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EVALUATION OF SERUM LIPID PROFILE AND APOLIPOPROTEIN E LEVELS IN HIV INFECTED INDIVIDUALS WITH MALARIA INFECTION IN NAUTH, NNEWI, NIGERIA



ABSTRACT
Background: Human immunodeficiency virus (HIV) and malaria co-infection represents a significant public health challenge in sub-Saharan Africa, with both diseases independently affecting lipid metabolism and cardiovascular health. This study evaluated serum lipid profiles and apolipoprotein E (ApoE) levels in HIV-infected individuals with concurrent malaria infection.
Methods: A comparative cross-sectional study was conducted at Nnamdi Azikiwe University Teaching Hospital, Nnewi, Nigeria, involving 88 participants (38 females, 50 males) aged 18-65 years. Participants were stratified into four groups: healthy controls (n=22), malaria only (n=22), HIV only (n=23), and HIV-malaria co-infection (n=22). Lipid profiles were determined using colorimetric enzymatic methods, while ApoE levels were measured by enzyme-linked immunosorbent assay. Malaria diagnosis was confirmed using rapid diagnostic tests and Giemsa-stained blood films. Statistical analysis employed one-way ANOVA, independent t-tests, and bivariate correlation.
Results: ApoE levels were significantly lower in HIV-only (1.06±0.22 mg/dL) and co-infected groups (0.96±0.13 mg/dL) compared to controls (1.23±0.36 mg/dL) and malaria-only groups (1.38±1.02 mg/dL). Total cholesterol and triglycerides were significantly elevated in HIV-only (4.73±0.54 mmol/L; 1.24±0.47 mmol/L) and co-infected groups (4.97±0.63 mmol/L; 1.22±0.33 mmol/L). HDL cholesterol was significantly reduced in HIV and co-infected groups compared to controls. CD4 counts were significantly higher in HIV-only versus co-infected participants (817.58±304.15 vs. 630.98±247.73 cells/mm³, p=0.024). Significant positive correlations were observed between ApoE and HDL cholesterol (r=0.522, p=0.009) and BMI and triglycerides (r=0.478, p=0.018) in the co-infected group.
Conclusion: HIV infection and HIV-malaria co-infection are associated with significant alterations in lipid metabolism and reduced ApoE levels, potentially increasing cardiovascular disease risk in affected individuals.
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INTRODUCTION
Human immunodeficiency virus (HIV) is a retrovirus that targets cells of the immune system, specifically CD4+ T-helper cells, progressively weakening the body's natural defense mechanisms. Over the past three decades, the HIV pandemic has evolved into a critical global health challenge, with profound implications for public health systems, economic productivity, and social welfare across all demographics worldwide. Recent epidemiological data shows the persistent burden of HIV, which has claimed approximately 40.4 million lives worldwide as of 2022 (Swinkels, 2024). 
Transmission occurs primarily through unprotected sexual contact (including vaginal, anal, and oral sex), contaminated blood products, sharing of contaminated injection equipment, and vertical transmission from mother to child during pregnancy, childbirth, or breastfeeding. Women face disproportionately higher infection risks due to biological factors—including larger vaginal mucosal surfaces and tissue vulnerability during intercourse—as well as socioeconomic disadvantages, gender power dynamics in sexual relationships, and broader epidemiological determinants (Ayodeji, 2024). In sub-Saharan Africa, HIV infection frequently coexists with malaria, creating a syndemic that poses substantial clinical and public health challenges (Anyanwu et al., 2020). HIV-induced immunosuppression increases susceptibility to opportunistic infections, including malaria, while malaria parasitemia can exacerbate HIV disease progression by promoting immune activation and elevating viral load (Afrane et al., 2024). This bidirectional pathogenic interaction complicates disease management and worsens clinical outcomes in co-infected individuals, leading to increased morbidity and mortality (Murray et al., 2012). The intersection of these two diseases creates a complex pathophysiological landscape that extends beyond infectious complications to encompass significant metabolic perturbations, particularly affecting lipid metabolism and cardiovascular health. Lipids and apolipoproteins play critical roles in the pathophysiology of both HIV and malaria infections. HIV infection is commonly associated with dyslipidemia characterized by elevated triglycerides, reduced high-density lipoprotein cholesterol (HDL-C), and increased low-density lipoprotein cholesterol (LDL-C) (Mukerji et al., 2016). These metabolic alterations result from HIV's direct effects on lipid metabolism, including downregulation of key enzymes such as lipoprotein lipase and hepatic lipase, coupled with chronic inflammation-mediated disruption of lipid homeostasis (da Cunha et al., 2015). The metabolic consequences of HIV infection are further compounded when malaria co-infection occurs, as malaria itself induces systemic inflammation and oxidative stress through immune activation and pro-inflammatory cytokine production, which can disrupt lipid metabolism (Okagu et al., 2022). Additionally, malaria-associated release of free heme and iron promotes oxidative stress and lipid peroxidation, further contributing to dyslipidemia and creating a synergistic metabolic burden in co-infected individuals. Apolipoprotein E (ApoE), a crucial protein in lipid transport and metabolism, has emerged as a molecule of particular interest in both HIV and malaria pathogenesis. ApoE facilitates the clearance of cholesterol-rich lipoproteins from circulation and plays essential roles in maintaining lipid homeostasis. Genetic variations in ApoE have been associated with dyslipidemia and increased cardiovascular risk (Abou Khalil et al., 2021), HIV susceptibility and disease progression (Dong et al., 2019; Chen et al., 2023), and malaria infection severity (Aldasoro, 2017). The multifaceted involvement of ApoE in both infectious and metabolic processes make it a critical biomarker for understanding the pathophysiological consequences of HIV-malaria co-infection. Several studies have documented altered lipid profiles and ApoE levels in HIV-positive individuals with concurrent malaria infection, though findings vary across different geographical settings and populations. In Nigeria, HIV-positive individuals with malaria demonstrated significantly lower HDL-C and ApoE levels compared to those without malaria (Ezeugwunne et al., 2022; Nduka et al., 2018; Obi-Ezeani et al., 2019). Similarly, a Ugandan study reported elevated LDL-C and reduced ApoE concentrations in HIV-positive individuals with malaria relative to HIV-negative individuals with malaria (Kiwuwa-Muyingo et al., 2013). Onyenekwe et al. (2016) found that HIV-positive patients with malaria co-infection had significantly higher levels of total cholesterol, LDL-C, and triglycerides compared to HIV-positive patients without malaria, while PLOS (2014) reported decreased HDL-C in this population. Furthermore, studies by Feng et al. (2018) and Hennig et al. (2014) consistently demonstrated diminished ApoE levels in HIV-positive individuals with malaria co-infection. These findings collectively suggest that malaria co-infection substantially modifies the lipid profile in HIV-positive individuals, potentially through mechanisms involving enhanced inflammation, oxidative stress, and altered apolipoprotein metabolism. The evidence for oxidative stress-mediated lipid alterations in HIV-malaria co-infection has been further substantiated by mechanistic studies. Nduka et al. (2018) demonstrated significantly elevated oxidized LDL cholesterol—a marker of oxidative stress—in HIV-infected individuals with malaria, with levels correlating positively with malaria severity. This finding supports the hypothesis that malaria-induced oxidative stress contributes to lipid peroxidation and the generation of atherogenic lipid particles. Waweru et al. (2020) corroborated these metabolic perturbations by documenting significantly reduced ApoE levels in HIV-infected individuals with concurrent malaria, suggesting impaired lipid clearance mechanisms in this population. The convergence of evidence from multiple studies across different African populations strengthens the argument that HIV-malaria co-infection creates a distinct metabolic phenotype characterized by pro-atherogenic lipid changes and reduced ApoE levels. The clinical implications of dyslipidemia in HIV-malaria co-infection extend beyond immediate infectious complications to encompass long-term cardiovascular risks. HIV-positive individuals already face elevated cardiovascular disease (CVD) risk due to chronic inflammation, immune dysfunction, and direct viral