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Abstract: Background: Hypertension increases the risk of heart failure and kidney failure
 
[1]. Worldwide, hypertension is 

estimated to cause (7.5) million deaths, about (12.8%) of the total of all deaths. In Africa, however, more than (40%) (And up 

to 50%) of adults in many countries are estimated to have hypertension [2]. The aim of this study was to assess the association 

between hypertension and serum electrolytes (sodium, potassium, magnesium and calcium) in hypertensive Sudanese males 

and females in Khartoum State. Material and Methods: Study Approach is A quantitative approach was used to measure Na
+
, 

K
+
, Mg

2+ 
and Ca

2+
 in hypertensive Sudanese patients in period from March to Augustus 2018. The study was designed as 

prospective, hospitals/laboratory based study, this study was performed in different hospitals at Khartoum State. This study 

was include 30 blood samples collected from patients with hypertension, the restriction of the sample size to (30) subjects is 

due to lack of financial support. Data was collected using questionnaire. Two and half ml from venous blood sample was 

collected in heparin container, by using sterile disposable plastic syringes and aseptic condition, vein puncture technique was 

applied. The sample was centrifuged at (3500 rpm) for (5 minute), and reading. A quantitative method can be used to 

measuring Ca
2+

 and Mg
2+

 concentration by used semi automation method by used spectrophotometer instrument, and the level 

of Na
+
 and K

+
 is determined by methodology is based on the selective electrode measurement (SLE) principle to precisely 

determine measurement values. Results: This study presented that there were non-significant correlations between levels of 

(sodium, potassium, magnesium and calcium) of hypertensive patients compared to normal range. The illustrated that there 

were non-significant correlations between age, duration, social status, gander, job, education status of hypertensive tested 

group. The study revealed that there was a finding referring to significant correlation between level of (magnesium) and 

economic status of test group, but non-significant in (sodium, potassium, magnesium). Conclusion: Based on the results of the 

study was demonstrated the non-significant correlation between serum electrolyte and hypertension tested group compared 

with normal range. Also the study was not finding any correlation or effect of age, gender, duration of disease and education 

status of hypertensive patients on serum electrolytes levels, but depended on the finding of results study was presented 

prevailed significant correlation with economic status of tested group and level of magnesium serum. From this study 

concluded there was non physiological alteration in electrolytes balance in patients of hypertension. 
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1. Introduction 

Hypertension (HTN) refer to high blood pressure (HBP), 

defined by American Heart Association (AHA), Blood 

pressure (BP) is determined by cardiac output and peripheral 

vascular resistance [3]. Systolic BP, which is the peak 

pressure in the arteries, represents the ejection of blood into 
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the aorta during ventricular systole. It is largely determined 

by stroke volume, the elastic properties of aorta and the 

velocity of ejection
 
[4]. Diastolic BP refers to the lowest 

pressure in the arterial system during diastole. The diastolic 

blood lowest pressure in the arterial system during diastole 

pressure rises when peripheral vascular resistance increases
 

[5]. Change with age. Although the precise mechanism is not 

understood, the contributing factors of aging to increased BP 

may include arterial stiffness, atherosclerosis, decreased 

functional decreased functional efficiency of the heart, age-

related changes in hormone profiles, and salt-sensitivity 

among older people etc. In some non-industrialized countries, 

BP is less likely to increase as people age [6]. This difference 

may be explained by differences in diet and stress, among 

other things [7]. 

Systolic BP increases with age for men and women, while 

diastolic BP rises up to the age of (50-59) years Thus, the 

difference between systolic and diastolic BP (defined as 

pulse pressure), increases steeply with age in the elderly 

population. Increasing evidence suggests that high pulse 

pressure in the elderly marker of increased artery stiffness 

and widespread atherosclerosis. Elevated pulse pressure is 

also recognized as an enhanced risk for cardiovascular 

events. BP reading of (>=140 mm Hg) systolic and/or (>=90 

mm Hg) diastolic or any treatment for (HTN). For people 

who are categorized as normal, a BP reading of (<120mm 

Hg) systolic and (<80mm Hg) diastolic, whereas a BP 

reading of (120-139 mm Hg) systolic and/or (80-89Hg) 

diastolic is categorized as “pre hypertension” [8, 9]. HTN for 

those who are not on antihypertensive treatment consists of 

two stages: stage 1: BP reading of (140-159mm Hg) systolic 

and/or (90-99 mm Hg) diastolic: and stage 2 BP reading of 

(>=160mm Hg) systolic and/or (>=100 mmHg) diastolic
 
[10, 

11]. Prevalence of systolic HTN is directly proportional to 

advancing age. It is estimated that more than half of 

Americans over age (65) years had isolated systolic or 

combined systolic-diastolic HTN while fewer than (10%) of 

individuals in this age group had diastolic HTN in 2005. 

