


Alterations In Mineral Elements Levels In Hypertensive Subjects In Port Harcourt, Nigeria

Abstract
Hypertension is a medical condition that is characterized by consistently elevated pressure in the blood vessels. This study evaluated some mineral elements among hypertensive subjects who were on antihypertensive therapy. Blood samples (10 ml) were obtained from subjects and dispensed into plain bottles and used for the analysis of copper, selenium, iron, boron, manganese (using atomic absorption spectrometry-AAS), and phosphorus and calcium (using colourimetric methods). Data from this study indicated that the level of copper (851.36 ± 90.30 µg/l) in hypertensive subjects was significantly higher than the level of copper (742.05 ± 84.78µg/l) in the control subjects. On the other hand, the levels of selenium (69.58 ± 6.91 µg/l) and iron (1153.87 ± 62.42 µg/l) in the hypertensive subjects were significantly lower than the levels of selenium (77.43 ± 84.78 µg/l) and iron (1242.55 ± 150.56 µg/l) in control subjects. There were no significant differences in the levels of phosphorus, calcium, manganese and boron between the hypertensive subjects and control subjects based on sex and age brackets of the hypertensive subjects. The study has shown that there are alterations in some mineral elements in hypertensive subjects. It is important to incorporate the evaluation of mineral elements in the management of hypertension in our population.
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1. Introduction
Hypertension, also known as high blood pressure, is a chronic medical disorder that is usually characterized by excessive blood pressure in the arteries. In other words, hypertension results when the pressure of blood in the blood vessels becomes chronically raised. For the purpose medical intervention and management, hypertension can be defined as systolic blood pressure (SBP) that is greater than 140 mmHg or diastolic blood pressure (DBP) greater than 90 mmHg (Delacroix  et al., 2014). By definition, the systolic and diastolic pressures, represent the maximum and minimum pressures in the blood vessels; and they are the two measurements which might be used to classify blood pressure (Bakr, 2023). Another parameter that is clinically relevant is the pulse. By definition, pulse pressure is the difference between systolic pressure and diastolic pressure. Generally, pulse pressure is higher when arteries are stiffer than when they are not stiff (Chaudhry  et al., 2022). 
Hypertension can be classified into two broad categories, namely primary hypertension and secondary hypertension. Primary hypertension, which constitutes 90-95% of all cases of hypertension, is the excessive blood pressure on the blood vessels that is caused by non-specific environmental and genetic factors, while secondary hypertension, which makes up 5-10% of the cases, is caused by certain identifiable factors such as chronic kidney disorder, kidney artery narrowing, an endocrine disease, or drugs (Bakr, 2023). Some risk factors for essential hypertension include excessive salt intake, obesity, smoking, alcohol consumption, family history, and so on. Further, it generally sets in from the age of 50 or 60 years (Delacroix et al., 2014). Hypertension is a major growing health challenge globally, and is the most common risk factor for cardiovascular disease and affects nearly two-thirds of adults aged 60 years or older (Delacroix  et al., 2014).
Antihypertensive drugs are the therapeutic agents used for the prevention, controlling, or treating hypertension.  The overall goal for giving pharmacological therapy to individualswith hypertension is achieve a controlled blood pressure reduction to safer levels to prevent or limit further hypertensive damage while avoiding hypotension and related complications (Unger et al, 2020). Antihypertensive  drugs can be divided into two groups; those that directly or indirectly block the renin–angiotensin system (RAS)(these drugs include the ACE inhibitors, angiotensin receptor antagonists, direct renin inhibitors, and to a lesser extent beta-blocker. Although these drugs have multiple mechanisms of action, their predominant effect is to cause vasodilatation. The other group of antihypertensive drugs comprises those that increase the excretion of water and sodium, thereby reducing intravascular volume; they can also cause vasodilatation via non-RAS pathways (these include diuretics and calcium channel blockers). Their actions can increase the activity of the renin-angiotensin system through negative feedback mechanism (Jackson and Bellany, 2015).
It has been reported that mineral disorders can be associated with high blood pressure. Some studies have reported that metabolic signaling pathways that are dependent some minerals such as iron, zinc, and copper, may directly or indirectly regulate the levels of blood pressure (Suliburska et al., 2023). This study investigated the levels of some mineral elements in hypertensive subjects who were attending clinic in a tertiary hospital in Rivers State, Nigeria.

