
Alqalam Journal of Medical and Applied Sciences. 2026;9(3):591-598 

https://doi.org/10.54361/ajmas.269309  

 

 

Copyright Author (s) 2026. Distributed under Creative Commons CC-BY 4.0 

Received: 05-01-2026 - Accepted: 03-03-2026 - Published: 09-03-2026     591 

Original article 

The Relationship Between Low and High Sodium and Potassium Levels 
and Blood Pressure in Both Genders of Different Ages 

Amani ALayat∗1 , Ebtisam Bazzaqah2 , Retage Jumaa2 , Takwa Edal2 , Amjad Break2 , Uomna Al-

Dawe2  

1Libyan Center for Studies and Research in Environmental Science and Technology, Libya 
2Department of Medical Laboratory, Faculty of Health Science, Alajelat, University of Zawia, Libya 

Corresponding email. alayatamani98@gmail.com   
 

Abstract 
Hypertension is a major global health concern influenced by multiple factors, including electrolyte 

imbalances. Sodium and potassium play critical roles in blood pressure regulation, yet their effects 
may vary based on gender and age. This study investigates the relationship between sodium and 

potassium levels and blood pressure among males and females of different age groups to provide 
insights into hypertension risk factors and management strategies. A total of 90 participants were 
recruited and categorized into control and patient groups. The sample consisted of 50 males and 40 
females, with 40 participants in the control group and 50 in the patient group. Blood samples were 
analyzed to determine sodium and potassium concentrations, and blood pressure measurements 
were recorded. The mean and standard deviation of these parameters were compared across gender 
and age groups. Pearson correlation analysis was performed to assess relationships between sodium, 
potassium, and blood pressure in male and female participants. The study found that sodium levels 
were generally higher in male participants compared to females, with a stronger correlation between 
sodium and blood pressure observed in female patients. Potassium levels showed a negative 
correlation with blood pressure, particularly in males, suggesting a protective effect. Additionally, 
older participants exhibited greater sensitivity to electrolyte imbalances, indicating that age plays a 
crucial role in blood pressure regulation. Statistical analysis revealed significant gender-based 
differences in how sodium and potassium levels influence blood pressure, supporting the need for 
personalized dietary and medical recommendations. The findings suggest that high sodium intake 
contributes to elevated blood pressure, especially in female patients, while increased potassium 
levels may help lower blood pressure, particularly in males. Age-related variations highlight the 
importance of monitoring electrolyte balance in older individuals. These results reinforce the 
importance of dietary modifications that reduce sodium and enhance potassium intake as part of 
hypertension management strategies. Future research should explore gender-specific and age-
related interventions to optimize cardiovascular health. 
Keywords: Blood Pressure, Sodium, Potassium, Hypertension, Gender Differences. 

 
Introduction 
Hypertension (HTN) remains the leading global cause of morbidity and mortality, contributing to 

approximately 10.4 million deaths annually [1]. The global prevalence of HTN among adults aged 30–79 

years has doubled between 1990 and 2019 and is projected to reach 1.56 billion by 2025 [2]. HTN is a major 

risk factor for cardiovascular, cerebrovascular, and renal diseases and is strongly associated with increased 

all-cause mortality [3,4]. Despite advances in pharmacological treatment, global blood pressure control rates 

remain below 50%, particularly in low- and middle-income countries [5,6]. Therefore, effective preventive 
strategies remain a public health priority [7,8]. Among modifiable risk factors, dietary sodium and potassium 

intake play central roles in blood pressure regulation [9,10]. Modern dietary patterns are characterized by 

excessive salt consumption (9–12 g/day), substantially exceeding the World Health Organization (WHO) 

recommendation of less than 2 g sodium per day and a 30% population-level reduction target [11]. High 

sodium intake accounts for approximately 30% of hypertension cases and contributes to the rising disease 
burden [12]. 

