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Pattern of Serum vitamin A, Zinc, and Magnesium in Patients with Abnormal Thyroid Hormones

Abstract
Introduction: Thyroid hormones perform various metabolic functions, including regulating lipids, carbohydrates, protein, electrolytes, and mineral metabolism. Some micronutrients, including zinc and magnesium, have been implicated in the accurate functioning of some enzymes involved in thyroid metabolic function. The primary aim of this study was to evaluate the levels of retinol (vitamin A), zinc, and magnesium in adult males and females with abnormal thyroid function. The secondary aim was to determine the correlation between thyroid hormones and vitamin A, zinc, and magnesium in study participants.

Methods: This case-control study involved male and female subjects with abnormal levels of thyroid-stimulating hormone (TSH), triiodothyronine (T3), and thyroxine (T4). TSH, T3, T4, Vitamin A, zinc, and magnesium were analyzed from the serum of test and control participants. The data was analyzed using the IBM Statistical Package for Social Sciences (SPSS) Statistics (version 22.0).

Results: This study included 300 male and female participants, divided into three groups: 100 male and female participants with hyperthyroidism, 100 male and female participants with hypothyroidism, and 100 healthy male and female participants (the control group) with normal thyroid hormone levels. Test participants were selected using stratified random sampling technique. The results obtained showed that serum zinc levels in Test subjects with hyperthyroidism (1.19 ± 0.6) were significantly lower than in control (2.27 ± 0.7; p=0.00), but significantly higher than in subjects with hypothyroidism (0.92 ± 0.4; p=0.00). Magnesium levels in Test subjects with hyperthyroidism (1.19±0.38) were significantly lower than in control (2.09±0.36; p=0.00), but significantly higher than in Test subjects with hypothyroidism (1.31±0.22; p=0.00). Vitamin A levels in Test subjects with hyperthyroidism (255.8±70.3) were significantly lower than in control (342.9±57.9; p=in 0.00), but significantly higher than subjects with hypothyroidism (154.2±44.5; p=0.00). Subjects with hypothyroidism had significantly lower vitamin A than in control (p=0.00). There was a  negative correlation between thyroid stimulating hormone (TSH) and serum zinc levels in Test subjects  (r=-0.3; p), a negative correlation between thyroid stimulating Hormone (TSH) and serum vitamin A (r= -0.6), and a significant positive correlation between serum zinc levels and serum vitamin A in study subjects (r=0.4).
 
Conclusion: From our findings, it could be seen that deficiency of Zn Mg and Vitamin A had minimal involvement in hypothyroid and hyperthyroid disorders. Further studies should be carried out with a large sample size to depict the exact roles of these trace elements and vitamins in the disease-causing mechanism of thyroid abnormalities.
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Introduction 
Variation in the TSH and thyroid hormone levels may indicate that normal thyroid function has been altered. Mineral metabolisms like calcium, magnesium, and phosphorous are frequently disturbed in thyroid dysfunctions. Zinc is a trace element, which is required for the activity of more than 300 enzymes [1].
[bookmark: _GoBack] Zinc, which plays an important role in the endocrine system due to its above-mentioned effects, is also necessary for optimal activity of many hormones, including thyroid hormones [2]. Low zinc concentrations have been reported in hypothyroidism and high zinc concentrations in hyperthyroidism, which are diseases of the Thyroid gland [3]. Zinc acts on the hypothalamus and hypophysis, and is necessary for thyrotropin-releasing hormone (TRH) production [2]. It is also required for the activity of the enzyme 1, 5’-deiodinase, which converts biologically less active T4 (thyroxine) to its active form T3 (triiodothyronine) [4]. 
Magnesium is an essential mineral involved in the functioning of more than 300 enzymes which are important for thyroid hormone production [5]. Magnesium is absorbed mainly from magnesium-rich food such as leafy greens, nuts, whole grains, and seeds [6]. Following the action of thyrotropin on the Thyroid gland which is mediated by the formation of cyclic AMP, the availability of magnesium could affect the response of the gland to the pituitary hormone [5].  Vitamin A is a group of fat-soluble compounds essential to human nutrition, which vary in their sources and bioavailability [7]. Vitamin A seems to play an especially significant role due to its ability to modulate thyroid homeostasis alone or its interactions with other micronutrients, particularly with iodine [8]. These compounds share a retinoid chemical structure and can be supplied in the diet via both animal (all-trans-retinol or retinyl esters) and vegetable (carotenoids) sources [7]. 
The complex process of absorption, distribution, and metabolism of vitamin A, and its natural or synthetic derivatives shares characteristics with the corresponding processes for thyroid hormones [8]. Moreover, the absorption of retinoids follows the pathway of lipids: due to their hydrophobicity, these compounds require a binding protein so that they can be transported within the bloodstream [7]. Previous studies demonstrate that changes occur in serum levels of various elements in case of impaired thyroid functioning [9-10]. Evaluating some of these micronutrients in this study area will contribute significantly to the management of thyroid abnormalities. 

