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ABSTRACT 
 
Aim: This study was carried out to determine the serum lipid profile and electrolyte level and their 
association with severity of malaria among patients attending Muhammadu Abdullahi Wase 
Specialist Hospital, Kano State, Nigeria. 
Methodology: Blood samples were obtained from four hundred (400) subjects: Two hundred and 
forty (240) pathological samples collected from malaria-infected patients and one hundred and sixty 
(160) from apparently healthy persons of the same age range with no evidence of malaria infection. 
Blood samples were screened for P. falciparum infection using both thin and thick film method, and 
severity of malaria was classified as described by World Health Organization. Also, the electrolyte 
(Na

+
, K

+
 and Cl

-
) level and lipid profile (TC, HDL-C, LDL, TAG and VLDL) were determined. Results 
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were presented as Mean ± SD, evaluated by one-way ANOVA and the differences between the 
means assessed using Duncan's test. Statistical significance was considered at P<0.05.  
Results: From the results, there was significantly (P<0.05) higher levels of TC, LDL, TAG and VLDL 
and lower levels of HDL in malaria-infected patients compared to control group. The lipid fragments 
(TC, LDL, TAG and VLDL) increased significantly (P<0.05) with an increase in severity, while HDL 
decreased significantly (P<0.05). Also, there was a significant (P<0.05) decrease in the levels of Na+ 
and K

+
 while Cl

- 
was not significantly (P>0.05) different in malaria-infected and control patients.  

Conclusion: The study demonstrated that characteristic serum lipid profile and electrolyte changes 
occur during malaria, hence the need to correct these derangements is of great significance in the 
management of malaria infection. 

 
 
Keywords: Electrolytes; lipid profile; malaria; patients. 
 
1. INTRODUCTION 
 
Malaria is a life-threatening disease and remains 
a public health concern throughout the world. 
According to the World Health Organization                 
[1], approximately 350-500 million cases of 
malaria infections occur in Sub-Saharan               
Africa, with 110 million cases of illness and 2 
million deaths, of which 25% are childhood 
deaths [2,3]. It is a disease that can be cured in 
just forty-eight (48) hours, yet it can cause fatal 
complications if the diagnosis and treatment are 
delayed [4]. In the human body, the parasites 
multiply in the liver and then infect red blood  
cells [5]. 
 
The clinical manifestations of Plasmodium 
falciparum malaria infection are variable and 
encompass a wide range of pathophysiological 
derangements that affects multiple organ 
systems including the liver and kidneys [6,7]. 
Lipoproteins such as chylomicrons, very low-
density lipoproteins (VLDL), low-density 
lipoproteins (LDL), high-density lipoproteins 
(HDL) and free fatty acids (FFA) are major lipid 
components in plasma. Most plasma 
apolipoproteins, endogenous lipids and 
lipoproteins have their origin from the liver [8,9, 
10], which depends on cellular integrity and 
functionality of the hepatocytes. Under normal 
physiological conditions, the liver ensures 
homeostasis of lipid and lipoprotein metabolism 
[9], thus, hepatocellular damage often associated 
with severe and acute P. falciparum infections 
impairs these processes, leading to alterations in 
plasma lipid and lipoprotein patterns [11,12]. 
Malaria severity can be caused by the presence 
of life-threatening features in patients with P. 
falciparum peripheral parasitemia. Studies have 
shown that malaria infection induces changes in 
lipid profile, the magnitude of which is related to 
the severity of malaria [13].  
 

It is well established that the balance of 
electrolytes in the body is essential for normal 
function of cells and organs. Electrolyte 
disturbances are known to be common in 
malaria. Also, severe cases of renal problems 
are usually associated with malaria, and without 
treatment, can lead to renal failure [14]. In 
Nigeria, there is an increased incidence of kidney 
problems, and because Nigeria is a malaria-
endemic country, assessment of renal function in 
malaria cases is important to ensure effective 
management of patients. Severe anaemia, 
hypovolaemia and perturbations of electrolyte 
levels in African children with severe malaria 
have been reported [15,16]. Acidosis is also a 
common complication of severe malaria                           
and has been identified as the single                       
most important prognostic feature of the              
disease (17). Hence, correction of electrolyte 
imbalance and lipid profile forms a major 
component of the treatment of severely infected 
malaria patients. This study, therefore, aims to 
determine the lipid profile and electrolyte levels 
of malaria-infected patients attending 
Muhammadu Abdullahi Wase Specialist Hospital, 
Kano State, Nigeria. 
 

