific response to L-thyroxine treatment among
hypothyroid patient are significant and underscoring the importance of gene polymorphism testing in
therapeutic strategies.

Impact of THRA rs939348 T>C Genotype Mutation on L-Thyroxine Response Based on TSH
Levels in Hypothyroid Patients:

The hypothesis of this study is to investigate whether gene variations in the THRA gene influence the
response to treatment in hypothyroidism, potentially leading to either effectively response or non-
response to therapy. Accordingly, hypothyroid patient was grouped based on THRA 15939348 T>C
genotypes and defined as responders and non-responders depending on the plasma TSH levels,
normalized to the levels observed in the healthy individuals ranged (0.5-5uU/ml). Among responders,
33% were wild genotype and 20% were mutant, while among non-responders, 11% were wild and 36%
were mutant. Statistically, non-responder patient proportions with mutant genotype were significantly
higher than responder patients with wild genotype as detailed in the Table 18, indicating a strong
association between the THRA rs939348 T>C polymorphism and the response to the therapy.
Interestingly, TSH levels were close to normal (2.019 + 1.09pU/ml) in responder patients with the wild-
type genotype compared to the healthy controls, while TSH dramatically elevated in non-responder
patients with the wild-type genotype P<0.0001 compared to responder patients with the same genotype.
Among patients with mutant genotypes (TC or CC), responders showed significantly higher levels of
TSH compared to healthy individuals (P<0.02) whereas non-responder patients with mutant genotype
showed a six-fold elevation in TSH levels compared to the responders or healthy individuals (Table 19
and Figure 14). These findings suggest that the responsiveness to L-thyroxine treatment significantly
impacts TSH levels in hypothyroid patients. Patients with wild-type showed better treatment outcomes
than those with mutant-type, indicating the necessary of considering THRA 15939348 T>C
polymorphism in treating hypothyroidism.
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Impact of THRA Rs939348 T>C Polymorphism on BMI and Response to L-Thyroxine in
Hypothyroid Patients:

BMI is a significant parameter for assessing the response to hypothyroidism treatment. Normal BMI
measurements often correlate with a positive response to L-thyroxine treatment, indicating adequate
thyroid hormone replacement therapy. By Investigating how gene variations impact BMI and treatment
outcomes, scientists can potentially identify genetic markers that predict treatment response and help
enhance the specificity and precision therapies description for individual patients. Table 20 presents the
data of 100 hypothyroid patients and 50 healthy individuals. Patients were categorized based on THRA
r$939348 T>C genotypes into wild-type genotype and mutant genotypes and further classified into
responders and non-responders according to TSH levels normalized to those of healthy individuals. For
patients with the wild genotype, responders had a mean of BMI 31.569 + 2.402 Kg/m2, while non-
responders had a mean of BMI 31.047 + 6.664 Kg/m2; both groups showed no significant differences
compared to the healthy controls (Figure 15). In contrast, among patients with mutant genotypes, for
both responder and non-responder patients reported significantly increased in BMI levels (P<0.001)
compared to the healthy individuals with the same genotypes. Additionally, there was no statistically
significant difference in BMI between responder and non-responder groups among mutant patients see
Figure 15. These data suggest that patients with the wild-type THRA rs939348 genotype had BMI levels
similar to healthy controls, indicating a promising treatment response. While mutant patients exhibited
significantly higher BMI levels regardless of treatment response status.

DISCUSSION

Hypothyroidism is a condition affects a significant percentage of the global population, with L-thyroxine
being the dominant prescribed treatment [31]. Despite its widespread use, the treatment response to L-
thyroxine varies among people due to several unknown factors [32,33]. Recently, scientists suggest that
genetic variations in particular gene related to thyroid stimulating hormone may play a crucial role in
impacting individual response to hypothyroidism therapy. The study compared demographic data
collected from female participants grouped to 100 hypothyroid patients undergoing L-thyroxine
treatment and 50 healthy individuals. Interestingly, the patients showed significantly higher BMI, body
weight, hypertension prevalence, and blood pressure values compared to the healthy controls. These
findings align with previous research indicating that hypothyroidism often leads to overweight, obesity,
alter metabolic index and increased cardiovascular disease risk [34,35]. For instance, a study by Smith
and his team found similar trends in hypothyroid patients, indicating the importance of monitoring and
care improving during L-thyroxine therapy [36]. Additionally, scientists observed that L-thyroxine did
not significantly improve hypothyroidism symptoms or fatigue in patients with hypothyroidism condition
compared to a placebo group. Therefore, it is necessary to understand that individual responses to
treatment can vary, necessitating further research to elucidate the underlaying mechanisms [36-39]

The data of this study revealed that serum TSH levels in hypothyroid patients significantly higher than
healthy individuals. However, the mean levels of TSH in hypothyroid patients remained within normal
established reference range. This may be because hypothyroid patients undergoing L-thyroxine
treatment. These data align with many previous studies suggesting that TSH serum levels are the most
sensitive and specific marker of systemic thyroid status [40—44] Additionally, the data showed that FT3
plasma levels were significantly elevated in hypothyroid patients compared to healthy (P<0.04). In
contrast, FT4 was statistically lower in patients with hypothyroidism (13.38+2.283) compared to healthy
individuals (14.60+1.804, P<0.001). Thyroid disorder can be confusing by virtue of being discordant
with the clinical symptoms like inability of L-thyroxine to suppress (TSH;thyrotropin) in
hypothyroidism, or because using many different assays that contradict each other such as raised thyroid
hormones levels without suppress TSH or low thyroid hormones levels with inappropriately normal or
low TSH [45—48]. There are many possible causes of anomalous thyroid function in hypothyroid patients
undergoing L-thyroxine including: genetic variation in TSH receptor, inappropriate administration of L-
thyroxine, malabsorption of L-thyroxine, change the treatment dosages, resistance to L-thyroxine and
poor compliance [45,47—49]. On the other hand, scientists suggested that to avoid thyrotoxicosis or
resistance to L-thyroxine treatment, L-thyroxine should be substitute with T3 supplement, which can be
done without reducing or interfering with FT3 levels, there by restoring FT4/FT3 ratio in most patients
[50]. Not surprisingly, in some patients with elevated FT3 and normal FT4 levels, and excessive L-
thyroxine intake typically results in a higher FT4/FT3 ratio compared to spontaneously occurring
hyperthyroidism [51].

