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ABSTRACT

Anemia and thyroid disorders are global health issues that affect all ages but are more apparent in women. In
this case, some serological components responsible for iron deficiency anemia (IDA) and thyroid-stimulating
hormone (TSH) downregulation in women have been found actively regulated through a complex vitamin D3
mediated mechanism. This research has been investigated the correlation between activated vitamin D3 and the
serological components responsible for IDA and dysregulation of TSH in childbearing and non-child-bearing
women of different health conditions. Experimental sampling from 482 women suffering from both IDA and
TSH dysregulation was taken, aged between 0 and 70 years. Serological parameters, such as iron, total iron-
binding capacity, and ferritin, were assessed for IDA profiling, whereas thyroid-stimulating hormone and free
thyroxin were for TSH profiling based on the individual’s serum vitamin D3 concentration. The resulting
serological data were interpreted using sophisticated computer programming language and algorithms for
quantitative biochemical analysis. The study resulted in a significant correlation between FT4 and vitamin D3 (p
< 0.0001) for all age groups. TSH also showed strong interactions with the fluctuation of vitamin D3 levels (p <
0.0001), except for the children aged below 10 years (p < 0.063). The iron, TIBC, TSH, and FT4 showed
phenomenal regulation with the steroidal-vitamin D3 concentration for congenital patients. Unlike the others,
ferritin has a substantial connection with activated Vitamin D3 (p <0.0064) fluctuation in the serum. To ratify, the
concentrations of TSH, FT4, iron, TIBC, and ferritin were found to be significantly interconnected in terms of
serum vitamin D3 concentration in women suffering from IDA and TSH downregulation simultaneously. In
addition, the BMI condition of the patients can be a major factor in terms of correlating vitamin D3 with the
regulatory factors of IDA and thyroid TSH as resulted in this research. To understand the accuracy and efficacy
of the serum vitamin D3 in IDA and TSH downregulation, some other inflammatory markers and parathyroid
hormone analysis of many samples can be conducted in continuation of this study.

INTRODUCTION

This is an Open Access article Anemia is a global public health concern nowadays that affects developing countries

and developed countries with the major consequences of human health hazards.
According to the previous data, it affects one-quarter of the global population, with
pregnant women and young children having a higher prevalence rate than men [1].
Turning to the factors, iron deficiency is the major cause of poor nutrition, which
correspondingly results in severe Anemia with the consequence of both mother and
child’s death [2]. Iron is vital to all biological functions, including DNA synthesis,
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respiration, cell proliferation, energy production, and so on [3]. Over 2 billion people
are affected by iron deficiency worldwide [4,5], and the ubiquity of anemia among
pregnant women and young children due to iron depletion has been well documented
[6,7]. Age is also significantly correlated with IDA in childbearing females [8].
Additionally, premenopausal women who stick to a restrictive diet and usually intake a
little amount of iron are mostly at risk of iron deficiency since they also lost iron during
their menstrual cycle. However, in 2002, WHO reported iron deficiency anemia (IDA)
as one of the most important factors in the global burden of disease [9]. Therefore,
frequent screening of IDA is very significant. Numerous iron indicators are used to
screen for IDA, and a potential example is how serum ferritin can be used as a
diagnostic tool in clinical practice [10]. A combination of two serum transferrin markers
is used in detecting IDA in regular hemodialysis anemic patients [11].

