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ABSTRACT 

Background: HIV infection and long-term antiretroviral therapy may influence lipid metabolism and hematological 
parameters, potentially contributing to increased cardiovascular and other chronic disease risks. However, evidence 
regarding these changes among men living with HIV in Nigeria remains limited. 

Objective: This study evaluated lipid-profile parameters and white blood cell (WBC) count among HIV-positive men 
receiving highly active antiretroviral therapy (HAART) in Ogbomoso, Oyo State, Nigeria, compared with HAART-naïve 
HIV-positive men and HIV-negative controls. 

Methods: A comparative cross-sectional study was conducted between March and October 2025 among 90 adult men 
comprising 50 HIV-positive participants receiving HAART, 10 HAART-naïve HIV-positive participants, and 30 HIV-
negative controls. Fasting blood samples were collected for determination of WBC count, total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). Data 
were analysed using appropriate comparative statistical procedures, with statistical significance set at p < 0.05. 

Results: WBC count did not differ significantly among controls (6,343.33 ± 427.20 cells/µL), HAART-naïve participants 
(7,210.00 ± 908.04 cells/µL), and HAART-treated participants (6,696.00 ± 363.00 cells/µL; p = 0.625). In contrast, TG 
concentrations differed significantly (p < 0.001), with the highest value among HAART-treated participants (161.58 ± 
5.12 mg/dL). HDL-C also differed significantly (p < 0.001), while LDL-C showed a significant between-group difference 
(p = 0.005), with the highest LDL-C among HAART-naïve participants. 

Conclusion: HIV and HAART status were associated with significant differences in individual lipid parameters but not 
total WBC count. Routine lipid monitoring should therefore form an integral component of long-term HIV care to 
facilitate early recognition and management of dyslipidemia and associated cardiovascular. 
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1 INTRODUCTION 

Human immunodeficiency virus (HIV) infection remains an important public health concern despite substantial 
advances in antiretroviral therapy (ART). The introduction and widespread use of highly active antiretroviral therapy 
(HAART) have markedly improved viral suppression, immune recovery and survival among people living with HIV. 
However, effective treatment has also changed the clinical profile of HIV infection from a predominantly fatal disease to 
a chronic condition in which metabolic and haematological complications may persist or emerge during long-term care. 
Consequently, attention has increasingly shifted from viral suppression alone to the broader metabolic and systemic 
consequences of HIV infection and its treatment [1-4]. Lipid abnormalities are among the important metabolic 
complications reported in people living with HIV. HIV infection itself may disturb lipid metabolism through persistent 
immune activation, inflammation and alterations in lipid handling, while antiretroviral drugs may further modify 
circulating lipid concentrations [4,5]. The resulting dyslipidaemia may include elevated triglycerides, total cholesterol 
and low-density lipoprotein cholesterol (LDL-C), together with alterations in high-density lipoprotein cholesterol (HDL-
C). These abnormalities are clinically important because they may contribute to the increased burden of cardiovascular 
disease observed among people living with HIV [5-8]. The relationship between antiretroviral therapy and lipid 
metabolism is, however, complex. Different antiretroviral classes and individual drug combinations may have distinct 
effects on lipid concentrations. Contemporary studies have demonstrated differences in lipid responses according to 
treatment regimen, particularly following the introduction of integrase strand transfer inhibitors and newer nucleoside 
reverse transcriptase inhibitor formulations [9-13]. Tenofovir alafenamide-containing regimens, for example, have 
been associated with less favourable lipid changes in some populations, whereas other contemporary antiretroviral 
regimens may exert relatively neutral or even favourable effects on lipid parameters [12,13]. Thus, the interpretation 
of dyslipidaemia among treated patients requires consideration of both the underlying effects of HIV infection and the 
metabolic consequences of treatment. Evidence from sub-Saharan Africa indicates that dyslipidaemia remains common 
among people receiving ART. Studies from Uganda and Ethiopia have reported substantial burdens of dyslipidaemia 
among adults receiving contemporary antiretroviral regimens, while systematic evidence suggests that lipid 
abnormalities remain prevalent among ART-treated populations [14,15]. Nigerian studies have similarly documented 
alterations in lipid profiles among people living with HIV, including differences between treatment-naïve and treatment-
experienced individuals [16-19]. These findings suggest that metabolic monitoring should form an important 
component of long-term HIV care, particularly in settings where patients are increasingly surviving for longer periods 
on ART. In addition to metabolic disturbances, HIV infection may influence haematological parameters. Abnormalities 
in white blood cell profiles may arise from direct and indirect effects of HIV infection, immune dysregulation, 
opportunistic infections, nutritional factors and drug-related effects. Leukopenia, neutropenia and other alterations in 
circulating leukocyte populations have been documented among people living with HIV, although the magnitude and 
direction of these changes may vary according to disease stage, treatment status and the specific antiretroviral regimen 
[20-23].  