effects on vascular endothelium (Ballocca et al., 2017). The additional metabolic burden imposed by malaria co-infection may further amplify CVD risk through multiple mechanisms, including increased oxidative stress, enhanced inflammatory responses, and exacerbation of pre-existing dyslipidemia (Zhou et al., 2016; Ssinabulya et al., 2014). Dillon et al. (2017) emphasized that malaria infection in HIV-positive individuals significantly exacerbates the dyslipidemia already prevalent in this population, creating a complex metabolic phenotype that requires comprehensive investigation and targeted therapeutic approaches. Understanding the specific patterns of lipid alterations and ApoE dysregulation in HIV-malaria co-infection is therefore essential for developing strategies to mitigate cardiovascular risk in this vulnerable population. Despite the growing body of evidence linking HIV-malaria co-infection with metabolic complications, systematic comparisons of lipid profiles and ApoE levels across different disease states remain limited. Most existing studies have focused on specific comparisons between HIV-positive individuals with and without malaria, but comprehensive analyses that include appropriate control groups and examine the relationships between clinical parameters and metabolic markers are scarce. Furthermore, the potential associations between demographic factors, clinical indicators such as CD4 count and blood pressure, anthropometric measures like body mass index (BMI), and lipid metabolism in the context of HIV-malaria co-infection have not been thoroughly explored. Such investigations could provide valuable insights into the pathophysiological mechanisms underlying co-infection, inform risk stratification for cardiovascular complications, and guide the development of targeted therapeutic strategies for managing metabolic abnormalities in affected individuals (Rougeron et al., 2013). Given the high prevalence of HIV-malaria co-infection in sub-Saharan Africa and the potential for synergistic metabolic complications, this study aims to evaluate the serum levels of lipid profile and apolipoprotein E in HIV-positive individuals with malaria infection compared to appropriate control groups. Specifically, the study seeks to determine differences in serum lipid profiles (total cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol) between HIV-positive individuals with and without malaria infection, investigate the relationship between ApoE and lipid profile levels in HIV-positive individuals with malaria infection compared to controls, and examine associations between demographic and clinical parameters (age, gender, CD4 count, blood pressure, body mass index) and serum levels of lipid profile in HIV-positive individuals with malaria infection. The study tests the hypotheses that serum levels of lipid profile and ApoE are significantly altered in HIV-positive individuals with malaria infection compared to those without malaria infection, that significant associations exist between malaria infection severity and alterations in serum lipid profiles and ApoE in HIV-positive individuals and controls, and that demographic and clinical parameters correlate significantly with serum levels of lipid profile and ApoE in HIV-positive individuals with malaria infection and controls. By addressing these research questions, this study will contribute to a more comprehensive understanding of the metabolic consequences of HIV-malaria co-infection and provide evidence to support improved clinical management strategies for this vulnerable population.
MATERIALS AND METHOD
Materials: HIV test kit, Randox Lipid profile kit, Human Apolipoprotein E (Hu ApoE) ELISA, BIO BASE Automatic analyzer machine (BK–200), Elisa Machine (BIO BASE-10A)
Study design and Study site: A comparative study that was conducted to evaluate the levels of the Lipid profile, Apolipoprotein E in HIV infected subjects attending Institute of Human Virology, Nigeria (IHVN) clinic in Nnamdi Azikiwe University teaching hospital (NAUTH). Written consent was obtained from participants. A total number of 88 subjects 38 female and 50 male was recruited; These will comprise of four groups as follows. Group 1: control with no HIV and no malaria (n=22). Group 2: Malaria only (n=22). Group 3: HIV only (n=23). Group 4: co-infection with HIV and Malaria (n=22)
Sample Size: The sample size was calculated using G*Power software version 3.0.10 (universitat Dusseldorf, Germany). power to determine a sufficient sample size using an alpha of 0.05, a power of 0.80 and a medium effect size of 0.4. Based on these, the calculated total sample size of 88 has 80% power to detect a difference of 0.4 at a significance level of 0.05. To take care of possible attrition, a total sample of 88 was used for the study. 
Inclusion Criteria: HIV positive individuals with the risk of heart diseases, HIV positive individual suffering from malaria, HIV negative individual with malaria infection. Participants must be within the age range of 18–65yrs.
Exclusion Criteria: Pregnant women and pediatrics were excluded from the study, individuals below 18years and above 75years are also excluded.
Informed Consent: Consent of the participants was sought and obtained prior to the study.
Ethical Approval: The ethical approval for this research was obtained from Nnamdi Azikiwe University teaching hospital (NAUTH) ethics committee.
Sample collection: About Five (5) ml of venous blood was collected for this study. Serum was extracted after centrifugation at 5000 RPM for 4 minutes. Samples was stored at 4 Degree centigrade (4°c) before analysis.
Determination of serum lipid profile: The serum lipid profile was determined by the enzymatic colorimetric method using the Randox Lipid profile test kit and a bio-base chemistry auto-analyzer (BK-200). The following Lipid components were assayed: (Kulkarni, 2012) Total Cholesterol, Triglycerides, High density lipoprotein (HDL), Low density lipoprotein (LDL)
Determination of malaria parasite: This was done first using Rapid diagnostic test as described by (WHO 2022). The principle is based on the detection of specific antigens produced by the malaria parasites in a patient's blood and involves the use of antibodies to detect specific malaria parasite antigens. The test was further confirmed by thick and thin film with Giemsa stain using the x 100 oil immersion objective. 200 and 500 leucocytes were counted in a field and at the same time, the number of malaria parasite present in the field were counted.
Procedure for RDT: The subject’s fingertip was clean with an alcohol swab and allowed to dry. Then a lancet was used to prick the patient's fingertip and gently squeezed to obtain small amount of blood. The absorbent pad on the test strip was used to touch the blood and then, buffer solution was applied directly to the pad. The test strip was then allowed to stay for 10 minutes, and the strip was read.
Procedure for Thick and thin film: A small drop of well-mixed, fresh blood was placed onto a clean microscope slide. Using another slide, the spreader the blood was spread to create a thin smear. The smear was allowed to air dry. The dried smear was immersed in methanol for about 10-15 seconds. This fixes the cells and prepares them for staining. The smear was allowed to air dry completely. The dried smear was placed into a staining jar or staining rack and diluted Giemsa stain solution was gently poured onto the smear, ensuring it covers the entire smear evenly. Smear was allowed for 30minutes. The slide was rinsed with distilled water to remove excess stain and allowed to air dry completely by standing. The slide was examined under microscope using x100 and oil immersion.
Anthropometric measurements: Weight and Height were measured in clothing without shoes and body mass index (BMI) calculated as: BMI=weight(kg)/Height(M2)
Blood pressure reading: Systemic blood pressure was obtained using an OMRON automatic digital blood pressure monitor on the left arm after 10 minutes rest using a cuff of appropriate size with the subject in the sitting position. Blood pressure was expressed as systolic and diastolic rate. Hypertension was defined as systolic ≥140mmHg and diastolic pressure≥90mmHg.
Statistical analysis: The statistical analysis was done using statistical package for social sciences version 23.0. Data was presented as mean ± standard deviation. Student t-test, 2-tailed ANOVA, POSHOC LSD and bivariate correlation were used for comparison among the groups studied. Significance is signified by p<0.05.
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Table 4.1 Anthropometric values among control group, Malaria infection, HIV infection and co-infection participants (mean±SD)	
	Groups
	Age(years)
	SBP(mmHg)
	DBP(mmHg)
	BMI(kg/m2)

