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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, stratified into four distinct 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) remains a critical global health challenge, having claimed approximately 40.4 million lives worldwide as of 2022 (Swinkels, 2024). In sub-Saharan Africa, HIV frequently coexists with malaria, creating a syndemic with substantial clinical implications (Anyanwu et al., 2020). Malaria was specifically chosen for this study because of its status as a highly endemic disease in Nigeria and its widespread geographical overlap with HIV infection zones. This co-occurrence is not coincidental but represents a significant public health challenge requiring targeted investigation. HIV-induced immunosuppression increases susceptibility to opportunistic infections including malaria, while malaria parasitemia exacerbates HIV disease progression through immune activation and elevated viral load (Afrane et al., 2024; Murray et al., 2012). This bidirectional interaction extends beyond infectious complications to encompass significant metabolic perturbations, particularly affecting lipid metabolism and cardiovascular health.
Both HIV and malaria independently alter lipid metabolism. HIV infection is 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 alterations result from HIV's direct effects on lipid metabolism, including downregulation of lipoprotein lipase and hepatic lipase, coupled with chronic inflammation (da Cunha et al., 2015). Malaria similarly induces systemic inflammation and oxidative stress through immune activation, pro-inflammatory cytokine production, and release of free heme and iron, which promotes lipid peroxidation (Okagu et al., 2022). These mechanisms create a synergistic metabolic burden in co-infected individuals.
Apolipoprotein E (ApoE) has emerged as a critical biomarker in understanding HIV-malaria co-infection. ApoE facilitates cholesterol clearance and maintains lipid homeostasis. Genetic variations in ApoE have been associated with dyslipidemia and 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). Studies in Nigeria demonstrated significantly lower HDL-C and ApoE levels in HIV-positive individuals with malaria compared to those without (Ezeugwunne et al., 2022; Nduka et al., 2018; Obi-Ezeani et al., 2019). Similarly, Kiwuwa-Muyingo et al. (2013) in Uganda reported elevated LDL-C and reduced ApoE in HIV-malaria co-infection. Onyenekwe et al. (2016) found significantly higher total cholesterol, LDL-C, and triglycerides in co-infected patients, while PLOS (2014) reported decreased HDL-C. These pro-atherogenic changes may increase cardiovascular disease risk through enhanced oxidative stress and inflammation (Ballocca et al., 2017; Zhou et al., 2016).
Despite this evidence, systematic comparisons across disease states with appropriate control groups remain limited. Associations between demographic factors, CD4 count, blood pressure, body mass index (BMI), and lipid metabolism in HIV-malaria co-infection require further investigation (Rougeron et al., 2013). This study evaluates serum lipid profiles and ApoE levels in HIV-positive individuals with malaria infection compared to appropriate control groups at Nnamdi Azikiwe University Teaching Hospital, Nnewi, Nigeria. Specifically, we: (1) determine differences in serum lipid profiles between HIV-positive individuals with and without malaria infection; (2) investigate relationships between ApoE and lipid profiles in co-infected individuals; and (3) examine associations between demographic and clinical parameters and serum lipid levels. We hypothesize that HIV-malaria co-infection significantly alters lipid profiles and ApoE levels, with significant associations between malaria infection severity and these metabolic alterations.
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 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.
[bookmark: _Hlk142319801]Table 2 Comparison of APO- E, TC, TG, HDL-C, LDL-C and CD4 count in HIV Only, HIV/Malaria Co-Infection, Malaria Only and Control Groups of the subjects.
	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*


APO-E: Apolipoprotein E; BMI: Body Mass Index; TC: Total Cholesterol; TG: Triglycerides; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; 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 .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 Comparison of APO- E, TC, TG, HDL-C, and LDL-C by the CD4 count groups of subjects having HIV only
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	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 .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 .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 .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 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 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 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


APO-E: Apolipoprotein E; BMI: Body Mass Index; TC: Total Cholesterol; TG: Triglycerides; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; 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
This study demonstrates significant alterations in lipid metabolism and ApoE levels in HIV-infected individuals, with malaria co-infection exacerbating these changes and potentially increasing cardiovascular risk.
Age distribution showed no significant differences across groups, consistent with Jegede et al. (2017) and reflecting the "graying of HIV epidemic" in Nigeria where prevalence in those ≥50 years approaches that in younger adults (Obimakinde et al., 2024). Systolic blood pressure was significantly lower in HIV-only groups compared to malaria-only and co-infected groups. This finding aligns with Niwaha et al. (2021) and Okello et al. (2017), who reported HIV's inverse association with blood pressure. The elevated blood pressure in malaria and co-infection likely reflects malaria-induced cardiovascular complications (Chukwuagwu et al., 2020) and complex immune activation with dysfunctional cytokine production during co-infection (Mirzohreh et al., 2022).