Moving on to the metabolic biomarkers, the data analyses revealed that hypothyroid patients had insulin
plasma levels that were twice as high P<0.0001 compared to healthy controls. In addition, patients with
hypothyroidism showed significantly elevated FPG P<0.004 compared to the healthy individuals.
Similarly, the hemostasis model assessment of insulin levels was significantly elevated (P<0.0001) in
hypothyroid patients compared to the healthy controls. These data align with previous findings, by their
scientists indicated that thyroid hormones play crucial roles in both glucose metabolism and consumption
[52-54]. Thyroid disorder is closely corelated with diabetes mellitus development or vice versa [55].
Thyroid hormone affects glucose hemostasis by impacting pancreatic Beells, and regulate glucose
metabolism through several organs including skeletal muscle, liver and central nervous system.
Hypothyroidism may be the result of insulin resistance of peripheral tissues [56,57]. Maratou et al.
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suggested that patients with hypothyroidism present with decreased expression of insulin-stimulated
glucose transport in monocytes, resulting from impaired translocation of glucose transporter, which is
essential for glucose utilization [58]. Furth more, reduced rate of blood flow in peripheral tissues is
associate with the development of insulin resistance, as previously described by Dimitriadis and his
research team [59].

Association of THRA Rs939348 T>C Genotypes with Hypothyroid Risk:

Molecular biology analysis of THRA rs939348 T>C gene polymorphism in hypothyroidism showed
significant differences in genotype distribution between healthy individuals and hypothyroid patients.
For instance, the TT genotype (wild allele) was the most common in healthy controls, indicating a
protective effect against hypothyroidism. Conversely, the CC genotype (mutant homozygote alleles) was
more prevalent in patients, which may indicate a strong association with increased risk of
hypothyroidism. Although, the CT genotype (mutant heterozygous alleles) showed higher proportion in
patients compared to healthy controls, the differences were not statistically significant. Chi-square
calculation for pairwise comparisons revealed substantial differences between wild-type and mutant
genotypes P<0.001, with no significant differences between the mutant genotypes themselves.
Interestingly, the findings indicated that the mutation alleles (CT and CC) were significantly shifted in
hypothyroid patients compared to the wild-type, while in healthy controls, the wild-type was the most
common frequency than both the mutant alleles and the corresponding frequencies in patients. These
results aligned with most of the studies, which also observed significant differences in genotype
distribution, even the exact proportions varied [60—62]. Furthermore, most of the studies compared the
genotypes proportion within the patient groups, whereas out study included a comparison with healthy
individuals to understand the baseline of alleles frequencies in the general population. Hence, these
findings suggest that mutation strongly associate with the risk of hypothyroidism. Moreover, both
patients and healthy groups exhibited deviation from HWE, which possibly due to several factors
including genetic and epigenetic modifications, environmental factors, sample size, risk factors and
geographical distributions [63—67]. The deviations from HWE observed in our analysis may be attributed
to the unique population structure or sub-population stratification within our study cohort. The population
of Karbala, Iraq, where the study was conducted, is known to have distinct genetic characteristics
influenced by historical and geographical factors. Such localized variations could affect allele
frequencies and genotype distributions, potentially explaining the observed deviations from HWE.

In the context of disease-associated studies, deviations from HWE in the patient group are not uncommon
and may reflect the genetic association between specific genotypes and disease susceptibility. However,
the significant deviation observed in the healthy control group warrants further consideration. This
finding could be influenced by factors such as sample size limitations or population-specific allele
frequency dynamics, which might differ from broader or more heterogeneous populations.

Demographic and Clinical Characteristics of Participants with THRA rs939348 T>C Genotype:

The data of this study reported several notable demographic and clinical differences between healthy
group and hypothyroid patients based on THRA rs939348 T>C gene variations. BMI and mean body
weight were significantly higher in hypothyroid patients compared to healthy individuals regardless the
genotype groups, although no differences were found within each group based on genotype. Studies have
adjusted for BMI and body weight to isolate the effect of gene polymorphisms on hypothyroidism,
counting that overweight and obesity are a potential risk factors for this condition [68]. Clearly, our
results showed the differences of body weight and BMI were more pronounced between healthy and
patients independent THRA rs939348 T>C gene variations. Our data align with Al-Azaam et al, who
explored the impact of THRA gene polymorphism, specially rs939348, rs2268458 and rs2239610 on L-
thyroxine treatment response in hypothyroid patients and they found no differences in BMI and body
weight among genotype groups [65,66]. In contrast, several studies on animal models have shown that
gene variations such as FTO gene polymorphism influence metabolic rate and energy expenditure [69].
SBP was notably elevated in hypothyroid patents with wild genotype, while DBP remain stable and
constant across both groups. Prevalence of DM was significantly high among patients P<0.0396.
Furthermore, hypothyroid patients required longer and higher doses of L-thyroxine treatment. Goumidi
et al for the first time reported that a significant and potential associations between the TT allele of the
THRA 15939348 SNP and elevated SBP in two population-based studies, and these findings align with
our results [70]. It is worth to mention that we are the first to report association between THRA rs939348
T>C gene polymorphism and BP in Iraqi population selected from Kerbala city. These results are
agreeing with the known links between thyroid dysfunction and BP although the underlying mechanisms
are unclear [60,71,72]. Additionally, the same effect was also observed for DBP, and consequently this
allele was significantly associated with higher risk of hypertension [73]. BP regulated by many
physiological factors. Atrial and brain natriuretic peptides are directly controlled by thyroid hormones
and may play a role in the process of blood pressure stasis. Autonomic nervous system providing an
alternate possible mechanism depends on the action of TT3 and FT3 [74-76]. Catecholamine secretion
are highly elevated in hypothyroidism in particular plasma noradrenaline, which may play a crucial role
in elevated blood pressure [77-79]. Thyroid gland dysfunction is associated with an increased
sympathetic influence on the autonomic cardiovascular system [80,81]. Finally, studies using animal
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models suggested that thyroid hormone receptor alpha functions to activate parasympathetic nervous
system signaling pathway [70].