	Co-infection(A)
	23.88±8.52
	117.92±14.44
	76.67±12.39
	24.79±4.99

	Malaria only(B)
	23.95±2.35
	121.00±7.88
	80.00±7.95
	24.32±4.08

	HIV only(C)
	24.00±10.50
	108.75±11.16
	80.42±14.89
	24.58±4.24

	Control(D)
	24.05±5.95
	115.24±9.28
	74.76±10.78
	26.31±3.51

	F-value
	83.604
	4.936
	1.126
	0.923

	p-value
	0.600
	0.003*
	0.343
	0.433

	AvsB
	0.408	
	0.102
	0.165
	0.141

	AvsC
	0.516
	0.055
	0.117
	0.178

	AvsD
	0.406
	0.424
	0.595
	0.236

	BvsC
	0.761
	0.000*
	0.909
	0.845

	BvsD
	0.812
	0.364
	0.360
	0.722

	CvsD
	0.746
	0.006*
	0.280
	0.866


P is significant at alpha value of .05*
Data was analyzed using one-way ANOVA, post hoc LSD was used to carry out multiple comparison and values were considered to significant at p<0.05. There was a significant difference when the mean systolic blood pressure (SBP) of the HIV infection group was compared to the Malaria infection group with p=0.000. There was a significant difference when the mean systolic blood pressure (SBP) of the co-infection group was compared with the HIV infection group with p=0.006.
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	Group
	APO-E
(mg/dl)     
	TC
(mmol/l)    
	TG
(mmol/l)   
	LDL-C
(mmol/l)
	HDL-C
(mmol/l)
	CD4 count
(cells/mm3)

