
ABSTRACT
Background: The purpose of the work is to find out the beam profiles 
using physical and enhanced wedges of different angles, different field 
sizes, and different energies and to compare them.

Materials and Methods: The study was conducted using the Varian 
Clinac iX LINAC with different photon energies—6 MV and 15 MV. 
The slab phantom is arranged at a fixed depth (10 cm depth) above the 
IBA MatriXX device, which consists of 1020 vented ion chamber 2D 
array detectors arranged in a 32 × 32 grid. The physical and enhanced 
dynamic wedges at different angles (15°, 30°, 45°, and 60°) were 
examined for the field sizes 5x5 cm², 10x10 cm², 10x115×15 cm² by 
delivering 50 monitoring units (MU).

Result: In comparison of beam profiles (without rescaling) of PW and 
DW obtained from 2D array measurement, it was found that there was 
a difference, but the gradient of curves is almost the same except for 
some points in the toe, heel, and penumbral region, which is 
negligible. From the beam profiles, it was understood that a. The 
difference between PW and DW increased with the increase of wedge 
angle while field size and energy were fixed. b. The difference 
between PW and DW increased with increasing field sizes while 
energy and wedge angle were fixed. c. The difference between PW 
and DW increased with increasing energy while field size and wedge 
angle were fixed.

Conclusion: Based on the results of our study, it can be concluded that 
the Universal detector 2D array (matrix) can be used effectively to 
obtain the dosimetric characteristics of both EDW and physical 
wedges.
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INTRODUCTION

Though the first teletherapy (Co-60) machine was 
installed in Bangladesh in 1953. But the first linear 

accelerator (LINAC) machine was installed at the 
National Institute of Cancer Research & Hospital 
(NICRH) in Dhaka in 2010 (1). The linear accelerator 
(LINAC) is a device that produces the photon and 
electron beams of high energy. The collimated beam 
emerging from an x-ray tube can be directly applied to 
the patient. In some circumstances, it is desirable to 
modify the special distribution of radiation within the 
patient by the insertion of material into the beam. This is 
called a beam-modifying device. The wedge is a beam 
modifier device. Wedge is mainly used to improve dose 
homogeneity in the target volume. Wedges are used to 
improve dose homogeneity in the target volume and to 
modify isodose curve shapes for optimized dose 
distribution (2).

The aim of this study was to evaluate and compare the 
beam profiles of physical wedges and enhanced dynamic 
wedges for different field sizes. Additionally, the study 
seeks to determine the wedge output factors and to verify 
the accuracy of commissioning data related to wedge 
systems.

MATERIALS AND METHODS

For this study, all data of beam profile curves for physical 
wedges and dynamic wedges are collected from the 
Department of Radiotherapy, Institute of Nuclear 
Medical Physics. To complete the work, some equipment 
must be needed. Such as a LINAC machine, Matrixx 
phantom, solid/slab phantom, and physical wedge.

The modern LINAC machine must be needed, which has 
different photon energies (6 MV, 15 MV). The slab 
phantom’s density is equivalent to water. The thickness 
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Background: Vitamin D deficiency has been increasingly recognized 
as a potential factor influencing endocrine regulation beyond calcium 
metabolism. However, its relationship with peripheral thyroid 
hormone activation remains insufficiently clarified, particularly in 
populations with high rates of thyroid dysfunction.

Objective: This study aimed to evaluate the association between 
serum 25-hydroxyvitamin D [25(OH)D], intact parathyroid hormone 
(PTH), thyroid-stimulating hormone (TSH), and the FT3/FT4 ratio as 
an indicator of peripheral thyroid hormone conversion.

Methods: A retrospective cross-sectional study was conducted at the 
in-vitro division of Institute of Nuclear Medicine and Allied Sciences 
(INMAS), Mohakhali, Dhaka. A total of 138 participants were 
included. Serum levels of TSH, Free triiodothyronine (FT3), Free 
thyroxine (FT4), 25(OH)D, PTH, and calcium were measured using 
chemiluminescence immunoassay (CLIA). Due to non-normal 
distribution, TSH values were log-transformed prior to analysis. 
Correlations were assessed using Pearson’s coefficient, and linear 
regression was performed to determine explanatory power.

Results: The study population demonstrated marked thyroid 
dysfunction and widespread vitamin D deficiency. Serum 25(OH)D 
levels showed a strong positive correlation with the FT3/FT4 ratio (r = 
+0.69, p < 0.001). Log-transformed TSH exhibited a significant 
inverse correlation with the FT3/FT4 ratio (r = −0.64, p < 0.001), 
explaining 40.5% of its variability. Intact PTH showed a weaker but 
statistically significant inverse association with the FT3/FT4 ratio (r = 
−0.23, p = 0.027), accounting for 5.5% of the variation.

Conclusion: Higher vitamin D levels are linked to enhanced 
peripheral thyroid hormone conversion, while greater stimulation of 
the thyroid axis correlates with a decreased FT3/FT4 ratio. Vitamin D 
status shows a stronger relationship with thyroid hormone activation 
compared to PTH. These results suggest the importance of vitamin D 
in thyroid hormone metabolism and its potential role in endocrine 
evaluation, indicating the need for further prospective studies to 
explore the mechanisms involved.
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INTRODUCTION

The thyroid and parathyroid hormones are essential 
regulators of metabolic and mineral homeostasis in the 
human body (1). Thyroid gland primarily controls energy 
metabolism, growth, and thermogenesis, whereas the 
parathyroid glands maintain calcium and phosphate 
balance. Although these endocrine systems were 
traditionally examined independently, growing evidence 
suggests that they may interact through shared regulatory 
mechanisms, particularly those involving vitamin D and 
calcium metabolism (2). Within this broader endocrine 
context, vitamin D has emerged as an important 
modulator of several physiological processes beyond its 
classical role in skeletal health (3). The widespread 
presence of vitamin D receptors in multiple tissues 
suggests potential involvement in gene expression, 
immune regulation, and hormonal signaling. Several 
studies have explored the relationship between vitamin D 
status and thyroid function; however, findings remain 
inconsistent across different populations, indicating that 
this interaction requires further clarification. 
Understanding this relationship requires consideration of 
peripheral thyroid hormone metabolism. Circulating 
thyroid hormone activity depends not only on glandular 
secretion but also on tissue-level conversion of thyroxine 
(T4) into the biologically active triiodothyronine (T3). 
This conversion is mediated by iodothyronine deiodinase 
enzymes, primarily DIO1 and DIO2 (4). Because this 
process reflects peripheral thyroid hormone activation, 
the FT3/FT4 ratio has been proposed as a practical 
indicator of metabolic efficiency and deiodination 

activity (5). A reduced FT3/FT4 ratio may therefore 
indicate impaired peripheral hormone conversion and 
altered metabolic status, even when serum 
thyroid-stimulating hormone (TSH) concentrations 
remain within conventional reference ranges (6). 
Molecular studies have also suggested potential 
interactions between vitamin D receptor (VDR) and 
thyroid hormone receptor pathways, particularly through 
their shared association with the retinoid X receptor 
(RXR), which participates in transcriptional regulation 
(7). These observations indicate a possible biological link 
between vitamin D status and thyroid hormone signaling. 
In South Asia, including Bangladesh, vitamin D 
deficiency has become highly prevalent, largely due to 
limited sunlight exposure, lifestyle changes, and rapid 
urbanization (8). Such widespread hypovitaminosis D 
may influence endocrine balance and metabolic 
regulation, and in individuals receiving standard thyroid 
therapy, inadequate vitamin D levels may contribute to 
persistent metabolic alterations despite biochemical 
control of conventional thyroid parameters (9). Vitamin 
D deficiency is frequently accompanied by a 
compensatory increase in parathyroid hormone (PTH), 
which helps maintain calcium homeostasis (10). 
Although this response primarily regulates mineral 
metabolism, disturbances in vitamin D status may also 
coincide with broader endocrine alterations. However, 
whether elevated PTH independently influences 
peripheral thyroid hormone conversion remains unclear. 
The present study was designed to examine the 
relationships between serum 25-hydroxyvitamin D 
[25(OH)D], intact PTH, TSH (including log-transformed 
values), and the FT3/FT4 ratio in a clinical cohort.

METHODS

This retrospective cross-sectional study was conducted in 
the In Vitro Division of INMAS, Mohakhali, Dhaka. A total 
of 138 participants were included using a non-probability 
purposive sampling approach. Individuals attending the 
laboratory for routine endocrine evaluation or suspected 
thyroid dysfunction were considered eligible. To minimize 
potential confounding, patients receiving vitamin D 
supplementation, those with chronic kidney disease 
(CKD), and individuals on thyroid hormone replacement 
therapy were excluded from the primary analysis. Venous 

blood samples (5 mL) were collected under aseptic 
conditions using disposable syringes. After collection, 
samples were allowed to clot at room temperature for 
15–20 minutes and were subsequently centrifuged at 4000 
RPM for 20 minutes to obtain serum. Biochemical 
parameters were measured using automated 
chemiluminescence immunoassay (CLIA) on the ADVIA 
Centaur XPT Immunoassay System (Siemens Healthcare 
AG, Germany). Serum TSH, FT3, FT4, 25-hydroxyvitamin 
D [25(OH)D], and intact PTH levels were quantified using 
the same platform to ensure analytical consistency. Total 
serum calcium was measured by the Arsenazo III 
colorimetric method using an automated clinical chemistry 
analyzer. Vitamin D status was classified according to 
established clinical criteria as deficient (<20 ng/mL), 
insufficient (21–29 ng/mL), and sufficient (≥30 ng/mL). 
The FT3/FT4 ratio was calculated for each participant as an 
indicator of peripheral thyroid hormone conversion and 
was considered a surrogate marker of deiodinase activity. 
Prior to statistical analysis, data distribution was assessed 
for normality. Variables showing skewed distribution, 
including TSH and vitamin D levels, were summarized 
using the median and interquartile range (IQR) in addition 
to the mean ± standard deviation (SD). Because serum TSH 
demonstrated significant skewness, logarithmic 
transformation (log TSH) was performed before correlation 
and regression analyses to stabilize variance and satisfy 
parametric assumptions. Statistical analyses were 
conducted using SPSS version 26.0 and R statistical 
software. Relationships between the FT3/FT4 ratio and 
metabolic variables (vitamin D, log TSH, and PTH) were 
evaluated using the Pearson correlation coefficient (r). 
Simple linear regression analysis was performed to 
determine the coefficient of determination (R²) and to 
assess the proportion of variance explained by each 
independent variable. A p-value of less than 0.05 was 
considered statistically significant. Graphical 
representations were generated using Origin 2018.