Analyses of Plasma Thyroid Hormones in Patients and Healthy Individuals with THRA rs939348
T>C Genotypes:

Next, we explored the influence of THRA 1s939348 T>C locus on plasma thyroid hormones levels and
metabolic biomarkers in hypothyroid patients compared to healthy individuals. Clearly, patients with
mutant-homozygous CC genotype exhibited plasma TSH levels two folds higher than of healthy
individuals with the same genotype P<0.01. In contrast, TSH levels remained stable and constant across
other genotypes between healthy and hypothyroid groups. Although TT3 levels were consistent across
genotypes, significant differences in FT3 plasma levels were observed between patients and healthy
controls, but not within each group indicating THRA rs939348 T>C polymorphism is more pronounced
when comparing patients to healthy group. Interestingly, there were no clear differences were observed
in TT4 levels between the two groups across all the genotypes. FT4 on the other hand was significantly
higher in healthy group compared to the patients across all genotypes (TT, TC and CC), supporting the
hypothesis that THRA rs939348 T>C gene variations impact thyroid hormone levels in the context of
hypothyroidism. These findings line with previous studies examined the association between THRA
1s939348 T>C gene polymorphism and thyroid hormones and metabolic biomarkers. For instance,
Goumedi et al found that hypothyroidism patients with rs939348 T allele had higher systolic blood
pressure, suggesting a potential impact of this locus [70]. Clinical studies suggested that mutation in
either of thyroid hormone receptor (THRA or THRp) can lead to resistance to thyroid hormone, and these
mutations can result in variable phenotypes both same receptor isoform and between the two isoforms.
Therefore, patients with thyroid hormone resistance can present with unexplained elevated of plasma
FT4, high levels of TSH and decreased the ratio of FT4/FT3 [70,82]. Hence these explanations were
similar to our observations.

Analyses of Glucose Hemostasis and Blood Lipid Profiles in Patients and Healthy Individuals with
THRA Rs939348 T>C Genotypes:

Advance in areas of cell imaging, cell biology such as autophagy, gene expression and metabolomics
have generated solid evidences that thyroid hormones play important role in hepatic lipid regulation [83—
85]. Indeed, hypothyroidism strongly associated with dyslipidemia, increased blood lipid cholesterol and
triglycerides as well as NAFLD. Thyroid hormone regulates lipid metabolism through different pathways
such as autophagy, foxidation, cholesterol synthesis and activate cholesterol transporter system [86]. Not
surprisingly, scientists suggested using thyroid analogues for treatment of metabolic diseases involving
the liver, such as hypercholesterolemia and NAFLD [86—88]. This why in this study we explored the
effects of THRA rs939348 T>C gene variations on lipid profiles, as blood lipid levels may serve as
important indicators for evaluating the response to treatment in hypothyroidism and should be taken into
account.

Interestingly, cholesterol levels were significantly elevated in patients with wild-type TT genotype
compared to healthy group with the same genotype, while TG levels were elevated in hypothyroidism
patients with TT and CC genotypes compared to healthy controls with the same genotypes. HDL and
LDL remained constant and stable between the two groups across all genotypes. We noticed an increase
in VLDL levels in healthy participants, with significant increase observed in healthy individuals with TT
genotype compared to the patients with the same genotype. It is noteworthy to mention that this is the
first time to study the effect of THRA 1s939348 SNP on blood lipid profiles.

Mostly, scientists focused on THRB gene variations because it is the major form express in the liver,
while THRA is commonly expresses in the other tissues like heart and bone [89-91]. Generally, THRs
are nuclear receptor owning nucleo-cytoplasmic shuttling, in spite of some of the residual available in
the cytoplasm. This feature enables THRs to bind directly to their target gene on the promotor area of
DNA, forming co-repressor complex with histone deacetylase activity to repress positively regulated
transcription genes in response to thyroid hormone elements. Upon ligand binding, co-repressors are
released lead to conformation changes in the THR, and activate histone acetyltransferase expression
which activate other target gene promotor to trigger transcription [92,93]. Furthermore, thyroid hormone
can regulate several transcription factors play a role in lipid metabolism such as (such as activation of
forkhead box protein Ol (FOXO1)), modulating cell-signaling cascades through protein—protein
interactions (such as the regulation of phosphoinositide 3-kinase (PI3K) by THRf) or binding to proteins
other than THRs (such as binding to avp3 integrin) [94].

Previously, scientists demonstrated the correlation between THRA rs939348 gene polymorphism and
SBP and increased risk of cardiovascular disease to 25% [70]. Other study reported that THRA variations
increased waist circumference in hypothyroid patients specially in those who had T allele. These studies
agree with our results, as patients with TT genotype had higher levels of blood cholesterol and TG
[65,66]. The strength of our study lies in comparing these results to healthy individuals rather than just
to other genotypes within the patient group, which solidify the evidence and concludes that people with
T alleles are more vulnerable to developing resistance to hypothyroidism treatment.