	Co-infection(A)
	0.96±0.13
	4.97±0.63
	1.22±0.33
	3.02±0.85
	1.08±0.12
	-

	Malariaonly(B)
	1.38±1.02
	4.41±0.51
	0.81±0.16
	2.96±0.43
	1.25±0.13
	-

	HIV only(C)
	1.06±0.22
	4.73±0.54
	1.27±0.47
	2.90±0.50
	1.07±0.11
	817.58±304.15

	Control(D)
	1.23±0.36
	4.44±0.46
	0.81±0.14
	2.99±0.43
	1.39±0.66
	630.975±247.73

	F-value
	2.648
	5.322
	13.896
	0.158
	4.124
	4.668T-value

	P value
	0.044*
	0.002*
	0.000*
	0.924
	0.009*
	0.024P-value

	AvsB
	0.348
	0.858
	0.994
	0.896
	0.932
	-

	AvsC
	0.291
	0.071
	0.000*
	0.632
	0.119
	-

	BvsC
	0.046*
	0.050
	0.000*
	0.735
	0.104
	-

	DvsA
	0.102
	0.002*
	0.000*
	0.873
	0.004*
	-

	DvsB
	0.011*
	0.001*
	0.000*
	0.770
	0.004*
	-

	DvsC
	0.542
	0.141
	0.574
	0.509
	0.165
	0.024*


P is significant at alpha value of .05*
Data was analyzed using one-way ANOVA, post hoc LSD was used to carry out multiple comparison and values were considered to be significant at p<0.05. There was a significant difference when the serum APO-E levels of the subjects with HIV only was compared with the Malaria only (BvsC) at p=0.046. There was a significant difference when the serum APO-E levels of the subjects with co-infection was compared with malaria only (DvsB) at p=0.011. There was a significant difference when the serum TC levels of the subjects with co-infection was compared with control group (DvsA) at p=0.002. There was a significant difference when the serum TC levels of the subjects with co-infection was compared with malaria only (DvsB) at p=0.001. There was a significant difference when the serum TG levels of the subjects with control group was compared with HIV only (AvsC) at p=0.000. There was a significant difference when the serum TG levels of the subjects with malaria only was compared with HIV only (BvsC) at p=0.000. There was a significant difference when the serum TG levels of the subjects with co-infection was compared with HIV control (DvsA) at p=0.000. There was a significant difference when the serum TG levels of the subjects with co-infection was compared with malaria only(DvsB) at p=0.000. There was a significant difference when the serum HDL-C levels of the subjects with co-infection was compared with control (DvsA) at p=0.004. There was a significant difference when the serum HDL-C levels of the subjects with co-infection was compared with malaria only(DvsB) at p=0.004. There was a significant difference when the CD4 count level of HIV infection group was compared with that of co-infection group (DvsC) with p=0.024.
Table 4.3 Comparison of APO- E, TC, TG, HDL-C, and LDL-C with the CD4 groups in the subjects having co-infection
	Parameters
	CD4<500
	CD4≥500
	t-value
	p-value

	APO-E(mg/dl)     
	0.97±0.15
	0.96±0.13
	0.110
	0.914

	TC(mmol/l)    
	4.77±0.33
	4.98±0.65
	-0.456
	0.653

	TG(mmol/l)   
	1.34±0.27
	1.21±0.34
	0.517
	0.610

	LDL-C(mmol/l)
	2.78±0.60
	3.04±0.87
	-0.410
	0.686

	HDL-C(mmol/l)
	1.38±0.14
	1.39±0.69
	-0.025
	0.981


P is significant at alpha value of .05*
Data was analysed using independent samples t-test and values were considered significant at p<0.05. There was no significant difference when the serum level APO- E, TC, TG, HDL-C, and LDL-C was compared by CD4 count group of subjects with co-infection.
Table 4.4 Comparison of APO- E, TC, TG, HDL-C, and LDL-C by the CD4 count groups of subjects having HIV only
	[bookmark: _Hlk142324538]Parameters
	CD4<500
N=10
	CD4≥500
N=14
	t-value
	p-value

	APO-E(mg/dl)     
	1.09±0.20
	1.04±0.24
	0.553
	0.589

	TC (mmol/l)    
	5.03±0.47
	4.52±0.50
	2.557
	0.018*

	TG (mmol/l)   
	1.20±0.47
	1.33±0.50
	-0.666
	0.512

	LDLC (mmol/l)
	3.23±0.34
	2.67±0.48
	3.124
	0.005*

	HDL-C(mmol/l)
	1.26±0.14
	1.24±0.13
	0.486
	0.632


P is significant at alpha value of .05*
Data was analysed using independent samples t-test and values were considered significant at p<0.05. There was a significant difference when the serum level of TC was compared by CD4 count group of subjects with co-infection at p=0.018. There was a significant difference when the serum level of LDL-C was compared by CD4 count group of subjects with co-infection at p=0.005. 
Table 4.5 Comparison of APO- E, TC, TG, HDL-C, and LDL-C by the gender of subjects of the control group.
	Parameters
	Female
N=4
	Male
N=17
	t-value
	p-value

