. 8 OPEN ACCESS
Trends in

Biological Sciences

Cardiovascular Risk from Altered Lipid Profile
and Atherogenic Indices in Children with
Uncomplicated Plasmodium falciparum Malaria
in Owo, Nigeria

'"Mathias A. Emokpae, “Delight A. Ibiloye, 'Loveth A. Emokpae and 'Zainab Omoruyi
"Department of Medical Laboratory Science, School of Basic Medical Sciences, University of Benin, Benin, Nigeria
°Department of Clinical Chemistry, Faculty of Medical Laboratory Science, Achievers University, Owo, Nigeria

ABSTRACT

Background and Objective: Malaria, a leading cause of morbidity and mortality among children in
sub-Saharan Africa, has been shown to impact various biochemical parameters, including lipid
metabolism. Plasmodium falciparum, the most virulent species, has been implicated in altering lipid
profiles, which may transiently increase cardiovascular risk. This study aimed to evaluate the lipid
profile and atherogenic indices in children with uncomplicated P. falciparum infection.
Materials and Methods: A total of 183 children aged 6 months to 12 years were enrolled, comprising
133 malaria-infected and 50 uninfected subjects. Venous blood samples were collected and analyzed for
lipid profile parameters, including total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL),
and low-Density Lipoprotein (LDL) using the Spectrophotometric method. Atherogenic indices:
Atherogenic index of plasma (AIP), Castelli risk index | 8 Il (CRI-1, CRI-Il), and atherogenic coefficient (AC)
were calculated. Data were analyzed using SPSS Version 26, with significance set at p<0.05.
Results: Malaria-infected children had significantly lower (p<0.05) mean values of total cholesterol and
HDLC. AIP, CRI-ll, and AC were significantly higher in malaria-infected children than in uninfected
subjects. The LDL level showed no significant increase, while CRI-I remained statistically insignificant.
Conclusion: Uncomplicated P. falciparum infection in children is associated with significant alterations in
lipid metabolism, particularly reduced HDL and increased atherogenic indices. The risk may resolve upon
successful treatment of the infection, but the significantly adverse shift in these indices during the acute
phase suggests a profound, although temporary, elevation of cardiovascular risk, even in children. Routine
lipid monitoring should be incorporated into malaria management protocols in children with malaria
infection.
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INTRODUCTION

Malaria remains a significant global health challenge, particularly in Sub-Saharan Africa, where it
disproportionately affects children under the age of five. Despite various control measures,
Plasmodium falciparum, the most virulent species of the malaria parasite, continues to cause severe
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morbidity and mortality in endemic regions'. The pathophysiology of malaria is highly complex, involving
inflammatory responses, endothelial dysfunction, metabolic disturbances, and multi-organ damage®.
Moreover, recent studies have highlighted the role of malaria in altering lipid metabolism and
cardiovascular risk markers, particularly atherogenic indices, which serve as key indicators of lipid-related
metabolic disturbances®’. These metabolic alterations are gaining increasing attention, as they may not
only influence disease progression but also contribute to long-term cardiovascular risks in affected
individuals. Hence, a thorough understanding of these lipid changes in malaria-infected individuals,
particularly children, is crucial in assessing disease severity and potential health consequences.

Lipid metabolism plays a vital role in maintaining physiological homeostasis, as lipids serve as essential
sources of energy, structural components of cell membranes, and precursors for bioactive molecules®.
However, infections such as malaria can significantly disrupt lipid profiles, leading to altered levels®.
Furthermore, these lipid abnormalities have been linked to impaired immune responses and disease
progression in malaria patients. Specifically, LDL-C reduction, which is often observed in malaria-infected
individuals, may compromise immune defense mechanisms, while elevated triglycerides are associated
with increased inflammatory responses®. Importantly, the balance between LDL-C and HDL-C is a key
determinant of cardiovascular health’, but this imbalance is not easily observed among Africans because
the levels might not be significantly when compared with subjects with obvious CVDs®.