Sodium, the predominant extracellular cation, regulates extracellular fluid volume and osmotic pressure 

[13]. Increased sodium intake expands extracellular and intravascular volume, elevates cardiac output, and 

increases blood pressure through renal mechanisms, including altered natriuresis and salt sensitivity [14–

15]. Individual variability in salt sensitivity, influenced by renal function, aging, sympathetic activity, and 

renin–angiotensin system activation, determines the magnitude of blood pressure response to sodium intake 
[16,17]. In contrast, higher potassium intake has consistently been associated with blood pressure 

reduction, particularly in individuals with high sodium intake or salt sensitivity [18,19]. Potassium enhances 

urinary sodium excretion, modulates distal nephron sodium transport, and promotes vascular smooth 

muscle relaxation [20–21,22]. Increased potassium intake also mitigates the adverse cardiovascular effects 

of excessive sodium consumption [23,24]. Accordingly, WHO recommends a daily potassium intake of 90 
mmol (3510 mg) [25], while other guidelines suggest up to 120 mmol (4700 mg) for adults [26,27]. 

Given the growing global burden of hypertension, dietary sodium reduction and adequate potassium intake 

represent fundamental, cost-effective strategies for blood pressure control and cardiovascular risk reduction 

[28,29]. 
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Methods 
A cross-sectional observational study was conducted to investigate the association between serum sodium 

and potassium levels and blood pressure across different genders and age groups. A total of 90 adults (≥18 

years) were recruited, including 50 hypertensive patients and 50 normotensive controls. Participants were 

eligible if they were adults with no history of chronic kidney disease or endocrine disorders affecting 

electrolyte balance, and not using antihypertensive or diuretic medications. Pregnant women, individuals 
with severe cardiovascular disease, and those on restrictive diets affecting electrolyte intake were excluded. 

Written informed consent was obtained from all participants, and the sample size was determined using 

power analysis to ensure adequate statistical power. 

Demographic and clinical data, including age, sex, weight, height, BMI, and lifestyle factors (smoking, 

alcohol intake, and physical activity), were collected. Dietary intake was assessed using a 24-hour recall 
and food frequency questionnaire. Blood pressure was measured three times using an automated 

sphygmomanometer after at least 5 minutes of seated rest, and the average of the readings was used. Fasting 

venous blood samples were collected to measure serum sodium and potassium levels using ion-selective 

electrode analysis, with reference ranges of 135–145 mmol/L for sodium and 3.5–5.0 mmol/L for potassium. 

Data were analyzed using SPSS version 22.0. Descriptive statistics included mean, standard deviation, and 

frequency distributions. Pearson’s correlation was used to assess relationships between electrolyte levels 
and blood pressure, while multiple linear regression adjusted for confounders such as age, BMI, and lifestyle 

factors. ANOVA was used to compare groups, and logistic regression identified potential predictors of 

hypertension and hypotension. Statistical significance was set at p < 0.05. 

Ethical approval for this study was obtained from Al-Ajaylat Hospital, where the study participants were 

recruited and conducted in accordance with ethical guidelines. All participants provided written informed 
consent. 

 

Results 
The study included 90 participants (50 males and 40 females) divided into a patient group (n = 50) and a 
control group (n = 40). Among males, 29 were patients and 21 controls, while among females, 21 were 

patients and 19 controls. This balanced distribution allowed for a comprehensive analysis of the relationship 

between sodium and potassium levels and blood pressure across genders (Table 1, Figure 1). 

 

Table 1. Total number of male and female participants in the current study, as distributed 

between the control groups and patients 

Gender  Control group Patients  Total  

Male 21 29 50 

Female 19 21 40 

Total  40 50 90 

 
In the control group, males had higher mean systolic (122.5 mmHg) and diastolic (74.9mmHg) blood 

pressure than females (120.3/70.1 mmHg), while sodium and potassium levels were similar across genders 

(Na: 139.7 vs. 139.0 mmol/L; K: 4.1 vs. 3.9 mmol/L). Patient participants were older, with females showing 

slightly higher mean age than males (61.1 vs. 57.6 years) (Table 2). 