RESULT

A total of 138 participants were included in this study to 
explore the relationship between thyroid function and 
vitamin D status. The baseline demographic and 
biochemical characteristics of the study population are 
summarized in Table 1.

of the phantom is about 0.01 to 7 cm. The material can be 
easily adapted to most ionization chambers [3]. The 
material of this phantom is very flexible and doesn’t 
break under impact. The matrix is the formation of a 1020 
ion chamber array detector. They are placed in a 32×32 
lattice. The equivalent absorber thickness on the front 
side of the matrix is 3.6 mm, and the maximum field of 
view on the matrix is 28 × 28 cm² (4). The International 
Commission on Radiation Units and Measurements 
(ICRU) recommendation for the reference depth is 10 cm 
(5). There are two types of wedges: physical wedges and 
dynamic wedges. A physical wedge is usually 
constructed from a high-density material, such as lead or 
steel. The wedge filters on the Varian Clinac iX 
Accelerator have nominal wedge angles of 15°, 30°, 45°, 
and 60° with four orientations (LEFT, RIGHT, IN, 
OUT). In the enhanced dynamic wedge technique, no 

external beam modifier is used to create wedge dose 
profiles. A physical wedge is mounted on a transparent 
plastic tray, which can be inserted in the beam at a 
specified distance from the source. This distance is at 
least 15 cm from the skin surface to avoid destroying the 
skin-sparing.

The study was conducted using the Varian clinac iX 
linear accelerator with different photon energies 6MV 
and 15MV. Also, the isodose curves calculated by the 
Eclipse treatment planning system (TPS). The slab 
phantom arranged at a fixed depth (10cm depth) above 
the Matrixx phantom. The physical and enhanced 
dynamic wedges different angles (15°, 30°, 45° and 60°) 
were examined for the field sizes, 5×5cm², 10×10cm² and 
15×15cm². The LINAC machine delivered 50 monitoring 
unit (MU) each case (6).    

   

Figure 1: Beam profiles of physical and enhanced dynamic wedge for wedge angle 15°, 6MV energy (Top row) 
and wedge angle 15°, 15 MV energy (Bottom Row)

From the beam profile showed in Table 1 and Figure 1 to 
5, it was evident that -

a. The difference between PW and DW increased with 
the increasing wedge angle while field size and energy 
were fixed.

b. The difference between PW and DW increased with 
the increasing of field sizes while energy and wedge 
angles were fixed.

c. The difference between PW and DW increased with 
increasing energy while field size and wedge angles were 
fixed.

DISCUSSION

While this study provides valuable insights, there are 
limitations such as the fixed depth of the phantom and the 
use of only specific photon energies and field sizes. 
Future research could explore a broader range of 
conditions, including different depths, wedge types, and 
additional photon energies, to further understand the 
nuances of dose distribution with various wedges. 
Overall, the study highlights the importance of 
comprehensive dosimetric analysis in radiotherapy and 
the role of advanced measurement tools like the MatriXX 
in enhancing treatment accuracy and effectiveness.

CONCLUSION

The study confirms that the Universal Detector 2D array 
(MatriXX) is highly effective for evaluating the 
dosimetric characteristics of both Enhanced Dynamic 
Wedges (EDW) and Physical Wedges (PW). Its precision 
in measuring beam profiles supports accurate dose 
distribution assessments, aiding in optimized 
radiotherapy planning and treatment.
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Background: The purpose of the work is to find out the beam profiles 
using physical and enhanced wedges of different angles, different field 
sizes, and different energies and to compare them.

Materials and Methods: The study was conducted using the Varian 
Clinac iX LINAC with different photon energies—6 MV and 15 MV. 
The slab phantom is arranged at a fixed depth (10 cm depth) above the 
IBA MatriXX device, which consists of 1020 vented ion chamber 2D 
array detectors arranged in a 32 × 32 grid. The physical and enhanced 
dynamic wedges at different angles (15°, 30°, 45°, and 60°) were 
examined for the field sizes 5x5 cm², 10x10 cm², 10x115×15 cm² by 
delivering 50 monitoring units (MU).

Result: In comparison of beam profiles (without rescaling) of PW and 
DW obtained from 2D array measurement, it was found that there was 
a difference, but the gradient of curves is almost the same except for 
some points in the toe, heel, and penumbral region, which is 
negligible. From the beam profiles, it was understood that a. The 
difference between PW and DW increased with the increase of wedge 
angle while field size and energy were fixed. b. The difference 
between PW and DW increased with increasing field sizes while 
energy and wedge angle were fixed. c. The difference between PW 
and DW increased with increasing energy while field size and wedge 
angle were fixed.

Conclusion: Based on the results of our study, it can be concluded that 
the Universal detector 2D array (matrix) can be used effectively to 
obtain the dosimetric characteristics of both EDW and physical 
wedges.
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INTRODUCTION

Though the first teletherapy (Co-60) machine was 
installed in Bangladesh in 1953. But the first linear 

accelerator (LINAC) machine was installed at the 
National Institute of Cancer Research & Hospital 
(NICRH) in Dhaka in 2010 (1). The linear accelerator 
(LINAC) is a device that produces the photon and 
electron beams of high energy. The collimated beam 
emerging from an x-ray tube can be directly applied to 
the patient. In some circumstances, it is desirable to 
modify the special distribution of radiation within the 
patient by the insertion of material into the beam. This is 
called a beam-modifying device. The wedge is a beam 
modifier device. Wedge is mainly used to improve dose 
homogeneity in the target volume. Wedges are used to 
improve dose homogeneity in the target volume and to 
modify isodose curve shapes for optimized dose 
distribution (2).

The aim of this study was to evaluate and compare the 
beam profiles of physical wedges and enhanced dynamic 
wedges for different field sizes. Additionally, the study 
seeks to determine the wedge output factors and to verify 
the accuracy of commissioning data related to wedge 
systems.

MATERIALS AND METHODS

For this study, all data of beam profile curves for physical 
wedges and dynamic wedges are collected from the 
Department of Radiotherapy, Institute of Nuclear 
Medical Physics. To complete the work, some equipment 
must be needed. Such as a LINAC machine, Matrixx 
phantom, solid/slab phantom, and physical wedge.

The modern LINAC machine must be needed, which has 
different photon energies (6 MV, 15 MV). The slab 
phantom’s density is equivalent to water. The thickness 
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thyroxine (FT4), 25(OH)D, PTH, and calcium were measured using 
chemiluminescence immunoassay (CLIA). Due to non-normal 
distribution, TSH values were log-transformed prior to analysis. 
Correlations were assessed using Pearson’s coefficient, and linear 
regression was performed to determine explanatory power.
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statistically significant inverse association with the FT3/FT4 ratio (r = 
−0.23, p = 0.027), accounting for 5.5% of the variation.
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status shows a stronger relationship with thyroid hormone activation 
compared to PTH. These results suggest the importance of vitamin D 
in thyroid hormone metabolism and its potential role in endocrine 
evaluation, indicating the need for further prospective studies to 
explore the mechanisms involved.
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INTRODUCTION

The thyroid and parathyroid hormones are essential 
regulators of metabolic and mineral homeostasis in the 
human body (1). Thyroid gland primarily controls energy 
metabolism, growth, and thermogenesis, whereas the 
parathyroid glands maintain calcium and phosphate 
balance. Although these endocrine systems were 
traditionally examined independently, growing evidence 
suggests that they may interact through shared regulatory 
mechanisms, particularly those involving vitamin D and 
calcium metabolism (2). Within this broader endocrine 
context, vitamin D has emerged as an important 
modulator of several physiological processes beyond its 
classical role in skeletal health (3). The widespread 
presence of vitamin D receptors in multiple tissues 
suggests potential involvement in gene expression, 
immune regulation, and hormonal signaling. Several 
studies have explored the relationship between vitamin D 
status and thyroid function; however, findings remain 
inconsistent across different populations, indicating that 
this interaction requires further clarification. 
Understanding this relationship requires consideration of 
peripheral thyroid hormone metabolism. Circulating 
thyroid hormone activity depends not only on glandular 
secretion but also on tissue-level conversion of thyroxine 
(T4) into the biologically active triiodothyronine (T3). 
This conversion is mediated by iodothyronine deiodinase 
enzymes, primarily DIO1 and DIO2 (4). Because this 
process reflects peripheral thyroid hormone activation, 
the FT3/FT4 ratio has been proposed as a practical 
indicator of metabolic efficiency and deiodination 

activity (5). A reduced FT3/FT4 ratio may therefore 
indicate impaired peripheral hormone conversion and 
altered metabolic status, even when serum 
thyroid-stimulating hormone (TSH) concentrations 
remain within conventional reference ranges (6). 
Molecular studies have also suggested potential 
interactions between vitamin D receptor (VDR) and 
thyroid hormone receptor pathways, particularly through 
their shared association with the retinoid X receptor 
(RXR), which participates in transcriptional regulation 
(7). These observations indicate a possible biological link 
between vitamin D status and thyroid hormone signaling. 
In South Asia, including Bangladesh, vitamin D 
deficiency has become highly prevalent, largely due to 
limited sunlight exposure, lifestyle changes, and rapid 
urbanization (8). Such widespread hypovitaminosis D 
may influence endocrine balance and metabolic 
regulation, and in individuals receiving standard thyroid 
therapy, inadequate vitamin D levels may contribute to 
persistent metabolic alterations despite biochemical 
control of conventional thyroid parameters (9). Vitamin 
D deficiency is frequently accompanied by a 
compensatory increase in parathyroid hormone (PTH), 
which helps maintain calcium homeostasis (10). 
Although this response primarily regulates mineral 
metabolism, disturbances in vitamin D status may also 
coincide with broader endocrine alterations. However, 
whether elevated PTH independently influences 
peripheral thyroid hormone conversion remains unclear. 
The present study was designed to examine the 
relationships between serum 25-hydroxyvitamin D 
[25(OH)D], intact PTH, TSH (including log-transformed 
values), and the FT3/FT4 ratio in a clinical cohort.