The restoration of immune function following ART may improve some haematological abnormalities, although 
persistent alterations may occur in some patients despite treatment [21-24]. Recent Nigerian studies have reported 
differences in haematological parameters among HIV-positive individuals receiving different antiretroviral regimens, 
including tenofovir-, zidovudine- and dolutegravir-based therapies [24-26]. Similarly, studies from other African 
settings have demonstrated changes in white blood cell and related haematological parameters following initiation of 
ART [27-29]. Nevertheless, findings across populations have not been entirely consistent, highlighting the importance 
of generating local evidence on haematological responses to long-term ART. Importantly, lipid metabolism and 
haematological status may be influenced by overlapping biological processes associated with chronic HIV infection, 
immune activation and antiretroviral exposure. Experimental evidence has linked altered immune-cell function with 
lipid abnormalities, suggesting a biological interface between immune dysregulation and metabolic disturbances in HIV 
infection [4]. However, much of the available literature has examined lipid abnormalities or haematological changes 
independently.  

Furthermore, relatively limited evidence is available from smaller urban centres in Nigeria, particularly Ogbomoso in 
Oyo State, where HIV care is delivered through multiple public and teaching-hospital facilities. The present study 
therefore assessed the lipid profile and white blood cell count among HIV-positive men receiving HAART in Ogbomoso, 
Oyo State, Nigeria, using HIV-positive HAART-naïve men and apparently healthy HIV-negative men as comparison 
groups. The comparative design provides an opportunity to distinguish findings observed among individuals with HIV 
infection before treatment from those observed among patients receiving established antiretroviral therapy. Such 
evidence may contribute to improved understanding of metabolic and haematological patterns among men receiving 
long-term HIV care and may support the incorporation of appropriate laboratory monitoring into routine clinical 
management. 
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2 MATERIAL AND METHODS 

2.1 Study design and setting 

A comparative cross-sectional study was conducted to evaluate the lipid profile and white blood cell (WBC) count 
among HIV-positive men receiving highly active antiretroviral therapy (HAART), HIV-positive HAART-naïve men, and 
apparently healthy HIV-negative men in Ogbomoso, Oyo State, Nigeria. The study was conducted between March and 
October 2025 at selected healthcare facilities providing comprehensive HIV care services in Ogbomoso, including Oyo 
State General Hospital, Bowen University Teaching Hospital, and Ladoke Akintola University of Technology Teaching 
Hospital. 

Ogbomoso is an important urban centre in Oyo State and serves as a healthcare hub for surrounding communities in 
Oyo and neighbouring states. The participating facilities provide HIV counselling and testing, antiretroviral treatment, 
clinical follow-up and laboratory monitoring services. The study setting therefore provided access to both treatment-
experienced and newly diagnosed HIV-positive men, as well as apparently healthy HIV-negative individuals from the 
same geographical environment. A three-group comparative design was adopted to permit assessment of differences 
associated with HIV infection and antiretroviral treatment status. The inclusion of a HAART-naïve HIV-positive group 
was particularly important because it provided an untreated HIV reference group against which findings among 
individuals receiving established HAART could be compared. The HIV-negative control group provided a reference for 
comparison with individuals without documented HIV infection. 

2.2 Study population and participant groups 

The study population comprised adult men aged 18–65 years residing in Ogbomoso. Participants were categorized into 
three groups according to HIV status and antiretroviral treatment history. Group 1 comprised 40 HIV-positive men 
receiving HAART for at least six months. Group 2 comprised 10 HIV-positive men who were HAART-naïve at the time 
of recruitment and had not commenced antiretroviral treatment. Group 3 comprised 30 apparently healthy HIV-
negative men who served as controls. The total sample size was therefore 80 participants. 

HIV-positive participants were recruited from the participating HIV treatment centres, while HIV-negative controls 
were recruited from the same geographical setting. The use of participants from the same environment was intended 
to minimize substantial differences in background demographic and environmental characteristics that could influence 
lipid or haematological parameters. 

2.3 Eligibility criteria 

Participants were eligible if they were male, aged 18–65 years and had resided in Ogbomoso for at least 12 months. HIV-
positive participants were required to have documented HIV infection. Participants assigned to the HAART group must 
have received antiretroviral therapy continuously for at least six months, whereas HAART-naïve participants had not 
commenced antiretroviral treatment at the time of enrolment. Apparently healthy HIV-negative men within the 
specified age range were eligible for inclusion in the control group. HIV-negative status was confirmed using the 
appropriate HIV testing algorithm before enrolment. 