ApoE levels were significantly reduced 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). This reduction has important cardiovascular implications, as ApoE plays crucial roles in lipid transport and clearance (Raulin et al., 2022). The findings align with da Cunha et al. (2015), who documented HIV-associated lipid metabolism disturbances. Siddiqui et al. (2018) demonstrated that HIV upregulates APOE as a viral inhibitor through intracellular association with HIV-1 envelope glycoprotein, potentially depleting circulating levels. The lower ApoE in co-infection versus malaria-only reflects synergistic metabolic burden, consistent with Ezeugwunne et al. (2022). Thomford et al. (2023) emphasized ApoE's involvement in both HIV and malaria pathogenesis, supporting our findings that co-infection creates distinct metabolic perturbations.
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) compared to controls. This likely reflects antiretroviral therapy effects and HIV-induced metabolic changes (Lambas et al., 2025). Vieira et al. (2017) reported lower lipid concentrations in malaria versus controls, with disease-specific mechanisms involving acute phase responses and hepatocellular changes (Khovidhunkit et al., 2004). The elevated triglycerides in HIV groups align with Buendia et al. (2022), who attributed this to increased very-low-density lipoprotein secretion from adipose tissue lipolysis. In co-infection, triglycerides remained elevated compared to malaria-only, reflecting the combined metabolic burden of both infections (Maggi et al., 2017; Krishna et al., 2009).
HDL-C was significantly reduced in co-infected (1.08±0.12 mmol/L) and HIV-only groups compared to controls (1.39±0.66 mmol/L) and malaria-only (1.25±0.13 mmol/L). Low HDL-C indicates increased cardiovascular risk (Melin et al., 2019), with antiretroviral therapy potentially modifying the adverse effects of both infections. Padmapriyadarsini et al. (2017) similarly reported altered HDL-C patterns in co-infected individuals on antiretroviral therapy. CD4 counts were significantly higher in HIV-only (817.58±304.15 cells/mm³) versus co-infected participants (630.98±247.73 cells/mm³, p=0.024), demonstrating malaria's adverse impact on immune recovery despite antiretroviral therapy (Ngwa et al., 2024). In HIV-only patients with CD4<500 cells/mm³, total cholesterol and LDL-C were significantly higher than those with CD4≥500, indicating immune status influences lipid metabolism (Tort et al., 2018). This suggests cholesterol efflux capacity decreases with lower CD4 counts, contributing to pro-atherogenic lipid profiles.
Gender comparisons revealed significant differences in lipid profiles among control subjects, with females showing higher total cholesterol, triglycerides, and HDL-C levels. These differences align with established patterns of gender-specific lipid metabolism. In malaria-only patients, triglycerides differed significantly by gender, reflecting complex parasite-host interactions and metabolic responses that may vary by sex (Warjri et al., 2016; Rahmah et al., 2015). No significant gender differences were observed in HIV-only or co-infected groups, suggesting that the metabolic perturbations induced by HIV and co-infection may override baseline gender-related differences in lipid metabolism.
Significant positive correlations emerged between ApoE and HDL-C (r=0.522, p=0.009) in co-infected individuals, reflecting ApoE's central role in lipid transport and HDL metabolism (Koch et al., 2016). BMI showed significant positive correlation with triglycerides (r=0.478, p=0.018) in co-infection, indicating adiposity influences triglyceride levels even in the setting of dual infection. In controls, systolic blood pressure correlated positively with HDL-C (r=0.434, p=0.049) and strongly with diastolic blood pressure (r=0.488, p=0.025), while diastolic blood pressure correlated with triglycerides (r=0.600, p=0.004). These correlations support the inverse relationship between HDL-C and hypertension risk (Cho et al., 2020; Kim et al., 2011; Al-Jarallah & Babiker, 2022).
Study Limitations
This study has limitations including its cross-sectional design, which prevents causal inference. The sample size, though statistically adequate (calculated using G*Power software to achieve 80% power at α=0.05 with medium effect size of 0.4), may limit generalizability. Future longitudinal studies with larger cohorts examining ApoE genotypes and their specific impacts on cardiovascular outcomes in co-infected populations would provide valuable insights.
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. Co-infection exacerbates metabolic disturbances beyond those observed in HIV or malaria alone, with significant reductions in ApoE and HDL-C coupled with elevated total cholesterol and triglycerides. The positive correlation between ApoE and HDL-C in co-infected individuals highlights the interconnected nature of these metabolic perturbations. Evidence from this study is useful for cardiovascular disease risk stratification among HIV-infected individuals with malaria co-infection. These findings support the need for integrated screening and management of cardiovascular risk factors in this vulnerable population, with consideration for lipid-lowering interventions and enhanced monitoring protocols in resource-limited settings where HIV-malaria co-infection is prevalent.
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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