HTN is a well-known independent risk factor for 

cardiovascular disease (CVD), stroke, and renal failure (RF) 

[12]. Globally, the overall prevalence of HTN in adults aged 

(18) and over was (22%) in 2014. HTN is one of the leading 

risk factors for global mortality
 
[13]. An electrolyte is any 

substance that contains free ions that behaves as an 

electrically conductive medium (conducts electricity). 

Sodium (Na
+
) has a pulling effect on water it affects 

extracellular fluids equally (plasma and intestinal). However, 

because there is considerably more Na
+
 outside cells than 

inside, the water is pulled out of cells into extracellular fluid. 

Na
+
 determines osmotic pressure of extracellular fluid. Diet 

sodium is easily absorbed from the diet Na
+
-K

+
 ATP-ase 

enzyme regulate Na
+
 and K

+
 pump, pumps Na

+
 out and K

+ 

into cells. Without this active transport pump, the cells would 

fill with Na
+
 and subsequent osmotic pressure would rupture 

the cells. The increase in “effective” body Na
+ 

usually causes 

a rise in BP that characterized by an increase in peripheral 

vascular resistance [14]. 

High Na
+
 diet (>2800 mg/day) risk in heart failure was 

associated with of acute decompensated heart failure, all-

cause hospitalization, and all-cause mortality over a median 

three years' follow-up period. people with high Na
+
 intake 

and low potassium (K
+
) diet alters the electrolyte balance 

inpatients of HTN developed higher grades of coronary 

collaterals which lead to coronary disease
 
[15]. Magnesium 

(Mg
+2

) has additive antihypertensive effects. Furthermore, 

Mg
+2

 is more involved in the functional vascular changes, 

and also on local metabolic stability with no influence on the 

vascular structure. Calcium (Ca
+2

) ion affects BP acting as 

regulator of hormones have all been found to have vasoactive 

properties and therefore may influence BP. 

2. Material and Methods 

Study Approach is A quantitative approach was used to 

measure Na
+
, K

+
, Mg

2+ 
and Ca

2+
 in hypertensive Sudanese 

patients in period from March to Augustus 2018. The study 

was designed as prospective, hospitals/laboratory based study, 

this study was performed in different hospitals at Khartoum 

State. The test group covered (30) patients with hypertension. 

Non probability sampling was carried out and the study was 

restricted on hypertensive patients. This study was include 30 

blood samples, the restriction of the sample size to (30) 

subjects is due to lack of financial support. Data was 

collected using structural interviewing questionnaire. Two 

and half ml from venous blood sample was collected in 

heparin container, by using sterile disposable plastic syringes 

and aseptic condition, vein puncture technique was applied. 

The sample was centrifuged at (3500 rpm) for (5 minute), 

and reading. Data was analysis using SPSS. A quantitative 

method can be used to measuring Ca2+and 

Mg2+concentration by used semi automation method by used 

spectrophotometer instrument, and the level of Na+ and K+ 

is determined by methodology is based on the selective 

electrode measurement (SLE) principle to precisely 

determine measurement values. 

2.1. Ethical Consideration 

Permission to carry out the study was taken from health 

administration and Ethical Research Committee and 

hypertension patients were informed for the purpose of the 

study before collection of samples and verbal consent was 

taken. 

2.2. Data Collection 

Data were collected using structural interviewing 

questionnaire. Which is designed to collect and maintain all 

valuable information concerned each case examined. 

2.3. Sampling Collection 

Two and half ml from venous blood sample was collected 

in heparin container, by using sterile disposable plastic 

syringes and aseptic condition, vein puncture technique was 

applied. The sample was centrifuged at (3500 rpm) for (5 
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minute), and reading. 

2.4. Quality Control 

Sample representing the normal and pathological level of 

serum Na
+
, K

+
, Mg

2+
 and Ca

2+
, was used for assessment of 

the quality control. 