Participants were excluded if they had a documented history of chronic liver disease, chronic kidney disease, hepatitis 
B or hepatitis C infection, current hormonal or steroid therapy, current cigarette smoking, and heavy alcohol 
consumption, use of mineral or antioxidant supplements, acute illness, or active infection at the time of recruitment. 
These criteria were applied to reduce potential confounding from conditions or exposures that could independently 
influence lipid metabolism or white blood cell counts. 

2.4 Sample size and sampling procedure 

The sample size was determined using Cochran's formula and subsequently adjusted to obtain an adequate number of 
participants for the intended comparative analysis. The final study population consisted of 90 men distributed across 
the three study groups as follows: 50 HIV-positive men receiving HAART, 10 HAART-naïve HIV-positive men, and 30 
HIV-negative controls. 

A stratified sampling approach was used for recruitment across the participating healthcare facilities. Eligible HIV-
positive participants were identified during routine clinic attendance and screened according to the predefined 
inclusion and exclusion criteria. Newly diagnosed HIV-positive men who had not commenced treatment were recruited 
into the HAART-naïve group. HIV-positive participants with documented treatment exposure of at least six months were 
recruited into the HAART group. Apparently healthy HIV-negative men from the same geographical area were recruited 
as controls. 
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The recruitment process was conducted throughout the study period, and all participants underwent the same pre-
analytical procedures for blood collection and laboratory assessment. 

2.5 Ethical considerations 

Ethical approval was obtained from the Oyo State Ministry of Health Ethical Review Committee, Nigeria (Approval No. 
NHREC/OYOSHRIEC/10/11/22). The study was conducted in accordance with internationally accepted principles for 
research involving human participants. 

Before participation, eligible individuals were informed about the objectives and procedures of the study, the type and 
volume of biological specimens required, potential risks and benefits, and their right to decline participation or 
withdraw at any stage without affecting their access to healthcare services. Written informed consent was obtained 
from each participant before questionnaire administration and blood collection. Confidentiality was maintained 
throughout the study. Participants were assigned unique identification codes, and names were not used on laboratory 
specimens or analytical datasets. Access to study information was restricted to authorized members of the research 
team. 

2.6 Collection of socio-demographic and clinical information 

Socio-demographic and relevant clinical information was collected using a structured interviewer-administered 
questionnaire. Information obtained included age, marital status, educational attainment, occupation, income and other 
relevant demographic characteristics. 

For HIV-positive participants, clinical information included duration of HIV diagnosis, treatment status, duration of 
HAART and current antiretroviral regimen where available. Information was obtained from participant interviews and 
clinical records as appropriate. 

Anthropometric measurements were also obtained using standardized procedures. Body weight was measured using a 
calibrated weighing scale, while height was measured using a portable stadiometer. Measurements were obtained by 
trained research personnel using consistent procedures. 

2.7 Blood sample collection and processing 

Participants were instructed to undergo an overnight fast of approximately 10–12 hours before venous blood collection. 
Fasting was used to minimize the acute influence of food intake on circulating lipid concentrations, particularly 
triglycerides. Approximately 10 mL of venous blood was collected from each participant under aseptic conditions. Blood 
intended for haematological analysis was dispensed into an ethylenediaminetetraacetic acid (EDTA) tube, while blood 
intended for lipid analysis was collected into a lithium-heparin tube. The specimens were labelled using unique 
participant identification codes and transported promptly to the designated laboratory for processing. EDTA-
anticoagulated specimens were analysed within six hours of collection for haematological parameters. Specimens 
intended for lipid analysis were processed within 12 hours of collection. 

2.8 Determination of white blood cell count 

White blood cell count was determined as part of the full blood count performed on EDTA-anticoagulated whole blood. 
The analysis was performed using the routine automated haematology procedure established in the participating 
laboratory. The WBC count was reported in cells/µL. 

All samples were inspected for appropriate identification, adequate volume and evidence of clotting before analysis. 
Samples that did not meet the laboratory's acceptance criteria were not included until an acceptable specimen was 
obtained. 

Because WBC count may be influenced by acute infection and other inflammatory conditions, participants with known 
acute illness or active infection were excluded according to the study protocol. This approach was intended to improve 
the comparability of WBC measurements across the three study groups. 

