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Abstract 

Background: Electrolytes, which are ions with electrical charges, are vital in maintaining physiological balance within the human body. They play key roles 

in cellular processes such as signal transmission in neurons, muscle contractions, hormone activity regulation, bone mineralization, and the stabilization of 

fluid and pH levels. Smokers and asthmatics have abnormal electrolytes leading to poor functioning of body. Clear understanding of electrolyte imbalances 

may facilitate early identification of complications and guide clinical decision-making. Among chronic asthma patients, hypomagnesemia has been reported 

as the most frequently observed electrolyte disturbance. Electrolytes affect airway smooth muscle excitability by modulating ion transport mechanisms, 

including Na⁺/K⁺-ATPase pump activity.  

Objectives: To assess and compare serum electrolyte levels among healthy controls, smokers and asthmatic patients. 

Materials and Methods: This cross-sectional study included 90 participants, divided equally into three groups: smokers, asthmatics, and healthy controls. 

Recruitment was conducted over a three-month period at a tertiary care hospital using purposive quota sampling, targeting individuals aged 18 to 65 years of 

both sexes. Serum levels of sodium, potassium, magnesium, calcium, and chloride were measured after taking written informed consent. Ethical clearance 

along with institutional approval was secured prior to the study. Data were entered in Microsoft Excel and analyzed using ANOVA and post hoc tests via the 

Jamovi software (free online version). 

Results: Asthmatics showed significantly lower levels of sodium, chloride, and magnesium compared to smokers and controls. Post-hoc analysis confirmed 

significant differences between controls and asthmatics for these electrolytes. 

Conclusions: Electrolyte imbalances especially hyponatremia, hypochloremia and hypomagnesemia are prevalent in individuals with asthma. Monitoring and 

managing electrolyte levels could play vital role in the clinical care of asthmatic patients, especially during acute exacerbations. Our study shows that sodium 

levels in asthmatics (Group 3) are significantly lower than in smokers (Group 2). However, the difference between controls (Group 1) and asthmatics is 

borderline significant (p = 0.053). 
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1. Introduction 

Electrolytes, which are ions with electrical charges, are vital 

in maintaining physiological balance within the human body. 

They play key roles in cellular processes such as signal 

transmission in neurons, muscle contractions, hormone 

activity regulation, bone mineralization, and the stabilization 

of fluid and pH levels. Disruptions in electrolyte 

concentrations—referred to as imbalances—can arise from 

various causes including nutritional deficiencies, acid-base 

irregularities, medication side effects, and acute medical 

conditions.1,2 

Among lifestyle factors, cigarette smoking has been 

associated with shifts in serum electrolyte concentrations.3 

Tobacco smoke comprises a complex mix of harmful 

substances, including nicotine, carcinogenic tars, and gases 

like carbon monoxide (CO).4,5 Repeated inhalation of CO 
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may lead to its accumulation in body tissues.6 Prolonged, 