Materials and Methods 
This study was a case-control study carried out between December 2023 and July 2024 at the Chemical Pathology Laboratory of the College of Medical Sciences of Ambrose Alli University, Ekpoma, Nigeria. Ethical approval was obtained from the Health Research Ethics Committee of Ambrose Alli University, Ekpoma, Nigeria before the study commenced, and informed consent was also sought and obtained from all study participants.  
The study population consisted of 300 participants between the ages of 30 to 80 years. 100 were male subjects with abnormal serum thyroid hormones, 100 were females with abnormal serum thyroid hormones (test groups), 50 were healthy male subjects with normal thyroid function and 50 were healthy female subjects with normal thyroid function (control). Stratified random sampling technique was used for sampling. 
The test groups were subjects with abnormal serum thyroid hormone levels attending Irrua Specialist Teaching Hospital (ISTH). Male and female subjects with other clinical illnesses, pregnant and lactating women, were excluded from this study.
Thyroid function tests include Thyroid stimulating hormone, Triiodothyronine, and Thyroxine; Micronutrients such as Vitamin A, Zinc, and Magnesium, were assessed. Thyroid stimulating hormone, Triiodothyronine, and Thyroxine were analyzed using the Tecan Infinite F50 ELISA microplate reader (Tecan Trading AG, Switzerland). 
The data obtained was analyzed with the commercially available IBM Statistical Package for Social Sciences (SPSS) Statistics (Released 2021. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp) using a sample t-test. Percentage was used to describe categorical demographic data.  Mean and standard deviation were applied to describe continuous data. Analysis of variance was used to analyze the differences in Serum Zinc, Magnesium, and Vitamin A levels between Normal thyroid function (TFT), Hyperthyroidism, and Hypothyroidism. Mean values were regarded as significant at P-value <0.05.

Results
300 participants from 2023 to 2024 were administered questionnaires. 100 male Subjects with abnormal serum thyroid hormones and 100 female Subjects with abnormal serum thyroid hormones were sampled as test subjects (participants), 50 healthy male Subjects with normal thyroid function, and 50 healthy female Subjects with normal thyroid function were used as normal control. From the demography, males with hypothyroidism were 16.66% of the study population, females with hypothyroidism were 16.66%, males with hyperthyroidism were 16.67%, females with hyperthyroidism were 16.67%, males with normal thyroid function (male control subjects) was 16.67%, while females with normal thyroid function (female control subjects) were 16.67% of the study population (Figure 1). 


Figure 1: Demographic characteristics of the study population 
	Normal Thyroid function test (TFT): TSH of 0.4-4.0, Total T3 of 0.9 – 2.8 nmol/L, Total T4 of 57-149 nmol/L.
Hypothyroidism: TSH >10 mIU/L with normal T3 and T4.
Hyperthyroidism: TSH <1.8 mIU/L with elevated T3 > 2.8 nmol/L and/or T4 > 150 nmol/L.