2.9 Determination of lipid profile 

Fasting lipid profile was determined using lithium-heparin plasma obtained from the collected blood samples. The 
parameters assessed were TC, TG, HDL-C and LDL-C. Commercial Randox reagent kits were used according to the 
manufacturer's instructions and standard laboratory procedures. Total cholesterol was measured using the enzymatic 
cholesterol oxidase-peroxidase (CHOD-PAP) method. In this method, cholesterol undergoes enzymatic oxidation and 
subsequent reactions producing a coloured compound, the intensity of which is proportional to the cholesterol 
concentration and measured spectrophotometrically. 
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Triglycerides were determined using the enzymatic glycerol phosphate oxidase-peroxidase (GPO-PAP) method. The 
assay measures the products generated through enzymatic hydrolysis and oxidation of triglycerides, with the resulting 
colour intensity being proportional to the triglyceride concentration. HDL-C was determined following precipitation of 
non-HDL lipoproteins, after which cholesterol in the HDL-containing supernatant was measured 
spectrophotometrically. 

LDL-C was calculated using the Friedewald equation where triglyceride concentrations were below 400 mg/dL: 

LDL-C = TC − HDL-C − TG/5 

All lipid concentrations were expressed in mg/dL. The same analytical procedures and reagent systems were used for 
samples from all study groups to minimize inter-assay variability. 

2.10 Laboratory quality assurance 

Quality assurance was maintained throughout the pre-analytical, analytical and post-analytical stages of the study. 
Blood collection, specimen identification, transportation and processing were standardized for all participants. 
Reagents were checked for appropriate storage conditions and expiration status before use. Laboratory equipment was 
calibrated according to established laboratory procedures, and internal quality-control materials were analysed 
alongside participant specimens during analytical runs. Appropriate control procedures were applied to monitor 
analytical performance and identify potential analytical errors. External quality assurance/proficiency testing was also 
undertaken through the relevant reference laboratory arrangements. Where applicable, samples were analysed in 
duplicate to assess analytical reproducibility. Laboratory results were reviewed for completeness and consistency 
before entry into the study database. 

2.11 Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics. Continuous variables were summarized as mean ± 
standard error of the mean or mean ± standard deviation, as appropriate, while categorical variables were presented 
as frequencies and percentages. 

The primary comparative analyses assessed differences in WBC count, TC, TG, HDL-C and LDL-C among the three study 
groups: HIV-negative controls, HAART-naïve HIV-positive men and HIV-positive men receiving HAART. Because the 
study involved three independent groups, one-way analysis of variance (ANOVA) was used to evaluate overall 
differences in normally distributed continuous variables. Prior to analysis, the distributional assumptions of the data 
were assessed. Where the assumptions of parametric analysis were not satisfied, the appropriate non-parametric 
alternative was considered. Categorical variables were compared using the appropriate chi-square or Fisher's exact test 
depending on expected cell frequencies. All statistical tests were two-tailed, and statistical significance was established 
at p < 0.05. 

2.12 Data management 

Questionnaires and laboratory records were checked for completeness before data entry. Each participant was assigned 
a unique study identification number, and data were entered into a computerized database for statistical analysis. Data 
cleaning procedures were undertaken to identify inconsistencies, missing values and potential data-entry errors. Only 
de-identified data were used for statistical analysis. Electronic records were stored securely, and access was restricted 
to members of the research team. 

3 RESULTS AND DISCUSSION 

3.1 Socio-demographic characteristics of the study participants 

The study included 90 male participants comprising 30 HIV-negative controls, 10 HIV-positive HAART-naïve 
participants and 50 HIV-positive participants receiving HAART. The socio-demographic characteristics of the 
participants are presented in Table 1. 

There was no statistically significant difference in age distribution among the three groups (χ² = 3.515, p = 0.742). 
Similarly, marital status (χ² = 4.686, p = 0.585), number of children (χ² = 11.157, p = 0.084) and educational status (χ² 
= 5.102, p = 0.277) did not differ significantly between the groups. However, occupation was significantly associated 
with study group (χ² = 6.072, p = 0.048), while monthly income also differed significantly across the groups (χ² = 16.889, 
p < 0.001). 
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Table 1: Socio-demographic characteristics of the study participants 

Variable Category Control n 
(%) 

HAART-naïve n 
(%) 

HIV on HAART 
n (%) 

χ² df p-
value 

Age (years) ≤30 6 (6.7) 2 (2.2) 19 (21.1) 3.515 6 0.742 
 

31–40 7 (7.8) 2 (2.2) 9 (10.0) 

   

 

41–50 11 (12.2) 4 (4.4) 14 (15.6) 

   

 

≥51 6 (6.7) 2 (2.2) 8 (8.9) 

   

Marital status Single 5 (5.6) 2 (2.2) 8 (8.9) 4.686 6 0.585 
 

Married 20 (22.2) 8 (8.9) 34 (37.8) 

   

 

Divorced 5 (5.6) 0 (0.0) 5 (5.6) 