low-level CO exposure contributes to reduced oxygen 

delivery by forming carboxyhemoglobin, thereby causing 

tissue hypoxia.7,8 This hypoxic state is linked to cellular 

damage and growth inhibition due to diminished oxygen-

carrying capacity in the blood.9 An increase in 

carboxyhemoglobin coupled with a reduction in 

oxyhemoglobin can induce respiratory acidosis, potentially 

triggering disturbances in electrolyte levels.10,11 

Asthma, a chronic inflammatory disease of the airways, 

is characterized by episodic symptoms such as wheezing, 

breathlessness, coughing, and chest tightness. These 

symptoms are the result of airway inflammation that 

promotes excess mucus secretion, bronchial muscle 

hyperreactivity, and structural airway changes.12 Severe 

asthma attacks can emerge suddenly and progress rapidly, 

posing serious health risks.13 Electrolyte abnormalities in 

individuals with asthma may be influenced by poor dietary 

intake or the pharmacologic effects of asthma treatments.14 

For instance, hypokalemia is a commonly observed early 

imbalance, often linked to beta-2 agonists or aminophylline 

usage.15 Electrolytes affect airway smooth muscle 

excitability by modulating ion transport mechanisms, 

including Na⁺/K⁺-ATPase pump activity. One hypothesis for 

bronchial hyper responsiveness involves the direct impact of 

electrolyte levels on smooth muscle tone, as well as osmotic 

changes that may enhance the release of inflammatory 

mediators from mast cells.16 Among chronic asthma patients, 

hypomagnesaemia has been reported as the most frequently 

observed electrolyte disturbance.17 

Although numerous studies have examined electrolyte 

imbalances in smokers and individuals with asthma 

separately, limited research exists comparing both 

populations with healthy individuals, particularly in tertiary 

care settings where these groups are often encountered. A 

clearer understanding of these biochemical shifts may 

facilitate earlier identification of complications, guide 

clinical decision-making, and emphasize the value of routine 

electrolyte monitoring. Therefore, the present study aims to 

assess and compare serum levels of sodium, potassium, 

calcium, magnesium, and chloride among smokers, asthma 

patients, and healthy controls, to detect any meaningful 

statistical or clinical differences. 

2. Aims and Objectives 

1. To assess the serum electrolyte levels among controls, 

smokers and asthmatics. 
2. To compare the serum electrolyte levels among the three 

groups. 

3. Materials and Methods 

3.1. Study design and setting 

This cross-sectional observational study was conducted over 

a period of six months at the Government General Hospital, 

Vijayawada. Sample collection was carried out over two 

months, from January to February 2024, with participant 

recruitment occurring during routine outpatient visits. 

3.2. Sample size calculation 

The required sample size was estimated using a one-way 

analysis of variance (ANOVA) framework involving three 

independent groups. Assuming a moderate-to-large effect 

size (Cohen’s f = 0.35), a significance level (α) of 0.05, and a 

statistical power of 80% (1 − β = 0.80), the estimated sample 

size was calculated based on the F-distribution model. 

According to this model, a minimum of 28 participants per 

group (total n = 84) is required to detect statistically 

significant differences among the groups. To ensure adequate 

power and account for possible data loss, the sample size was 

rounded up to 30 participants per group, resulting in a final 

sample of 90 participants. 

This effect size was selected based on previously 

published studies [18, 19]   examining the influence of smoking 

on biochemical parameters, where group differences were 

found to be moderate to large. The calculation was verified 

using G*Power (version X.X), a software widely used 

alongside SPSS for statistical planning, which performs exact 

power analysis for fixed-effect one-way ANOVA using 

noncentral F-distribution methods. Additionally, the Central 

Limit Theorem supports the use of sample sizes ≥30 per 

group to allow for valid statistical inference using parametric 

tests. 

3.3. Sampling technique 

A purposive sampling method using a quota approach was 

employed. On each working day during the data collection 

period, one eligible participant from each group was selected 

to ensure balanced recruitment. Participants aged 18 to 65 

years, of either sex, visiting the hospital as a patient or an 

attender was included. 

3.4. Inclusion criteria 

1. Smokers: Individuals consuming 8–12 cigarettes per day 

with a smoking history of ≥5 years, maintaining a normal 

diet and not on any medication. 

2. Asthmatics: Clinically diagnosed patients with bronchial 

asthma confirmed by spirometry and GINA diagnostic 

guidelines for Asthma 2023/2024.20 

3. Healthy controls: Individuals with no history of smoking 

or respiratory illness and not on any medication. 

 

3.5. Exclusion criteria 

1. Smokers & Controls - Participants with other known 

respiratory diseases, systemic disorders, those on 

medications that may alter serum electrolytes. 