 
Table 2. Mean and standard deviation (SD) of different parameters measured among all 

participants. 

Category Gender 
Age (Years) 

Mean/SD 

Systolic 

BP 

Mean/SD 

Diastolic 

BP 

Mean/SD 

Na 

Mean/SD 

K 

Mean/SD 

Control 

group 

Male 
45.8 

25.17 

122.5 

13.2 

74.9 

6.2 

139.7 

3.3 

4.1 

0.4 

Female 
43.7 

19.2 

120.3 

15.4 

70.1 

12.0 

139 

2.8 

3.9 

0.4 

Patients 

Male 
57.6 
27.3 

128.5 
30.6 

79.8 
15.9 

137.8 
6.8 

4.08 
0.8 

Female 
61.1 

25.5 

126.8 

28.9 

75 

13.1 

138.3 

6.39 

4.17 

0.6 

 

Among patients, males exhibited higher systolic and diastolic blood pressure than females (128.5/79.8 vs. 

126.8/75 mmHg), while sodium and potassium levels were relatively stable (Na: 138.3 vs. 137.8 mmol/L; 

K: 4.17 vs. 4.08 mmol/L) (Figures 2–3, 4–5). 
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Figure 2. Mean of Sodium level among male and female participants (control groups/patients). 

 

 
Figure 3. Mean of Potassium level among male and female participants (control groups/patients). 

 

 
Figure 4. Comparison between the mean of the sodium level in the blood of male and female 

patient participants. 
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Figure 5. Comparison between the mean of Potassium level in the blood of male and female 

patient participants. 

 

Correlation analysis revealed distinct patterns between control and patient groups. In male patients, systolic 

and diastolic blood pressure were significantly positively correlated with sodium levels (systolic: r = 0.517, 

p = 0.004; diastolic: r = 0.665, p < 0.001), while correlations with potassium were non-significant (Table 3). 

 
Table 3. Correlation between the results of different parameters among male participants (control 

groups/patients). 

Variables  
Male 

Systole 
Male 

Diastole 
Male 
Na 

Male 
K 

Patient 
Male 

Systole 

Patient 
Male 

Diastole 

Patient 
Male N 

Patient 
Male K 

Male 
Systole 

Pearson 
Correlation 

1 .300 -.231 -.423 -.152 .004 -.014 .333 

Sig. (2-tailed)  .186 .313 .056 .510 .986 .951 .140 

N 21 21 21 21 21 21 21 21 

Male 
Diastole 

Pearson 
Correlation 

.300 1 -.118 .033 .352 .584** .482* -.120 

Sig. (2-tailed) .186  .611 .889 .117 .005 .027 .606 

N 21 21 21 21 21 21 21 21 

Male Na 

Pearson 
Correlation 

-.231 -.118 1 .149 -.077 -.083 -.328 .044 

Sig. (2-tailed) .313 .611  .518 .739 .719 .147 .850 

N 21 21 21 21 21 21 21 21 

Male K 

Pearson 
Correlation 

-.423 .033 .149 1 .119 -.018 -.010 -.617** 

Sig. (2-tailed) .056 .889 .518  .607 .939 .967 .003 

N 21 21 21 21 21 21 21 21 

Patient 

Male 

Systole 

Pearson 
Correlation 

-.152 .352 -.077 .119 1 .554** .517** -.070 

Sig. (2-tailed) .510 .117 .739 .607  .002 .004 .719 

N 21 21 21 21 29 29 29 29 

Patient 
Male 

Diastole 

Pearson 
Correlation 

.004 .584** -.083 -.018 .554** 1 .665** -.131 

Sig. (2-tailed) .986 .005 .719 .939 .002  .000 .497 

N 21 21 21 21 29 29 29 29 

Patient 
Male N 

Pearson 
Correlation 

-.014 .482* -.328 -.010 .517** .665** 1 -.275 

Sig. (2-tailed) .951 .027 .147 .967 .004 .000  .149 

N 21 21 21 21 29 29 29 29 

Patient 
Male K 

Pearson 
Correlation 

.333 -.120 .044 
-

.617** 
-.070 -.131 -.275 1 

Sig. (2-tailed) .140 .606 .850 .003 .719 .497 .149  

N 21 21 21 21 29 29 29 29 

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed) 