METHODS

This retrospective cross-sectional study was conducted in 
the In Vitro Division of INMAS, Mohakhali, Dhaka. A total 
of 138 participants were included using a non-probability 
purposive sampling approach. Individuals attending the 
laboratory for routine endocrine evaluation or suspected 
thyroid dysfunction were considered eligible. To minimize 
potential confounding, patients receiving vitamin D 
supplementation, those with chronic kidney disease 
(CKD), and individuals on thyroid hormone replacement 
therapy were excluded from the primary analysis. Venous 

blood samples (5 mL) were collected under aseptic 
conditions using disposable syringes. After collection, 
samples were allowed to clot at room temperature for 
15–20 minutes and were subsequently centrifuged at 4000 
RPM for 20 minutes to obtain serum. Biochemical 
parameters were measured using automated 
chemiluminescence immunoassay (CLIA) on the ADVIA 
Centaur XPT Immunoassay System (Siemens Healthcare 
AG, Germany). Serum TSH, FT3, FT4, 25-hydroxyvitamin 
D [25(OH)D], and intact PTH levels were quantified using 
the same platform to ensure analytical consistency. Total 
serum calcium was measured by the Arsenazo III 
colorimetric method using an automated clinical chemistry 
analyzer. Vitamin D status was classified according to 
established clinical criteria as deficient (<20 ng/mL), 
insufficient (21–29 ng/mL), and sufficient (≥30 ng/mL). 
The FT3/FT4 ratio was calculated for each participant as an 
indicator of peripheral thyroid hormone conversion and 
was considered a surrogate marker of deiodinase activity. 
Prior to statistical analysis, data distribution was assessed 
for normality. Variables showing skewed distribution, 
including TSH and vitamin D levels, were summarized 
using the median and interquartile range (IQR) in addition 
to the mean ± standard deviation (SD). Because serum TSH 
demonstrated significant skewness, logarithmic 
transformation (log TSH) was performed before correlation 
and regression analyses to stabilize variance and satisfy 
parametric assumptions. Statistical analyses were 
conducted using SPSS version 26.0 and R statistical 
software. Relationships between the FT3/FT4 ratio and 
metabolic variables (vitamin D, log TSH, and PTH) were 
evaluated using the Pearson correlation coefficient (r). 
Simple linear regression analysis was performed to 
determine the coefficient of determination (R²) and to 
assess the proportion of variance explained by each 
independent variable. A p-value of less than 0.05 was 
considered statistically significant. Graphical 
representations were generated using Origin 2018.

RESULT

A total of 138 participants were included in this study to 
explore the relationship between thyroid function and 
vitamin D status. The baseline demographic and 
biochemical characteristics of the study population are 
summarized in Table 1.
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material of this phantom is very flexible and doesn’t 
break under impact. The matrix is the formation of a 1020 
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lattice. The equivalent absorber thickness on the front 
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OUT). In the enhanced dynamic wedge technique, no 

external beam modifier is used to create wedge dose 
profiles. A physical wedge is mounted on a transparent 
plastic tray, which can be inserted in the beam at a 
specified distance from the source. This distance is at 
least 15 cm from the skin surface to avoid destroying the 
skin-sparing.

The study was conducted using the Varian clinac iX 
linear accelerator with different photon energies 6MV 
and 15MV. Also, the isodose curves calculated by the 
Eclipse treatment planning system (TPS). The slab 
phantom arranged at a fixed depth (10cm depth) above 
the Matrixx phantom. The physical and enhanced 
dynamic wedges different angles (15°, 30°, 45° and 60°) 
were examined for the field sizes, 5×5cm², 10×10cm² and 
15×15cm². The LINAC machine delivered 50 monitoring 
unit (MU) each case (6).    

   

Figure 1: Beam profiles of physical and enhanced dynamic wedge for wedge angle 15°, 6MV energy (Top row) 
and wedge angle 15°, 15 MV energy (Bottom Row)

From the beam profile showed in Table 1 and Figure 1 to 
5, it was evident that -

a. The difference between PW and DW increased with 
the increasing wedge angle while field size and energy 
were fixed.

b. The difference between PW and DW increased with 
the increasing of field sizes while energy and wedge 
angles were fixed.

c. The difference between PW and DW increased with 
increasing energy while field size and wedge angles were 
fixed.

DISCUSSION

While this study provides valuable insights, there are 
limitations such as the fixed depth of the phantom and the 
use of only specific photon energies and field sizes. 
Future research could explore a broader range of 
conditions, including different depths, wedge types, and 
additional photon energies, to further understand the 
nuances of dose distribution with various wedges. 
Overall, the study highlights the importance of 
comprehensive dosimetric analysis in radiotherapy and 
the role of advanced measurement tools like the MatriXX 
in enhancing treatment accuracy and effectiveness.

CONCLUSION

The study confirms that the Universal Detector 2D array 
(MatriXX) is highly effective for evaluating the 
dosimetric characteristics of both Enhanced Dynamic 
Wedges (EDW) and Physical Wedges (PW). Its precision 
in measuring beam profiles supports accurate dose 
distribution assessments, aiding in optimized 
radiotherapy planning and treatment.
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The biochemical profile indicates a high prevalence of 
thyroid dysfunction accompanied by widespread 
vitamin D deficiency within the cohort. Serum TSH 
levels were markedly elevated with a mean of 70.34 ± 
52.17 mIU/L and a median of 75.72 mIU/L, indicating 
severe thyroid axis stress in a substantial proportion of 
participants. The wide interquartile range 
(17.56–114.96 mIU/L) further reflects considerable 
heterogeneity in the degree of thyroid dysfunction 
within the cohort. Vitamin D concentrations were 
consistently low. The mean serum 25(OH)D level was 
15.03 ± 7.19 ng/mL, well below the accepted 
sufficiency threshold of 30 ng/mL. The median value 
of 13.91 ng/mL with an IQR of 9.12–19.18 ng/mL 
indicates that vitamin D deficiency was prevalent 
across most participants. Serum calcium values 

remained largely within the lower physiological range 
(8.92 ± 1.08 mg/dL), while intact PTH levels showed 
moderate variability with a mean value of 46.56 ± 
42.94 pg/mL and a median of 36.00 pg/mL. The 
interquartile range (16.10–63.00 pg/mL) suggests 
heterogeneous parathyroid responses, likely reflecting 
varying degrees of compensatory endocrine adjustment 
to vitamin D deficiency. To evaluate peripheral thyroid 
hormone activation, the FT3/FT4 ratio was correlated 
with vitamin D, TSH, and PTH. Because serum TSH 
values displayed substantial variability and skewness, 
logarithmic transformation of TSH (log TSH) was 
performed before correlation analysis to stabilize variance 
and better capture the relationship between thyroid axis 
stimulation and hormone conversion efficiency. The 
statistical associations are detailed in Table 2.

A strong positive relationship was observed between vitamin 
D levels and the FT3/FT4 ratio (r = +0.69, p < 0.001), 

suggesting that higher vitamin D status is associated with 
improved peripheral thyroid hormone activation. (Figure 1).

When log-transformed TSH was analyzed, a significant 
inverse correlation with the FT3/FT4 ratio was 
identified (r = −0.64, p < 0.001). Linear regression 
analysis further indicated that log TSH accounted for 

approximately 40.5% of the variability in FT3/FT4 ratio 
(R² = 0.405), highlighting a substantial relationship 
between thyroid axis stress and peripheral hormone 
conversion. (Figure 2). 

In contrast, PTH showed a weaker but statistically 
significant inverse correlation with the FT3/FT4 ratio      

(r = −0.23, p = 0.027). Regression analysis indicated that 
PTH accounted for only 5.5% of the variability in 
peripheral thyroid hormone conversion (Figure- 3).

Table 1: Baseline Clinical and Biochemical Profile of the Study Population

Because several biochemical parameters exhibited 
substantial variability, results are presented as mean ± 

standard deviation as well as median with interquartile 
range (IQR) to better reflect the distribution of the data.

