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The Effect of Malaria on Serum Electrolyte Levels Among Pregnant Women Attending Mubi General Hospital, Adamawa State, Nigeria.

ABSTRACT
Malaria in pregnancy remains a major public health concern in sub-Saharan Africa, associated with maternal anemia, low birth weight, and mortality. This study aimed to determine the effect of malaria infection on serum electrolyte levels (sodium, potassium, chloride, and bicarbonate) among pregnant women attending Mubi General Hospital. A hospital-based comparative cross-sectional study was conducted from July to October 2025. A total of 180 pregnant women were enrolled. Rapid diagnostic test (RDT) and microscopy were used for the detection of malaria parasites, and for electrolyte analysis using an automated electrolyte analyzer. Socio-demographic and obstetric data were obtained via a structured questionnaire. Data were analyzed using appropriate tools. The mean serum levels of sodium (Na⁺), potassium (K⁺), and bicarbonate (HCO₃⁻) were significantly lower in the malaria-infected group compared to controls (Na⁺: 132.1 ± 5.2 vs. 138.5 ± 3.8 mmol/L, p<0.001; K⁺: 3.4 ± 0.5 vs. 3.9 ± 0.4 mmol/L, p<0.001; HCO₃⁻: 18.2 ± 3.1 vs. 22.8 ± 2.4 mmol/L, p<0.001). Chloride (Cl⁻) levels showed no significant difference (101.3 ± 4.5 vs. 102.1 ± 3.9 mmol/L, p=0.211). Hyponatremia, hypokalemia, and metabolic acidosis (low HCO₃⁻) were significantly more prevalent among malaria cases. Parasite density correlated inversely with sodium (r = -0.68, p<0.001) and bicarbonate (r = -0.59, p<0.001) levels. Malaria infection in pregnancy is associated with significant electrolyte imbalances, notably hyponatremia, hypokalemia, and metabolic acidosis. These disturbances may contribute to adverse maternal and fetal outcomes. Integration of electrolyte screening and correction into the management protocol for malaria in pregnancy is recommended in endemic areas.
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1. INTRODUCTION
[bookmark: _GoBack]Malaria is a life-threatening parasitic disease transmitted through the bite of a female anopheles mosquito [1].  It is a disease that can be treated in just 48 hours, yet it can cause fetal complications if the diagnosis and treatment are delayed [2].  It affects both males and females, but with higher prevalence among males and in the month of September [3, 4]. Pregnancy has been seen as a period marked by profound changes in a woman's electrolyte levels [5]. The ability to regulate nutrients and balance electrolytes during this period is critical to the health of the mother and the growing foetus [6]. Pregnancy has been seen as a period marked by profound changes in a woman’s electrolyte levels [5]. The ability to regulate nutrients and balance electrolytes during this period is critical to the health of the mother and the growing foetus [6]. Malaria in pregnancy (MiP), predominantly caused by Plasmodium falciparum, is a significant cause of maternal and perinatal morbidity and mortality in tropical regions [7]. In Nigeria, which accounts for about 27% of the global malaria burden, pregnant women are particularly vulnerable due to pregnancy-induced immunosuppression [8]. The clinical consequences include maternal anemia, cerebral malaria, hypoglycemia, and complications such as preterm delivery, intrauterine growth restriction, and stillbirth [9].
The pathophysiological mechanisms of MiP involve sequestration of parasitized erythrocytes in the placental intervillous spaces, triggering inflammatory responses, oxidative stress, and endothelial dysfunction [10]. These processes can disrupt normal metabolic homeostasis. Electrolyte imbalances, though less studied in the context of MiP, are recognized complications of severe malaria, often stemming from fever, sweating, vomiting, reduced intake, and cytokine-mediated shifts in cellular permeability [11, 12]. Hyponatremia, for instance, has been reported in severe childhood malaria and is linked to the syndrome of inappropriate antidiuretic hormone secretion (SIADH) or salt-wasting [13].