Thyroid gland dysfunction is also one of the most prevalent endocrine disorders
worldwide [12]. Globally about 1.6 billion people are at risk of developing abnormal
thyroid concentration due to iodine deficiency [13]. There are two types of thyroid
disorder means- hyperthyroidism and hypothyroidism. Iron status in humans is
inextricably related to thyroid gland function. IDA deteriorates thyroid metabolism and
retards the physical and mental development of both young and adult individuals.
Based on several investigations, IDA is interconnected with hypothyroidism which
significantly increases serum thyroid-stimulating hormone (TSH) levels and decreases
serum iron, serum ferritin, free T4 (FT4), transferrin, RBC count, and so on [14-18].
Ferritin is a universal protein that acts as an iron carrier, and serum ferritin level is
negatively correlated with serum TSH levels [19,20]. In addition to iron and ferritin,
values of total iron-binding capacity (TIBC), FT3, and FT4 have been reported as
significantly lower in hypothyroid patients suffering from IDA [21,22]. This lower
serum ferritin level is also associated with reducing sex hormones along with TSH,
which exaggerates other endocrine dysfunctionalities [23]. The deficiency of iron can
clinically produce hypothyroidism frequently in individuals [24]. Similarly, alterations
in thyroid status change serum iron metabolism and hematological index
phenomenally [16].

Vitamin D is a fat-soluble steroid hormone mainly produced in the skin when exposed
to sunlight. Vitamin D may also be acquired from the ingested diet to a minor extent
[25]. To explain further, vitamin D biosynthesis (25-hydroxyvitamin D) in the skin
becomes initiated by UV rays of sun lights which convert 7-dehydrocholesterol to pre-
vitamin D3; then, it is thermally isomerized to vitamin D3. However, vitamin D needs
to be activated through a hydroxylation reaction mechanism, where a hydroxylase
enzyme acts as the catalyst. In recent years vitamin D3 has taken close attention because
its deficiency entails the risks of various human diseases such as gestation-associated
disorders [26]. According to previous studies, insufficiency of vitamin D3 is prevalent
in over one billion people globally [27,28]. The lower vitamin D3 levels are associated
with higher serum TSH levels [25] and lower hemoglobin and ferritin levels [29].
Studies highly suggested the supplementation of vitamin D3 in case of hypothyroidism
and Anemia, along with the high recommendation for the screening of vitamin D3
deficiency in all hypothyroid patients [25,30]. It is practically required for monitoring
iron nutritional status as it exaggerates thyroid disorders in reproductive age and
pregnant women [14]. Thyroid dysfunctions must also be considered by physicians
treating anemia to ensure early detection and proper treatment [31]. Literature reveals
that there is no study conducted yet on Bangladeshi patients suffering from iron
deficiency anemia and thyroid hormone dysregulation, especially in women, where
factors like lifestyle, sun exposure, dieting with proper vitamin D3 supplementation at
both reproductive and nonreproductive conditions are also required to be studied.
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Considering all the aforementioned facts, this current study aims to evaluate the
impacts of vitamin D3 on the regulation of IDA and imbalanced TSH concentrations
among the women of Bangladesh. In addition, a new dimension of studying the
serological status of the anemic and thyroid patients depending on their vitamin D3
profiles can be achieved, through which it should be clinically suggestive as a
serological parameter for assessing IDA, along with the ‘up and down-regulation” of
TSH.

MATERIALS AND METHODS
Clinical diagnosis of selective serological compounds

The current research started with diagnosing serum vitamin D3 levels [32] of the 482
women (452 are the test samples and 30 are the control samples) suffering from IDA
and TSH simultaneously, where 56 of the diseased women have been taking
medications (12.389%) for their thyroid issues to optimize their normal concentrations
of TSH. To analyze the regulatory effects of vitamin D3 on the IDA and TSH disorders
among the patients, several specific serological parameters were considered, such as
serum iron (ug/dl), total iron-binding capacity (TIBC, ug/dl), and ferritin (ng/dl) for
IDA confirmation. Whereas serum TSH (uIU/mL) and free thyroxine (FT4, ng/dl) were
assessed to determine the TSH up and down regulations. The iron (ug/dl) and TIBC
(ug/dl) levels of the patients’ serum were quantitatively analyzed using ‘Dimen-
sion®IRON Flex® reagent cartridge (DF85) and ‘Dimension®Flex® Reagent IBCT’
(Sie-mens Healthcare Diagnostics Inc.,, USA) respectively, following the referred
methodology [33,34]. The ferritin level (ng/dl) was tested quantitatively with ‘Beckman
Coulter Access Ferritin Calibrators (S0-S5)" considering its established protocol [34,35].
On the other hand, ‘ADVIA®Centaur™ TSH-3 Kit" (Siemens, USA) and
*ADVIA®Centaur™ FT4 Kit’ (Siemens, USA) were used to diagnose the concentrations
of TSH (uIU/mL) and FT4 (ng/dl) respectively. Different patient groups were classified
following their age, reproductive status, and past clinical history in all aspects. All
those serum components were tested depending on their respective vitamin D3
concentrations to identify if there were any precise correlations with activated vitamin
D3 or not. The kit used to detect vitamin D3 was ‘Human Vitamin D3 (VD3) ELISA kit;
Cat No. MBS264661". For transparent analysis, clinical data of the same serological tests
and the vitamin D3 profiling of several normal women were also used as a control to
compare with the IDA and thyroid patients. The BMI of all the control and clinical
patients were taken were normal women considered below 25 (BMI<25). On the other
hand, overweight and obese individuals were considered as 25<MBI<30 and 30<BMI<35
respectively. BMI of more than 35 was taken as morbidly obese [36]. Downregulation of
TSH was considered depending on the increase of the patients’ BMI in this study.