Parameters Mean ± SD Median  IQR (25th-75th) Reference Range 
Age (Years) 39.40 ± 14.20 37.50 28.00-51.00  
Serum TSH (mIU/L) 70.34 ± 52.17 75.72 17.56-114.96 0.55-4.78 
Serum FT3 (pmol/L) 2.58 ± 1.32 2.42 1.85-3.20 2.80-9.50 
Serum FT4 (pmol/L) 7.92 ± 5.14 7.15 4.80-10.40 9.50-25.50 
Serum 25(OH)D (ng/mL) 15.03 ± 7.19 13.91 9.12-19.18 30.00-100.00 
Intact PTH (pg/mL) 46.56 ± 42.94 36.00 16.10-63.00 18.80-88.00 
Calcium (mg/dL) 8.92 ± 1.08 9.10 8.40-9.60 8.50-10.50 

Table 2: Correlation Matrix of FT3/FT4 Ratio and Metabolic Markers

Sl. No. Variable Pair Number (n) Pearson(r) Regression(R2) p-Value 

1. FT3/FT4 vs Vit D 117 +0.69 0.471 <0.001 
2. FT3/FT4 vs Log TSH 117 -0.64 0.405 <0.001 
3. FT3/FT4 vs PTH 89 -0.23 0.056 0.027 

DISCUSSION

Present study highlighted a meaningful metabolic 
interaction between vitamin D status and the 
thyroid–parathyroid endocrine network. The most 
prominent observation was the strong positive 
association between serum 25(OH)D levels and the 
FT3/FT4 ratio (r = +0.69, p < 0.001). This finding 
supports the growing view that vitamin D may play an 
active role in regulating peripheral thyroid hormone 
activation rather than acting solely as a supportive 
micronutrient. Physiologically, the biologically active 
thyroid hormone T3 is primarily generated through 
enzymatic deiodination of T4 by iodothyronine 
deiodinases (11). Experimental evidence suggests that 
vitamin D may influence the expression and activity of 
these enzymes through genomic regulatory pathways 
(12). Within the context of our cohort, where the median 
vitamin D level was only 13.91 ng/mL, vitamin D 
deficiency appears to represent a metabolic constraint on 
this conversion process. The relatively high regression 
coefficient (R² = 0.471) indicates that vitamin D status 

alone accounted for nearly half of the variability in 
peripheral thyroid hormone activation in this population. 
Previous endocrine research has indicated that the 
interaction between vitamin D status and thyroid 
regulation may not always be strictly linear (13), with 
both severe deficiency and excessive levels potentially 
altering endocrine feedback dynamics. In the present 
study, however, a clear linear relationship was observed 
between serum 25(OH)D concentrations and the 
FT3/FT4 ratio. One possible explanation lies in the 
biochemical profile of the study population, where 
vitamin D deficiency was highly prevalent. Under such 
conditions, the data likely captures the rising phase of the 
physiological response curve rather than its full 
spectrum. Within this deficient range, gradual increases 
in vitamin D were consistently associated with improved 
peripheral conversion of T4 to T3, as reflected by the 
strong positive correlation identified in our analysis (r = 
+0.69, p < 0.001). These findings suggest that although a 
metabolic plateau may eventually occur once optimal 
vitamin D levels are reached, the predominant biological 

response in a deficient population is the progressive 
restoration of thyroid hormone activation. The 
relationship between thyroid-stimulating hormone and 
hormone conversion efficiency also revealed important 
insights. Because serum TSH values showed wide 
dispersion and strong skewness, logarithmic 
transformation was applied prior to correlation analysis, a 
standard approach when evaluating endocrine 
relationships involving TSH. Following transformation, 
log TSH demonstrated a strong inverse correlation with 
FT3/FT4 ratio (r = −0.64, p < 0.001). This suggests that 
increasing thyroid axis stimulation is associated with 
progressively reduced peripheral activation of T4. The 
extremely broad distribution of TSH in this study 
(median 75.72 mIU/L; IQR 17.56–114.96 mIU/L) 
indicates that many participants were experiencing 
advanced thyroid dysfunction. In such states, the 
physiological buffering capacity of the thyroid axis may 
become overwhelmed, leading to a more direct and 
proportional decline in peripheral hormone activation as 
thyroid stress increases. In endocrine physiology, the 
relationship between TSH and circulating thyroid 
hormones is often described as non-linear (14) or 
logarithmic, reflecting the tight homeostatic regulation of 
the hypothalamic–pituitary–thyroid axis. In the present 
study, however, a significant inverse relationship was 
observed between log-transformed TSH and the FT3/FT4 
ratio (r = −0.64, p < 0.001). One possible explanation for 
this finding may be related to the biochemical 
characteristics of the study population. The participants 
in this cohort exhibited markedly elevated TSH 
concentrations, with a median value of 75.72 mIU/L, 
indicating a substantial burden of overt thyroid 
dysfunction. Under such circumstances, the normal 
buffering capacity of the thyroid axis may become less 
effective, allowing a clearer association between 
increasing thyroid stimulation and reduced peripheral 
hormone activation to emerge. Another factor that may 
contribute to this observation is the potential influence of 
micronutrient status on thyroid hormone metabolism. 
Experimental and clinical studies have suggested that 
vitamin D may affect the expression of enzymes involved 
in thyroid hormone conversion. In the context of 
widespread vitamin D deficiency observed in this cohort, 

reduced efficiency of T4-to-T3 conversion may therefore 
contribute to the inverse association between log TSH 
and the FT3/FT4 ratio. In contrast to vitamin D and TSH, 
PTH demonstrated only a modest inverse relationship 
with FT3/FT4 ratio (r = −0.23, p = 0.027). Although 
statistically significant, the relatively low regression 
coefficient (R² = 0.056) suggests that PTH contributes 
only a limited proportion of the variability in thyroid 
hormone conversion. This finding indicates that while 
secondary hyperparathyroidism may accompany vitamin 
D deficiency, its direct influence on thyroid hormone 
activation is likely secondary compared with the effect of 
vitamin D itself. Taking together, these observations 
suggest that vitamin D deficiency may initiate a cascade 
of endocrine adjustments involving both the thyroid and 
parathyroid systems. However, the data indicates that the 
primary metabolic driver of impaired T4-to-T3 
conversion appears to be vitamin D deficiency rather than 
PTH elevation alone.

CONCLUSION

This study found a significant association between 
vitamin D status and peripheral thyroid hormone 
activation in a cohort with marked thyroid dysfunction 
and widespread vitamin D deficiency. Serum 25(OH)D 
levels correlated positively with the FT3/FT4 ratio, 
indicating that lower vitamin D levels are related to less 
efficient T4-to-T3 conversion. Additionally, TSH levels 
had an inverse relationship with the FT3/FT4 ratio, 
suggesting that higher thyroid axis stimulation 
corresponds with reduced peripheral hormone activation. 
Although intact PTH levels were inversely correlated 
with the FT3/FT4 ratio, this relationship was modest, 
indicating a secondary role for PTH in this metabolic 
interaction. The findings support the notion that vitamin 
D status is important in thyroid hormone metabolism, 
particularly under combined endocrine stress, and 
suggest the value of assessing vitamin D alongside 
thyroid function in clinical evaluations. Future studies 
should explore causality and the effects of vitamin D 
supplementation on thyroid hormone conversion through 
longitudinal and interventional designs, as well as 
investigate deiodinase activity and VDR pathways to 
clarify mechanisms.
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The biochemical profile indicates a high prevalence of 
thyroid dysfunction accompanied by widespread 
vitamin D deficiency within the cohort. Serum TSH 
levels were markedly elevated with a mean of 70.34 ± 
52.17 mIU/L and a median of 75.72 mIU/L, indicating 
severe thyroid axis stress in a substantial proportion of 
participants. The wide interquartile range 
(17.56–114.96 mIU/L) further reflects considerable 
heterogeneity in the degree of thyroid dysfunction 
within the cohort. Vitamin D concentrations were 
consistently low. The mean serum 25(OH)D level was 
15.03 ± 7.19 ng/mL, well below the accepted 
sufficiency threshold of 30 ng/mL. The median value 
of 13.91 ng/mL with an IQR of 9.12–19.18 ng/mL 
indicates that vitamin D deficiency was prevalent 
across most participants. Serum calcium values 

remained largely within the lower physiological range 
(8.92 ± 1.08 mg/dL), while intact PTH levels showed 
moderate variability with a mean value of 46.56 ± 
42.94 pg/mL and a median of 36.00 pg/mL. The 
interquartile range (16.10–63.00 pg/mL) suggests 
heterogeneous parathyroid responses, likely reflecting 
varying degrees of compensatory endocrine adjustment 
to vitamin D deficiency. To evaluate peripheral thyroid 
hormone activation, the FT3/FT4 ratio was correlated 
with vitamin D, TSH, and PTH. Because serum TSH 
values displayed substantial variability and skewness, 
logarithmic transformation of TSH (log TSH) was 
performed before correlation analysis to stabilize variance 
and better capture the relationship between thyroid axis 
stimulation and hormone conversion efficiency. The 
statistical associations are detailed in Table 2.

A strong positive relationship was observed between vitamin 
D levels and the FT3/FT4 ratio (r = +0.69, p < 0.001), 

suggesting that higher vitamin D status is associated with 
improved peripheral thyroid hormone activation. (Figure 1).

When log-transformed TSH was analyzed, a significant 
inverse correlation with the FT3/FT4 ratio was 
identified (r = −0.64, p < 0.001). Linear regression 
analysis further indicated that log TSH accounted for 

approximately 40.5% of the variability in FT3/FT4 ratio 
(R² = 0.405), highlighting a substantial relationship 
between thyroid axis stress and peripheral hormone 
conversion. (Figure 2). 

In contrast, PTH showed a weaker but statistically 
significant inverse correlation with the FT3/FT4 ratio      

(r = −0.23, p = 0.027). Regression analysis indicated that 
PTH accounted for only 5.5% of the variability in 
peripheral thyroid hormone conversion (Figure- 3).

Figure 2: Inverse relationship between log-transformed TSH and FT3/FT4 ratio indicating reduced peripheral
thyroid hormone activation with increasing thyroid axis stimulation

Figure 1: Scatter plot showing the positive association between serum vitamin D [25(OH)D] 
and FT3/FT4 ratio with linear regression fit

Because several biochemical parameters exhibited 
substantial variability, results are presented as mean ± 

standard deviation as well as median with interquartile 
range (IQR) to better reflect the distribution of the data.