The use of Atherogenic indices, which are mathematical ratios derived from lipid parameters, have been
widely recognized as a reliable predictors of cardiovascular risk or better predict the risk for CVD and
ischemic stroke than traditional lipid profile parameters®'?. These indices include the atherogenic index
of plasma (AIP), castelli's risk index (CRI-I and CRI-II), and the atherogenic coefficient (AC)". Furthermore,
given that early-life metabolic disturbances can have long-term consequences, assessing these indices in
malaria-infected children is essential for identifying potential risk factors and implementing preventive
strategies. Additionally, atherogenic indices may serve as potential biomarkers for malaria severity, as
severe cases are associated with more pronounced lipid alterations, reflecting greater metabolic
disturbances and systemic inflammation'. Hence, understanding these associations could provide valuable
insights into malaria pathophysiology and aid in the development of targeted therapeutic interventions.

Given that cardiovascular diseases are increasingly being recognized as a public health concern
in low- and middle-income countries, early identification of lipid profile changes and atherogenic risk
factors in malaria-infected children is essential for long-term health monitoring and intervention
strategies™. This study aimed to evaluate the lipid profile and atherogenic indices in children with
uncomplicated Plasmodium falciparum infection in order to determine the effect of malaria infection on
the cardiovascular system.

MATERIALS AND METHODS

Study design and population: This study is a cross-sectional analysis involving children
diagnosed with malaria at Federal Medical Centre, Owo, and Health Centre between 16th December, 2024
and 12th June, 2025 in Owo Local Government Area, Ondo State. The sample comprises 133 children
(80 males and 53 females) who are infected with malaria, alongside 50 control children (25 males and
25 females) who are not infected. They were aged between 6 months and 12 years. The study population
was enrolled from the paediatric outpatient clinics and diagnostic centers, Federal Medical Center,
Owo, Ondo State, Nigeria. The control group was selected from children who visited the same healthcare
facility for routine medical check-ups or immunization appointments, ensuring that they were free of
malaria infection. To maintain the accuracy of the study, only children who were confirmed through
laboratory diagnosis to have uncomplicated Plasmodium falciparum infection were included in the
case group.
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Inclusion and exclusion criteria: Children between the ages of six months and 12 years who were
receiving care at the hospital and had a malaria diagnosis confirmed by microscopy were recruited into
the study. Those excluded were children presenting with significant coexisting medical conditions, such
as upper and lower respiratory tract infections, septicaemia, or meningitis. Those suspected of having
septicaemia or meningitis, based on clinical history or physical examination, underwent blood culture or
cerebrospinal fluid analysis. Also, children who had completed a full course of artemisinin-based
combination therapy (ACT) for the current illness or were receiving malaria prophylaxis were also excluded
from the study.

Ethical consideration: Ethical clearance for the study was obtained from the Owo Local Government
Ethics Review Committee (Ref OWLG/13A/V/377,issued on 25th February 2025), ensuring compliance with
the Helsinki Declaration (2013) on human research ethics'®. Parents/guardians were provided with detailed
information about the study and their rights, and written informed consent was obtained before
recruitment. Participants were assigned unique identification numbers to maintain confidentiality.

Sample size determination: The sample size for this study was determined using the sample size
determination formula for health studies'’. A prevalence of 8.6% of malaria among Children in the Niger
Delta Region of Nigeria'® was used for this study.

where:
N = Required sample size
z = Confidence level interval 95% (standard value of 1.96)
p = 8.6%; prevalence of malaria among children in the Niger Delta Region of Nigeria'
d = Margin of error at 5% (standard value of 0.05)
N = 1.962* 0.086 (1-0.086) -1208

0.052

N = 1208

Using this formula, the calculated sample size was 121, but after the addition of 10% attrition (12), a total
of 133 subjects and 50 age-matched controls were recruited for this study.