Thyroid function test parameters of Test subjects were compared with control. There was a significant increase in serum TSH levels in test subjects (5.34 ± 1.1) compared with normal subjects (1.32 ± 0.2) (p=0.019). Serum T3 was significantly higher in test subjects (2.07 ± 0.2) in comparison with control (1.49 ± 0.1; p=0.039) (Figure 2).
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Figure 2: Thyroid Stimulating Hormone (TSH) and Triiodothyronine (T3) levels in Test subjects and normal subjects
*: Values are statistically significant at p< 0.05. Values are Mean ± Standard deviation

Thyroxine (T4) levels of Test subjects were compared with the control. The serum T4 was significantly higher in test subjects (166.8 ± 79.2) compared with the control (102.6 ± 25.6; p=0.003) (Figure 3). 
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Figure 3: Thyroxine (T4) levels in Test subjects and normal subjects. 
*: Values are statistically significant at p< 0.05. Values are Mean ± Standard deviation.

Serum Zinc (Zn) levels in Test subjects with hyperthyroidism (1.19 ± 0.6) were significantly decreased when compared with the control (2.27 ± 0.7; p=0.00). Serum Zn levels in Test subjects with hyperthyroidism (1.19 ± 0.6) were significantly increased when compared with hypothyroidism (0.92 ± 0.4; p=0.00). Serum Magnesium levels in Test subjects with hyperthyroidism (1.19±0.38) were significantly lower when compared with the control (2.09±0.36) (p=0.00), while Magnesium levels in Test subjects with hyperthyroidism were significantly higher than in Test subjects with hypothyroidism (1.31±0.22; p=0.00). Serum Vitamin A levels in Test subjects with hyperthyroidism (255.8±70.3) were significantly decreased when compared with control (342.9±57.9; p=0.00), while Vitamin A levels in Test subjects with hyperthyroidism were significantly higher than in Test subjects with hypothyroidism (154.2±44.5; p=0.00). Test Subjects with hypothyroidism had significantly lower vitamin A than control (p=0.00) (Table 1).


	Parameters
	Normal  TFT
(n=100)
	Hyperthyroidism
(n=100)
	Hypothyroidism
(n=100)
	f-value
	p-value

	Zn   (mg/l)
	2.27 ± 0.7a
	1.19 ± 0.6b
	0.92 ± 0.4b
	22.3
	0.000*

	Mg (mg/dl)
	2.09 ± 0.36a
	1.19 ± 0.38b
	1.31 ± 0.22b
	34.4
	0.000*

	Vitamin A (ng/ml)
	342.9 ± 57.9a
	255.8 ± 70.3b
	154.2 ± 44.5c
	34.5
	0.000*


Table 1: Zinc, Magnesium, and Vitamin A levels in study subjects with Hyperthyroidism and Hypothyroidism in comparison with subjects with normal Thyroid function, using ANOVA Statistics
*: Values are statistically significant at p< 0.05. Values are Mean ± Standard deviation.
  Values with different superscripts a, b, and c are statistically significant at p<0.05. 
	Normal Thyroid function test (TFT): TSH of 0.4-4.0, Total T3 of 0.9 – 2.8 nmol/L, Total T4 of 57-149 nmol/L. 
Hypothyroidism: TSH >10 mIU/L with normal T3 and T4.
Hyperthyroidism: TSH <1.8 mIU/L with elevated T3 > 2.8 nmol/L and/or T4 > 150 nmol/L.