Result (±2SD) of the target values of the control sera were 

accepted. 

2.5. Statistical Analysis 

Data was analyzed by computer software, by using SPSS 

program manual master sheet. The mean and standard 

deviation of Na
+
, K

+
, Mg

2+ 
and Ca

2+
, level was obtained, and 

the T- test was used for the comparison of Na
+
, K

+
, Mg

2+ 
and 

Ca
2+ 

between the test and normal range, and the mean 

difference is significant at (p≤0.05). Correlation (r) between 

mean of Na
+
, K

+
, Mg

2+ 
and Ca

2+ 
with duration of 

hypertension and age, gander, education status economic 

status, social status, jobs of hypertensive patients are 

considered to be statistically significant at (P≤0.05). 

3. Results 

The result of Na
+
 showed normal concentration with mean 

(138mmol/l) compared with normal range (135-145mmol/I). 

Result of K
+
 showed mean (4.4 mg/dl) which is normal 

concentration compared with normal range (3.5-5.0 mmol/l). 

Result of Mg
2+

 showed mean (2.2 mg/dl) which is normal 

concentration compared with normal range (1.7-2.7mg/dl), 

also result of Ca
2+

 showed normal concentration with mean 

(8.8 mg/dl) compared with normal range (8.5-10.5) mg/dl.  

Table 1. Mean and Std. Deviation of Na+, K+, Mg2+, and Ca2+. 

 
Na+ K+ Mg2+ Ca2+ 

Mean 138 4.4 2.1 8.8 

Std. Deviation 3.37 0.70 0.29 0.36 

Table 2. Mean and Std Deviation of Na+ and K+ with age, gender, duration and social status. 

 

Na+
 K+ 

Mean Std. Deviation P. value Mean Std. Deviation P. value 

Age 
30-60 138 3.17 

0.5 
4.4 0.57 

0.9 
61-80 137 4.03 4.4 1.04 

Gender 
Male 137 3.45 

0.5 
4.6 0.90 

0.2 
Female 138 3.37 4.3 0.53 

Duration 
1-10 138 3.47 

0.4 
4.5 0.75 

0.4 
11-20 139 3.16 4.3 0.61 

Married 
Married 138 3.27 

0.5 
4.5 0.74 

0.5 
Single 137 3.85 4.3 0.60 

Non-significant correlations (P>0.05). 

Table 3. Mean and Std. Deviation of Mg2+, and Ca2+with age, gender, duration and social status. 

 
Mg2+ Ca2+ 

Mean Std. Deviation P. value Mean Std. Deviation P. value 

Age 
30-60 2.1 0.30 

0.1 
8.8 0.35 

0.3 
61-80 2.3 0.22 8.7 0.37 

Gender 
Male 2.2 0.30 

0.5 
8.7 0.44 

0.7 
Female 2.1 0.28 8.8 0.30 

Duration 
1-10 2.1 0.30 

0.9 
8.7 0.37 

0.2 
11-20 2.1 0.29 8.9 0.31 

Married 
Married 2.1 0.28 

0.3 
8.7 0.38 

0.4 
Single 2.2 0.32 8.9 0.30 

The above table denoted that there were no significant correlations (P>0.05). 

Table 4. Mean and Std. Deviation of Na+ and K+ with job. 

Job 
Na+ K+ 

Mean Std. Deviation P. value Mean Std. Deviation P. value 

No job 140 2.22 

0.3 

3.9 0.26 

0.4 

Employer 137 3.59 4.5 0.72 

Paterfamilias 140 2.59 4.5 0.15 

Pensionary 137 5.66 4.8 0.92 

Other 137 3.31 4.5 1.05 

The above table illustrated that there were non-significant correlation (P>0.05). 
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Table 5. Mean and Std. Deviation of Mg2+ andCa2+ with job. 

Job 
Mg2+ Ca2+ 

Mean Std. Deviation P. value Mean Std. Deviation P. value 

No job 2.2 0.39 

0.8 

9.1 0.21 

0.06 

Employer 2.2 0.30 8.7 0.36 

Paterfamilias 2.1 0.28 9.0 0.26 

Pensionary 2.1 0.28 8.6 0.21 

Other 2.0 0.28 8.6 0.34 

The above mentioned table presented that there were non-significant correlation (P-value>0.05). 

Table 6. Mean and Std. Deviation of Na+ and K+, with education and economic statue. 