Case definition: Malaria cases were identified as individuals exhibiting fever, either measured or reported
within the last 24 hrs, along with any degree of parasitemia caused by Plasmodium species. Uncomplicated
malaria was characterized as a patient showing symptoms and a positive result on a parasitological
test (microscopy) without any indications of severe malaria. According to the World Health
Organization (WHO) definition, there were no instances of severe malaria®. Control subjects were
age-matched children without symptoms and a history of fever, and tested negative for malaria parasite
(microscopy). Malaria thick and thin smears were prepared in accordance with standard protocols. The
thick smears were evaluated by highly trained laboratory personnel and independently by a clinical
researcher, following the Lambaréné method®.

Laboratory Investigations: A total of 2 mL of venous blood was obtained from the children using
ethylenediaminetetraacetic acid (EDTA) bottles. The microscopy and assessment of malarial parasite
density were conducted, after which the samples were centrifuged at 3000 rpm for 10 min, and the plasma
was preserved for the measurement of biochemical analyses. The plasma samples intended for lipid profile
were kept frozen at -20°C until further analysis
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Staining of thin and thick blood smears: Four clean slides, each with frosted ends and
measuring 72x25 mm in size and 1 mm in thickness, were utilized for the procedure. Two slides were
designated for the preparation of thin blood films, while the remaining two were allocated for thick blood
films. To estimate the density of malaria parasites, Plasmodium parasites were counted against 200 white
blood cells (WBC) in the thick film. In instances where fewer than nine parasites were detected, the count
was extended to 500 WBC. For the thin blood film, the counting was performed against 2000 red blood
cells. Upon completion of the counting process, the parasite density was calculated based on the patient's
actual white blood cell count using the following formula: Parasites/uL blood = Number of parasites
countedxActual white blood cell count divided by the number of white blood cells counted. Thin films
were examined to confirm the species identification on the thick film. The malaria parasites were counted
and reported as follows: Low parasitaemia, 1-10(+), moderate parasitaemia, 11-29(++) and high
parasitaemia, >30(+++)/x100 high power field.

Biochemical investigation: Serum Lipid profile comprising triglyceride, total cholesterol, and HDLC was
determined by spectrophotometric method using reagents supplied by Randox Laboratories, UK. The
analytes were determined according to methods described by the manufacturer. Control sera were
included to ensure accuracy and precision of the assay. The Friedewald formula was used to determine
the plasma LDLC?'. Atherogenic indices (CRI-I, CRI-Il, AC and AIP) were calculated.

Data analysis: The SPSS (Statistical Package for Social Sciences) software version 26.0 was used for
statistical analysis. Values obtained are expressed as Mean+tStandard Deviation and were compared using
the Student’s t-test. The level of significance used was set at <0.05

RESULTS

The findings are organized into tables and descriptive charts, highlighting comparisons between malaria-
infected children and uninfected controls. The socio-demographic characteristics, malaria parasite
densities, lipid parameters, and atherogenic indices are analyzed and interpreted. These results provide
insights into the metabolic alterations associated with malaria infection in children.

Table 1 presents the socio-demographic characteristics and malaria parasite density of the study
participants. Among the 183 children enrolled, 133 were malaria-infected, while 50 served as controls. The
age distribution showed that the majority of children in both groups fell within the 5-9 years age bracket
(38.3%), followed by 10-12 years (31.7%) and 6 months 4 years (30.1%). Gender distribution revealed a
higher proportion of males (57.4%) compared to females (42.6%) across both groups, with more males
among the malaria-infected children (60.2%). Analysis of malaria parasite density among the infected
group indicated that 45.1% had moderate parasitemia (++), 30.8% had high parasitemia (+++), while
24.1% had low parasitemia (+). These findings suggest that uncomplicated Plasmodium falciparum
infection was more prevalent among school-aged children and male participants, with a considerable
proportion presenting with moderate to high parasite loads.