	APO-E(mg/dl)     
	1.11±0.36
	1.25±0.36
	-0.739
	0.469

	TC (mmol/l)    
	4.84±0.46
	4.34±0.42
	2.120
	0.047*

	TG (mmol/l)   
	0.94±0.13
	0.78±0.13
	2.261
	0.036*

	LDL-C(mmol/l)
	3.21±0.61
	2.94±0.38
	1.143
	0.267

	HDL-C(mmol/l)
	1.21±0.17
	1.05±0.09
	2.558
	0.019*


P is significant at alpha value of .05*
Data was analysed using independent samples t-test and values were considered significant at p<0.05. There was a significant difference when the serum level of TC was compared by gender of subjects having HIV only at p=0.047. There was a significant difference when the serum level of TG was compared by gender of subjects having HIV only at p=0.036. There was a significant difference when the serum level of HDL-C was compared by gender of subjects having HIV only at p=0.019.
Table 4.6 Comparison of APO- E, TC, TG, HDL-C, and LDL-C by the gender of subjects having malaria only.
	Parameters
	Female
N=8
	Male
N=12
	t-value
	p-value

	APO-E(mg/dl)     
	1.20±0.14
	1.51±1.32
	-0.644
	0.527

	TC (mmol/l)    
	4.32±0.39
	4.46±0.58
	-0.577
	0.571

	TG (mmol/l)   
	0.71±0.09
	0.88±0.16
	-2.654
	0.016*

	LDL-C(mmol/l)
	2.93±0.31
	2.99±0.50
	-0.327
	0.748

	HDL-C(mmol/l)
	1.07±0.09
	1.07±0.12
	0.107
	0.916


P is significant at alpha value of .05*
Data was analysed using independent samples t-test and values were considered significant at p<0.05. There was a significant difference when the serum level of TG was compared by gender of subjects having malaria only at p=0.016. 
Table 4.7 Comparison of APO- E, TC, TG, HDL-C, and LDL-C by the gender of subjects having HIV only.
	Parameters
	Female
N=12
	Male
N=12
	t-value
	p-value

	APO-E(mg/dl)     
	1.04±0.19
	1.07±0.26
	-0.336
	0.740

	TC (mmol/l)    
	4.81±0.54
	4.65±0.65
	0.705
	0.489

	TG (mmol/l)   
	1.32±0.53
	1.23±0.45
	0.404
	0.690

	LDL-C(mmol/l)
	2.96±0.50
	2.84±0.10
	0.587
	0.563

	HDL-C(mmol/l)
	1.25±0.10
	1.25±0.16
	-0.006
	0.995


P is significant at alpha value of .05*
Data was analysed using independent samples t-test and values were considered significant at p<0.05. There was no significant difference when the serum level of APO- E, TC, TG, HDL-C, and LDL-C was compared by gender of subjects having HIV only.
Table 4.8 Comparison of APO- E, TC, TG, HDL-C, and LDL-C by the gender of subjects having co-infection
	Group
	Female
N=15
	Male
N=9
	t-value
	p-value

	APO-E(mg/dl)     
	0.96±0.11
	0.97±0.16
	-0.227
	0.822

	TC (mmol/l)    
	4.97±0.65
	4..96±0.62
	0.056
	0.956

	TG (mmol/l)   
	1.17±0.25
	1.01±0.44
	-0.999
	0.328

	LDL-C(mmol/l)
	3.14±0.64
	2.81±1.13
	0.916
	0.441

	HDL-C(mmol/l)
	1.30±0.14
	1.55±1.07
	-0.899
	0.379


P is significant at alpha value of .05*
Data was analysed using independent samples t-test and values were considered significant at p<0.05. There was no significant difference when the serum level of APO- E, TC, TG, HDL-C, and LDL-C was compared by gender of subjects having co-infection.

Table 4.9 Correlation of APO-E with lipid profile of subjects of the control, malaria, HIV and co-infection groups.
	APO-E
	Control
N=21
	Malaria only
N=20
	HIV only
N=24
	Co-infection
N=24

	
	R
	p
	r
	P
	r
	p
	r
	p

	TC (mg/dL)
	-0.195
	0.398
	-0.170
	0.475
	0.114
	0.595
	0.147
	0.494

	TG (mmol/L)
	-0.271
	0.235
	-0.091
	0.702
	0.261
	0.217
	0.330
	0.115

	LDL-C(mmol/L)
	-0.131
	0.570
	-0.143
	0.547
	-0.064
	0.767
	-0.355
	0.089

	HDL-C(mmol/L)
	-0.127
	0.584
	-0.176
	0.458
	0.286
	0.176
	0.522*
	0.009


P is significant at alpha value of .05*
Data was analysed by using bivariate correlation and values were considered to have significant correlation at p<0.05. There was a moderately strong positive significant correlation between APO-E and HDL-C of subjects having co-infection.
Table 4.10 Correlation of some parameters of the subjects.
	Correlation
	Control
N=21
	Malaria only
N=20
	HIV only
N=24
	Co-infection
N=24