2. METHODS 
 

2.1 Study Subjects 
 
A total of four hundred (400) samples were 
allocated for the research work.  Two hundred 
and forty (240) pathological blood samples were 
collected from malaria patients attending 
Muhammadu Abdullahi Wase Specialist Hospital, 
Kano State, Nigeria. One hundred and sixty 
(160) apparently healthy persons of the same 
age range with no evidence of malaria infection 
served as normal control. All participants were 
within the age of 20-70 years. Patients with 
malaria included in this study were those 



 
 
 
 

Kiru et al.; JOCAMR, 5(4): 1-7, 2018; Article no.JOCAMR.41215 
 
 

 
3 
 

diagnosed using the WHO criteria (1999), with 
parasites per microlitre of blood in a thick smear 
assuming a leukocyte count of 8,000/µlitre.  
Those who consented were included in the 
study, individuals below the age of 20 and those 
who refused to give their consent were excluded. 
Ethical approval was obtained from the ethics 
committee of the Hospital Management Board, 
Kano state, with an ethical clearance number 
HMB/GEN/488/VOL.I. 

 
2.2 Sample Collection and Preparation 
 
Venous blood (5 cm3) was aseptically collected 
from the subjects and parasitemia level 
determined as described by Cheesebrough 
(1998). Patients were considered having severe 
P. falciparum malaria if they met the predefined, 
modified WHO criteria for severe malaria 
(hyperparasitaemia >10% parasitaemia).  
 
The malaria parasite density was graded as 
follows: 

 
• 1 parasite/field: low density (+) 
• 2-9 parasites/field: medium density (++) 
• More than 20 parasites/field: high density (+++). 

 
2.3 Biochemical Analysis  
 
Sera was obtained from all samples and stored 
at 4°C until required for analysis, which was 
done within 24 h. The serum concentrations of 
total cholesterol (TC), low-density lipoprotein 

(LDL), high-density lipoprotein (HDL) and 
triacylglycerol (TAG) were determined using 
RANDOX reagent kits according to the 
manufacturer`s instructions. Serum Na

+
, Cl

- 
and 

K+ were determined using flame emission 
spectrophotometric method [18] 
 
2.4 Statistical Analysis  
 
All results are presented as Mean ± SD. The 
data were evaluated by one-way ANOVA, and 
the differences between the means were 
assessed using Duncan’s test. Statistical 
significance was considered at P <0.05. 

 
3. RESULTS 
 
Table 1 shows the distribution of male and 
female malaria-infected and non-infected 
patients in the study population. Results show 
that 64.17% (154) of the male subjects and 
35.83% (86) females were infected with malaria 
while out of the 160 control patients, 70% (112) 
were male and 30% (48) females.   
 
All the malaria and non malaria-infected              
patients that participated in this study were 
between the ages of 40-70 years. Results                 
from Table 2 shows that 70 (29.3%) of the 
malaria patients were between 40-44 years,                
66 (27.5%) were between 45-49 years,                       
50 (20.8%) were 50-54 years, 20 (8.3%) were 
55-59 years and 14 (5.8%) were 65 years and 
above. 

 
Table 1. Distribution of malaria positive and negative patients based on gender 

 

Gender  Malaria-positive Control 

Frequency Percentage Frequency Percentage 

Male  154 64.17% 112 70% 

Female 86 35.83% 48 30% 

Total 240 100% 160 100% 
 

   Table 2. Age group distribution of malaria and non-malaria patients 
 

Age(years) Malaria-infected Control 

Frequency Percentage Frequency Percentage 

40-44 70 29.3% 40 25.0% 

45-49 66 27.5% 44 27.5% 

50-54 50 20.8% 20 12.5% 

55-59 20 8.3% 30 18.7% 

60-64 20 8.3% 14 8.8% 

65-70 14 5.8% 12 7.5% 

Total 240 100.00% 160 100.00% 
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Result of the serum lipid profile of the malaria 
and non-malaria-infected patients attending 
Muhammadu Abdullahi Wase Specialist Hospital, 
Kano State, Nigeria is presented on Table 3. 
From the results, the TC levels in males and 
females with malaria were significantly (P<0.05) 
higher than their control counterparts. The HDL-
C levels decreased significantly (P<0.05) by 50 
and 58% in males and females, respectively, 
after malaria infection compared to non-malaria 
control. As for TAG, the mean value was 
elevated significantly (P<0.05) by 52% and 35% 
in male and female malaria patients, 
respectively, relative to control. The LDL-C level 
in males with malaria, though higher than control, 
was not significantly (P>0.05) different. However, 
the difference was significant when serum LDL-C 
levels in females with malaria were compared                    
to those without malaria. The VLDL-C                         
level increased by 51% in male patients, and 
48% in female malaria patients compared to 
control. 
 