Pregnancy itself alters electrolyte and acid-base balance due to physiological changes in renal function, respiration, and hormonal levels [14]. The superimposition of malaria infection may therefore exacerbate these shifts, potentially leading to detrimental effects on maternal cardiovascular stability, neuromuscular function, and fetal well-being. Despite this, there is a paucity of targeted studies assessing electrolyte profiles in pregnant women with malaria in endemic settings like Northern Nigeria. Globally, malaria in pregnancy contributes to an estimated 10,000 maternal deaths and 200,000 neonatal deaths annually, underscoring its public health importance [7]. In sub-Saharan Africa, electrolyte disturbances such as hyponatremia and hypokalemia have been linked to increased risk of seizures, cardiac arrhythmias, and poor pregnancy outcomes [13]. Previous studies in Nigeria have reported significant reductions in sodium and potassium among malaria-infected pregnant women, but findings remain inconsistent across regions [16]. This inconsistency highlights the need for localized data from hyperendemic areas like Mubi, Adamawa State, where malaria transmission is intense, and antenatal care resources are limited. By focusing on serum electrolytes, this study bridges a critical knowledge gap and provides evidence to strengthen antenatal management protocols in malaria-endemic communities.
This study, therefore, sought to determine the effect of malaria on serum electrolyte levels among pregnant women attending Mubi General Hospital. Findings will provide evidence to guide more comprehensive clinical management.
2. METHODOLOGY
2.1. Study Design and Setting: A hospital-based comparative cross-sectional study was conducted at the Antenatal Clinic (ANC) and Labor Ward of Mubi General Hospital, Adamawa State, Nigeria, between July and October 2025. The design was appropriate for comparing the outcome (electrolyte levels) between two groups at a single point in time [15].
2.2. Study Population and Sampling: The study population comprised consenting pregnant women at any gestational age. Women with pre-existing renal, cardiac, or hepatic disease, those on diuretic therapy, with diarrhea, or with other acute febrile illnesses confirmed by laboratory tests were excluded to control for confounding factors [16]. The minimum sample size was calculated as 84 per group using a standard prevalence formula for comparative studies. A total of 180 participants (90 cases and 90 controls) were enrolled using systematic random sampling. The cases were pregnant women with a positive malaria test, while the controls were those with a negative test.
2.3. Data and Sample Collection:
Ethical Consideration: Ethical approval was obtained from the Hospital's Health Research Ethics Committee with the approval of the Management. Written informed consent was secured from each participant. 
Questionnaire Administration: A structured, closed-ended interviewer-administered questionnaire was used to collect socio-demographic (age, education) and obstetric data (parity, gestational age). 
Blood Sample Collection and Processing: Under aseptic conditions, 5 mL of venous blood was collected. From this, 2ml was immediately used for malaria testing. The remaining 3 mL was allowed to clot and then centrifuged at 3,000 rpm for 10 minutes to obtain serum, which was stored at -20°C for batch electrolyte analysis [17].
2.4. Laboratory Analysis: Laboratory Analysis Malaria Diagnosis: Initial screening was done using the SD BIOLINE Malaria Ag Pf Rapid Diagnostic Test. All positive results and a 10% subset of negatives were confirmed by microscopic examination of Giemsa-stained thick and thin blood films. Parasite density was calculated per μL of blood.
Electrolyte Analysis: Serum concentrations of Na⁺, K⁺, Cl⁻, and HCO₃⁻ were measured using an automated ion-selective electrode electrolyte analyzer (JENWAY PFP7/C), following the manufacturer’s protocol.
2.5. Data Analysis: Data obtained were entered and analyzed using IBM SPSS Statistics for Windows, Version 25.0. Continuous variables were presented as mean ± standard deviation (SD) and compared using the Independent Samples Student’s t-test. Categorical variables were expressed as frequencies and percentages and compared using the Chi-square (χ²) test. Pearson’s correlation coefficient was used to assess the relationship between parasite density and electrolyte levels. A p-value of less than 0.05 was considered statistically significant.
3. RESULTS
3.1. Socio-demographic and Obstetric Characteristics: The mean age of the total number of participants was 26.4 ± 4.7 years. There were no significant differences between the two groups (cases and controls) regarding educational level, parity, and gestational age distribution (p > 0.05 for all), indicating successful matching on these potential confounders. This is although most participants were in their second trimester (55.6%), multigravidae (61.1%), and had no formal education (38.9%).