2. Pregnant and lactating women 

3. Asthmatics and controls with any history of smoking 
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3.6. Ethical considerations 

Prior to study initiation, ethical and institutional permissions 

were obtained. All participants were fully informed about the 

study objectives, procedures, and risks. Written informed 

consent was obtained from each participant. A detailed 

clinical and systemic examination was performed to rule out 

any underlying co morbidities. 

3.7. Data collection procedures 

Routine investigations such as complete blood count (CBC) 

and chest X-ray were conducted to ensure eligibility. For 

biochemical analysis: 

1. 3 ml of venous blood was collected from each 

participant. 

2. Blood samples were centrifuged to separate the serum. 

3. Serum levels of sodium, potassium, magnesium, 

calcium, and chloride were measured using a fully 

automated analyzer. 

 

3.8. Data management and Statistical analysis 

All collected data were recorded and maintained in Microsoft 

Excel. Statistical analysis was conducted using Jamovi (a free 

and open-source statistical software). 

1. One-way ANOVA was used to assess differences in 

serum electrolyte levels among the three groups as it is 

the standard method for analyzing continuous variables 

across more than two groups. 

2. As the assumption of homogeneity of variances was not 

met, Games–Howell post hoc tests were applied to 

evaluate pair-wise group differences. 

3. A p-value < 0.05 was considered statistically significant. 

4. Results 

Among the 30 participants in each group, there were 8 

females in the control group, 2 in the smokers group, and 7 in 

the asthmatic group. 

Asthmatics have lower Sodium, Chloride, Potassium, 

and Magnesium levels compared to other two groups. There 

is no marked difference in calcium levels among the groups. 

(Table 1) 

 

 

Table 1: Descriptives 

Group Descriptives 

 Category N Mean SD SE 

Sodium Controls 30 138.50 6.112 1.1160 

 Smokers 30 139.03 5.543 1.0120 

 Asthmatics 30 133.47 9.779 1.7855 

Chloride Controls 30 102.00 4.433 0.8094 

 Smokers 30 103.13 4.240 0.7742 

 Asthmatics 30 96.10 7.889 1.4403 

Potassium Controls 30 4.16 0.416 0.0759 

 Smokers 30 4.33 0.668 0.1219 

 Asthmatics 30 3.94 0.692 0.1264 

Magnesium Controls 30 2.05 0.249 0.0454 

 Smokers 30 2.20 0.446 0.0814 

 Asthmatics 30 1.72 0.263 0.0480 

Calcium Controls 30 9.42 0.718 0.1311 

 Smokers 30 9.76 0.770 0.1405 

 Asthmatics 30 9.67 0.724 0.1322 

 

Table 2: Anova 

One-Way ANOVA (Welch's) 

 F df1 df2 p 

Sodium 3.80 2 55.7 0.028 

Chloride 9.23 2 55.4 <.001 

Potassium 2.45 2 54.5 0.096 

Magnesium 18.30 2 55.6 <.001 

Calcium 1.74 2 57.9 0.185 
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Table 3: Post HOC test 

Games-Howell Post-Hoc Test – Sodium Controls Smokers Asthmatics 

Controls Mean difference — -0.533 5.030 

 p-value — 0.933 0.053 

Smokers Mean difference  — 5.570 

 p-value  — 0.025 

Asthmatics Mean difference   — 

 p-value   — 

Games-Howell Post-Hoc Test – Chloride Controls Smokers Asthmatics 

Controls Mean difference — -1.130 5.901 

 p-value — 0.572 0.002 

Smokers Mean difference  — 7.031 

 p-value  — <0.001 

Asthmatics Mean difference   — 

 p-value   — 

Games-Howell Post-Hoc Test – Potassium Controls Smokers Asthmatics 

Controls Mean difference — -0.173 0.217 

 p-value — 0.455 0.314 

Smokers Mean difference  — 0.390 

 p-value  — 0.076 

Asthmatics Mean difference   — 

 p-value   — 

Games-Howell Post-Hoc Test – Magnesium Controls Smokers Asthmatics 

Controls Mean difference — -0.150 0.330 

 p-value — 0.252 <0.001 

Smokers Mean difference  — 0.480 

 p-value  — <0.001 

Asthmatics Mean difference   — 

 p-value    

Games-Howell Post-Hoc Test – Calcium Controls Smokers Asthmatics 

Controls Mean difference — -0.343 -0.253 

 p-value — 0.183 0.368 

Smokers Mean difference  — 0.090 

 p-value  — 0.887 

Asthmatics Mean difference   — 

 p-value   — 

 