Based on severity of malaria infection, the TC, 
LDL-C, TAG and VLDL-C levels of patients with 
severe malaria were significantly (P<0.05) higher 

than those with non-severe malaria, while HDL-C 
decreased significantly (Table 4). 
 

Results of the electrolyte levels shows that the 
serum Na+ level of females with malaria was 
significantly (P<0.001) lower than non-malaria 
patients. There were no significant (P>0.05; 
P>0.001) differences in levels of Na

+
 and Cl

-
 in 

males with malaria and those in control group. 
However, the levels of serum K+ decreased 
significantly (P<0.05; P<0.001) in males and 
females with malaria than their control 
counterparts. Also, the K

+
 levels in females with 

malaria were significantly (P<0.05) higher than 
their male counterparts (Table 5). 
 

Table 6 shows serum levels of Na+, K+ and Cl- 
based on severity of malaria in the patients. Of 
the 240 patients tested, 190 had mild malaria, 
and 50 had severe malaria. More than 50% of 
the patients with severe malaria had lower Na+ 
(26 patients) and K

+
 (30 patients). Although only 

18% (34 patients) of those with mild malaria had 
lower Na+ levels, they were all within normal 
range. A higher number of patients within all 
three groups had Cl- levels between 98-106 
mEq/L. 

 

   Table 3. Serum lipid profile in malaria positive and negative patients  
 

Parameters 
(mmol/L) 

Malaria patients Non-malaria patients 
Male Female Male Female 

TC 6.38 ± 0.10
a
 7.97 ± 1.60

b
 5.75 ± 0.30

d
  5.59 ± 0.30

c
 

HDL-C 0.73 ± 0.20d 0.62 ± 0.30d 1.45 ± 0.40f 1.06 ± 0.20e 
TAG 2.80 ± 0.50g 2.87 ± 0.70g 1.84 ± 0.40i 2.13 ± 0.50j 
LDL-C 4.23 ± 1.40

k
 5.49 ± 1.40

m
 3.80 ± 0.70

k
 3.55 ± 0.50

l
 

VLDL-C 1.27 ± 0.20n 1.44 ± 0.50r 0.84 ± 0.20p 0.97 ± 0.20p 
Values are Mean ± SD 

Values with different superscript letters within the same row are significantly (P < 0.05) different 
TC = Total Cholesterol; HDL-C = high density lipoprotein cholesterol; LDL-C = Low density lipoprotein 

cholesterol; TAG = Triacylglycerol; VLDL-C = Very low-density lipoprotein cholesterol 
 

        Table 4. Mean values of lipid fractions based on severity of malaria in patients 
 

Severity Parameters 
TC HDL-C LDL-C TAG VLDL-C 

Mild  5.3±0.7b 1.2±0.3d 3.1±0.7f 2.3±0.2h 1.1±0.1j 
Severe  8.5±1.4

a
  0.6±0.1

c
 6.5±0.4

e
  3.5±0.5

g
 1.7±0.4

i
 

Values are Mean ± SD 
Values with different superscript letters within the same row are significantly (P < 0.05) different 

      

  Table 5. Serum electrolyte levels in malaria positive and negative patients  
 

Parameters 
(mEq/L) 

Malaria patients Non- malaria patients 
Males Females Males Females 

Sodium 105.78 ± 25.86 98.69 ± 7.28a 102.12 ± 27.54 108.82 ± 23.89a 
Chloride 177.31 ± 63.42 158.35 ± 14.96 157.99 ± 21.09 163.85 ± 17.22 
Potassium 4.33 ± 3.36

a, b
  5.49 ± 2.74 

a,b,c,d
  5.95 ± 2.54

a, b
  5.86 ± 1.88 

c,d
 

Values are expressed as Mean ± S.D 
Values with the same superscript within the same row are statistically significant at P<0.05 and P<0.001 
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Table 6. Serum Na
+
, K

+ 
and Cl

-
 levels based 

on Parasitemia of malaria patients  
 

Electrolyte level(mEq/L) Mild  Severe  
Sodium  < 35 0 26 

35-100 34 6 

100- 155 114 4 
>155 42 14 

Potassium  < 3.4 0 30 

3.4- 4.0 40 4 
4.0- 5.3 88 10 
> 5.3 62 6 

Chloride  < 98.0 0 10 
98 – 100 98 8 
100- 106 58 18 
>106 34 14 

 