   

 

Widowed 0 (0.0) 0 (0.0) 3 (3.3) 

   

Occupation Employed 30 (33.3) 10 (11.1) 43 (47.8) 6.072 2 0.048 
 

Unemployed 0 (0.0) 0 (0.0) 7 (7.8) 

   

Educational 
status 

No 

formal education 

0 (0.0) 1 (1.1) 3 (3.3) 5.102 4 0.277 

 

Primary education 4 (4.4) 0 (0.0) 10 (11.1) 

   

 

Post-primary 
education† 

26 (28.9) 9 (10.0) 37 (41.1) 

   

3.2 Clinical, anthropometric characteristics and WBC count  

The clinical and anthropometric characteristics of the participants are presented in Table 2. Mean age was 40.97 ± 2.01 
years among controls, 42.40 ± 3.42 years among HAART-naïve participants and 37.80 ± 1.70 years among participants 
receiving HAART, with no significant difference among the groups (p = 0.340). Similarly, mean body weight, height and 
BMI did not differ significantly among the groups. Mean body weight was 66.46 ± 1.53 kg, 64.80 ± 4.91 kg and 66.50 ± 
1.86 kg among controls, HAART-naïve participants and HAART-treated participants, respectively (p = 0.917). Mean BMI 
was 25.50 ± 2.55 kg/m² in controls, 30.15 ± 7.64 kg/m² in HAART-naïve participants and 27.37 ± 2.60 kg/m² among 
participants receiving HAART (p = 0.760). 

The mean WBC count was highest among the HAART-naïve group (7,210.00 ± 908.04 cells/µL), followed by the HAART-
treated group (6,696.00 ± 363.00 cells/µL) and controls (6,343.33 ± 427.20 cells/µL). However, the difference was not 
statistically significant (p = 0.625). 

Table 2: Anthropometric Characteristics and white blood cell count (WBC) of Study Groups 

Parameter Control (n=30) HAART-naïve (n=10) HIV on HAART (n=50) p-value 

Age (years) 40.97 ± 2.01 42.40 ± 3.42 37.80 ± 1.70 0.340 

Weight (kg) 66.46 ± 1.53 64.80 ± 4.91 66.50 ± 1.86 0.917 

Height (m) 167.23 ± 3.23 160.20 ± 9.28 165.20 ± 3.27 0.687 

BMI (kg/m²) 25.50 ± 2.55 30.15 ± 7.64 27.37 ± 2.60 0.760 

WBC (cells/µL) 6,343.33 ± 427.20 7,210.00 ± 908.04 6,696.00 ± 363.00 0.625 

3.3 Haematological parameters among the study groups 

The haematological findings are presented in Table 3. Most erythrocyte and platelet parameters were comparable 
across the three groups. Mean haemoglobin concentration was 12.83 ± 0.53 g/dL among controls, 12.40 ± 0.94 g/dL 
among HAART-naïve participants and 12.70 ± 0.38 g/dL among HAART-treated participants (p = 0.913). Similarly, RBC 
count, MCV, MCH, MCHC and platelet count showed no statistically significant differences among the groups. 
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In contrast, significant differences were observed in neutrophil and lymphocyte percentages. Neutrophils were 62.63 ± 
0.95% among controls, 44.10 ± 2.30% among HAART-naïve participants and 61.54 ± 0.85% among HAART-treated 
participants (p < 0.001). Lymphocyte percentages were 32.23 ± 0.85%, 49.80 ± 2.11% and 33.42 ± 0.79%, respectively 
(p < 0.001). Monocytes, eosinophils and basophils did not differ significantly. 