2. Material and Methods
2.1 Study Population: The study involved 100 hypertensive subjects, and another 100 apparently healthy control subjects. The sample size was determined using GPower 3.1.9.2, at power of 90%, error probability of 0.05, effect size of 0.5 and two tails. This gave a sample size of 172 (86 hypertensive subjects and 86 control subjects). However, this study adopted a total sample size of 200 comprising 100 hypertensive subjects and 100 control subjects.
2.2 Eligibility Criteria
2.2.1 Inclusion Criteria: subjects who are hypertensive and attending clinic, and do not have comorbidities such as diabetes mellitus, renal impairments, or tuberculosis, and have given their informed consent to participated in this study.
2.2.2 Exclusion Criteria: Subjects that have co-morbidities  and those that did not give their informed consent to participate in this study.
2.3 Sample Collection and Processing: Venous blood (10 ml) was collected from each subject and dispensed into plain bottles for the analysis of the selenium, calcium, phosphorus, iron, boron, manganese and copper. The levels of calcium and phosphorus were determined using biochemistry semi-auto analyzer, while the levels of iron, selenium, copper, manganese and boron were determined using atomic absorption spectrophotometry (AAS).
2.4 Statistical Analysis: The data from this study were analyzed using SPSS version 27. Results were expressed as mean ± standard deviation and presented in tables and charts. Comparison of means was done using independent t-test and one-way ANOVA.


3. Results
3.1 Comparison of Mean Levels of Parameters between Hypertensive Subjects and Control Subjects
The systolic pressure, diastolic pressure, and copper levels were significantly raised in the hypertensive subjects compared to the control subjects, while the levels of selenium and iron were significantly decreased in the hypertensive subjects compared to the control subjects.

Table 1: Comparison of Mean Levels of Parameters between Hypertensive Subjects and Control Subjects

	
	Hypertensive Subjects
(n=100)
	Control
(n=100)
	p-value
	t-value

	Systolic Pressure
(mmHg)
	144.84 ± 10.86
	107.06 ± 10.61
	<0.001
	17.592

	Diastolic Pressure
(mmHg)
	91.90 ± 6.73
	79.68 ± 6.84
	<0.001
	14.874

	Copper 
(µg/l)
	851.36 ± 90.30
	742.05 ± 84.78

	<0.001
	13.334

	Manganese (µg/l)
	8.03 ± 1.31
	7.76 ± 1.38
	0.329
	23.451


	Calcium (mmol/l)
	2.38 ± 0.14
	2.41 ± 0.11
	0.258

	1.137

	Boron 
(µg/l)
	228.05 ± 43.68
	233.21 ± 37.43
	0.350
	1.823

	Inorganic Phosphorus (µg/l)
	1.72 ± 0.38
	1.69 ± 0.37
	0.257
	1.141

	Selenium 
(µg/l)
	69.58 ± 6.91
	77.43 ± 4.89
	<0.001
	6.555

	Iron
 (µg/l)
	1153.87 ± 62.42

	1242.55 ± 150.56
	<0.001
	3.842








3.2 Comparison of Parameters among Hypertensive Subjects based on Sex

There was no significant difference in the parameters between male and female hypertensive subjects.

Table 2 Comparison of Parameters among Hypertensive Subjects based on Sex

	
	Female Hypertensive Subjects
(n=50)
	Male Hypertensive Subjects
(n=50)
	p-value
	t-value