The analyses of glucose hemostasis revealed significant differences between patients and healthy
individuals. Insulin levels were significantly higher in hypothyroid patients with TT and CT genotypes
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compared to healthy controls indicating a potential impact of THRA rs939348 T>C gene polymorphism
on insulin stasis. Similarly, FPG levels were elevated in hypothyroid patients with both TT and CC
genotypes compared to healthy participants with the same genotypes. HOMA-IR was dramatically
elevated in the patients compared to the healthy individuals across all genotypes. Impairment of glucose
metabolism in hypothyroidism patients is supported by many studies, but the uniquely in this study the
patients undergoing L-thyroxine which should improve thyroxine hormones and improve glucose
hemostasis. Therefore, these results may indicate resistance to the therapy due to gene variations in
THRA in particular rs939348 T>C locus. This is consistent with previous studies suggesting THRA
polymorphisms influence insulin sensitivity and resistance [70,82].

Impact of THRA rs939348 Mutation on The TSH Levels and Treatment Responsiveness in
Hypothyroid Patient and Healthy People:

Several observational studies recommended that TSH is an important indicator of the biochemical
response to L-thyroxine, while FT3, FT4, TT3 and TT4 are an additional hypothyroidism treatment target
[95-98]. Since we did not find a noticeable change in the levels of thyroid hormones, we focused on
exploring the impact of THRA 1rs939348 gene polymorphism on hypothyroidism treatment response
based on the measurement plasma TSH levels. Indeed, THRa gene plays a crucial role in regulating
thyroid hormone physiological and biological functions. Variations in this gene such rs939348 SNP may
affect the gens functions and consequently influence the severity of the disease and the patient’s response
to treatment [99—101].

Interestingly, no notable differences in the TSH levels were observed in hypothyroid patients with wild-
type TT genotype compared to healthy individuals. While patients with mutant alleles either
heterozygous or homozygous showed significantly higher TSH levels compared to healthy individuals
with the same genotypes, indicating that THRA rs939348 mutation potentially impact hypothyroidism
severity and L-thyroxine responsiveness. Additionally, TSH levels in patients with wild allele were stable
and constant regardless treatment duration or L-thyroxine dosage, with no significant differences
compared to healthy individuals. In contrast, patients with mutant genotypes (CT and/or CC) exhibited
elevated TSH levels regardless of treatment term or dosage, suggesting a less effective response to L-
thyroxine therapy.

THRA 15939348 T>C polymorphism showed a notable difference between responders and non-
responders in terms of genotype distribution. Wild-type individuals exhibited better treatment outcomes,
with near normal TSH plasma levels, while those with mutant genotypes showed a poorer response based
on significantly elevated plasma TSH levels. Previously scientists found that THRA rs939348 T>C gene
polymorphism is potentially correlated with significant changes in TSH levels and treatment response
efficiently. They found patients with mutant genotypes CC alleles had a higher risk of poor response to
treatment along with our findings that wild-type TT genotype is associated with better treatment response
and lower TSH levels [102]. In contrast, Zhang et al., found no significant differences in treatment
outcomes based on the THRA 15939348 T>C gene variations, though they acknowledge the impact of
gene variations on TSH variability [60,103]. Our study demonstrated that mutant genotypes of THRA
rs939348 T>C were associated with higher TSH levels in hypothyroid patients undergoing L-thyroxine
treatment. This finding suggests that patients carrying mutant genotypes may exhibit a suboptimal
biochemical response to the standard treatment protocol. Elevated TSH levels in these patients could
potentially translate into persistent hypothyroid symptoms, such as fatigue, weight gain, and diminished
quality of life, even when receiving therapy. To further elucidate the clinical impact of these findings,
future studies should include longitudinal evaluations of both biochemical and clinical outcomes, such
as symptom resolution, quality of life measures, and comorbidities like dyslipidemia and insulin
resistance. Investigating these aspects could provide critical insights into the necessity and efficacy of
personalized treatment approaches based on THRA genotypes.

CONCLUSION

The THRA 1rs939348 gene polymorphism is potentially associated with hypothyroidism, influencing
treatment response as well as lipid and glucose homeostasis. These findings suggest that genetic
screening for THRA polymorphisms could be a valuable tool in optimizing L-thyroxine treatment for
hypothyroid patients, allowing for personalized treatment strategies. However, further research is needed
to fully elucidate the mechanisms underlying these associations and to explore how genotype-specific
treatment protocols could improve therapeutic outcomes. Future studies should aim to investigate the
impact of THRA polymorphisms on both biochemical and clinical parameters over longer treatment
durations, as well as explore the potential benefits of adjusting L-thyroxine dosages based on genetic
variations. By incorporating genetic data into clinical decision-making, we may be able to better tailor
treatments, improve patient outcomes, and enhance the management of hypothyroidism.