DISCUSSION

Present study highlighted a meaningful metabolic 
interaction between vitamin D status and the 
thyroid–parathyroid endocrine network. The most 
prominent observation was the strong positive 
association between serum 25(OH)D levels and the 
FT3/FT4 ratio (r = +0.69, p < 0.001). This finding 
supports the growing view that vitamin D may play an 
active role in regulating peripheral thyroid hormone 
activation rather than acting solely as a supportive 
micronutrient. Physiologically, the biologically active 
thyroid hormone T3 is primarily generated through 
enzymatic deiodination of T4 by iodothyronine 
deiodinases (11). Experimental evidence suggests that 
vitamin D may influence the expression and activity of 
these enzymes through genomic regulatory pathways 
(12). Within the context of our cohort, where the median 
vitamin D level was only 13.91 ng/mL, vitamin D 
deficiency appears to represent a metabolic constraint on 
this conversion process. The relatively high regression 
coefficient (R² = 0.471) indicates that vitamin D status 

alone accounted for nearly half of the variability in 
peripheral thyroid hormone activation in this population. 
Previous endocrine research has indicated that the 
interaction between vitamin D status and thyroid 
regulation may not always be strictly linear (13), with 
both severe deficiency and excessive levels potentially 
altering endocrine feedback dynamics. In the present 
study, however, a clear linear relationship was observed 
between serum 25(OH)D concentrations and the 
FT3/FT4 ratio. One possible explanation lies in the 
biochemical profile of the study population, where 
vitamin D deficiency was highly prevalent. Under such 
conditions, the data likely captures the rising phase of the 
physiological response curve rather than its full 
spectrum. Within this deficient range, gradual increases 
in vitamin D were consistently associated with improved 
peripheral conversion of T4 to T3, as reflected by the 
strong positive correlation identified in our analysis (r = 
+0.69, p < 0.001). These findings suggest that although a 
metabolic plateau may eventually occur once optimal 
vitamin D levels are reached, the predominant biological 

response in a deficient population is the progressive 
restoration of thyroid hormone activation. The 
relationship between thyroid-stimulating hormone and 
hormone conversion efficiency also revealed important 
insights. Because serum TSH values showed wide 
dispersion and strong skewness, logarithmic 
transformation was applied prior to correlation analysis, a 
standard approach when evaluating endocrine 
relationships involving TSH. Following transformation, 
log TSH demonstrated a strong inverse correlation with 
FT3/FT4 ratio (r = −0.64, p < 0.001). This suggests that 
increasing thyroid axis stimulation is associated with 
progressively reduced peripheral activation of T4. The 
extremely broad distribution of TSH in this study 
(median 75.72 mIU/L; IQR 17.56–114.96 mIU/L) 
indicates that many participants were experiencing 
advanced thyroid dysfunction. In such states, the 
physiological buffering capacity of the thyroid axis may 
become overwhelmed, leading to a more direct and 
proportional decline in peripheral hormone activation as 
thyroid stress increases. In endocrine physiology, the 
relationship between TSH and circulating thyroid 
hormones is often described as non-linear (14) or 
logarithmic, reflecting the tight homeostatic regulation of 
the hypothalamic–pituitary–thyroid axis. In the present 
study, however, a significant inverse relationship was 
observed between log-transformed TSH and the FT3/FT4 
ratio (r = −0.64, p < 0.001). One possible explanation for 
this finding may be related to the biochemical 
characteristics of the study population. The participants 
in this cohort exhibited markedly elevated TSH 
concentrations, with a median value of 75.72 mIU/L, 
indicating a substantial burden of overt thyroid 
dysfunction. Under such circumstances, the normal 
buffering capacity of the thyroid axis may become less 
effective, allowing a clearer association between 
increasing thyroid stimulation and reduced peripheral 
hormone activation to emerge. Another factor that may 
contribute to this observation is the potential influence of 
micronutrient status on thyroid hormone metabolism. 
Experimental and clinical studies have suggested that 
vitamin D may affect the expression of enzymes involved 
in thyroid hormone conversion. In the context of 
widespread vitamin D deficiency observed in this cohort, 

reduced efficiency of T4-to-T3 conversion may therefore 
contribute to the inverse association between log TSH 
and the FT3/FT4 ratio. In contrast to vitamin D and TSH, 
PTH demonstrated only a modest inverse relationship 
with FT3/FT4 ratio (r = −0.23, p = 0.027). Although 
statistically significant, the relatively low regression 
coefficient (R² = 0.056) suggests that PTH contributes 
only a limited proportion of the variability in thyroid 
hormone conversion. This finding indicates that while 
secondary hyperparathyroidism may accompany vitamin 
D deficiency, its direct influence on thyroid hormone 
activation is likely secondary compared with the effect of 
vitamin D itself. Taking together, these observations 
suggest that vitamin D deficiency may initiate a cascade 
of endocrine adjustments involving both the thyroid and 
parathyroid systems. However, the data indicates that the 
primary metabolic driver of impaired T4-to-T3 
conversion appears to be vitamin D deficiency rather than 
PTH elevation alone.

CONCLUSION

This study found a significant association between 
vitamin D status and peripheral thyroid hormone 
activation in a cohort with marked thyroid dysfunction 
and widespread vitamin D deficiency. Serum 25(OH)D 
levels correlated positively with the FT3/FT4 ratio, 
indicating that lower vitamin D levels are related to less 
efficient T4-to-T3 conversion. Additionally, TSH levels 
had an inverse relationship with the FT3/FT4 ratio, 
suggesting that higher thyroid axis stimulation 
corresponds with reduced peripheral hormone activation. 
Although intact PTH levels were inversely correlated 
with the FT3/FT4 ratio, this relationship was modest, 
indicating a secondary role for PTH in this metabolic 
interaction. The findings support the notion that vitamin 
D status is important in thyroid hormone metabolism, 
particularly under combined endocrine stress, and 
suggest the value of assessing vitamin D alongside 
thyroid function in clinical evaluations. Future studies 
should explore causality and the effects of vitamin D 
supplementation on thyroid hormone conversion through 
longitudinal and interventional designs, as well as 
investigate deiodinase activity and VDR pathways to 
clarify mechanisms.
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The biochemical profile indicates a high prevalence of 
thyroid dysfunction accompanied by widespread 
vitamin D deficiency within the cohort. Serum TSH 
levels were markedly elevated with a mean of 70.34 ± 
52.17 mIU/L and a median of 75.72 mIU/L, indicating 
severe thyroid axis stress in a substantial proportion of 
participants. The wide interquartile range 
(17.56–114.96 mIU/L) further reflects considerable 
heterogeneity in the degree of thyroid dysfunction 
within the cohort. Vitamin D concentrations were 
consistently low. The mean serum 25(OH)D level was 
15.03 ± 7.19 ng/mL, well below the accepted 
sufficiency threshold of 30 ng/mL. The median value 
of 13.91 ng/mL with an IQR of 9.12–19.18 ng/mL 
indicates that vitamin D deficiency was prevalent 
across most participants. Serum calcium values 

remained largely within the lower physiological range 
(8.92 ± 1.08 mg/dL), while intact PTH levels showed 
moderate variability with a mean value of 46.56 ± 
42.94 pg/mL and a median of 36.00 pg/mL. The 
interquartile range (16.10–63.00 pg/mL) suggests 
heterogeneous parathyroid responses, likely reflecting 
varying degrees of compensatory endocrine adjustment 
to vitamin D deficiency. To evaluate peripheral thyroid 
hormone activation, the FT3/FT4 ratio was correlated 
with vitamin D, TSH, and PTH. Because serum TSH 
values displayed substantial variability and skewness, 
logarithmic transformation of TSH (log TSH) was 
performed before correlation analysis to stabilize variance 
and better capture the relationship between thyroid axis 
stimulation and hormone conversion efficiency. The 
statistical associations are detailed in Table 2.

A strong positive relationship was observed between vitamin 
D levels and the FT3/FT4 ratio (r = +0.69, p < 0.001), 

suggesting that higher vitamin D status is associated with 
improved peripheral thyroid hormone activation. (Figure 1).

When log-transformed TSH was analyzed, a significant 
inverse correlation with the FT3/FT4 ratio was 
identified (r = −0.64, p < 0.001). Linear regression 
analysis further indicated that log TSH accounted for 

approximately 40.5% of the variability in FT3/FT4 ratio 
(R² = 0.405), highlighting a substantial relationship 
between thyroid axis stress and peripheral hormone 
conversion. (Figure 2). 

In contrast, PTH showed a weaker but statistically 
significant inverse correlation with the FT3/FT4 ratio      

(r = −0.23, p = 0.027). Regression analysis indicated that 
PTH accounted for only 5.5% of the variability in 
peripheral thyroid hormone conversion (Figure- 3).

Figure 3: Relationship between FT3/FT4 ratio and parathyroid hormone (PTH) levels,
showing a weak negative association

Because several biochemical parameters exhibited 
substantial variability, results are presented as mean ± 

standard deviation as well as median with interquartile 
range (IQR) to better reflect the distribution of the data.