	Systolic Pressure
(mmHg)
	144.27 ± 11.75
	145.46 ± 10.03
	0.703
	17.592

	Diastolic Pressure
(mmHg)
	89.92 ± 6.65
	89.88 ± 6.97
	0.980
	0.025

	Copper 
(µg/l)
	851.96 ± 89.55
	850.71 ± 93.03
	0.962
	0.048

	Manganese (µg/l)
	7.88 ± 1.51
	8.18 ± 1.07
	0.424
	0.818


	Calcium (mmol/l)
	2.34 ± 0.14
	2.43 ± 0.13
	0.131
	2.226


	Boron 
(µg/l)
	232.50 ± 50.25
	229.05 ± 34.95
	0.281
	1.106

	Inorganic Phosphorus (µg/l)
	1.67 ± 0.37
	1.77 ± 0.40
	0.328
	0.984

	Selenium 
(µg/l)
	69.60 ± 6.57
	69.55 ± 7.40
	0.981
	0.024

	Iron
 (µg/l)
	1154.56 ± 54.82
	1153.12 ± 70.95
	0.936
	0.080







3.3 Comparison of Mean Levels of Parameters Based on Age Brackets
There were no significant differences in the parameters based on the age brackets of the hypertensive subjects
Table 3: Comparison of Mean Levels of Parameters based on Age Brackets of the Hypertensive Subjects
	
	30-39 Years
(n=8)
	40-49 Years
(n=12)
	50-59 Years
(n=24)
	60-69 Years
(n=6)
	p-value
	t-value

	Copper (µg/l)
	892.36 ± 72.74
	837.09 ± 96.45

	856.48 ± 91.50

	804.75 ± 87.28
	0.311
	1.225

	Manganese (µg/l)
	8.09 ± 1.19
	7.70 ± 1.47
	8.25 ± 1.37

	7.27 ± 0.94
	0.638
	0.707

	Calcium (mmol/l)
	2.43 ± 0.18
	2.39 ± 0.17
	2.36 ± 0.13
	2.37 ± 0.14
	0.569
	0.466

	Boron  (µg/l)
	235.24 ± 47.61
	234.63 ± 31.70
	223.63 ± 31.71
	205.62 ± 40.81
	0.546
	0.718

	Inorganic Phosphorus (µg/l)
	1.77 ± 0.54
	1.76 ± 0.40
	1.74 ± 0.36
	1.50 ± 0.15
	0.515
	0.774

	Selenium (µg/l)
	67.97 ± 7.36
	67.07 ± 7.97
	71.45 ± 5.93
	69.27 ± 7.40
	0.291
	1.284

	Iron (µg/l)
	1152.61 ± 100.38
	1144.98 ± 54.79
	1159.25 ± 27.07
	1151.82 ± 62.42
	0.938
	0.136






Figure 1: Systolic and Diastolic Pressures of the Hypertensive Subjects based on Age Brackets





