LIMITATIONS

Our study has several limitations that should be acknowledged. The relatively small sample size may
limit the generalizability of the findings, and the cross-sectional design prevents establishing causal
relationships between the THRA 1rs939348 polymorphism and treatment outcomes. Additionally, the
focus on a specific population restricts the applicability of the results to other ethnic or genetic groups.
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Unaccounted variables, such as lifestyle factors, comorbid conditions, and medication adherence, may
have influenced the outcomes. While the findings suggest potential for personalized treatment, further
research is needed to address clinical implementation challenges, including cost, accessibility, and
integration into healthcare settings.
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Table 1. Primers sequences of THRAI1 (T>C) (rs939348) genetic polymorphism

Primers Sequence Product size (bp)
Primers sequences of | F CCTGTGTCTCCCAGCTTAGC
939348 T>C R CCACCAGACTCACAGCCTCT 200
Table 2: Demographic analyses of the study participants
Parameters Healthy, n=50 Patients, n=100 P value
Age/year, mean£SD 51.40 +£8.776 52.76 £ 9.358
40-49, (M) % (22), 44 (35),35
50-59, ()% (16),32 (38), 38 0.3932
60-69, (n)% (12), 24 (22), 22 ‘
70-79, )% - (4),4
80-89, (m)% - ), 1
Wight/Kg, mean+SD 71.66 +9.983 84.88 +£15.96 <0.0001
BMI/(kg/m2), mean+SD 28.38 + 3.600 33.26 +5.929 <0.0001
Underweight, (n)% - -
Normal, (n)% (5), 10 %5),5 0424
Overweight, (n)% (30), 60 (27), 27 '
Obese, (n)% (15), 30 (68), 68
HT
Yes, ()% 3), 6% (66), 66% 0.0272
No, (\)% (47), 94% (34), 34% '
SBP, mean+SD 124.6+7.549 133.8+15.80 0.0001
DBP, mean+SD 81.00+5.425 84.61+£7.184 0.0021
DM
Yes, (N)% (8), 16 (37,37 0.048
No, (\)% (42), 84 (63), 63 '
Duration of L-thyroxin
treatment/Years, (N)%
1-5 - (42), 42% -
6-10 - (44), 44% -
11-15 - (8), 8% -
16-20 - 3),3% -
21-25 - 3),3% -
Dose of L-thyroxin mecg,
MN)%
25 - 3),3%
50 - (15), 15%
75 - (12), 12%
100 - (56), 56%
125 - @), 4%
150 - (6), 6%
200 - 2),2%
225 - ), 1%
250 - ), 1%

Data is presented as mean+SD or percentages. P<0.05 is considered significant. SBP refers
to Systolic blood pressure, DBP refers to Diastolic blood pressure, BMI refers to body mass

index, DM refers to diabetes mellitus.
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Table 3: Frequency distribution of THRA rs939348 T>C in healthy individuals and hypothyroid

patient
_ Patients,
Genotypes Healthy, n=50 =100 P value
Wild (TT), (n)% (40), 80 (33),33 <0.001
Mutant heterozygous (CT), (n)% (5), 10 (19),19 0.199
Mutant homozygous (CC), (n)% (5), 10 (48), 48 <0.001

Chi-square was used to find the differences between healthy and patients genotypes. Data was
presented as number and frequencies.

Table 4: Pairwise comparison of THRA rs939348 T>C allele frequencies in hypothyroid patient

Pairwise comparisons Chi-Square () p-value
TT vs. CT 83.12 <0.001
TT vs. CC 343.09 <0.001
CT vs. CC 496.75 <0.001

Table 5: Pairwise comparison of THRA rs939348 T>C allele frequencies in healthy subjects.

Pairwise Comparison Chi-Square (3®) p-value
TT vs. CT 54.44 <0.0001
TT vs. CC 54.44 <0.0001
CTvs. CC 0 1

Table 6: Analyses of THRA rs939348 T>C genotype frequencies: Hardy-Weinberg and Fischer
exact test calculations in hypothyroid patients.

o Wi e

Genotype/observed % Hardy—Weinberg equilibrium/ Fischer exact test P <0.05

n=100 expected %

T C T C TC/CT TT/observed vs TT/expected 0.0002

0.425 0575 | 0.180625 | 0.330625 | 0.48875 | C1/observedvsCT/expected | 0.0001
CC/observed vs CC/expected 0.001

P <0.05 considered significant, data was showed as percentage.

Table 7: Analyses of THRA rs939348 T>C genotype frequencies: Hardy-Weinberg and Fischer
exact test calculations in healthy control people.

o  Wed e .
Genotype/observed % Hardy—Weinberg equilibrium/ Fischer exact test P <0.05
n=50 expected %
TT/observed Vs
T C T C TC/CT TT/expected 0.0002
Choenet ool
0.85 |0.15 0.7225 0.0225 0.255 P
CC/observed VS | 00001
CClexpected )

P <0.05 considered significant, data was showed as percentage.

Table 8: Differences among demographic analyses in the study’s participants with THRA

rs939348 T>C genotype

Healthy, n=50 Patients, n=100
Parameters

TT TC CC TT TC CC
Agelyear, 5225:8.602 | 28104 | 4401638 | 51.8248.897 52.68+8.159 | 53.44+10.2
mean+SD 5
40-49, (n), % (15), 30 (3),6 (4), 8 (12), 12 (6), 6 (17),17
50-59, (n), % (14), 28 (1),2 (1),2 (14), 14 (8),8 (16),16
60-69, (n), % (11), 22 (1),2 (6), 6 (5),5 (11),11
70-79, (n), % (1),1 (3),3
80-89, (n), % (),1