	
	r
	p
	r
	P
	r
	p
	r
	p

	APO-EvsTC
	-0.195
	0.398
	-0.171
	0.475
	0.114
	0.595
	0.147
	0.494

	APO-EvsTG
	-0.217
	0.235
	-0.091
	0.702
	0.261
	0.217
	0.330
	0.115

	APO-EvsHDL-C
	-0.217
	0.585
	-0.176
	0.458
	0.286
	0.176
	0.522*
	0.009

	APO-EvsLDL-C
	-0.131
	0.570
	-0.143
	0.547
	-0.064
	0.796
	0.355
	0.089

	SBPvsAPO-E
	0.130
	0.574
	0.159
	0.504
	-0.056
	0.796
	-0.270
	0.202

	SBPvsTC
	0.112
	0.630
	0.056
	0.815
	0.050
	0.817
	-0.050
	0.818

	SBPvsTG
	-0.058
	0.804
	-0.005
	0.982
	-0.356
	0.088
	-0.335
	0.109

	SBPvsHDL-C
	0.434*
	0.049
	0.081
	0.733
	0.013
	0.954
	0.039
	0.857

	SBPvsLDL-C
	0.004
	0.988
	0.047
	0.843
	0.206
	0.335
	-0.007
	0.975

	SBPvsDBP
	0.488*
	0.025
	0.252
	0.284
	0.317
	0.131
	0.761*
	0.000

	SBPvsBMI
	0.352
	0.118
	0.095
	0.691
	-0.103
	0.633
	0.018
	0.934

	DBPvsAPO-E
	-0.217
	0.346
	0.157
	0.510
	0.281
	0.184
	-0.064
	0.767

	DBPvsTC
	0.286
	0.208
	0.116
	0.626
	0.048
	0.823
	0.006
	0.977

	DBPvsTG
	0.600*
	0.004
	0.130
	0.585
	-0.109
	0.611
	-0.109
	0.611

	DBPvsHDL-C
	0.568
	0.007
	-0.121
	0.611
	-0.016
	0.940
	0.109
	0.611

	DBPvsLDL-C
	0.054
	0.816
	0.146
	0.538
	0.104
	0.628
	-0.060
	0.779

	DBPvsBMI
	0.481
	0.027
	0.003
	0.991
	0.176
	0.410
	0.017
	0.936

	BMIvsAPO-E
	-0.423
	0.056
	0.349
	0.132
	-0.005
	0.980
	0.120
	0.577

	BMIvsTC
	0.002
	0.992
	-0.07
	0.746
	-0.016
	0.940
	0.004
	0.986

	BMIvsTG
	0.201
	0.383
	-0.350
	0.131
	-0.211
	0.321
	0.478*
	0.018

	BMIvsHDL-C
	0.595*
	0.004
	0.090
	0.706
	-0.048
	0.822
	-0.135
	0.530

	BMIvsLDL-C
	-0.198
	0.390
	-0.055
	0.819
	0.087
	0.684
	0.022
	0.920


P is significant at alpha value of .05*
Data was analysed using bivariate correlation and values were considered to have significant correlation at p<0.05. There was a moderately strong positive significant correlation when SBP vs HDL-C, SBP vs DBP and DBP vs TG were correlated at p=0.049, 0.025 and p=0.004 respectively in the control samples. There was a moderately strong positive correlation when APO-E vs HDL-C and BMI vs TG were correlated at p=0.009 and p=0.018 respectively in the subjects having co-infection. There was a strong positive correlation when SBP vs DBP were correlated at p=0.000 in the subjects having co-infection.
DISCUSSION
The evaluation of serum lipid profile and Apolipoprotein E (apo E) levels in HIV-positive individuals with malaria infection presents an intriguing intersection between infectious diseases and metabolic factors. Both HIV infection and malaria have been shown to impact lipid metabolism and immune response in both positive and negative ways, making the interaction between these two diseases complex and potentially significant.
This study revealed no significant difference in the mean ages of participants in HIVonly, co-infection with malaria, malaria only and the control. Guaraldi et al. 2015 in a study reported that the increasing number of older people living with HIV can also be attributed to the incidence of HIV infection among older adults. According to Mpondo, 2016 globally, there is an estimate of 34.5 million chronically HIV-infected people living with HIV and currently, they constitute 10% of adults above the age of 50 years. Nigeria has a 4.0% HIV prevalence in people 50 years of age and above, which is very close to the prevalence of 5.0% among younger people 15–49 years of age, buttressing the concern about “graying of HIV epidemic” in Nigeria (Obimakinde et al. 2024). In a study by Jegede et al. (2017)No statistical significant difference was observed between HIV/malaria co-infection in association to age  this report was as a result of recruitment of high number of participant and 64% female subjects for the study.
The mean systolic blood pressure was significantly lower in HIV only and Control group than those with malaria only and co-infection. Niwaha et al., (2021). Have reported that having HIV was associated with lower odds of hypertension, lower systolic blood pressure and lower diastolic blood pressure. Another study by Okello et al. (2017) also reported that HIV was inversely associated with systolic and diastolic blood pressures. There was a significant difference when the mean systolic blood pressure (SBP) of the HIV infection group was compared to the Malaria infection group. This significant decrease could be due to the fact that malaria predisposes to the risk of cardiovascular complications (Chukwuagwu et al. 2020). This finding was in direct discordance with findings of Houle et al, (2022). who found no significant interaction between systolic blood pressure and HIV status for either men or women (p>0.05). There was a significant difference when the mean systolic blood pressure (SBP) of the HIV infection group was compared to the co- infection group. This could be due to the fact that HIV and malaria each interact with the host's immune system, and this interaction often results in a complex activation of immune cells which cause dysfunctional levels of cytokine and antibody productions (Mirzohreh et al. 2022). This finding was contrary to report by Ezeugwunne, et al (2019) in a study reported no significant difference in mean of systolic and diastolic pressure of HIV infected when compared to co-infection. This finding could be as a result of increased number participant used in the study and random selection of only male subjects.
In this study, the mean APO-E level was lower in co-infection and HIV only group more than those of control and malaria only. This finding was in contrast with the report of Ezeugwunne, et al. (2016). who reported a significant decreased level of serum Apo E in asymptomatic HIV infected subjects compared to HIV seronegative control subjects. Mahley in Raulin et al (2022) found that ApoE increases the risk of cardiovascular disease, atherosclerosis, and also is a major risk factor associated with 40–65% of cases of sporadic and familial Alzheimer’s disease. Other evidence of this finding is that ApoE 4 provides even a minor protection against malaria or other infections in young persons until they reach their reproductive years. Fujioka in Huebbe et al (2017) stated that this means that ApoE frequency may offer selective advantage protecting against some infectious diseases e.g., Plasmodium falciparum.