 

Na+ K+ 

Mean Std. Deviation P. value Mean Std. Deviation P. value 

Education 

primary 138 3.27 

0.4 

4.5 1.07 

0.5 
secondary 140 2.39 4.2 0.41 

university 137 3.89 4.4 0.73 

post graduate 138 3.73 4.6 0.66 

Economic 

low 139 1.83 

0.4 

4.3 0.47 

0.5 Medium 138 3.57 4.4 0.76 

High 136 3.63 4.7 0.76 

The above table indicated that, there were non-significance correlation (P>0.05). 

Table 7. Mean and Std. Deviation of Mg2+and Ca2+ with education and economic status. 

 
Mg2+ Ca2+ 

Mean Std. Deviation P. value Mean Std. Deviation P. value 

Education 

primary 2.0 0.29 

0.7 

8.9 0.49 

0.5 
secondary 2.0 0.25 8.8 0.22 

university 2.2 0.33 8.8 0.44 

post graduate 2.2 0.26 8.6 0.26 

Economic 

low 1.9 0.16 

0.01 

8.8 0.24 

0.7 Medium 2.2 0.29 8.8 0.34 

High 2.3 0.26 8.7 0.53 

Above table show significance difference with economic status and Mg2+ level (p<0.05). 

With economic status show significance difference for Mg
2+ 

(p<0.05) and non-significance difference for of K
+
 and Ca

2+ 
(p> 

0.05). 

 

Figure 1. Mean and Std. Deviation of Na+ with age, gender, duration and social status. 

The above mentioned figure presented that there was non-

significant difference (p>0.05). 

4. Discussion 

The study covered (30) individuals in Khartoum State with 

hypertension (19 females, 11male), with age range from (30-

80) years, and duration form (1-20) years. The results of Na
+
 

showed normal concentration with mean (138 mmol/l) 

compared with normal range (135-145 mmol/). Results of K
+
 

show mean (4.4 mg/dl) which was normal concentration 

compared with normal range (3.5-5.0 mmol/l). Results of 
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Mg
2+

 indicated mean (2.2 mg/dl) which was normal 

concentration compared with normal range (1.7-2.7mg/dl), 

also results of Ca
2+

 demonstrated normal concentration with 

mean (8.8 mg/dl) compared with normal range This result 

was in agreement with other similar study carried in china by 

(Jiang He and GretheS. Tell et al (1991) whom were reported 

non-significant change in serum level of Sodium, magnesium 

and calcium of tested group with normal range, But was in 

disagreement with potassium level of tested group whom was 

found to have a negative significant change. 

 

non-significance difference (p>0.05). 

Figure 2. Mean and Std. Deviation of K+, Mg2+ and Ca2+with age, gender, duration and social status. 

 

non- significance difference (p>0.05). 

Figure 3. Mean and Std. Deviation of Na+ with job. 

 

Figure 4. Mean and Std. Deviation of, K+, Mg2+and Ca2+with job. 

The above figure denoted that there was non- significance difference 

(p>0.05). 

 

non-significance difference (p>0.05). 

Figure 5. Mean and Std. Deviation of Na+ with education and economic 

status. 

 

Figure 6. Mean and Std. Deviation of K+, Mg2+ and Ca2+ with education and 

economic status. 

Above Figure Show non-significance difference between education and 

serum level of K+, Mg2+ and Ca2+ (p>0.05). 

Also the findings of this study denoted a non-significant 

difference between the serum levels of sodium, potassium, 

magnesium and calcium of tested group to age, gender, 
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duration, social status and job (p>0.05) also there was a 

non- significant correlation between education status and 

serum level of electrolytes (P>0.05), and non- significant 

correlation between economic status and serum level of 

Na
+
, K

+
, Ca

2+
 (P>0.05), but presented a significant 

correlation between serum level of Mg
2+

 and economic 

status (P<0.05). 

5. Conclusion 

Based on the results of the study was demonstrated the 

non-significant correlation between serum electrolyte and 

hypertension tested group compared with normal range. Also 

the study was not finding any correlation or effect of age, 

gender, duration of disease and education status of 

hypertensive patients on serum electrolytes levels, but 

depended on the finding of results study was presented 

prevailed significant correlation with economic status of 

tested group and level of magnesium serum. 

From this study concluded there was non physiological 

alteration in electrolytes balance in patients of hypertension. 
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