DISCUSSION

Present study highlighted a meaningful metabolic 
interaction between vitamin D status and the 
thyroid–parathyroid endocrine network. The most 
prominent observation was the strong positive 
association between serum 25(OH)D levels and the 
FT3/FT4 ratio (r = +0.69, p < 0.001). This finding 
supports the growing view that vitamin D may play an 
active role in regulating peripheral thyroid hormone 
activation rather than acting solely as a supportive 
micronutrient. Physiologically, the biologically active 
thyroid hormone T3 is primarily generated through 
enzymatic deiodination of T4 by iodothyronine 
deiodinases (11). Experimental evidence suggests that 
vitamin D may influence the expression and activity of 
these enzymes through genomic regulatory pathways 
(12). Within the context of our cohort, where the median 
vitamin D level was only 13.91 ng/mL, vitamin D 
deficiency appears to represent a metabolic constraint on 
this conversion process. The relatively high regression 
coefficient (R² = 0.471) indicates that vitamin D status 

alone accounted for nearly half of the variability in 
peripheral thyroid hormone activation in this population. 
Previous endocrine research has indicated that the 
interaction between vitamin D status and thyroid 
regulation may not always be strictly linear (13), with 
both severe deficiency and excessive levels potentially 
altering endocrine feedback dynamics. In the present 
study, however, a clear linear relationship was observed 
between serum 25(OH)D concentrations and the 
FT3/FT4 ratio. One possible explanation lies in the 
biochemical profile of the study population, where 
vitamin D deficiency was highly prevalent. Under such 
conditions, the data likely captures the rising phase of the 
physiological response curve rather than its full 
spectrum. Within this deficient range, gradual increases 
in vitamin D were consistently associated with improved 
peripheral conversion of T4 to T3, as reflected by the 
strong positive correlation identified in our analysis (r = 
+0.69, p < 0.001). These findings suggest that although a 
metabolic plateau may eventually occur once optimal 
vitamin D levels are reached, the predominant biological 

response in a deficient population is the progressive 
restoration of thyroid hormone activation. The 
relationship between thyroid-stimulating hormone and 
hormone conversion efficiency also revealed important 
insights. Because serum TSH values showed wide 
dispersion and strong skewness, logarithmic 
transformation was applied prior to correlation analysis, a 
standard approach when evaluating endocrine 
relationships involving TSH. Following transformation, 
log TSH demonstrated a strong inverse correlation with 
FT3/FT4 ratio (r = −0.64, p < 0.001). This suggests that 
increasing thyroid axis stimulation is associated with 
progressively reduced peripheral activation of T4. The 
extremely broad distribution of TSH in this study 
(median 75.72 mIU/L; IQR 17.56–114.96 mIU/L) 
indicates that many participants were experiencing 
advanced thyroid dysfunction. In such states, the 
physiological buffering capacity of the thyroid axis may 
become overwhelmed, leading to a more direct and 
proportional decline in peripheral hormone activation as 
thyroid stress increases. In endocrine physiology, the 
relationship between TSH and circulating thyroid 
hormones is often described as non-linear (14) or 
logarithmic, reflecting the tight homeostatic regulation of 
the hypothalamic–pituitary–thyroid axis. In the present 
study, however, a significant inverse relationship was 
observed between log-transformed TSH and the FT3/FT4 
ratio (r = −0.64, p < 0.001). One possible explanation for 
this finding may be related to the biochemical 
characteristics of the study population. The participants 
in this cohort exhibited markedly elevated TSH 
concentrations, with a median value of 75.72 mIU/L, 
indicating a substantial burden of overt thyroid 
dysfunction. Under such circumstances, the normal 
buffering capacity of the thyroid axis may become less 
effective, allowing a clearer association between 
increasing thyroid stimulation and reduced peripheral 
hormone activation to emerge. Another factor that may 
contribute to this observation is the potential influence of 
micronutrient status on thyroid hormone metabolism. 
Experimental and clinical studies have suggested that 
vitamin D may affect the expression of enzymes involved 
in thyroid hormone conversion. In the context of 
widespread vitamin D deficiency observed in this cohort, 

reduced efficiency of T4-to-T3 conversion may therefore 
contribute to the inverse association between log TSH 
and the FT3/FT4 ratio. In contrast to vitamin D and TSH, 
PTH demonstrated only a modest inverse relationship 
with FT3/FT4 ratio (r = −0.23, p = 0.027). Although 
statistically significant, the relatively low regression 
coefficient (R² = 0.056) suggests that PTH contributes 
only a limited proportion of the variability in thyroid 
hormone conversion. This finding indicates that while 
secondary hyperparathyroidism may accompany vitamin 
D deficiency, its direct influence on thyroid hormone 
activation is likely secondary compared with the effect of 
vitamin D itself. Taking together, these observations 
suggest that vitamin D deficiency may initiate a cascade 
of endocrine adjustments involving both the thyroid and 
parathyroid systems. However, the data indicates that the 
primary metabolic driver of impaired T4-to-T3 
conversion appears to be vitamin D deficiency rather than 
PTH elevation alone.

CONCLUSION

This study found a significant association between 
vitamin D status and peripheral thyroid hormone 
activation in a cohort with marked thyroid dysfunction 
and widespread vitamin D deficiency. Serum 25(OH)D 
levels correlated positively with the FT3/FT4 ratio, 
indicating that lower vitamin D levels are related to less 
efficient T4-to-T3 conversion. Additionally, TSH levels 
had an inverse relationship with the FT3/FT4 ratio, 
suggesting that higher thyroid axis stimulation 
corresponds with reduced peripheral hormone activation. 
Although intact PTH levels were inversely correlated 
with the FT3/FT4 ratio, this relationship was modest, 
indicating a secondary role for PTH in this metabolic 
interaction. The findings support the notion that vitamin 
D status is important in thyroid hormone metabolism, 
particularly under combined endocrine stress, and 
suggest the value of assessing vitamin D alongside 
thyroid function in clinical evaluations. Future studies 
should explore causality and the effects of vitamin D 
supplementation on thyroid hormone conversion through 
longitudinal and interventional designs, as well as 
investigate deiodinase activity and VDR pathways to 
clarify mechanisms.
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The biochemical profile indicates a high prevalence of 
thyroid dysfunction accompanied by widespread 
vitamin D deficiency within the cohort. Serum TSH 
levels were markedly elevated with a mean of 70.34 ± 
52.17 mIU/L and a median of 75.72 mIU/L, indicating 
severe thyroid axis stress in a substantial proportion of 
participants. The wide interquartile range 
(17.56–114.96 mIU/L) further reflects considerable 
heterogeneity in the degree of thyroid dysfunction 
within the cohort. Vitamin D concentrations were 
consistently low. The mean serum 25(OH)D level was 
15.03 ± 7.19 ng/mL, well below the accepted 
sufficiency threshold of 30 ng/mL. The median value 
of 13.91 ng/mL with an IQR of 9.12–19.18 ng/mL 
indicates that vitamin D deficiency was prevalent 
across most participants. Serum calcium values 

remained largely within the lower physiological range 
(8.92 ± 1.08 mg/dL), while intact PTH levels showed 
moderate variability with a mean value of 46.56 ± 
42.94 pg/mL and a median of 36.00 pg/mL. The 
interquartile range (16.10–63.00 pg/mL) suggests 
heterogeneous parathyroid responses, likely reflecting 
varying degrees of compensatory endocrine adjustment 
to vitamin D deficiency. To evaluate peripheral thyroid 
hormone activation, the FT3/FT4 ratio was correlated 
with vitamin D, TSH, and PTH. Because serum TSH 
values displayed substantial variability and skewness, 
logarithmic transformation of TSH (log TSH) was 
performed before correlation analysis to stabilize variance 
and better capture the relationship between thyroid axis 
stimulation and hormone conversion efficiency. The 
statistical associations are detailed in Table 2.

A strong positive relationship was observed between vitamin 
D levels and the FT3/FT4 ratio (r = +0.69, p < 0.001), 

suggesting that higher vitamin D status is associated with 
improved peripheral thyroid hormone activation. (Figure 1).

When log-transformed TSH was analyzed, a significant 
inverse correlation with the FT3/FT4 ratio was 
identified (r = −0.64, p < 0.001). Linear regression 
analysis further indicated that log TSH accounted for 

approximately 40.5% of the variability in FT3/FT4 ratio 
(R² = 0.405), highlighting a substantial relationship 
between thyroid axis stress and peripheral hormone 
conversion. (Figure 2). 

In contrast, PTH showed a weaker but statistically 
significant inverse correlation with the FT3/FT4 ratio      

(r = −0.23, p = 0.027). Regression analysis indicated that 
PTH accounted for only 5.5% of the variability in 
peripheral thyroid hormone conversion (Figure- 3).

Because several biochemical parameters exhibited 
substantial variability, results are presented as mean ± 

standard deviation as well as median with interquartile 
range (IQR) to better reflect the distribution of the data.

DISCUSSION

Present study highlighted a meaningful metabolic 
interaction between vitamin D status and the 
thyroid–parathyroid endocrine network. The most 
prominent observation was the strong positive 
association between serum 25(OH)D levels and the 
FT3/FT4 ratio (r = +0.69, p < 0.001). This finding 
supports the growing view that vitamin D may play an 
active role in regulating peripheral thyroid hormone 
activation rather than acting solely as a supportive 
micronutrient. Physiologically, the biologically active 
thyroid hormone T3 is primarily generated through 
enzymatic deiodination of T4 by iodothyronine 
deiodinases (11). Experimental evidence suggests that 
vitamin D may influence the expression and activity of 
these enzymes through genomic regulatory pathways 
(12). Within the context of our cohort, where the median 
vitamin D level was only 13.91 ng/mL, vitamin D 
deficiency appears to represent a metabolic constraint on 
this conversion process. The relatively high regression 
coefficient (R² = 0.471) indicates that vitamin D status 

alone accounted for nearly half of the variability in 
peripheral thyroid hormone activation in this population. 
Previous endocrine research has indicated that the 
interaction between vitamin D status and thyroid 
regulation may not always be strictly linear (13), with 
both severe deficiency and excessive levels potentially 
altering endocrine feedback dynamics. In the present 
study, however, a clear linear relationship was observed 
between serum 25(OH)D concentrations and the 
FT3/FT4 ratio. One possible explanation lies in the 
biochemical profile of the study population, where 
vitamin D deficiency was highly prevalent. Under such 
conditions, the data likely captures the rising phase of the 
physiological response curve rather than its full 
spectrum. Within this deficient range, gradual increases 
in vitamin D were consistently associated with improved 
peripheral conversion of T4 to T3, as reflected by the 
strong positive correlation identified in our analysis (r = 
+0.69, p < 0.001). These findings suggest that although a 
metabolic plateau may eventually occur once optimal 
vitamin D levels are reached, the predominant biological 