Serum Zinc levels in male Test subjects with hyperthyroidism (1.2±0.7) were significantly lower when compared with the male control (2.4±0.6; p=0.00). Serum Zinc levels in female Test subjects with hyperthyroidism (1.2±0.6) were significantly decreased when compared with female control (2.1±0.9; p=0.033). There was no significant difference between serum Zinc levels in male Test subjects with hypothyroidism and female Test subjects with hyperthyroidism (p=0.935). Also, there was no significant difference between serum Zinc levels in male control and female control (p=0.311).  Serum Magnesium levels in male Test subjects with hyperthyroidism (0.9±0.3) were significantly decreased when compared with male control (2.0±0.3; p=0.00). Serum Magnesium levels in female Test subjects with hyperthyroidism (1.3±0.3) were significantly decreased when compared with female control (2.1±0.4; p=0.00).  Serum Vitamin A levels in male Test subjects with hyperthyroidism (343.8±64.7) were not significant when compared with male control (342.0±62.5; p=0.945). Serum Vitamin A levels in female Test subjects with hyperthyroidism (222.8±35.7) were significantly reduced when compared to female control (344.5±54.7; p=0.00) (Table 2). 

	Parameters
	Normal
Males
(n=50)
	Normal
Females
(n=50)
	Male Hyperthyroidism
(n=50)
	Female Hyperthyroidism
(n=50)
	f-value
	p-value

	Zn (mg/l)
	2.4 ± 0.6a
	2.1 ± 0.9a
	1.2 ± 0.7b
	1.2 ± 0.6b
	8.72
	0.000

	Mg (mg/dl)
	2.0 ± 0.3a
	2.1 ± 0.4a
	0.9 ± 0.3b
	1.3 ± 0.3c
	22.6
	0.000

	Vitamin A (ng/ml)
	342.0 ±62.5a
	344.5 ± 54.7a
	343.8 ± 64.7a
	222.8 ± 35.7b
	16.9
	0.000


Table 2: Mean serum Zinc, Magnesium, and Vitamin A levels in Male and Female subjects with Hyperthyroidism 
*: Values are statistically significant at p< 0.05. Values are Mean ± Standard deviation.
  Values with different superscripts a, b, and c are statistically significant at p<0.05. 
	Normal Thyroid function test (TFT): TSH of 0.4-4.0, Total T3 of 0.9 – 2.8 nmol/L, Total T4 of 57-149 nmol/L. 
Hyperthyroidism: TSH <1.8 mIU/L with elevated T3 > 2.8 nmol/L and/or T4 > 150 nmol/L.




Serum Zinc levels in male Test subjects with hypothyroidism (1.0±0.4) were significantly reduced in comparison with male control (2.4±0.6; p < 0.00). Similarly, serum Zinc levels in female Test subjects with hypothyroidism (0.8±0.3) were significantly decreased when compared with female control (2.1±0.9; p < 0.001). Serum Magnesium levels in male Test subjects with hypothyroidism (1.5±0.2) were significantly reduced when compared with male control (2.0±0.3; p < 0.001). Similarly, serum Magnesium levels in female Test subjects with hypothyroidism (1.2±0.2) were significantly reduced when compared with female control (2.1±0.4; p < 0.001). Serum Vitamin A levels in male Test subjects with hypothyroidism (147.2±44.9) were significantly reduced than in male control (342.0±62.5; p<0.001), while the Vitamin A levels in female Test subjects with hypothyroidism (160.1±47.5) was significantly decreased than in female control (344.5±54.7; p <0.001) (Table 3).


Table 3: Zinc, Magnesium, and Vitamin A levels in Male and Female subjects with Hypothyroidism in comparison with Male and Female subjects with normal Thyroid function
	Parameters
	Normal
Males
(n=50)
	Normal 
Females
(n=50)
	Male Hypothyroidism
(n=50)
	Female hypothyroidism
(n=50)
	f-value
	p-value

	Zn (mg/l)
	2.4 ± 0.6a
	2.1 ± 0.9a
	1.0 ± 0.4b
	0.8 ± 0.3b
	12.27
	0.000

	Mg (mg/dl)
	2.0 ± 0.3a
	2.1 ± 0.4a
	1.5 ± 0.2b
	1.2 ± 0.2b
	17.17
	0.000

	Vitamin A (ng/ml)
	342.0 ± 62.5a
	344.5 ± 54.7a
	147.2 ± 44. 9b
	160.1 ± 47.5b
	29.10
	0.000


*: Values are statistically significant at p< 0.05. Values are Mean ± Standard deviation.
   Values with different superscripts a, b, care statistically significant at p<0.05. 
	Normal Thyroid function test (TFT): TSH of 0.4-4.0, Total T3 of 0.9 – 2.8 nmol/L, Total T4 of 57-149 nmol/L. 
Hypothyroidism: TSH >10 mIU/L with normal T3 and T4.