Table 1: Socio-Demographic and Obstetric Characteristics of Participants
	Characteristic
	Pregnant Cases (n=90)
	Non-Pregnant Controls (n=90)
	Total (N=180)

	Age Range (years)
	18 – 35
	18 – 35
	18 – 35

	Educational Level
	
	
	

	No Formal Education
	45 (50.0%)
	25 (27.8%)
	70 (38.9%)

	Primary
	20 (22.2%)
	25 (27.8%)
	45 (25.0%)

	Secondary
	15 (16.7%)
	25 (27.8%)
	40 (22.2%)

	Tertiary (University)
	10 (11.1%)
	15 (16.7%)
	25 (13.9%)

	Occupational Status
	
	
	

	Housewife
	63 (70.0%)
	45 (50.0%)
	108 (60.0%)

	Employed
	18 (20.0%)
	30 (33.3%)
	48 (26.7%)

	Self-Employed
	9 (10.0%)
	15 (16.7%)
	24 (13.3%)

	Parity
	
	
	

	Primigravidae/Primiparous
	35 (38.9%)
	50 (55.6%)
	85 (47.2%)

	Multigravidae/Multiparous
	55 (61.1%)
	40 (44.4%)
	95 (52.8%)




	Table 2. Gestational Age (Cases only)

	Characteristic
	Pregnant Cases (n=90)
	
	Total (N=180)

	First Trimester (<14 weeks)
	20 (22.2%)
	
	20 (11.1%)

	Second Trimester (14-27 weeks)
	50 (55.6%)
	
	50 (27.8%)

	Third Trimester (≥28 weeks)
	20 (22.2%)
	
	20 (11.1%)





3.2. Prevalence of Malaria and Parasite Density: Comparative Serum Electrolyte Levels as shown in Table 1, malaria-positive pregnant women had statistically significantly lower mean serum Sodium (Na⁺) and Bicarbonate (HCO₃⁻) levels compared to their malaria-negative counterparts. No significant differences were observed in Potassium (K⁺) and Chloride (Cl⁻) levels.
Table 3. Showing Serum Electrolyte Levels 
	Electrolyte (mmol/L)
	Malaria Group (n=90)
	Control Group (n=90)
	t-statistic
	p-value


	Sodium (Na⁺)
	132.1 ± 5.2
	138.5 ± 3.8
	    9.87
	<0.001*

	Potassium (K⁺)
	3.4 ± 0.5
	3.9 ± 0.4
	7.42
	<0.001*

	Chloride (Cl⁻)
Bicarbonate (HCO₃⁻)
	101.3 ± 4.5
18.2 ± 3.1
	102.1 ± 3.9
22.8 ± 2.4
	1.26
11.23
	0.211
<0.001

	
	
	
	
	


*Statistically significant.	
3.4. Prevalence of Electrolyte Imbalances: Hyponatremia (Na⁺ <135 mmol/L) was found in 68.9% of cases vs. 11.1% of controls (p<0.001). Hypokalemia (K⁺ <3.5 mmol/L) was present in 57.8% of cases vs. 15.6% of controls (p<0.001). Low bicarbonate (<22 mmol/L), indicating metabolic acidosis, was present in 74.4% of cases vs. 22.2% of controls (p<0.001).
3.5. Correlation Analysis: Parasite density showed a significant negative correlation with serum sodium (r = -0.68, p<0.001) and bicarbonate (r = -0.59, p<0.001) levels.
4. DISCUSSION
This study reveals significant electrolyte disturbances, specifically hyponatremia and low bicarbonate levels, among pregnant women with malaria compared to uninfected pregnant controls. The findings underscore that even in the context of pregnancy, malaria can precipitate significant metabolic dysregulation.
The observed hyponatremia could be attributed to a combination of factors, including reduced oral intake, gastrointestinal losses from vomiting, and potentially inappropriate secretion of antidiuretic hormone (SIADH) triggered by the infection and inflammatory cytokines [18]. The significant correlation between parasite density and the severity of hyponatremia suggests a dose-dependent effect of parasitaemia on sodium homeostasis.
According to [19] P. falciparum infection influences the body electrolyte (Na+ and K+) levels in infected individuals, and further highlighted that changes in the Na+ and K+ levels can result in several health issues. Noteworthy, they observed that there was a decrease in the Na+ and K+ levels among P. falciparum malaria patients. Individuals' elevated urea levels may have been caused by a number of malaria-related conditions, such as hemolysis, dehydration from fever and perspiration, and possible renal impairment from the disease's systemic effects [19].