4. DISCUSSION 
 
This study presents a high number of the malaria 
cases (186) within the age group of 40-54 years 
constituting 77.60% of the total infected 
population. However, there was a sharp 
decrease in prevalence above 55 years. This is 
far more than 30.59% reported by Gobir and 
Tukur [19] from Kano metropolis. This may be 
due to climatic condition at the time of study, 
geographical location, seasonal variation, and 
socio-economic pattern of the population [20]. 
Male population was observed to constitute 
64.17% (154) prevalence of the population under 
study while females were less affected with a 
prevalence of 35.83% (86), signifying an 
increase in malaria prevalence as against reports 
by WHO [21]. This is also not consistent with            
the findings by Gobir and Tukur [19] who 
reported a prevalence rate of 61% in females 
and 38% for males. However, the present          
study conforms to studies by Akanbi et al.            
[22] who reported that males had a higher 
prevalence of malaria than their female 
counterparts. This may be attributed to the dress 
norms and vulnerability of men, especially the 
youth, to malaria, as studies have shown that 
men are more likely than women to expose their 
bodies, thereby increasing their chances of being 
bitten by mosquitoes, while females are mostly 
indoors, reducing their exposure to the malaria 
vector (22). Also, men may be at occupational 
risk of contracting malaria, especially when their 
work occurs during peak biting times around 

dusk [23].   
 
From the result, the TC, LDL, TAG and VLDL 
increased, while the HDL decreased in malaria-
infected patients compared to non-malaria group 

(control). Also, the level of HDL decreased and 
TC, LDL, TAG and VLDL increased with increase 
in severity of malaria. This result agrees with 
studies [13,24,17,25] demonstrating that malaria 
infection usually perturbs plasma lipoprotein 
metabolism causing alterations in lipid and 
lipoprotein profiles. Although it is established that 
acute infection and inflammation produce 
moderate changes in plasma lipoprotein resulting 
in increased serum TAG concentration and 
decreased HDL due to increased VLDL 
production and mobilization of free fatty acids 
from adipose tissue, thereby increasing de           
novo hepatic fatty acid synthesis and 
suppression of fatty acid oxidation [17], the 
mechanism involved in the changes during 
malaria infection is not well known, but believed 
to be partly host-related [26], as it was initially 
speculated that increase in serum lipid was due 
to the lipid content of the parasite [27]. More 
recently, alterations in lipid profile of malaria 
patients have been attributed to the level of 
hemolysis in malaria, which is proportional to 
severity of infection. This is because the 
erythrocyte membranes are predominantly lipid 
and liberation of membrane lipids following 
sustained hemolysis accounts for alterations 
seen in infected patients [28]. 
 

The serum Na
+
 and K

+ 
levels of patients with 

malaria were significantly (P<0.001) lower, while 
Cl

-
 levels were not significantly (P>0.001, 

P>0.005) different than the control group (Table 
5). This result agrees with several reports 
demonstrating a progressive decrease in Na

+
 

and K+ within 12 h of the parasite’s invasion 
during infection [4]. In another study, Kakkilaya 
[29] reported mild hyponatraemia in malaria 
patients. These demonstrate the complicated 
and conflicting relationship between malaria 
infection and renal function. Based on the 
severity of malaria (Table 6), the result from           
this study shows that hyponatremia and  
hypokalemia are common in malaria patients and 
particularly associated with the severe condition. 
It has been reported that urinary potassium 
waste and hypokalemia, as well as potassium 
depletion are common complications of severe 
malaria and makes the correction of acidosis 
pertinent. The reduction in K+ levels has been 
attributed to the loss of about 75 to 80 % of the 
normal potassium content of host cells during the 
course of malaria infection. However, the 
pathophysiology of hyponatraemia in malaria 
remains unclear, but several studies have 
suggested increased secretion of vasopressin 
plays an important role. Other studies have 
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shown that hyponatraemia is not an exclusive 
reflection of malaria, but also reflects the severity 
of other diseases [30,31]. 
 

5. CONCLUSION 
 
In conclusion, this study has demonstrated that 
mild and severe P. falciparum infection causes 
profound changes in lipid profile and 
disturbances in Na

+
 and K

+ 
levels, with a 

hyponatreamia and hypokalaemia evident in 
severe malaria. Thus, it is pertinent to estimate 
serum electrolytes in malaria patients in other to 
manage electrolyte derangements in the overall 
management of malaria infections. 
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