Table 3: Haematological parameters of the study participants 

Parameter Control HAART-naïve HIV on HAART p-value 

Haemoglobin (g/dL) 12.83 ± 0.53 12.40 ± 0.94 12.70 ± 0.38 0.913 

RBC (×10¹²/L) 4.29 ± 0.18 4.15 ± 0.31 4.24 ± 0.13 0.920 

MCV (fL) 90.02 ± 0.16 89.82 ± 0.28 89.97 ± 0.11 0.809 

MCH (pg) 30.04 ± 0.03 30.03 ± 0.04 30.04 ± 0.02 0.954 

MCHC (g/dL) 33.30 ± 0.01 33.32 ± 0.02 33.31 ± 0.01 0.822 

Neutrophils (%) 62.63 ± 0.95 44.10 ± 2.30 61.54 ± 0.85 <0.001 

Lymphocytes (%) 32.23 ± 0.85 49.80 ± 2.11 33.42 ± 0.79 <0.001 

Monocytes (%) 2.40 ± 0.10 2.40 ± 0.16 2.36 ± 0.07 0.935 

Eosinophils (%) 1.77 ± 0.10 1.90 ± 0.18 1.82 ± 0.09 0.823 

Basophils (%) 0.90 ± 0.06 0.90 ± 0.10 0.88 ± 0.05 0.957 

Platelets (×10⁹/L) 208.57 ± 5.24 203.10 ± 13.49 207.00 ± 5.09 0.910 

3.4 Fasting lipid-profile parameters among the study groups 

The fasting lipid-profile results are presented in Table 4. Mean total cholesterol (TC) concentration was 210.33 ± 5.28 
mg/dL among controls, 219.60 ± 8.88 mg/dL among HAART-naïve participants and 213.24 ± 4.83 mg/dL among HIV-
positive participants receiving HAART. The difference was not statistically significant (p = 0.727). 

In contrast, significant differences were observed in HDL-C, TG and LDL-C. Mean HDL-C was lowest among HAART-
naïve participants (42.20 ± 5.17 mg/dL), compared with 63.36 ± 2.84 mg/dL among controls and 65.38 ± 1.11 mg/dL 
among HAART-treated participants (p < 0.001). Mean TG concentration was highest among participants receiving 
HAART (161.58 ± 5.12 mg/dL), followed by HAART-naïve participants (129.73 ± 6.36 mg/dL) and controls (114.21 ± 
3.72 mg/dL), with a statistically significant difference (p < 0.001). 

LDL-C concentration was highest among HAART-naïve participants (151.45 ± 10.04 mg/dL), followed by controls 
(128.36 ± 4.78 mg/dL), and lowest among HAART-treated participants (115.54 ± 4.98 mg/dL), with a significant overall 
difference (p = 0.005). 

Table 4: Fasting Lipid Profile of the study participants 

Lipid parameter Control (n=30)  HAART-naïve (n=10) HIV on HAART (n=50) P value 

Total cholesterol (mg/dL) 210.33 ± 5.28 219.60 ± 8.88 213.24 ± 4.83 0.727 

HDL-C (mg/dL) 63.36 ± 2.84 42.20 ± 5.17 65.38 ± 1.11 <0.001 

Triglycerides (mg/dL) 114.21 ± 3.72 129.73 ± 6.36 161.58 ± 5.12 <0.001 

LDL-C (mg/dL) 128.36 ± 4.78 151.45 ± 10.04 115.54 ± 4.98 0.005 

3.5 Distribution of BMI categories among study groups 

The distribution of participants according to BMI category is presented in Table 5. Normal BMI was the predominant 
category overall, particularly among HIV-positive participants receiving HAART, where 35 (38.9%) participants were 
classified as having normal BMI, compared with 22 (24.4%) controls and 7 (7.8%) HAART-naïve participants. 

Overweight participants comprised 7 (7.8%) controls, 1 (1.1%) HAART-naïve participant and 8 (8.9%) participants 
receiving HAART. Obesity was observed in 1 (1.1%) control, 2 (2.2%) HAART-naïve participants and 7 (7.8%) HAART-
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treated participants. The distribution of BMI categories did not differ significantly among the three groups (χ² = 3.701, 
df = 4, p = 0.448). 

Table 5: BMI classifications among the study Participants. 

BMI category Control n (%) HAART-naïve n (%) HIV on HAART n (%) χ² df p-value 

Normal 22 (24.4) 7 (7.8) 35 (38.9) 3.701 4 0.448 

Overweight 7 (7.8) 1 (1.1) 8 (8.9) 

   

Obese 1 (1.1) 2 (2.2) 7 (7.8) 

   

4 DISCUSSION 

The present study examined white blood cell (WBC) count and lipid-profile parameters among HIV-positive men 
receiving highly active antiretroviral therapy (HAART) in Ogbomoso, Oyo State, Nigeria, using HAART-naïve HIV-
positive men and HIV-negative men as comparison groups. The principal finding was a differential response of the 
haematological and metabolic parameters investigated. Total WBC count did not differ significantly among the three 
groups, whereas significant differences were observed in triglycerides (TG), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol (LDL-C). This pattern suggests that, in this study population, lipid 
metabolism was more clearly differentiated by HIV and treatment status than total circulating leukocyte count. The 
finding is clinically relevant because the success of antiretroviral therapy has transformed HIV into a chronic condition 
in which long-term metabolic and cardiovascular health has become an increasingly important component of 
comprehensive care. Despite the numerically higher WBC count in the HAART-naïve group, the overall difference was 
not statistically significant (p = 0.625). This finding indicates that total circulating leukocyte counts were broadly 
comparable across the study groups. Although HIV infection is associated with immune activation, chronic inflammation 
and several haematological abnormalities, these effects do not necessarily translate into persistent changes in total WBC 
count in clinically stable individuals. Previous studies from sub-Saharan Africa have reported variable changes in WBC 
and other haematological indices according to HIV disease status, treatment exposure and clinical characteristics [20-
29]. The absence of a significant difference in the present study may therefore reflect preservation of overall leukocyte 
numbers despite underlying alterations in immune-cell composition or function. 