Scattered plot showing a significant negative Pearson’s Correlation between Thyroid stimulating Hormone (TSH) and Serum Vitamin A in the Test subjects (Figure 4).


	Figure 4:  Correlation between thyroid stimulating hormone (TSH) and serum vitamin A in the Test subjects. 

**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).


Scattered plot showing a significant negative Pearson’s Correlation between thyroid stimulating hormone (TSH) and serum zinc levels in Test subjects (Figure 5). 


Figure 5: Pearson’s Correlation between thyroid stimulating hormone (TSH) and serum zinc levels in Test subjects. 
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Scattered plot showing significant positive Pearson’s Correlation between serum zinc levels and serum vitamin A in Test subjects (Figure 6). 








Figure 6: A scattered plot showing a significant positive Pearson’s Correlation between serum zinc levels and serum vitamin A in study subjects. 
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Discussion
Thyroid hormones perform a wide array of metabolic functions, including regulating lipids, carbohydrates, protein, electrolytes, and mineral metabolism [11]. Mineral metabolisms and vitamins are frequently disturbed in thyroid dysfunctions. Both trace elements and thyroid hormones play important roles in the human body [6]. 
In this study, zinc levels for Test subjects with hyperthyroidism were significantly lower than for control (p <0.001), but significantly higher than for Test subjects with hypothyroidism (p <0.001). This finding is in agreement with the previous study of Vargas-Uricoechea, et al. found decreased serum Zn levels in patients with hypothyroidism as compared to control subjects; they noted that gastrointestinal absorption of zinc is severely impaired in hypothyroidism subjects [12]. An alternative explanation would be a change in zinc distribution; the low zinc level may reflect the sequestration of zinc by the liver or other tissues. The reason for this decrease in serum Zn level is the decreased gastrointestinal absorption of zinc in subjects with hyper- and hypothyroidism. Previously various studies have also depicted the decreased Zn levels in hypothyroidism. Many of these reports also highlighted the correlation of Zn deficiency with low levels of thyroid hormones [10, 13-14]. Contrary to the finding of our study, Aktuna, et al. stated that serum zinc levels in hyperthyroid subjects were not significantly different from hypothyroid patients [15], while Nishi, et al. observed no significant difference in serum Zn concentrations between patients with hypothyroidism and control [16]. Although low Zn status was associated with decreased thyroid hormone levels, the biochemical basis of such changes has yet to be established [10].
In this study, there was a significant negative Pearson’s Correlation between Thyroid Stimulating Hormone (TSH) and serum Zinc levels in Test subjects. Similar findings have been reported by Dhawan, et al. [17]. One of the endocrine functions associated with zinc is changes in thyroid hormone metabolism and energy consumption in humans on a low-zinc diet [3]. In contrast to our study, some studies highlighted differences in the correlation between Zn and thyroid hormones. Rashid, et al. found a positive correlation between plasma T3 and Zn levels [18]. Ertek, et al. reported that Zn deficiency had a synergistic effect on goiter formation [19], Gustin, et al. reported that zinc deficiency could directly influence thyroid hormone synthesis [20]. Likewise, El Hendy, et al. argued that zinc could directly affect thyroid function which could play a role in thyroid hormone metabolism by increasing the production of thyroxin-binding proteins [21]. Olivieri, et al. showed that Zn deficiency has led to decreased iodothyronine levels and they also found a strong positive association between Zn and free T3 levels [22].
Zinc levels for male Test subjects with hypothyroidism were significantly lower than male control (p<0.001). Furthermore, zinc levels in female Test subjects with hypothyroidism were significantly lower compared to female control (p < 0.001). Similar results were obtained in patients with hyperthyroidism. A decrease in thyroid hormones leads to the suppression of zinc levels [14]. In a study including 34 hypothyroid patients, serum zinc content was shown to be remarkably decreased in both male and female subjects compared with control [14]. 