 

In female patients, diastolic blood pressure was significantly associated with sodium (r = 0.538, p = 0.012), 
but potassium showed no significant correlations (Table 4). 
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Table 4. Correlation between the results of different parameters among female participants 
(control groups/patients). 

  
Female 

Systole 

Female 

Diastole 
Female N 

Female 

K 

Patient 

Female 

Systole 

Patient 

Female 

Diastole 

Patient 

Female 

N 

Patient 

Female 

K 

Female Systole 

Pearson Correlation 1 .702** -.339 -.170 .348 .260 .093 .103 

Sig. (2-tailed)  .001 .155 .487 .145 .281 .706 .674 

N 19 19 19 19 19 19 19 19 

Female Diastole 

Pearson Correlation .702** 1 -.115 -.128 .476* .376 .036 .288 

Sig. (2-tailed) .001  .641 .602 .040 .112 .885 .232 

N 19 19 19 19 19 19 19 19 

Female N 

Pearson Correlation -.339 -.115 1 .575* -.101 .205 .006 .271 

Sig. (2-tailed) .155 .641  .010 .681 .401 .980 .261 

N 19 19 19 19 19 19 19 19 

Female K 

Pearson Correlation -.170 -.128 .575* 1 -.385 -.032 -.155 .177 

Sig. (2-tailed) .487 .602 .010  .104 .896 .527 .468 

N 19 19 19 19 19 19 19 19 

Patient Female 

Systole 

Pearson Correlation .348 .476* -.101 -.385 1 .762** .379 .002 

Sig. (2-tailed) .145 .040 .681 .104  .000 .091 .991 

N 19 19 19 19 21 21 21 21 

Patient Female 

Diastole 

Pearson Correlation .260 .376 .205 -.032 .762** 1 .538* .157 

Sig. (2-tailed) .281 .112 .401 .896 .000  .012 .498 

N 19 19 19 19 21 21 21 21 

Patient Female 

N 

Pearson Correlation .093 .036 .006 -.155 .379 .538* 1 .226 

Sig. (2-tailed) .706 .885 .980 .527 .091 .012  .324 

N 19 19 19 19 21 21 21 21 

Patient Female 

K 

Pearson Correlation .103 .288 .271 .177 .002 .157 .226 1 

Sig. (2-tailed) .674 .232 .261 .468 .991 .498 .324  

N 19 19 19 19 21 21 21 21 

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 

 

In control groups, males and females showed weak or non-significant correlations between blood pressure 

and electrolytes, although sodium and potassium were positively correlated in female controls (r = 0.575, p 

= 0.010). Overall, the data suggest that sodium levels are more strongly associated with blood pressure in 
patient groups, while potassium levels remain relatively stable across genders and health status (Figures 6, 

7). 

 
Figure 6. Mean of Systolic/Diastolic blood pressure levels among male and female participants 

(control groups/patients). 
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Figure 7. Mean of Systolic/Diastolic blood pressure levels among male and female participants 

(control groups/patients). 

 

Discussion 
Hypertension is often asymptomatic and is called a silent killer [30], defined as systolic BP ≥ 140 mmHg and 

diastolic BP ≥ 90 mmHg [31]. The study included 90 participants (50 males, 40 females), divided into control 
(21 males, 19 females) and patient groups (29 males, 21 females), allowing meaningful gender comparisons. 