The total research work was conducted under the Ethical Guidelines and Monitoring of
Jashore Medical College (JMC), Bangladesh Medical and Dental Council (BMDC) in
collaboration with the RPG Authority (Govt. Registration ID: 05-060-06021) under
Project Category C2 (#Project EA No- 10/2021-2022). The ‘Ethical Clearance’ directly
follows the Declaration of Helsinki and the Ministry of Health, Bangladesh. All
necessary documents have been conserved by the corresponding author, which will be
shared upon conditional requests. The authors are very cordial in publishing the
manuscript and their consent is clear.
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Post-diagnosis serological data analysis

To study the quantitative interactivity of the aforementioned serum components based
on the individuals’ vitamin D3 concentration, different bioanalytical parameters were
preferred, including- the two-way ANOVA test [37], Brown-Forsythe test [38,39],
Bartlett's test [40,41], and Tukey's multiple comparisons test ‘p values’ as the majors
[42-44]. In addition, least-square mean (LSM), mean difference (MD); standard error of
the difference (SED); the difference between predicted means (DBPM), and 95% CI of
difference (95% CID) were also analyzed. In this study, vitamin D3 was assigned to be
considered as a significant serological analyzer only if its quantitative values belong to
p <0.05 in all aspects [45,46].

Software tools for the resulted data assessment

The biostatistical analysis and computational algorithms were performed using
computational ‘R Programming Scripts’ (version R-4.0.2, for Linux) [47-49] and
‘GraphPad Prism’ (version 8.1.2, for Mac OS) [50-53] premium software packages.

RESULTS

In this research, the concentrations of TSH, FT4, iron, TIBC, and ferritin were found
regulating in correlation to the vitamin D3 concentrations of the corresponding women
suffering from IDA and TSH downregulation.

Quantitative analysis of the factors regulating TSH in response to Vit. D3

Individual patients belonging between 11 to 70 years possess a very strong correlation
of both the TSH and FT4 level (p < 0.0001) with their respective vitamin D3 counts (in
the scale of significance p < 0.05) (Figure 1). Though there is an insignificant
relationship between the TSH and vitamin D3 (p < 0.063) among the patients ranging
between 0 to 10 years (Figure 1A), the correlation between FT4 and vitamin D3 is highly
significant (p < 0.0001) for the same age group (Figure 1B). The upper and lower values
of TSH and FT4 are 3.1 (uU/mL), 1.2 (uIU/mL), and 1.25 (ng/dl), 1.01 (ng/dl)
respectively, for the women aged below 10 years. In both aspects, the activated vitamin
D3 upper and lower values are- 25.3 (ng/mL) and 8.19 (ng/mL), respectively.