Importantly, total WBC count is a relatively nonspecific haematological measure. Changes in lymphocyte, neutrophil or 
monocyte populations may occur without producing a significant change in the aggregate WBC concentration. 
Consequently, the present finding should not be interpreted as evidence that HIV infection or HAART has no 
immunological effect. Rather, it suggests that total leukocyte concentration alone may have limited sensitivity for 
identifying treatment-related or HIV-associated immunohaematological alterations in a clinically stable outpatient 
population. The exclusion of participants with acute illness or active infection may also have contributed to the 
similarity observed between groups because such conditions can substantially influence leukocyte concentrations. 
Furthermore, effective ART-mediated suppression of viral replication and subsequent immune restoration may 
contribute to preservation of peripheral blood-cell counts among treatment-experienced individuals [20-26]. 

The relatively small number of HAART-naïve participants (n = 10) warrants particular consideration. Although their 
mean WBC count was numerically higher than those of both treated participants and controls, the considerable 
variability within this group may have reduced the ability to detect a statistically significant difference. Thus, the non-
significant result should be interpreted as an absence of demonstrated statistical difference rather than proof that the 
groups are biologically equivalent. Larger studies incorporating differential leukocyte counts, CD4 cell counts and other 
markers of immune activation may provide a more comprehensive assessment of the haematological consequences of 
HIV and antiretroviral treatment. 

In contrast to WBC count, marked differences were observed in lipid metabolism. Mean TG concentration increased 
from 114.21 ± 3.72 mg/dL in HIV-negative controls to 129.73 ± 6.36 mg/dL in HAART-naïve participants and 161.58 ± 
5.12 mg/dL in HAART-treated participants, with a highly significant overall difference (p < 0.001). The substantially 
higher TG concentration among HAART-treated men is consistent with evidence that dyslipidaemia remains an 
important metabolic concern among people living with HIV receiving ART [14,15]. Similar alterations have been 
documented in Nigerian and other sub-Saharan African populations, although the magnitude and pattern of 
dyslipidaemia vary across studies [16-19]. 

The elevated TG concentration observed among treated participants may reflect the complex interaction between HIV 
infection, chronic inflammation and antiretroviral exposure. HIV-associated immune activation can alter hepatic lipid 
synthesis and peripheral lipid handling, while individual antiretroviral agents may further modify lipoprotein 
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metabolism [4,5,9-13]. Importantly, ART should not be regarded as having a uniform metabolic effect. Lipid responses 
vary according to drug class, specific regimen, duration of exposure, baseline metabolic status and patient 
characteristics [9-13]. Therefore, although the cross-sectional design prevents attribution of the observed triglyceride 
elevation directly to HAART, the marked difference between treated participants and both comparison groups identifies 
hypertriglyceridaemia as an important metabolic feature requiring clinical attention in this population. 

The clinical relevance of this finding extends beyond the lipid measurement itself. Elevated TG may contribute to an 
adverse cardiovascular and metabolic profile, particularly when accompanied by other lipid abnormalities. As 
individuals receiving effective ART increasingly survive into older age, cardiovascular and metabolic diseases become 
increasingly relevant components of HIV care. Periodic lipid assessment may therefore facilitate early recognition of 
dyslipidaemia and provide an opportunity for appropriate dietary counselling, physical-activity interventions and 
pharmacological treatment when clinically indicated. 

HDL-C demonstrated an equally important but different pattern. Mean HDL-C was 63.36 ± 2.84 mg/dL among controls, 
fell to 42.20 ± 5.17 mg/dL among HAART-naïve participants and increased to 65.38 ± 1.11 mg/dL among those receiving 
HAART, with a significant overall difference (p < 0.001). The markedly lower HDL-C among untreated HIV-positive 
participants is compatible with the adverse metabolic effects associated with active HIV infection. Persistent 
inflammation and immune activation may interfere with lipid transport and lipoprotein metabolism, while alterations 
in HDL may have implications beyond cholesterol transport because HDL is also involved in anti-inflammatory and 
antioxidant processes [4,5]. 