Control participants were younger than patients, with male controls at 45.8 ± 25.17 years, female controls 

at 43.7 ± 19.2, male patients at 57.6 ± 27.3, and female patients at 61.1 ± 25.5. In controls, males had 

higher systolic and diastolic BP than females (122.5 ± 13.2 vs. 120.3 ± 15.4 mmHg; 74.9 ± 6.2 vs. 70.1 ± 

12.0 mmHg), while in patients, male systolic BP (128.5 ± 30.6) and female systolic BP (126.8 ± 28.9), with 
diastolic BP in both genders (male 79.8 ± 15.9, female 75 ± 13.1).  

Sodium levels decreased in patients compared to controls, more in males (male 137.8 ± 6.8 vs. 139.7 ± 3.3 

mmol/L; female 138.3 ± 6.39 vs. 139 ± 2.8), while potassium varied slightly (male 4.08 ± 0.8 vs. 4.1 ± 0.4; 

female 4.17 ± 0.6 vs. 3.9 ± 0.4). Older age, reduced sodium, and minor potassium differences suggest age 

and electrolytes influence BP, with males more affected by sodium reduction [32–33]. Control males showed 

weak negative correlation of systolic BP with sodium (r = -0.231, p = 0.313) and stronger inverse correlation 
with potassium (r = -0.423, p = 0.056), while patient males had strong positive correlations of systolic and 

diastolic BP with sodium (r = 0.517–0.665, p < 0.01) and a negative correlation between sodium and 

potassium (r = -0.617, p = 0.003).  
Control females had strong systolic–diastolic BP correlation (r = 0.702, p = 0.001) and positive sodium–

potassium correlation (r = 0.575, p = 0.010), whereas patient females maintained systolic–diastolic 

correlation (r = 0.762, p = 0.000) and a significant positive correlation of diastolic BP with sodium (r = 0.538, 
p = 0.012) but no significant potassium relationships). These results indicate gender-specific differences in 

BP regulation, emphasizing sodium’s role in female patients and the importance of balanced sodium-
potassium levels in males. This section is not mandatory, but can be added to the manuscript if the 

discussion is unusually long or complex. 

 

Conclusion  
This study examined the relationship between sodium and potassium levels and blood pressure among male 

and female participants in control and patient groups. The results show that sodium and potassium levels 

are closely associated with blood pressure regulation, with effects varying by gender, age, and health status. 

Patients were generally older and showed lower potassium and slightly lower sodium levels, while males 

exhibited higher systolic and diastolic BP than females across groups. Correlation analysis indicated a 

strong relationship between systolic and diastolic BP in both genders, with sodium showing a greater impact 
on female patients and potassium having a stronger inverse association with BP in males. Age amplified 

sensitivity to electrolyte imbalances, contributing to hypertension risk. These findings emphasize the 

importance of maintaining a balanced sodium-to-potassium ratio and suggest that dietary interventions to 

reduce sodium and increase potassium could be particularly beneficial, especially for older adults and 

female hypertensive patients. Gender-specific differences in BP regulation highlight the need for personalized 
dietary and medical strategies to prevent and manage hypertension. 
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Recommendations 
Based on the study findings, it is recommended that clinicians emphasize dietary strategies to reduce 

sodium intake, particularly for female patients, due to its significant association with diastolic blood 

pressure. Increasing potassium intake through fruits, vegetables, and legumes may provide additional 

protective effects, especially in males. Older adults should receive targeted guidance and regular monitoring 

of blood pressure and electrolytes, as they are more sensitive to imbalances. Gender-specific approaches are 

suggested, given that males and females respond differently to sodium and potassium levels. Future 
research should explore the mechanisms behind these gender and age differences, ideally using longitudinal 

studies with larger samples to clarify causal effects. Overall, maintaining a balanced sodium-to-potassium 

ratio and applying personalized, age and gender-specific interventions can optimize blood pressure 

management and inform clinical and public health strategies. A more balanced gender representation in 

future studies is also recommended to minimize bias. 
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