Genetics and Molecular Research 25 (2): 2026 17




Wight/Kg, 72121037 | [FO955 | 6801705 | 82.48+16.97 86.42+13.51 | 85.92+16.26
mean£SD 5
BMU/(kg/m2,), 283243651 | SO-4TE3S | 20828277 1 35 4g45.822 33.62+5.163 | 33.64+6.335
mean+SD 44 8
Normal, (N), % %), 10 - (1),2 2),2 - 3),3
Overweight, (N), % | (23), 46 3),6 3),6 (11), 11 (5),5 ®),8
Obese, (N), % (12), 24 2),4 (1),2 (20), 20 (14), 14 (37,37
HT
Yes, (N)% (3),6 - - (20), 20 (14), 14 (32), 32
No, (N)% (37),74 (5), 10 (5), 10 (13),13 %), 5 (16), 16
SBP, mean£SD 124.3+£7.982 224'&7'1 é26'2i4'65 134.2+17.47 134.5£12.99 | 134.4+16.01
81.6+2.60
DBP, mean£+SD 80.98+5.855 p 79.242.49 85.15+6.195 83.16+£6.644 | 85.38+7.789
DM
Yes, (N)% (1), 14 1),2 0, (10), 10 (4), 4 (23),23
No, (N)% (33), 66 4),8 (5), 10 (23),23 (15), 15 (25), 25
Duration of L-
thyroxin/Years,
M™N)%
1-5 - - - (12), 12 9),9 (21),21
6-10 - - - (15), 15 8), 8 (21),21
11-15 - - - %), 5 (D), 1 2),2
16-20 - - - (D), 1 - 2),2
21-25 - - - - (D), 1 2),2
Dose of L-thyroxin
mcg, (N)%
25 - - - - 1), 1 (2),2
S0 - - - (4),4 (2),2 9.9
75 - - - (6), 6 (4), 4 (2),2
100 - - - (19), 19 (11), 11 (26), 26
125 - - - (1), 1 (1), 1 (2),2
150 - - - 3),3 - 3),3
200 - - - - - 2),2
225 - - - - - (), 1
250 - - - - - (D), 1
Table 9: Differences among clinical parameters in the study’s participants with THRA rs939348
T>C genotype
Parameters Healthy, n=50 Patients, n=100
Chi-
HT TT TC CC TT TC CC P value
square, df
Yes, (n)% 3),6 - - (20), 20 (14), 14 | (32),32
¥2=49.34,5 | <0.0001
No, ()% (37,74 | (5), 10 (5), 10 (13),13 5),5 (16), 16
DM
o,
Yes, (N)% ), 14 (D), 2 0, (10), 10 4), 4 (23),23 2=11.67.5 | 0.0396
No, (N)% (33),66 | (4),8 (5), 10 (23),23 (15), 15 | (25),25
BMI/(kg/m2)
l;orma" M| sy, 10 | - 1.2 | @.2 ; (3).3 | 52=6 0.0419
(1)
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Overweight,
(N), % (23),46 | (3),6 3),6 an, 11 5),5 (8), 8
Obese, (N), % | (12),24 | (2),4 1),2 (20), 20 (14), 14 | (37), 37

Table 10: Plasma thyroid hormones in patients and healthy people with THRA rs939348 T>C

genotypes

Healthy, means=SD Patients, means+=SD
Parameters | N=50 N=100

TT TC CC TT TC CC
::3/“1:111“, 8.905 £ 3.541 6.294 £ 1.701 8.149 £ 3.189 16.13+£9.238 | 17.50+8.410 | 17.39+10.76
FPG, mg/dl | 101.0+13.22 92.60+6.877 93.29+12.80 125.5+£58.40 114.5+38.90 117.1£25.22
HOMA-IR | 2.060+0.8242 2.550+1.747 1.743+£0.9396 5.024+2.672 5.258+3.874 5.227+£3.280
Cholesterol | 157.5+23.86 183.0+63.13 159.6+=19.9 187.9+£37.23 188.1+44.14 189.6+39.88
TG 110.0£29.37 141.6+60.03 78.86+34.05 139.5+£70.93 144.7+61.36 142.5+61.15
HDL 49.28+12.39 48.80+15.75 38.40+12.52 49.274+9.149 53.37£12.27 50.13£12.07
LDL 99.5+£22.42 122.8428.54 100.4+31.62 104.9+£31.09 111.2£33.73 113.2+38.97
VLDL 34.34+11.9 34.5849.702 34.04+9.942 25.9949.785 28.04+11.9 28.32+12.35

Data presented as mean+SD, P value<0.05 considered significant.

FPG=fasting plasma glucose, TG=triglyceride,
HDL=high density lipoprotein, LDL=low density lipoprotein, VLDL=very low-density lipoprotein.

Table 11: Metabolic profiles in patients and healthy individuals with THRA rs939348 T>C

genotypes.
TSH, pU/ml
mean£SD
Wild/Patients Wild/Healthy Mutant/Patients Mutant/Healthy
4.441+£4.471 2.228+0.801 4.490+4.4882 1.568+0.6799
Data presented as mean+SD, P value<0.05 considered significant.

Table 12: Duration of L-thyroxin treatment in patients with THRA rs939348 T>C genotypes.

Patients%, P value
Time/years N=100

TT TC CC
<5 years 12 9 71 Row Factor 0.1496
>5 years 21 10 27 Column Factor | 0.0721
Data presented as percentage, P value<0.05 considered significant.

Table 13: Effect the duration of L-thyroxine on plasma thyroid hormones in Hypothyroid patient
with THRA rs939348 T>C genotypes.

Duration of L-thyroxine treatment

Parameters <5 Years >5 Years

mean+SD mean+SD
Genotypes TT TC CC TT TC CC
:S}-Ill’ll 5.53+5.11 7.47 £9.65 537+423 | 3.35+£398 2.16 £1.83 3.47 +3.00
TT3 1.714+£0.222 | 1.674+0.251 1.570+0.19 | 1.610+0.172 1.629+0.2733 2.166+3.369
ng/ml 24 2
FT3 5.735:0.782 | 5.241£1.102 | 2465078 | 56300116 | 5.189£0.9971 | 5.471£1.1276
pmol/L 8
TT4 137.38 + | 135.68 + | 131.39 £ | 145.50 + 138.68 +
nmol/L 33.76 29.83 138.68 22.7 139.65+20.46 24.640
FT4 14.64 + | 12.57 +
pmol/L 12.54 £ 2.38 1.920 )55 14.07+24 13.33+£0.96 13.45+2.17