Quantitative assessment of the factors regulating IDA in response to Vit. D3

The serum iron, TIBC, and ferritin level fluctuate dramatically with the concentration of
vitamin D3 present for all the selected patients from different age groups, resulting in
the current serological quantitative analysis (Figure 2). The iron level increases
(150pg/dl) and decreases (9pg/dl) with the ups and downs of vitamin D3 levels as 54.98
ng/mL and 8 ng/mL, respectively. The correlation between iron and vitamin D3 is
found significant (p < 0.0001) among reproductive patients (Figure 2A). On the other
hand, TIBC increased (580ug/dl) with the reduction of vitamin D3 (8ng/mL) and
decreased (156pg/dl) with the progress of vitamin D3 concentration (52.7ng/mL), which
means their serological profiles are reversible to each other (Figure 2B). Similarly,
ferritin downregulates (5ng/mL) as the vitamin D3 level promotes (52.7ng/mL),
resembling the findings of TIBC as well (Figure 2C) among reproductive women. In
both the cases of TIBC and ferritin, the values are equally significant (p < 0.0001) when
correlated with their vitamin D3 limits (Figure 2B and 2C). The correlation of iron, TIBC,
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and ferritin concerning the vitamin D3 level has also been found significant in
nonproductive women (p < 0.0001 for each on the scale of significance p < 0.02), except
for the women aged below fourteen years.
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Figure 1. (A) The correlation between the thyroid-stimulating hormone (TSH) and vitamin D3; (B) The
correlation between free thyroxin (FT4) and vitamin D3 status in thyroid dysregulated women patients.
ulU/mL (micrograms international units per milliliter), ng/mL (nanograms per milliliter), LS mean (the mean
of Longitudinal Section), SE (standard error), CI (confidence interval).

Impacts of Vit. D3 on the congenital patients of IDA and TSH downregulation

This study experienced 13 congenital cases of IDA and TSH disorders among all
women. Surprisingly, according to their vitamin D3 profiles, all serological parameters
have been found highly significant considering their two-way ANOVA and ‘Tukey’s
multiple t-tests” of variables (Figure 3). For the congenital patients, individual
correlations of TIBC, TSH, and FT4 with their vitamin D3 concentration is exactly p <
0.0001 (Figure 3A). In contrast, ferritin shows a strong correlation but unlike the others
with vitamin D3 concentration, means (p < 0.0064). The values obtained from the
interactive components means iron, TIBC, ferritin, TSH, and FT4, with the vitamin D3,
have been found very authentic considering their DBPM, SEM, and CID parameters,
which established the findings as 95% confident (Figure 3B). It's resulted that there are
no null ('0") values in their 95% CID, which means the quantitative outputs are highly
authentic and statistically significant. The ‘Z value” for 95% confidence is 1.96 (Z = 1.96)
as calculated from the statistical parameters (Figure 3).
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Figure 2. (A) The correlation between iron and vitamin D3; (B) The correlation between TIBC and vitamin D3;
and (C) The correlation between ferritin and vitamin D3 status in anemic women of reproductive ages. TIBC
(total iron-binding capacity), pug/dL (micrograms per deciliter), ng/mL (nanograms per milliliter).
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Figure 3. (A) Two-way ANOVA and ‘Tukey’s multiple t-tests’ are showing the correlation of the variables
with vitamin D3 among 13 congenital cases of IDA and TSH disorder. The stacked columns demonstrate the
relationship of Iron, TIBC, Ferritin, TSH, and FT4 against vitamin D3 in the case of 13 congenital patients who
had iron deficiency anemia and thyroid deficiency. (B) The level of divergence of the obtained values (from
Figure 3A) contains 95% confidence considering the DBPM, SED, and CID parameters. The level of
significance of correlation of vitiation D3- with the IDA causing parameters are mentioned as (*), while
parameters regulating thyroid functions were illustrated as ‘#'.
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Quantitative fluctuations of the patients’ IDA and TSH parameters as compared to
the control group