response in a deficient population is the progressive 
restoration of thyroid hormone activation. The 
relationship between thyroid-stimulating hormone and 
hormone conversion efficiency also revealed important 
insights. Because serum TSH values showed wide 
dispersion and strong skewness, logarithmic 
transformation was applied prior to correlation analysis, a 
standard approach when evaluating endocrine 
relationships involving TSH. Following transformation, 
log TSH demonstrated a strong inverse correlation with 
FT3/FT4 ratio (r = −0.64, p < 0.001). This suggests that 
increasing thyroid axis stimulation is associated with 
progressively reduced peripheral activation of T4. The 
extremely broad distribution of TSH in this study 
(median 75.72 mIU/L; IQR 17.56–114.96 mIU/L) 
indicates that many participants were experiencing 
advanced thyroid dysfunction. In such states, the 
physiological buffering capacity of the thyroid axis may 
become overwhelmed, leading to a more direct and 
proportional decline in peripheral hormone activation as 
thyroid stress increases. In endocrine physiology, the 
relationship between TSH and circulating thyroid 
hormones is often described as non-linear (14) or 
logarithmic, reflecting the tight homeostatic regulation of 
the hypothalamic–pituitary–thyroid axis. In the present 
study, however, a significant inverse relationship was 
observed between log-transformed TSH and the FT3/FT4 
ratio (r = −0.64, p < 0.001). One possible explanation for 
this finding may be related to the biochemical 
characteristics of the study population. The participants 
in this cohort exhibited markedly elevated TSH 
concentrations, with a median value of 75.72 mIU/L, 
indicating a substantial burden of overt thyroid 
dysfunction. Under such circumstances, the normal 
buffering capacity of the thyroid axis may become less 
effective, allowing a clearer association between 
increasing thyroid stimulation and reduced peripheral 
hormone activation to emerge. Another factor that may 
contribute to this observation is the potential influence of 
micronutrient status on thyroid hormone metabolism. 
Experimental and clinical studies have suggested that 
vitamin D may affect the expression of enzymes involved 
in thyroid hormone conversion. In the context of 
widespread vitamin D deficiency observed in this cohort, 

reduced efficiency of T4-to-T3 conversion may therefore 
contribute to the inverse association between log TSH 
and the FT3/FT4 ratio. In contrast to vitamin D and TSH, 
PTH demonstrated only a modest inverse relationship 
with FT3/FT4 ratio (r = −0.23, p = 0.027). Although 
statistically significant, the relatively low regression 
coefficient (R² = 0.056) suggests that PTH contributes 
only a limited proportion of the variability in thyroid 
hormone conversion. This finding indicates that while 
secondary hyperparathyroidism may accompany vitamin 
D deficiency, its direct influence on thyroid hormone 
activation is likely secondary compared with the effect of 
vitamin D itself. Taking together, these observations 
suggest that vitamin D deficiency may initiate a cascade 
of endocrine adjustments involving both the thyroid and 
parathyroid systems. However, the data indicates that the 
primary metabolic driver of impaired T4-to-T3 
conversion appears to be vitamin D deficiency rather than 
PTH elevation alone.

CONCLUSION

This study found a significant association between 
vitamin D status and peripheral thyroid hormone 
activation in a cohort with marked thyroid dysfunction 
and widespread vitamin D deficiency. Serum 25(OH)D 
levels correlated positively with the FT3/FT4 ratio, 
indicating that lower vitamin D levels are related to less 
efficient T4-to-T3 conversion. Additionally, TSH levels 
had an inverse relationship with the FT3/FT4 ratio, 
suggesting that higher thyroid axis stimulation 
corresponds with reduced peripheral hormone activation. 
Although intact PTH levels were inversely correlated 
with the FT3/FT4 ratio, this relationship was modest, 
indicating a secondary role for PTH in this metabolic 
interaction. The findings support the notion that vitamin 
D status is important in thyroid hormone metabolism, 
particularly under combined endocrine stress, and 
suggest the value of assessing vitamin D alongside 
thyroid function in clinical evaluations. Future studies 
should explore causality and the effects of vitamin D 
supplementation on thyroid hormone conversion through 
longitudinal and interventional designs, as well as 
investigate deiodinase activity and VDR pathways to 
clarify mechanisms.
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ABSTRACT
Differentiated thyroid carcinoma (DTC) is among the most prevalent 
endocrine malignancies, with a rising global incidence. Since 1980, the 
Thyroid Division of the National Institute of Nuclear Medicine and 
Allied Sciences (NINMAS), Bangladesh Atomic Energy Commission 
(BAEC), has been treating DTC patients with Radioactive Iodine 
Therapy (RAIT) following thyroidectomy and maintaining lifelong 
follow-up. To date, over 9,000 patients have received RAIT, generating 
a vast volume of medical records that have been preserved exclusively as 
hardcopies, creating significant space and retrieval challenges. This 
project aims to digitally archive both medical records and BRAF 
mutation genomic sequencing data of all radioiodine-treated DTC 
patients, encompassing records from 1980 to the present. Approximately 
4,000 patient records have been digitized so far, using dedicated 
software, specialized hardware, and individual patient ID systems. 
Among them, 15 high-risk patients underwent BRAF gene sequencing, 
of which 10 tested positive. Digital archiving has demonstrably 
improved clinical efficiency, enabling faster data retrieval, better 
longitudinal patient management, and a robust foundation for future 
oncological research. Continuation of this initiative will ensure 
comprehensive registration of all remaining DTC patients.

Keywords: Differentiated thyroid cancer, Genome sequencing, 
Medical records, Radioiodine, BRAF gene, NINMAS. 
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INTRODUCTION

Thyroid carcinoma is the most common endocrine 
malignancy worldwide, with its incidence rising steadily 
over the past three decades (1). Differentiated Thyroid 
Carcinoma (DTC), encompassing papillary thyroid 
carcinoma (PTC) and follicular thyroid carcinoma (FTC), 
accounts for approximately 90% of all thyroid cancers 
and is associated with favorable long-term outcomes, 

with five-year survival rates exceeding 95% (2). 
However, effective long-term management demands 
meticulous, longitudinal follow-up spanning decades. In 
Bangladesh, the National Institute of Nuclear Medicine 
and Allied Sciences (NINMAS), operating under the 
Bangladesh Atomic Energy Commission (BAEC), has 
served as the principal center for radioactive iodine 
therapy (RAIT) in DTC patients since 1980 (3). Over this 
period, more than 9,000 new DTC patients have received 
RAIT following thyroidectomy, generating an extensive 
corpus of clinical records preserved exclusively in 
hardcopy format. This analog archiving system, while 
operationally maintained, has become increasingly 
unsustainable due to physical space constraints and 
inefficiencies in data retrieval.

Parallel advances in oncogenomics, particularly the 
identification of somatic mutations such as BRAF V600E 
in PTC, have introduced new diagnostic and prognostic 
dimensions to DTC management (4, 5). BRAF mutation 
status has been shown to correlate with increased risk of 
recurrence, extrathyroidal extension, lymph node 
metastasis, and radioiodine resistance (6). Integrating 
genomic data with longitudinal clinical records therefore 
represents a critical advancement in precision oncology 
for thyroid cancer. This report describes the ongoing 
project of digital archiving of medical records and BRAF 
genomic sequencing data at the Thyroid Division, 
NINMAS, highlighting the outcomes achieved to date, 

the clinical and research implications, and the future 
directions of this initiative.

METHODS

As of April 2024, a total of 9004 new DTC patients have 
received RAIT. Among them, about 18% of the patients 
received repeated doses. Huge data of all those patients 
have been archived as hard copies in the medical records 
room, and there are overflowing files of patients in the 
medical records room and no spaces on the shelves.

Huge data of all the registered DTC patients had been 
archived as hard copies in the medical records room. The 
old data is required to follow up with the patients. All we 
have been doing is pulling files manually for the benefit 
of the patients and maintaining the legacy of old data. We 

physicians are facing huge pressure to treat and archive 
the data in hard copies. There is also scarcity of spaces. 
Software data storage of genetic information and other 
medical information of any cancer is the time-demanding 
issue. This data archiving is of immense help in retrieving 
data for the patient for routine consultation. Patients’ past 
history could be judged easily, and clinical correlation 
would be easier and faster. Genetic analysis is a recent 
advancement in the diagnosis of cancer and has an impact 
on treatment strategy, especially in thyroid carcinoma. It 
has been available in the private sector of Bangladesh for 
the last 5-6 years on a small scale. By this project, genetic 
information and medical records are preserved digitally 
for long-term use, facilitating smarter patient 
management and further research purposes. 

OUTCOME 

1. Infrastructure and Software Development

The procurement and installation of two dedicated PCs, a 
high-resolution scanner, a laser printer, and a UPS at the 
Thyroid Division, NINMAS, established the 
foundational hardware infrastructure for this archiving 
initiative. A bespoke relational database software was 
developed and deployed, capable of accommodating 
multi-layered clinical, biochemical, radiological, 
histopathological, and genomic data fields (7). The 
software was designed with a modular architecture, 
allowing IT personnel to continuously update and expand 
data fields in response to evolving clinical needs. The 
user interface was tailored to the workflow of nuclear 
medicine physicians, minimizing data entry time while 
maximizing data completeness.

2. Patient Registration and Data Entry

As of the reporting period, data entry has been successfully 
completed for approximately 4,000 DTC patients. Each 
patient record contains a comprehensive clinical dossier, 
including demographic identifiers; complete surgical 
history with dates and operative findings; histopathological 
reports with tumor staging (TNM classification); pre- and 

post-operative thyroid function tests, including TSH, free 
thyroxine (FT4), free triiodothyronine (FT3), serum 
thyroglobulin (Tg), and TgAb levels at each follow-up 
interval; radioiodine dose administered (MBq/mCi); 
post-therapy whole-body radioiodine scan (WBS); 
diagnostic WBS; neck ultrasonography reports; all relevant 
cross-sectional imaging (CT, MRI, PET CT); and other 
relevant medical investigations and procedures. Each entry 
is time-stamped and linked to the patient's unique ID, 
enabling longitudinal tracking of disease status across 
decades of follow-up. This individual-level longitudinal 
data architecture mirrors internationally recommended 
standards for thyroid cancer registries, as advocated by the 
American Thyroid Association (ATA) and the European 
Thyroid Association (ETA) (8, 9).