TSH=thyroid stimulating hormone, TT3=total thyroid hormone, FT3=free thyroid hormone, TT4=total thyroid
hormone, FT4=free thyroid hormone. Data presented as mean+SD, P value<0.05 considered significant.
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Table 14: Effect the duration of L-thyroxine on clinical parameters in Hypothyroid patient with
THRA rs939348 T>C genotypes

Duration of L-thyroxine treatment
Parameter | <5 Years >5 Years
s mean+SD mean+SD
TT TC CcC TT TC CC
:l'g/“lzl" 14.604 +7.682 | 17.141 £ 11373 | 16.700 £5.613 | 17.009 + 10.094 | 16.821 +5.986 | 14.294 + 5.760
FPG, 121.762 + | 117.048 +
me/dl 140.25 £ 80.424 | 122.667 £ 51.171 33241 41.162 107.1£23.914 | 113.182+17.440
HOMA-IR | 4.5+ 1.665 6.144 £ 5.053 5.095 +2.101 5.324 +3.105 4.46+2414 4.009 £ 1.699
190.190 + | 182.619 + | 178.400 +
CHO 182.750 £ 53.916 | 198.889 + 52.999 38,196 34.254 34.336 181.370 = 46.474
149.833 + 151.381 + | 130.583 + | 124.700 +
TG 104.616 166.889 + 63.686 55.999 43 471 54.663 135.519 + 65.065
HDL 50.083 £11.301 | 51.889 £14.435 | 50.329 +12.628 | 48.810£7.941 | 54.700 + 10.563 | 49.978 £ 11.862
119.057 + | 104.100 +
LDL 106.183 +32.353 | 124.544 + 30.085 32785 31125 99.140 +£33.633 | 108.730 + 43.237
vLDL 30.4754+21.716 30.711+12.85 28.929+10.471 | 26.53+9.44 25.64+11.078 27.848+14.191

Data presented as mean+SD, P value<0.05 considered significant. TG=triglyceride, HDL=high density lipoprotein, LDL=low
density lipoprotein, VLDL=very low-density lipoprotein.

Table 15: Plasma TSH levels in wild type and mutant THRA rs939348 T>C genotypes among
hypothyroid patient and healthy people.

L-thyroxin TSH, pU/ml
duration/Year meanSD

Wild/Patients Wild/Healthy Mutant/Patients Mutant/Healthy
<5 years 5.369+4.233 2.132+0.9425 6.262+7.300 2.130+0.808
>5 years 3.469+3.003 2.132+0.9425 3.124+3.513 2.130+0.808
Data presented as mean£SD, P value<0.05 considered significant.

Table 16*: TSH plasma levels in Hypothyroid patient with THRA rs939348 T>C genotypes
compared to healthy individuals considering the duration of L-thyroxin treatment

e [t .
Wild/Patients Wild/Healthy Mutant/Patients Mutant/Healthy

25 - 2.228 +£0.8010 4.507 + 1.786 1.647 £ 0.6986
50 4.253 £2.336 2.228 £0.8010 7.339+£7.793 1.647 £ 0.6986
75 3.140 £ 2.255 2.228 £0.8010 3.637 £2.503 1.647 £ 0.6986
100 2.917+2.039 2.228 £0.8010 3.155+1.850 1.647 £ 0.6986
125 1.693 £0.2274 2.228 £0.8010 4.065 + 3.566 1.647 £ 0.6986
150 3.390 = 1.854 2.228 £0.8010 4.280 + 3.897 1.647 £ 0.6986
>200 - 2.228 £0.8010 12.03 £6.398 1.647 £ 0.6986
Data presented as mean+SD, P value<0.05 considered significant.

Table 17: The effect of L-thyroxine on TSH plasma levels in Hypothyroid patient with THRA
rs939348 T>C genotypes compared to healthy individuals.

TSH, pU/ml
mean+SD
Wild patients- Wild patients- . Mu.tant Mu.tant Mutant
Non Wild Healthy patients- patients-Non
Responders Healthy
responders Responders responders
2.019+1.09 8.394£5.628 | 2.228 £ 0.801 2.243 +£1.220 6.662 + 5.889 1.398 £0.562
Data presented as mean+SD, P value<0.05 considered significant.
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Table 18: Response of hypothyroid patient to L-thyroxine based on THRA rs939348 T>C

genotypes
BMI=R/S"2,
Genotypes | mean+SD
Responders Healthy Individuals Non-responders | Healthy Individuals
Wild 31.569 £2.402 | 28.317 £3.651 31.047 £ 6.664 28.317 +£3.651
Mutant 33.088 £5.895 | 28.649 £ 3.566 34.452 £ 6.141 28.649 +3.566
Data was presented as mean+SD, P<0.05 was considered significant.

Table 19: Plasma TSH levels in Hypothyroid patient undergoing L-thyroxine based on THRA
rs939348 T>C genotypes, categorized by responders and no responders.

Patients %
Response to L- Chi-square )
thyroxin Wild Mutant S X p-value
statistic
Responders 33 20
Non-responders 11 36 13.730 0.000211

Data was presented as percentage and the statistical values was calculated by Chi-square

FIGURE LEGENDS

Figure 1: Presents the differences in the plasma thyroid hormone and metabolic markers in patients and
control groups. A) TSH=thyroid stimulating hormone, B) Plasma TT3=total thyroid hormone, C)
FT3=free thyroid hormone, D) TT4=total thyroid hormone, E) FT4=free thyroid hormone, F) Plasma
insulin, G) FPG=fasting plasma glucose. Data presented as mean+SD, P value<0.05 considered
significant. *P<0.01, **P<0.001, ***P<0.0001.