The serum APO-E levels was lower in the subjects with HIV only compared with the Malaria only. This was in consonant with work done by da Cunha et al. (2015) who reported that HIV infection is associated with disturbances in lipid metabolism due to a host's response mechanism and the current antiretroviral therapy. ApoE play important role in the progression of infections such as HIV -1, ApoE appears to reduce viral infectivity by inducing lysosomal degradation of the HIV-1 envelope (Env) glycoprotein, which is essential for the entry of HIV-1 into target cells, through the intracellular association of ApoE with HIV-1 Envelope (Siddiqui et al. 2018). Siddiqui et al. 2018 also reported that HIV -1 up regulates APOE and APOE is an HIV -1 inducible inhibitor.
There serum APO-E levels was lower in the subjects with co-infection compared with malaria only. Both malaria and HIV potentially cause lipid dysregulation, In HIV, dyslipidemia presents with distinct patterns. Apolipoprotein (Apo) E genes are involved in lipoprotein synthesis and several metabolic processes, and their dysregulation has become a significant link in understanding susceptibility and risks in cardiovascular diseases (Thomford et al. 2023). Findings was in agreement with work done by Ezeugwunne et al. (2022) reporting a significantly low level of serum Apo E in asymptomatic HIV infected subjects compared to HIV seronegative control subjects.
The serum TC levels was higher in the subjects with co-infection compared with control group. This could be as a result of intake of antiretroviral therapy (ART). Carr in Jacob et al (2017) opted that patients with HIV are subject to dyslipideamia and other complications secondary to Highly active antiretroviral therapy that are often referred to as HIV metabolic syndrome. Even before the availability of Highly active antiretroviral therapy, studies in HIV infected individuals have shown a variety of lipid abnormalities. Low levels of total cholesterol (TC), High density Lipoprotein (HDL) and Low-density Lipoprotein (LDL) have been reported in HIV infection by Ohunene et al. (2023). Recent report by Lambas et al. (2025) showed that HIV infected patients have infrequent elevations in serum TC, LDL and TG. This report is in agreement with the present study.
The serum TC levels was higher in the subjects with co-infection compared with malaria only. Vieira et al. (2017) have reported that total cholesterol, HDL and LDL concentrations were lower in malaria and other febrile diseases compared to healthy controls. The decline was more pronounced and statistically significant during malaria compared to other febrile diseases. This report is in line with the findings of this present study. Changes in serum lipid profile and lipid metabolism are due to a whole range of at least partially disease-specific mechanisms (Khovidhunkit et al. 2004). The extent of serum lipid profile changes during malaria infection and their underlying biological mechanisms remains unclear. Mechanisms may be partly host related (i e, related to an acute phase reaction (Hamid et al. 2017), parasite-related, or a combination of these two.
The serum TG levels was lower in the subjects with control group compared with HIV only. Buendia et al., (2022) in a study reported a high total cholesterol and triglyceride prevalence was 41% with participants being mostly male (73%), ≥ 40 years (68%), Compared with People with HIV < 40 years of age, people with HIV in their 40s, 50s, and ≥ 60s were 57%, 64%, and 62% more likely to have high cholesterol or Triglyceride, respectively. Serum TG levels may rise due to increased very-low-density lipoprotein cholesterol secretion as a consequence of fat tissue lipolysis according to Buendia, et al (2022). Age and body mass index was a significant factor causing the observed increase in triglyceride which is in consonant with this study.
The serum TG levels is lower in the subjects with malaria only compared with HIV only this finding agrees with the study carried out by Visser et al. 2017. Who reported that Serum lipid levels (mmol/L) were significantly lower in malaria patients compared with those with other febrile diseases this could be as a result of inflammatory state, use of some therapeutic agents such as aspirin or acute phase response in acute infection.
The serum TG levels was higher in the subjects with co-infection was compared with malaria only Warjri et al. 2016 in a study reported a significantly elevated TG in malaria this could be due the fact that the malaria parasite causes hepatocellular damage and disturbs lipid handling by the liver. Inside hepatocytes and erythrocytes, the parasite replicates rapidly scavenging cholesterol and lipids required for its growth and metabolism from the host. However, Maggi et al. (2017) have reported an elevated TG in HIV/Malaria coinfection who are not taking ART. The report agrees with the findings of this study.
The serum TG levels was significantly lower in the subjects with co-infection compared with control group. Lipid dysregulation in HIV patients is understood to arise from viral modulation, uncontrolled HIV disease and the mechanism of action of ARTs. A study by Krishna et al. 2009 reported Elevated serum TC, TG and LDL-C levels were observed in HIV-only and malaria-HIV co-infected participants.
The serum HDL-C levels was significantly lower in the subjects with co-infection compared with control. Lower level of HDL has been reported to result in cardiovascular risk in individuals (Melin et al. 2019). This could be as a result of ART which reduces the adverse effect of both HIV and malaria. Also, in this study there was a significant decrease when the serum HDL-C levels of the subjects with co-infection was compared with malaria only. Padmapriyadarsini et al., (2017) in a study also reported that HDL-C was significantly higher in female than in male with HIV/malaraia co-infection who are symptomatic on ART this report could be the differing feature from this study.