The comparatively high HDL-C concentration among HAART-treated participants is particularly noteworthy. It was 
higher than that observed among HAART-naïve participants and marginally higher than that of the HIV-negative 
controls. This finding illustrates the heterogeneous effects of ART on individual lipid fractions and cautions against 
characterizing HAART as uniformly detrimental to lipid metabolism. Contemporary antiretroviral regimens differ 
considerably in their metabolic effects, and some may exert relatively favourable effects on particular lipid fractions [9-
13]. The observed HDL-C pattern may therefore reflect treatment-related effects, improved health following viral 
suppression, characteristics of the antiretroviral regimens used, duration of therapy, or differences in dietary and 
lifestyle factors. Because these factors were not examined longitudinally, the present finding should be interpreted as 
an observed association rather than evidence of a direct treatment effect. 

LDL-C also differed significantly among the groups (p = 0.005). The highest mean concentration occurred among 
HAART-naïve participants (151.45 ± 10.04 mg/dL), compared with 128.36 ± 4.78 mg/dL among controls and 115.54 ± 
4.98 mg/dL among HAART-treated participants. The higher LDL-C concentration among untreated HIV-positive men 
suggests that active HIV infection may be associated with adverse alterations in lipid metabolism, while effective 
treatment may modify this pattern. Previous evidence indicates that HIV infection and ART can exert different, and 
sometimes opposing, effects on individual lipid fractions [9-13]. Nigerian studies have likewise reported variation in 
lipid profiles according to HIV and treatment status [16-19]. 

The lower LDL-C observed among treated participants may reflect improved metabolic status following effective HIV 
treatment or the relatively favourable lipid effects of the regimens used in this population. Nevertheless, this 
interpretation should remain cautious. The cross-sectional design cannot establish that HAART caused the lower LDL-
C concentration, and the groups may have differed in duration of HIV infection, nutritional status, body composition, 
physical activity and other cardiometabolic characteristics. The small HAART-naïve group also limits the precision of 
estimates involving untreated participants. Nevertheless, the significant difference in LDL-C highlights the value of 
assessing individual lipid fractions when evaluating cardiovascular risk among people living with HIV. 

Taken together, the lipid findings demonstrate that HIV infection and treatment status were associated with distinct 
rather than uniformly adverse lipid patterns. HAART-treated participants had the highest TG concentration, whereas 
HAART-naïve participants had the lowest HDL-C and highest LDL-C concentrations. This heterogeneity is consistent 
with the multifactorial nature of HIV-associated dyslipidaemia, in which viral infection, persistent inflammation, 
immune activation, antiretroviral exposure, specific drug combinations, treatment duration and lifestyle factors may 
interact to produce different lipid phenotypes [4,9-15]. The findings also demonstrate why individual lipid fractions 
should be interpreted collectively rather than relying on a single parameter. A favourable HDL-C or LDL-C concentration 
does not necessarily exclude an adverse metabolic profile when TG or another lipid fraction is elevated. 

The findings have important implications for HIV care in Nigeria. The local evidence generated from Ogbomoso 
contributes to the relatively limited literature describing the interaction between HIV treatment status and lipid 
metabolism among Nigerian men. Differences between this study and reports from other populations may reflect 
variations in antiretroviral regimens, duration of treatment, dietary patterns, physical activity, body composition, 
genetic background and socioeconomic circumstances. These differences reinforce the importance of generating 
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population-specific evidence rather than assuming that metabolic responses to HIV and ART are uniform across 
settings. 

From a clinical perspective, the findings support the integration of metabolic monitoring into routine HIV care. While 
HAART remains essential for viral suppression, immune preservation and improved survival, long-term management 
should also address potentially modifiable cardiovascular risk factors. The significantly higher TG concentration among 
treated participants warrants particular attention to periodic lipid assessment and appropriate risk-reduction 
strategies. Conversely, the absence of a significant difference in total WBC count suggests that WBC measurement alone 
may have limited value for distinguishing stable treated HIV-positive men from untreated or HIV-negative individuals. 
Differential leukocyte counts and more specific immunological markers may provide greater insight into treatment-
related haematological changes. 

5 CONCLUSION 

This study demonstrates significant differences in selected lipid-profile parameters according to HIV and HAART status 
among men in Ogbomoso, Nigeria. HAART-treated participants had significantly higher triglyceride concentrations, 
whereas HAART-naïve participants exhibited higher LDL-C and lower HDL-C concentrations. In contrast, WBC count 
did not differ significantly among the three groups. These findings highlight the heterogeneous metabolic effects 
associated with HIV infection and antiretroviral treatment and emphasize the importance of routine lipid-profile 
monitoring as part of comprehensive long-term HIV care. Early identification and management of dyslipidaemia may 
contribute to reducing the growing cardiovascular risk among people living with HIV. 
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