The markedly lower serum bicarbonate levels in the malaria-positive group indicate metabolic acidosis. This is a well-documented complication in severe malaria, often linked to lactic acidosis from anaerobic glycolysis in parasitized erythrocytes and hypovolemia-induced tissue hypoperfusion [11]. Its presence in this hospital-based sample, which may include both complicated and uncomplicated cases, highlights the insidious onset of acid-based imbalance in malaria during pregnancy. The absence of significant differences in potassium and chloride levels aligns with some previous studies and may reflect the body's tighter homeostatic control over these ions, except in cases of severe hemolysis or renal impairment.
Our findings are consistent with reports from Ekpoma, Nigeria, where malaria patients demonstrated reduced sodium and bicarbonate levels, suggesting a common pathophysiological pathway across endemic regions [15]. However, unlike some studies that reported marked hypokalemia in malaria patients [17], our results showed only moderate reductions, possibly due to compensatory renal mechanisms or dietary potassium intake among participants. This variation emphasizes the importance of contextual factors such as nutrition, hydration status, and access to antenatal care in shaping electrolyte outcomes. The clinical implications of these disturbances are profound. Hyponatremia in pregnancy has been associated with increased risk of seizures and altered consciousness, while metabolic acidosis can impair uteroplacental blood flow, leading to intrauterine growth restriction and stillbirth [9, 12]. Hypokalemia, though less pronounced in our cohort, remains clinically relevant as it predisposes to arrhythmias and muscle weakness, which may complicate labor and delivery. These findings highlight the need for routine electrolyte monitoring in malaria-positive pregnant women, particularly in resource-limited settings where complications often go undetected until advanced stages.
Furthermore, the inverse correlation between parasite density and electrolyte levels shows the role of parasite burden in driving metabolic derangements. High parasite loads may exacerbate cytokine release, endothelial dysfunction, and renal impairment, all of which contribute to electrolyte imbalance [10]. This suggests that aggressive parasite clearance strategies, including prompt diagnosis and effective antimalarial therapy, could indirectly mitigate electrolyte disturbances and improve maternal-fetal outcomes.
Comparatively, studies in Southeast Asia have reported similar electrolyte shifts in malaria-infected pregnant women, reinforcing the global relevance of these findings [20]. Compared to non-severe cases, hyponatremia and hypokalemia are frequently observed in malaria patients, especially in the severe forms of falciparum and vivax malaria. Compared to P. vivax malaria, P. falciparum malaria is more frequently linked to hyponatremia and hypokalemia [21]. However, the scarcity of data from Northern Nigeria makes this study particularly valuable, as it provides localized evidence that can inform national malaria control strategies. Integrating electrolyte screening into antenatal malaria management protocols could serve as a cost-effective intervention to reduce maternal morbidity and neonatal mortality in endemic regions. Finally, this study emphasizes that malaria in pregnancy is not only a hematological burden but also a metabolic challenge. The electrolyte disturbances observed, particularly hyponatremia and metabolic acidosis, highlight the need for integrated laboratory monitoring in antenatal care. Strengthening diagnostic capacity in hospitals like Mubi General Hospital will ensure timely detection and correction of imbalances, ultimately improving maternal survival and neonatal outcomes in malaria‑endemic regions.
Study Limitations: The hospital-based design limits the generalizability of findings to all pregnant women in the community. The cross-sectional design cannot establish causality, only association. Furthermore, parameters like urinary electrolytes or arterial blood gases were not measured, which could provide a more detailed acid-base profile. Conclusion and Recommendation: Malaria infection in pregnancy is associated with significant electrolyte imbalances, notably hyponatremia and metabolic acidosis. These disturbances may contribute to maternal malaise, poor pregnancy outcomes, and complicated clinical management. We recommend that the routine workup for malaria in pregnant women, especially in endemic settings, should include assessment of serum electrolytes, particularly sodium and bicarbonate. This would enable timely correction and potentially improve maternal and fetal prognosis. Further longitudinal studies are needed to elucidate the causal pathways and clinical impact of these imbalances.
5. CONCLUSION 
Malaria infection in pregnant women attending Mubi General Hospital is significantly associated with electrolyte imbalances, including hyponatremia, hypokalemia, and metabolic acidosis. These disturbances may exacerbate maternal morbidity and adversely affect fetal outcome.
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