The overall results of each parameter were assessed based on the standard data
generated by sampling the same serological parameters from thirty normal women as a
control to compare their vitamin D3 profiles with the diseased women on that exact
parameter. The vitamin D3 level of the normal women ranged between 20ng/mL to
40ng/mL. In response to which, their iron, TIBC, ferritin, TSH, and FT4 ranges were
found as 50-93 pg/dl, 250-423 ug/dl, 45-113 ng/mL, 0.5-4.0 plU/mL, and 0.70-1.67
ng/dl respectively (Figure 4). TSH levels of the participant normal pregnant women
who were in the first trimester showed a significant positive correlation with BMI
(r=0.253 and p=0.033) and those who were in the second trimester showed BMI (r=0.261
and p=0.029) of pregnancy in this research. The normal range of TSH levels in non-
pregnant adult women was ranged between 0.8 and 5.0 mIU/L. Considering the TSH
values, the BMI of the normal women was found below 25 (kg/m?2) in this research
meaning 21 to 24.6 (kg/m?2). The clinically hypothyroid patients suffering from the IDA
simultaneously ranged between 25.3 and 28.7 (kg/m2). Females aged less than 10 years,
showed BMI showed 17 to 18.7 (kg/m2) suffering from hypothyroidism and IDA
simultaneously. This is mainly observed among the congenital sufferers studied in this
research. The normal females below 10 years showed 13.1 to 13.4 (kg/m2) of their BMI.
Higher BMI levels were found to associate with lower concentrations of vitamin D3 in
this research. Obesity was recognized strongly among the female patients who have
been suffering from different stages of vitamin D3 deficiency in all the ages tested,
which is another key finding of this research.
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Figure 4. Illustration of the correlations of iron, TIBC, Ferritin, TSH, and FT4 of 30 physically and clinically
healthy women with their individual-corresponding vitamin D3 levels.

DISCUSSION

Vitamin D has long been recognized as an important hormone in regulating the
musculoskeletal system as well as accounts for anemia risk and thyroid abnormalities.
In the context of thyroid disorders, the antiproliferative and differentiating effects of
the activated form of vitamin D are significant, and its function in modulating the
immune system has been demonstrated in autoimmune thyroid disease (AITD) [54,55].
Several research studies have shown that vitamin D3 has vital role in maintaining bone
health, immunity, and muscles. Many studies showed a link between vitamin D
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deficiency and thyroid downregulations [56]. IDA is a common problem and highly
prevalent among Bangladeshi women, especially among pregnant women and females
living in low iron water supplies [57]. Many IDA patients remain undiagnosed
worldwide as the early stages show minor symptoms.

The function of several proteins, and metabolic activity, including imbalance of thyroid
hormones, may occur due to iron deficiency. Changes in ferritin levels affect thyroid
functions. Low levels of TSH and high levels of FT4 occur due to an imbalance in TSI
(thyroid-stimulating immunoglobulin), leading to hyperthyroidism. FT4 does not bind
to proteins, which is good for diagnosing thyroid problems [58].

The potential relationship of activated vitamin D3 with the regulation of TSH has been
identified (Figure 1A). We have collected the TSH in pIU unit and vitamin D3 in ng/mL
unit of serum concentration from 452 women blood who possessed the TSH and IDA
disorders according to the age limit of 0 to 70. According to the current study, the age
limit was conducted among the 10 years intervals for the higher frequency of random
sample collection. After the statistical analysis of the relationship between TSH and
vitamin D3, it showed (p < 0.063) among the patients ranged from 0 to 10 years. The
values of the serological components for women over 10 years can act randomly
because their hormonal and metabolic profile remained developmental like the
neonatal, which can fluctuate insignificantly under any circumstances [59]. According
to the result, the LS mean of TSH and vitamin D3 is 4.338 and 15.73, in the Mean
Difference and SE Difference is —11.39 and 0.9083 (Figure 1A).