Table 2 presents the ANOVA results, indicating that 

magnesium levels differed significantly among the groups (p 

< 0.001), representing the most statistically robust 

association observed. Sodium (p = 0.028) and chloride (p < 

0.001) levels also showed statistically significant differences, 

with chloride exhibiting a particularly strong association 

across groups. Potassium levels (p = 0.096) did not reach 

statistical significance, though the p-value suggests a possible 

trend that may warrant further investigation in larger or more 

targeted studies. In contrast, calcium levels (p = 0.185) 

showed no significant differences among the groups, 

indicating limited clinical or statistical relevance in this 

context. 

The Games-Howell post-hoc test (Table 3) shows 

significant differences for sodium, chloride, and magnesium 

between groups, particularly between controls and asthmatics 

(e.g., chloride: p < 0.001, sodium: p = 0.025, magnesium: p 

< 0.001). Potassium and calcium show no significant 

differences across groups (p > 0.05). Overall, asthmatics have 

lower sodium, chloride, and magnesium levels compared to 

smokers and controls. 

5. Discussion 

Our study demonstrated significant alterations in serum 

electrolyte levels among smokers, asthmatics, and healthy 

controls. Sodium levels were relatively similar between 

healthy controls (Group 1) and smokers (Group 2), but were 

significantly lower in asthmatics (Group 3) compared to 

smokers (p = 0.028). The difference between asthmatics and 

controls approached statistical significance (p = 0.053), 

suggesting a potential trend toward hyponatremia in asthma 

patients. This finding may reflect fluid or electrolyte 

imbalances associated with asthma itself or with common 
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treatments such as corticosteroids, diuretics, or theophylline. 

The significant difference between smokers and asthmatics is 

likely due to a combination of sodium-retaining mechanisms 

in smokers—possibly mediated by nicotine’s effect on the 

renin–angiotensin–aldosterone system—and sodium-

depleting factors in asthmatics, creating a more pronounced 

contrast than that observed between asthmatics and controls. 

Consistent with our findings, Latha et al.21 also reported 

reduced sodium levels in asthmatic patients compared to 

controls. Similarly, Mohammad HA22 observed decreased 

sodium concentrations in asthmatics, though more marked 

alterations were seen in other electrolytes. Amin R23 further 

supports this trend, suggesting that theophylline use may 

contribute to hyponatremia through increased renal excretion 

of water and electrolytes. 

Chloride levels were also significantly lower in 

asthmatics compared to both healthy controls and smokers, 

with the most marked difference observed between smokers 

and asthmatics (p < 0.001). This pattern suggests a 

disturbance in acid–base homeostasis among asthmatic 

individuals. Post hoc analysis confirmed that asthmatics had 

significantly reduced sodium and chloride levels relative to 

the other groups. The observed reduction in chloride may be 

influenced by medications commonly used in asthma 

management, such as salbutamol, which can alter electrolyte 

balance.24 Additionally, during asthmatic exacerbations, 

hyperventilation is common and can lead to respiratory 

alkalosis. This condition, characterized by decreased arterial 

carbon dioxide levels, often results in compensatory shifts in 

serum chloride levels.25 

Potassium levels were mildly elevated in smokers and 

reduced in asthmatics; however, these differences did not 

reach statistical significance (p = 0.096). This variation may 

be influenced by factors such as dietary intake, renal 

regulation, or the effects of asthma medications, particularly 

beta-agonists. At the outset of the study, we hypothesized that 

there would be statistically significant differences in 

potassium levels among the groups. However, the results did 

not support this assumption. While the difference between 

smokers and asthmatics approached significance (p = 0.076), 

it did not meet the conventional threshold (p < 0.05). This 

trend is supported by previous research: Deenstra M26 

reported hypokalemia associated with theophylline use, 

which may lower plasma potassium levels. Similarly, Ajeet 

Sawhney27 observed mild hypokalemia in asthmatic patients. 