Table 2 compares the lipid profile and atherogenic indices between children infected with Plasmodium
falciparum and uninfected controls. The results show that total cholesterol and HDLC levels were
significantly lower in malaria-infected children compared to uninfected controls (p<0.05). Similarly, the
Atherogenic index of plasma (AIP) was significantly elevated in infected children compared to the controls
(p = 0.005), indicating a shift towards a more atherogenic lipid profile. Although triglyceride levels were
lower in the infected group than in the controls, the difference was marginally significant (p = 0.05). The
LDL levels and castelli risk indices (CRI-1 and CRI-I1), as well as the atherogenic coefficient (AC), were higher
in the infected group, but these differences were not statistically significant (p>0.05).
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Table 1: Socio-demographic characteristics and malaria parasite density of study participants

Variable Malaria-infected children (n = 133) Control subjects (n = 50) Total (n = 183)
Age bracket (years)

6 months 4 years 40 (30.1%) 15 (30.0%) 55 (30.1%)
5-9 years 50 (37.6%) 20 (40.0%) 70 (38.3%)
10-12 years 43 (32.3%) 15 (30.0%) 58 (31.7%)
Total 133 (100%) 50 (100%) 183 (100%)
Gender

Male 80 (60.2%) 25 (50.0%) 105 (57.4%)
Female 53 (39.8%) 25 (50.0%) 78 (42.6%)
Total 133 (100%) 50 (100%) 183 (100%)
Malaria parasite density

+ (Low) 32 (24.1%) - 32 (24.1%)
++ (Moderate) 60 (45.1%) - 60 (45.1%)
+++ (High) 41 (30.8%) - 41 (30.8%)
Total 133 (100%) - 133 (100%)

Table 2: Comparison of lipid profile and atherogenic indices between malaria-infected and uninfected children

Infected children Uninfected children

Parameter (n=133) (n = 50) p-value Significance
Triglycerides (mmolL/L) 1.02+0.03 1.22+0.04 0.050 Significant
Total cholesterol (mmolL/L) 2.32+0.01 2.89+0.02 0.020 Significant
High-density lipoprotein (HDL) (mmolL/L) 0.70+0.01 0.92+0.02 0.005 Significant
Low-density lipoprotein (LDL) (mmolL/L) 1.20+£0.04 1.35+£0.03 0.080 Not significant
Castelli risk index | (CRI-I) 3.30+0.01 3.14+0.02 0.060 Not significant
Castelli risk index Il (CRI-II) 1.71+£0.01 1.46+0.02 0.050 Significant
Atherogenic coefficient (AC) 2.31+0.01 2.14+0.01 0.050 Significant
Atherogenic index of plasma (AIP) 0.16£0.01 0.12£0.01 0.005 Significant

Values are expressed as Mean+Standard Error of mean (SEM)

DISCUSSION

The current study investigated the lipid profile and atherogenic indices among children aged 6 months
to 12 years with uncomplicated P. falciparum infection. Overall, the findings suggest that uncomplicated
P. falciparum infection in children is associated with significant alterations in lipid metabolism, particularly
reductions in protective HDL levels and elevations in AIP, which may imply a transient but notable
derangement in lipid metabolism that points toward an increased short-term cardiovascular risk profile
during the acute phase of the infection.

Out of the 183 children enrolled in the study, 133 (72.7%) were malaria-infected while 50 (27.3%) served
as apparently healthy controls. The highest infection rate was observed in the 5-9 years age group (37.6%),
followed by 10-12 years (32.3%), and 6 months 4 years (30.1%). This pattern is consistent with reports by

Okiring et al.*

, suggesting that school-aged children are more likely to be exposed to mosquito bites due
to increased outdoor activity. Moreover, male children represented a greater proportion (60.2%) of the
infected group, which aligns with findings by Quaresinma et al.”®, possibly due to behavioral exposure

differences.

Regarding parasitemia, 24.1% had low parasite density (+), 45.1% moderate (++), and 30.8% high (+++).
This distribution suggests that most children in this population carried a significant parasite burden, even
in uncomplicated malaria. Similar parasite density profiles have been observed by Adetunji** in endemic
Nigerian settings.