Figure 2: Detection of THRA rs939348 T>C genetic polymorphism by using RFLP- PCR. Lane M
refers to the DNA ladder for size reference. Lanes 1-12 refer to the individuals (1-3) represent TT
genotype (wild alleles), lanes (4 and 7) refer to the mutant genotype (CC, homozygote), and (5 and 10)
indicate the mutant genotypes (CT/TC, heterozygote). The electrophoresis gel was conducted at 45V.
Figure 3: Demonstrates of Pairwise comparison of THRA rs939348 T>C allele frequencies in healthy
people and hypothyroid patients. data was presented as percentage, **P<0.001, ***P<0.0001

Figure 4: Shows THRA rs939348 T>C genotype frequencies: Hardy-Weinberg and Fischer exact test
calculations for healthy control group and hypothyroidism patients. The data was presented as
percentages, *P<0.05, **P<0.001, ***P<0.0001

Figure 5: Distribution of the patients and healthy control groups based on the THRA rs939348 T>C
genotype. A) Age/years. B) Age groups. C-D) Mean of the Body weight. E-F) refers to the BMI. G)
Systolic blood pressure (SBP). H) refers to the Diastolic blood pressure (DBP). *P<0.01, **P<0.001,
*#*P<(0.0001, ns=no significant. the data presented as mean+SD or percentage.

Figure 6: Analyses of plasma thyroid hormones in patients and healthy females with THRA rs939348
T>C genotypes. A) TSH=thyroid stimulating hormone. B) TSH within patient groups. C) TSH within
healthy control groups. D) TT3=total thyroid hormone. E) FT3=free thyroid hormone. F) FT3 within
patient groups. G) FT3 within healthy control groups. H) TT4=total thyroid hormone. I)FT4=free thyroid
hormone. J) FT4 plasma levels within healthy control groups. K) FT4 plasma levels within patient
groups. Data presented as mean+SD. P<0.05 considered significant. ¥*P<0.01, **P<0.001, ***P<0.0001.
Figure 7: Analyses of glucose hemostasis in patients and healthy females with THRA rs939348 T>C
genotypes. A) Plasma Insulin pU/ml comparison among different genotypes in healthy (B) and
Hypothyroid patient in (C). D) FPG refers to fasting plasma glucose mg/dl. E) FPG in healthy group. F)
FPG in patients. G) HPMA-IR comparisons based on different genotypes. H) HOMA-IR in healthy
control and I) HOMA-IR differences in hypothyroidism patients. Data presented as mean+SD. P<0.05
considered significant. *P<0.01, **P<0.001, ***P<0.0001.

Figure 8: Analyses of blood lipid profiles in patients and healthy controls with THRA rs939348 T>C
genotypes. A) CHOL Cholesterol mg/dl pU/m comparison among different genotypes in healthy and
Hypothyroidism patients. B) CHOL in healthy group. C) CHOL in hypothyroidism patients. D) TG
triglycerides in the two different groups. E) TG in healthy controls. F) TG in patients. G) High density
lipoprotein HDL in both comparable groups. H) HDL in the healthy control. I) HDL in the
hypothyroidism patients. J) low density lipoprotein LDL in control and patient groups. K) LDL in healthy
individuals. L) LDL in hypothyroidism patients. M) very low-density lipoprotein vLDL in the both
groups. N) vLDL in healthy controls. O) in the hypothyroidism patients. Data presented as mean+SD.
P<0.05 considered significant. *P<0.01, **P<(0.001, ***P<0.0001.

Figure 9: Describes duration L-Thyroxine treatment on plasma thyroid hormones in Hypothyroid patient
with THRA 15939348 T>C genotypes. A) TSH=thyroid stimulating hormone. B) TT3=total thyroid
hormone. C) FT3=free thyroid hormone. D) TT4=total thyroid hormone. E) FT4=free thyroid hormone.
Data presented as mean+SD, P value<0.05 considered significant, ns refers to non-significant.
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Figure 10: Describes the impact of L-thyroxine treatment duration on clinical parameters in Hypothyroid
patient with THRA rs939348 T>C genotypes (TT, TC and CC). A) Insulin. B) FPG fasting plasma
glucose. C) HOMA-IR. D) CHOL refers to cholesterol. E) TG refers to Triglycerides. F) HDL means
high density lipoprotein. G) LDL means low density lipoprotein. H) vVLDL refers to very low-density
lipoprotein. Data presented as meantSD. P<0.05 considered significant. *P<0.01, **P<0.001,
***¥P<0.0001.

Figure 11: Describes the impact of THRA rs939348 mutation on the TSH levels in Hypothyroid patient
and healthy people. Data presented as mean+SD, P value<0.05 considered significant. *P<0.01.

Figure 12: Presents the impact of THRA rs939348 T>C on the treatment responsiveness in
hypothyroidism patients. Data presented as mean+SD, P value<0.05 considered significant. *P<0.01,
**P<0.001, P<0.0001.

Figure 13: Describes the statistical differences of L-thyroxine dose variations on TSH plasma levels in
Hypothyroid patient with THRA rs939348 T>C genotypes compared to healthy individuals. L-thyroxine
dosages ranged from 25mcg->200mcg as presented in the figure respectively A-G. Data presented as
mean+SD, P value<0.05 considered significant. *P<0.01, **P<0.001, P<0.0001.

Figure 14: Describes the Impact of THRA rs939348 T>C genotypes mutation on L-thyroxine response
based on TSH plasma levels in Hypothyroid patient compared to healthy controls. Data presented as
mean+SD, P value<0.05 considered significant. *P<0.01, **P<0.001, P<0.0001, ns=non-significant.
Figure 15: Describes BMI variations among Hypothyroid patient by THRA 1rs939348 T>C
polymorphism and treatment response. Data presented as mean+SD, P value<0.05 considered significant.
*P<0.01, **P<0.001, P<0.0001, ns=non-significant.
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