4. Discussion
This study evaluated the serum levels of some mineral elements in hypertensive subjects who are receiving therapy. The data show that the mean systolic and diastolic blood pressures of the hypertensive subjects were significantly higher than the means values of systolic and diastolic pressures for the control subjects. This is because hypertension is characterized by persistently raised blood pressure in the blood vessels. Systolic pressure represents the maximum blood pressure, while diastolic pressure represents the minimum blood pressure in the circulatory system (Bakr, 2023). Therefore, the significantly raised blood pressure seen in hypertensive subjects is consistent with the hypertensive condition. 
The mean copper level of the hypertensive subjects was significantly higher than the mean level of the control subjects. This finding is consistent with our earlier finding in a similar study (Elechi-Amadi and Briggs, 2025). It is equally in agreement with an earlier study by Unab et al. (2022). Excess copper can cause an increase in the reactive oxygen species (ROS) in the body (Fukai et al., 2018), leading to increased oxidative stress which causes an impairment of the endothelial structure thereby increasing the blood pressure in the vessel (Liu et al., 2021). The ROS produced by the presence of the elevated copper levels occurs through Fenton-like reactions (Grammer  et al., 2014). A study has also reported a positive correlation between raised copper levels and some biomarkers of inflammation such as C-reactive protein, serum amyloid A, IL-6, and neopterin (Skalny et al., 2017). These can lead to mitochondrial dysfunction as well as oxidative stress that is a consequence of the impairment of different types of cellular molecules like the DNA, lipids, proteins, and carbohydrates (Rocha et al., 2014). The mitochondrial dysfunction can negatively affect the normal physiological function of pivotal cells of the arterial vessel wall (Xu et al., 2024). As a result, there is vasoconstriction, oxidation, inflammation, thrombosis,  and  proliferation  in  the  arterial  wall (Gallo et al., 2022), and a  subsequent   narrowing   of   blood vessels, which eventually causes an increase     in     blood     pressure (that is, hypertension) (Erho et al., 2022).
Results obtained from this study also show that the mean level of selenium was significantly lower in the hypertensive subjects compared to the control subjects. An earlier study by Wang et al. (2022) has reported a similar finding among Chinese population. This is probably because individuals with hypertension may have higher oxidative stress level than healthy individuals (wan et al., 2022). The oxidative stress impairs the antioxidant system, which selenium is a part of. Also, selenium is not synthesized in the human body; the major source of selenium in the human body is mostly from dietary sources (Bodnar et al., 2016) such as cereals, fish, eggs, sea foods and meats which are well known as the major dietary sources of selenium (Wang et al., 2022). Therefore, the significantly low levels of selenium among hypertensive subjects may be due to an higher selenium demand and consumption based on their special physical conditions (Ahmad et al., 2017).
The results from this study also show that the iron levels were significantly lower in the hypertensive subjects compared to the control subjects. This finding is consistent with the study of Afridi et al (2013), which reported a similar finding among Pakistani subjects. The exact mechanism for this observation is not clearly understood. However, it is known that chronic inflammation, can lead to the synthesis of hepcidin, an iron regulator that is induced by pro-inflammatory molecules. Hepcidin blocks iron export by reducing the entry of dietary iron from the duodenum into the plasma, as well as the recycling of iron in macrophages (Aschemeyer et al., 2018). Hepcidin also degrades the iron exporter known as ferroportin (Pagani et al., 2019), thereby making it impossible for iron to be exported from the intracellular to the extracellular compartments. Thus, when ferroportin is not on the surface of the macrophages, iron transport to the serum slows down, thereby causing its accumulation within the cells (Osterholm and Georgieff, 2015). These physiological processes probably explain the low level of iron in the hypertensive subjects in this study.
This study did not find any significant differences in the levels of manganese, calcium, boron and phosphorus between the hypertensive subjects and the control subjects. The non-significant difference in the calcium levels has similarly been reported by another study by Unab et al., 2022. These minerals are largely found in the bones. This observation could because the protective effects of some antihypertensive drugs on bone health. For example, some antihypertensive drugs such as thiazide diuretics prevent urinary excretion of calcium from the body (Canoy et al., 2021). Some studies have suggested that some antihypertensive drugs have protective effects on bone health; such drugs include thiazide diuretic (Bokrantz et al., 2020), β-blocker (Toulis et al., 2014) and ACE inhibitors (Canoy et al., 2021). Thus, one of the effects of the antihypertensive drugs is to maintain good bone health. Studies have reported that some antihypertensive drugs such as angiotensin receptor blockers, selective beta adrenergic receptor blockers and thiazide diuretics may improve bone health by way of improving bone trabecular number and bone mineral density via the stimulation of differentiation of osteoblasts, reduction of the generation of osteoclasts and other possible mechanisms (Zhang et al., 2023). It is also possible that the non-significant difference in these minerals could be attributed to the fact that the subjects for this study are exposed to the same environmental and dietary factors; these minerals are commonly found in the meals and fruits that are commonly consumed by the subjects in this study.
The results from this study also show that there were no significant differences in all the parameters based on sex and age brackets. The reasons for these findings are not clearly known, but it could be because sex and age do not significantly affect the parameters among hypertensive subjects. An earlier study by Ekun et al (2021) has reported a similar finding among hypertensive subjects based on sex. Another possible explanation for these observations is that the ameliorative effects of the antihypertensive drugs on the body systems of the subjects. Since they are attending clinic, it is possible that they are adhering to clinical guidance in order to improve their health, including making dietary changes when appropriate. 

5. Conclusion
This results from this study show that there are alterations in some mineral elements among hypertensive subject. Such mineral elements include iron, copper and selenium; while copper levels are significantly elevated in the hypertensive subjects, iron and selenium levels are significantly reduced. There were no significant changes in the levels of the bone minerals- boron, calcium, phosphorus and manganese. 
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