In this study, magnesium levels of Test subjects with hyperthyroidism were significantly lower than control, but significantly higher than subjects with hypothyroidism (p<0.001). Test Subjects with hypothyroidism had non-significantly lower magnesium levels than control (p>0.05). These findings might be due to the major influence of thyroid glands on Mg levels. Heightened thyroid activity increases Mg requirements due to increased oxidative phosphorylation. Therefore hypomagnesemia is found in hypothyroid and hyperthyroid states [2]. In hypothyroidism, there is hypomagnesemia because of urinary output and fractional excretion of magnesium through urine. Magnesium level is reduced due to influence on GFR and decreased clearance. In hypothyroidism, renal blood flow is increased causing high clearance of magnesium from the kidneys. Lower serum magnesium levels in hypothyroid patients are due to impaired magnesium homeostasis [23]. Erdal, et al. showed that serum Mg level was significantly lower in patients with hypothyroidism than in control [24]. Results of studies on how magnesium values are affected in hypothyroidism seem contradictory and are focused on changes in tissues.
The results of this study showed that the mean magnesium level of male Test subjects with hypothyroidism was significantly lower than control (p<0.001). Similarly, mean serum magnesium level in female Test subjects with hypothyroidism was significantly lower when compared with female control (p<0.001) respectively. This finding is in agreement with previous studies which reported significantly lower magnesium levels in male and female subjects with hypothyroidism compared with male and female control [2]. Magnesium is an incredibly vital mineral found in the human body. Magnesium plays an important role in a wide range of body functions. Not only does magnesium stimulate the thyroid gland to produce more T4, but it simultaneously changes T4 into T3. This is a huge reason why magnesium is so vital. Magnesium helps the body to make more T4 in the thyroid gland. Thyroid hormone is a central regulator of body hemodynamics, thermoregulation, and metabolism. Therefore, it influences renal hemodynamics, glomerular filtration, and electrolyte handling [25]. 
In this study, vitamin A levels in Test subjects with hyperthyroidism were significantly lower than in control (p<0.001), but significantly higher than in Test subjects with hypothyroidism (p<0.001). Test subjects with hypothyroidism had significantly lower vitamin A than control (p<0.001). Vitamin A deficiency affects thyroid hormones resulting in iodine deficiency disorders. Vitamin A deficiency appears to be closely related to thyroid gland impairment, from its frequent association with iodine deficiency. Deficiency of vitamin A has been observed in thyroid diseases [26-27]. Similarly, the influence of a deficiency of this vitamin on TSH and thyroid hormone levels in individuals with abnormal thyroid hormones has also been reported [27]. Vitamin A levels in male Test subjects with hypothyroidism were significantly lower than in control (p<0.001). Similarly, the mean vitamin A level in female Test subjects with hypothyroidism was significantly lower than the female control (p<0.001). In this study, there was a negative correlation between Thyroid stimulating Hormone (TSH) and serum vitamin A levels in Test subjects and a positive correlation between serum zinc levels and serum vitamin A in Test subjects. The impact of thyroid dysfunction on vitamin A as well as magnesium and zinc levels is significant enough to suggest clinical trials of their supplementation in improving treatment outcomes and improving patients’ immune function. This is in addition to the already existing iodination of salt and some foods to prevent goitre.  

Conclusion
It is concluded from the results that there is involvement of Zn, Mg, and Vitamin A deficiencies in hypothyroidism and hyperthyroidism. Zinc, Magnesium, and Vitamin A were significantly decreased in hyperthyroid and hypothyroid subjects compared to normal subjects. Concerning gender, Zinc, Magnesium, and Vitamins were decreased significantly in male and female hyperthyroid and hypothyroid subjects compared to male and female control respectively.
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