In contrast, Padmavathi P28 found significantly elevated 

potassium and calcium levels in chronic smokers compared 

to healthy controls, suggesting smoking-related alterations in 

electrolyte handling. 

Magnesium levels were highest in smokers and 

significantly lower in asthmatics (Group 3) compared to both 

healthy controls (Group 1) and smokers (Group 2), with post 

hoc analysis confirming these differences (p < 0.001). Given 

magnesium’s critical role in bronchial smooth muscle 

relaxation, its deficiency may contribute to bronchial 

hyperreactivity and poor asthma control. Our findings align 

with those of Mohammad HA,22 who reported that 

hypomagnesaemia was more prevalent in asthmatics than 

either hypokalemia or hypocalcaemia. Several studies have 

associated magnesium deficiency with increased airway 

hyper responsiveness,4 highlighting its essential role in 

various biochemical and physiological processes that support 

lung function. Furthermore, low dietary magnesium intake 

has been linked to wheezing and impaired pulmonary 

performance,29 whereas magnesium supplementation may 

help alleviate asthma symptoms.30 The observed 

hypomagnesemia in asthmatics may result from multiple 

factors, including increased urinary losses related to beta-

agonist or theophylline use, insufficient dietary intake, and 

the systemic effects of chronic inflammation and oxidative 

stress. These mechanisms likely contribute to magnesium 

depletion, potentially worsening bronchial reactivity and 

compromising disease control. 

Calcium levels were marginally higher in both smokers 

and asthmatics compared to healthy controls; however, this 

difference was not statistically significant (p = 0.185), 

suggesting limited clinical relevance. In our study, no 

significant differences in calcium levels were observed 

among the three groups. Nevertheless, these findings 

underscore the importance of routine electrolyte monitoring, 

particularly in asthmatic patients, as imbalances may 

influence clinical outcomes and guide therapeutic decisions. 

Mohd Faisal31 reported a significant difference in calcium 

concentrations between asthmatics and controls, though this 

difference became non-significant after adjusting for 

treatment. Additionally, hypocalcaemia has been 

documented in healthy individuals following intravenous 

administration of β2-agonists, potentially due to increased 

urinary calcium excretion.32 

6. Conclusion 

Our study identifies significant differences in serum 

electrolyte levels—particularly sodium, chloride, and 

magnesium—among asthmatic patients compared to smokers 

and controls. The findings suggest that electrolyte imbalances 

especially hyponatremia, hypochloremia and 

hypomagnesaemia are prevalent in individuals with asthma, 

potentially influenced by disease pathology and medication 

use. Although potassium and calcium levels did not show 

statistically significant differences, previous research 

indicates that these electrolytes may still play a role in 

respiratory function. 

Interestingly, the results concerning smokers did not 

show statistically significant differences for most electrolytes 

when compared to controls. This may suggest a more subtle 

impact or variability within the smoker group that was not 

captured due to the limited sample size. 
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7. Recommendations  

Studies with larger sample sizes are recommended to further 

evaluate and clarify the potential electrolyte disturbances in 

chronic smokers. 

Monitoring and managing electrolyte levels could be 

important in the clinical care of asthmatic patients, especially 

during exacerbations or in those on long-term bronchodilator 

or theophylline therapy. 

Further research is warranted to explore the underlying 

mechanisms and long-term clinical implications of these 

findings. 
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