This study analyzed Free T4 (FT4) measurements that are not bound and can freely
enter and affect the body tissues. FT4 normal values are 0.7 to 1.9ng/dL (Figure 4).
Vitamin D3 can exert biological effects by binding with VDR (vitamin D receptor). The
effects of vitamin D depend on VDR. Their polymorphic variants have been studied to
a limited extent in the case of thyroid cancer [60]. In another study, there is an
evaluation of the relationship between hypothyroidism and vitamin D, and their results
indicated that patients with hypothyroidism suffered from hypovitaminosis D with
hypocalcemia [30]. A potential relationship has been obtained between activated
vitamin D3 and FT4 (Figure 1B) in this research. The statistical analysis significant
relationship between vitamin D3 mediated FT4 regulation (p < 0.0001) among the
patients ranged from 0 to 10 years. The upper and lower values of FT4 and vitamin D3
are 1.25 (ng/dl), 1.01 (ng/dl), and 25.3 (ng/mL), 8.19 (ng/mL), respectively; where the LS
means of FT4 and vitamin D3 are 0.9320 and 15.73, in which the Mean Difference and
SE of Difference are -14.80 and 0.8127. People who have hypothyroidism may not get
enough vitamin D because of one of two possible reasons. Firstly, low vitamin D levels
may be a result of inadequate vitamin D absorption from the gut. Secondly, the body
may not adequately activate vitamin D [30]. The low value of vitamin D reduces the
absorption efficiency of intestinal calcium, and the body responds by enhancing
parathyroid hormone (PTH) release [61]. Increased blood PTH concentrations,
particularly in the elderly, also occurred due to low calcium levels and an increased risk
of fracture [62]. Furthermore, vitamin D therapy with calcidiol improves vitamin D
while also dramatically lowering PTH levels, hence minimizing hyperparathyroidism
[63]. The current investigation found vitamin D insufficiency in those aged 60 and more
that may be linked to changes in mineral bone density and secondary
hyperparathyroidism [64].

Iron-deficiency anemia is defined when blood levels of iron will be low, or less than 10
micromoles per liter (mmol/L) for both men and women (normally 10-30 mmol/L)
(Figure 4). Iron deficiency anemia increases susceptibility to infectious disease,
increased child mortality, slowed child development, and reduces scholastic
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performance [66]. There is an association between vitamin D deficiency with the
regulation of a greater risk of anemia, lower mean hemoglobin (LMH), and higher
usage of erythrocyte-stimulating agents [66]. The research results have been depicted a
strong correlation between iron and vitamin D3 (p < 0.0001) among the patients (Figure
2A). The Vit. D3 level of the normal women ranged from 20ng/mL to 40ng/mL, and the
iron level is 50-93 pg/dl (Figure 4). Here Iron level is increased (150ug/dl) and
decreased (9ug/dl) with the increase and decrease of vitamin D3 levels as 54.98 ng/mL
and 8 ng/mL, respectively. Total iron-binding capacity (TIBC) plays a pivotal role in
indirectly measuring the percentage of transferrin situation involved in a positive
correlation with vitamin D [67]. Transferrin and vitamin D levels decreased, whereas
TIBC levels increased during iron-deficient anemic patients [68]. According to this
study, the serum TIBC range for all the patients was between 220 ug/dL to 578 ug/dL
with some fluctuations.

In contrast, the activated Vitamin D value was between 8 ng/mL and 26.29 ng/mL with
a little bit of oscillation. In this research, it was found that serum TIBC result was
increased. In contrast, serum vitamin D3 level was decreased in all the individual
patients, consequently indicating iron deficiency anemia [69], as compared to the
normal range (Figure 4). The ferritin level in the human body indicates the iron status
and iron storage. Ferritin levels are lower in people who have iron-deficiency anemia,
but they may be higher in people with inflammation and chronic disease-related
Anemia [70]. However, in the present analysis, the range of the ferritin level was from
21 ng/mL to 166 ng/mL with some fluctuations, and the vitamin D3 level was between
the ranges of 8 to 26.29 ng/mL respected to the normal control. It was noticed that
serum vitamin D3 value was slightly higher, whereas serum ferritin values were
significantly lower following the vitamin D3 scores for all the patients (Figure 2C). The
current investigation found a positive association between serum vitamin D3
concentration and ferritin levels, consistent with previous findings [71,72].