In this study there was a significant increase when the CD4 count level of HIV infection group was compared with that of co-infection group. The increase of CD4+Tcell could be as a result of the ART, but malaria give adverse reaction to HIV individuals thereby reducing  the CD4 count further during co-infection (Ngwa et al 2024). it is also suggestive of immune recovery due to intake of ART. The findings of this study are in agreement with Ngwa et al. 2024 who reported that HIV and malaria co-infections were capable of lowering the value of CD4 counts.
In the study the TC values was significantly higher in subjects with CD4 <500 compared to subjects with CD4≥500 in HIV only group. This finding is line with report of Tort et al. (2018) who showed that cholesterol efflux have a tendency to lower values in the group with lower CD4+ T-cells and a significant difference in Cholesterol efflux adjusted for ApoAI. The study also observed significantly increased LDL-C values in subjects with CD4<500 when compared to subjects with CD4≥500.  CD4 cell counts are necessary for the assessment of immune status in HIV-infected patients. The increase could be as result of decrease in viral load of the subjects in the study 
In the study, a significant decrease was observed in the lipid profile value when the female gender was compared to the male gender in control group. A study by Milyani et al. 2019 disagree with this finding quoted that no significant association between gender and changes in lipid profile was established. Also, there was a significant increase when the serum level of TG was compared by gender of subjects having malaria only at. Patients with malarial infection show a wide range of metabolic derangements including changes in serum lipid profile (Warjri et al. 2016). The several probable biological mechanisms that can explain these changes involve a complex interplay between the parasite and the host (Rahmah et al. 2015). There was no significant difference when the serum level of lipid profile was compared by gender of subjects having HIV only and Co-infection.
In this study there was a moderately strong positive significant correlation when SBPvs DBP were correlated in the control group. This finding was evident in the study done by Gavish, in Huang et al (2023). They reported that systolic and diastolic blood pressure frequently display a linear relationship characterized by the systolic-versus-diastolic slope. A moderately positive significance was again observerd between SBP and HDL-C.  The correlation of BP and HDL-C depending on age showed that SBP gradually increased and HDL-C decreased with an increase in age. The percentage of HDL-C in TC was more significantly associated with a change in SBP and DBP in both genders (Cho et al. 2020). HDL-C levels are inversely associated with the risk of hypertension and a combination of high-normal blood pressure with low HDL-C was associated with increased mortality (Kim et al. 2011). Reduced HDL-C levels and impaired HDL synthesis and turnover were reported in patients with mild hypertension (Al-Jarallah & Babiker, 2022). There was a moderately strong positive significant correlation when DBPvsTG were correlated in the control samples.
In this study, strong positive significant correlations also exist between APOE vs HDLC and BMI vsTG and respectively in the subjects having co-infection. Lipid dysregulation causing dyslipidemia has been linked to the activities of parasites and viruses. This results to a variable effect and differential cvd risks amongst patients. Apolipoprotein E is involved in lipid transport and clearance of lipoprotein through low-density lipoprotein receptors (LDLR) (Thomford et al., 2023). A moderately strong positive significant correlation between APO-E and HDL-C of subjects having co-infection was observed in this study. Apolipoprotein E (ApoE), a component of major lipoprotein classes, not only plays a vital role in the development of atherosclerosis in humans but participates in the modulation of immune response and inflammation as well. Koch et al. 2016. have previously reported that HDL-C and apolipoproteins, such as apolipoprotein E (apoE) have been suggested to play important roles in brain function and have been associated with dementia and Alzheimer’s disease (AD) in observational studies. In disagreement with the findings of the corelation between BMI and TG; Telles et al. 2018 in a study reported that Triglycerides showed a significant negative correlation with BMI and body fat. HDL cholesterol was significantly negatively correlated with waist circumference and positively correlated with body fat. Total cholesterol/HDL ratio was positively correlated with waist circumference and negatively correlated with body fat.
CONCLUSION
From the findings of this study, affirmative conclusion can be drawn that apolipoprotein E level was decreased during HIV infection and coinfection with malaria than those of control and malaria. Total cholesterol, triglyceride levels were also significantly elevated during HIV infection and co- infection than in control subjects.  From this study, HDL-C level was found to be decreased in HIV only and during Co-infection than in the control. There was observable increase in CD4 during HIV infection which is reduced in coinfection. Systolic blood pressure was higher during malaria infection and reduced in HIV infection. This study also showed the positive linear relationship between SBP and HDL-C in the control group, DBP and TG in the control group, BMI and TG in coinfection. Evidence from this study was useful in the diagnosis of cardiovascular disease and Alzheimer disease among HIV individual with malaria infection.
RECOMMENDATION
Further studies with larger sample size to determine levels of ApoE genotypes in HIV infected individuals is recommended. Frequent lipid profile test for HIV infected individual with malaria, constant blood pressure test for HIV infected individuals. Frequent malaria test for HIV infected individuals.
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