3. BRAF Genomic Sequencing Results

Among the 4,000 registered patients, 15 individuals 
classified as high-risk DTC (based on ATA risk 
stratification criteria including extrathyroidal extension, 
lymph node metastasis, vascular invasion, or aggressive 
histological variants) were selected for BRAF V600E 
mutation analysis (10).  Histopathological tissue samples 
were submitted for sequencing, and results revealed that 
10 out of 15 patients (66.7%) were BRAF V600E-positive.

The biochemical profile indicates a high prevalence of 
thyroid dysfunction accompanied by widespread 
vitamin D deficiency within the cohort. Serum TSH 
levels were markedly elevated with a mean of 70.34 ± 
52.17 mIU/L and a median of 75.72 mIU/L, indicating 
severe thyroid axis stress in a substantial proportion of 
participants. The wide interquartile range 
(17.56–114.96 mIU/L) further reflects considerable 
heterogeneity in the degree of thyroid dysfunction 
within the cohort. Vitamin D concentrations were 
consistently low. The mean serum 25(OH)D level was 
15.03 ± 7.19 ng/mL, well below the accepted 
sufficiency threshold of 30 ng/mL. The median value 
of 13.91 ng/mL with an IQR of 9.12–19.18 ng/mL 
indicates that vitamin D deficiency was prevalent 
across most participants. Serum calcium values 

remained largely within the lower physiological range 
(8.92 ± 1.08 mg/dL), while intact PTH levels showed 
moderate variability with a mean value of 46.56 ± 
42.94 pg/mL and a median of 36.00 pg/mL. The 
interquartile range (16.10–63.00 pg/mL) suggests 
heterogeneous parathyroid responses, likely reflecting 
varying degrees of compensatory endocrine adjustment 
to vitamin D deficiency. To evaluate peripheral thyroid 
hormone activation, the FT3/FT4 ratio was correlated 
with vitamin D, TSH, and PTH. Because serum TSH 
values displayed substantial variability and skewness, 
logarithmic transformation of TSH (log TSH) was 
performed before correlation analysis to stabilize variance 
and better capture the relationship between thyroid axis 
stimulation and hormone conversion efficiency. The 
statistical associations are detailed in Table 2.

A strong positive relationship was observed between vitamin 
D levels and the FT3/FT4 ratio (r = +0.69, p < 0.001), 

suggesting that higher vitamin D status is associated with 
improved peripheral thyroid hormone activation. (Figure 1).

When log-transformed TSH was analyzed, a significant 
inverse correlation with the FT3/FT4 ratio was 
identified (r = −0.64, p < 0.001). Linear regression 
analysis further indicated that log TSH accounted for 

approximately 40.5% of the variability in FT3/FT4 ratio 
(R² = 0.405), highlighting a substantial relationship 
between thyroid axis stress and peripheral hormone 
conversion. (Figure 2). 

In contrast, PTH showed a weaker but statistically 
significant inverse correlation with the FT3/FT4 ratio      

(r = −0.23, p = 0.027). Regression analysis indicated that 
PTH accounted for only 5.5% of the variability in 
peripheral thyroid hormone conversion (Figure- 3).

Because several biochemical parameters exhibited 
substantial variability, results are presented as mean ± 

standard deviation as well as median with interquartile 
range (IQR) to better reflect the distribution of the data.

DISCUSSION

Present study highlighted a meaningful metabolic 
interaction between vitamin D status and the 
thyroid–parathyroid endocrine network. The most 
prominent observation was the strong positive 
association between serum 25(OH)D levels and the 
FT3/FT4 ratio (r = +0.69, p < 0.001). This finding 
supports the growing view that vitamin D may play an 
active role in regulating peripheral thyroid hormone 
activation rather than acting solely as a supportive 
micronutrient. Physiologically, the biologically active 
thyroid hormone T3 is primarily generated through 
enzymatic deiodination of T4 by iodothyronine 
deiodinases (11). Experimental evidence suggests that 
vitamin D may influence the expression and activity of 
these enzymes through genomic regulatory pathways 
(12). Within the context of our cohort, where the median 
vitamin D level was only 13.91 ng/mL, vitamin D 
deficiency appears to represent a metabolic constraint on 
this conversion process. The relatively high regression 
coefficient (R² = 0.471) indicates that vitamin D status 

alone accounted for nearly half of the variability in 
peripheral thyroid hormone activation in this population. 
Previous endocrine research has indicated that the 
interaction between vitamin D status and thyroid 
regulation may not always be strictly linear (13), with 
both severe deficiency and excessive levels potentially 
altering endocrine feedback dynamics. In the present 
study, however, a clear linear relationship was observed 
between serum 25(OH)D concentrations and the 
FT3/FT4 ratio. One possible explanation lies in the 
biochemical profile of the study population, where 
vitamin D deficiency was highly prevalent. Under such 
conditions, the data likely captures the rising phase of the 
physiological response curve rather than its full 
spectrum. Within this deficient range, gradual increases 
in vitamin D were consistently associated with improved 
peripheral conversion of T4 to T3, as reflected by the 
strong positive correlation identified in our analysis (r = 
+0.69, p < 0.001). These findings suggest that although a 
metabolic plateau may eventually occur once optimal 
vitamin D levels are reached, the predominant biological 

response in a deficient population is the progressive 
restoration of thyroid hormone activation. The 
relationship between thyroid-stimulating hormone and 
hormone conversion efficiency also revealed important 
insights. Because serum TSH values showed wide 
dispersion and strong skewness, logarithmic 
transformation was applied prior to correlation analysis, a 
standard approach when evaluating endocrine 
relationships involving TSH. Following transformation, 
log TSH demonstrated a strong inverse correlation with 
FT3/FT4 ratio (r = −0.64, p < 0.001). This suggests that 
increasing thyroid axis stimulation is associated with 
progressively reduced peripheral activation of T4. The 
extremely broad distribution of TSH in this study 
(median 75.72 mIU/L; IQR 17.56–114.96 mIU/L) 
indicates that many participants were experiencing 
advanced thyroid dysfunction. In such states, the 
physiological buffering capacity of the thyroid axis may 
become overwhelmed, leading to a more direct and 
proportional decline in peripheral hormone activation as 
thyroid stress increases. In endocrine physiology, the 
relationship between TSH and circulating thyroid 
hormones is often described as non-linear (14) or 
logarithmic, reflecting the tight homeostatic regulation of 
the hypothalamic–pituitary–thyroid axis. In the present 
study, however, a significant inverse relationship was 
observed between log-transformed TSH and the FT3/FT4 
ratio (r = −0.64, p < 0.001). One possible explanation for 
this finding may be related to the biochemical 
characteristics of the study population. The participants 
in this cohort exhibited markedly elevated TSH 
concentrations, with a median value of 75.72 mIU/L, 
indicating a substantial burden of overt thyroid 
dysfunction. Under such circumstances, the normal 
buffering capacity of the thyroid axis may become less 
effective, allowing a clearer association between 
increasing thyroid stimulation and reduced peripheral 
hormone activation to emerge. Another factor that may 
contribute to this observation is the potential influence of 
micronutrient status on thyroid hormone metabolism. 
Experimental and clinical studies have suggested that 
vitamin D may affect the expression of enzymes involved 
in thyroid hormone conversion. In the context of 
widespread vitamin D deficiency observed in this cohort, 

reduced efficiency of T4-to-T3 conversion may therefore 
contribute to the inverse association between log TSH 
and the FT3/FT4 ratio. In contrast to vitamin D and TSH, 
PTH demonstrated only a modest inverse relationship 
with FT3/FT4 ratio (r = −0.23, p = 0.027). Although 
statistically significant, the relatively low regression 
coefficient (R² = 0.056) suggests that PTH contributes 
only a limited proportion of the variability in thyroid 
hormone conversion. This finding indicates that while 
secondary hyperparathyroidism may accompany vitamin 
D deficiency, its direct influence on thyroid hormone 
activation is likely secondary compared with the effect of 
vitamin D itself. Taking together, these observations 
suggest that vitamin D deficiency may initiate a cascade 
of endocrine adjustments involving both the thyroid and 
parathyroid systems. However, the data indicates that the 
primary metabolic driver of impaired T4-to-T3 
conversion appears to be vitamin D deficiency rather than 
PTH elevation alone.

CONCLUSION

This study found a significant association between 
vitamin D status and peripheral thyroid hormone 
activation in a cohort with marked thyroid dysfunction 
and widespread vitamin D deficiency. Serum 25(OH)D 
levels correlated positively with the FT3/FT4 ratio, 
indicating that lower vitamin D levels are related to less 
efficient T4-to-T3 conversion. Additionally, TSH levels 
had an inverse relationship with the FT3/FT4 ratio, 
suggesting that higher thyroid axis stimulation 
corresponds with reduced peripheral hormone activation. 
Although intact PTH levels were inversely correlated 
with the FT3/FT4 ratio, this relationship was modest, 
indicating a secondary role for PTH in this metabolic 
interaction. The findings support the notion that vitamin 
D status is important in thyroid hormone metabolism, 
particularly under combined endocrine stress, and 
suggest the value of assessing vitamin D alongside 
thyroid function in clinical evaluations. Future studies 
should explore causality and the effects of vitamin D 
supplementation on thyroid hormone conversion through 
longitudinal and interventional designs, as well as 
investigate deiodinase activity and VDR pathways to 
clarify mechanisms.
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