This study revealed a significant reduction in total cholesterol and HDLC levels among malaria-infected
children compared to controls (p<0.05). These findings align with previous literature that described
malaria-induced hypocholesterolemia, largely due to increased cholesterol utilization by the parasite for
membrane synthesis and replication®?®,
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The HDL is known for its protective cardiovascular properties and plays a key role in reverse cholesterol
transport and anti-inflammatory processes. Its significant depletion during malaria may increase oxidative
stress and inflammation, further complicating the infection”’. The observed decrease in total cholesterol

is consistent with studies conducted in other African malaria-endemic regions®#.

Triglyceride levels were also reduced in the infected group compared to controls, with marginal
significance (p = 0.05). Although some studies report elevated triglyceride levels in severe malaria®, the
present findings align with others suggesting reduced triglycerides in uncomplicated cases, likely due to
altered hepatic metabolism and increased catabolism during infection®'.

The LDL cholesterol was slightly lower in infected children compared to controls, though not statistically
significant (p>0.05). This supports observations by Oluba et al.** that LDL levels may not always show
significant change in uncomplicated malaria, possibly due to its relatively lower turnover compared to HDL
during acute infections.

Significant increases were observed in several atherogenic indices among infected children. The
Atherogenic index of plasma (AIP) was significantly higher compared to controls (p = 0.005), suggesting
a shift toward a more atherogenic lipid environment. The AIP is a strong predictor of cardiovascular risk
and has been validated across different populations™.

Castelli risk index Il (CRI-Il), calculated as LDL/HDL, was significantly elevated in infected children
(p<0.050). Similarly, the atherogenic coefficient (AC) was higher in the infected group compared to
controls (p<0.05). These ratios provide insights into the balance between protective and harmful
lipoproteins. A disturbed ratio favors atherosclerosis and endothelial dysfunction®. Castelli risk index |
(CRI-1), although higher in infected children, did not reach statistical significance. These findings, although
subtle, highlight that even uncomplicated malaria can trigger temporary metabolic disruptions that may
predispose individuals to future cardiovascular challenges if left unchecked.

The observed lipid changes can be attributed to both the direct effects of P. falciparum and the
host's immune response. The parasite relies on host-derived cholesterol for schizont development
and erythrocyte invasion®. Additionally, the pro-inflammatory cytokines released during infection,
such as TNF-a and IL-6, are known to reduce hepatic synthesis of lipoproteins and increase lipid
peroxidation®.

Reduced HDL levels may also reflect oxidative damage and altered apolipoprotein synthesis, while
elevated AIP could indicate increased small dense LDL particles, which are more atherogenic. These
metabolic shifts, even if temporary, warrant attention in children who may experience recurrent infections
and nutritional deficiencies that compound lipid abnormalities®.

Furthermore, the results of this study are consistent with several recent findings®?’. A study in Ghana by

Nwobodo et al.*®

found similar lipid disruptions in paediatric malaria patients. Conversely, no significant
lipid changes, possibly due to differences in parasite density, host nutrition, or inclusion of asymptomatic
carriers, were also reported®. While uncomplicated malaria-associated dyslipidemia is generally transient
and resolves upon successful treatment of the infection, the significantly adverse shift in these indices
during the acute phase suggests a profound, albeit temporary, elevation of cardiovascular risk, even in
children. In a non-malarial context, such an index pattern would signal a state predisposing to endothelial

dysfunction and subclinical plaque formation.
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CONCLUSION

This study has demonstrated that uncomplicated Plasmodium falciparum infection in children is associated
with significant alterations in lipid metabolism, particularly marked reductions in total cholesterol and
high-density lipoprotein (HDL), alongside elevated atherogenic indices such as the atherogenic index of
plasma (AIP) and castelli risk index Il (CRI-II). These findings suggest a temporary shift toward a more
atherogenic lipid profile during malaria infection, which may have implications for cardiovascular health
if recurrent. The results highlight the importance of monitoring lipid parameters in paediatric malaria
patients and highlight the need for integrated clinical management that addresses both infectious and
metabolic health.
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