It is mainly due to maternal risk factors such as inadequate dietary intake of vitamin D,
insufficient exposure to sunlight, and pregnancy that occurs close to the people who
suffer from congenital vitamin D deficiency [73]. Low maternal vitamin D levels may
raise the risk of a newborn's deficiency [74]. Besides, spontaneous hypothyroidism
affects between 1% and 2% of the population and is more prevalent in older women
[75]. Therefore, a poor pregnancy outcome is associated with vitamin D deficiency or
insufficiency, which leads to several disorders such as low birth weight in newborns
[76]. According to the current serological assessment, the value of vitamin D3
(8.19-25.3ng/mL) and iron (15-75 pg/dl) reduced significantly (Figures 3A and 3B) than
the control group (20-40 ng/mL) and (50-93 pg/dl), respectively (Figure 4). Moreover,
the FT4 level decreased slightly from the control 0.7-1.67 ng/dl to congenital 0.77-1.5
ng/dl. On the other hand, TIBC, Ferritin, and TSH indicate an upper range of 220-566
ug/dl, 17-150 ng/mL, and 1.2-5.7 pIU/mL than healthy people 250-423 ug/dl, 45-113
ng/mL, and, 0.5-4 pulU/mL, respectively. The results possessed a higher percentage of
TIBC and a lower percentage of TSH. The TIBC, TSH, and FT4 have a significant
relationship with their vitamin D3 concentration which is exactly p < 0.0001, whereas
ferritin shows a strong correlation with vitamin D3 (p < 0.0064) (Figure 3A and 3B).

The research has described the values and regulatory relationships of the same
serological parameters as iron, TIBC, ferritin, TSH, and FT4, with the serum vitamin D
concentration of 30 normal women as a control group, where the range of vitamin D3
was found 20ng/mL — 40 ng/mL among the control group females, which was within
the normal limit (Figure 4). On the other hand, the range of iron, TIBC, Ferritin, TSH,
and FT4 were found 50-93mcg/dl, 250-423mcg/dl, 45-113n/mL, 0.5-4.0 mcglU/ml],
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respectively, which were also within the normal ranges (Figure 4). The potential
Vitamin D3 based regulation of the other serological parameters has been found in
normal 30 women, used as the standard. Considering the biostatistical analysis, the
overall one-way ANOVA test, Brown-Forsythe test, Barlett’s test, and the vitamin D3
correlation p-values were all exactly <0.0001 (in the scale of significance p < 0.05). The R
square (R?) value was 0.9337, and Barrett's statistics was 84.97%.

In clinical immunology, nutritional issues play a pivotal role in stimulating the
secondary immune response when necessary. In the case of IDA, several nongenetic
issues are involved including iron deficiencies as the major one. Application of proper
food supplements especially the probiotic microorganisms and prebiotics, responsible
for intestinal iron absorption can be very good preventives of IDA [77-80]. Passive
immuniazation can imply a significant effect on the recovery of TSH downregulation
among the patients [81], where the secondary immune response is activated due to
systematic opsonization [82]. Besides, the research on the IDA and TSH
downregulation among women is rapidly progressing over time globally with the
radical advancements in the clinical molecular biology and medical biotechnology
sectors.

CONCLUSION

It is reasonable to expect that significant vitamin D deficiency will occur in the majority
of the women suffering from various forms of thyroid autoimmunity and iron
deficiency anemia (IDA), based on our previous experience and the findings of our
research study. The question remains on how to respond in such a circumstance. Based
on the results of our serological research, it can be concluded that the concentrations of
TSH, FT4, iron, TIBC, and ferritin were correlated with the levels of serum vitamin D3
in women suffering from TSH downregulation and IDA. Moreover, depending on a
woman's reproductive status, age, and BMI; vitamin D3 has can be suggested as a
biomarker for tracking the status of IDA and TSH irregularities. However, more
research with a larger sample size is required to understand better the serological
profiles of patients with IDA and TSH disorders.
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