



Hepatic Enzyme Alterations Among HIV Positive Individuals on Antiretroviral Therapy in Auchi, Nigeria: A Cross Sectional Analysis


[bookmark: _Toc203364660]ABSTRACT
HIV infection continues to pose a substantial global health threat, with Sub-Saharan Africa especially Nigeria experiencing disproportionately high disease burden. Although Antiretroviral Therapy (ART) has significantly enhanced outcomes for people living with HIV, questions remain about its prolonged impact on various organ systems, particularly liver function. This research examined changes in Liver enzymes in HIV positive patients receiving ART in Auchi, located in Edo-North, Nigeria. A cross-sectional design was carried out at Edo State University Teaching Hospital (EDSUTH) between October 2024 and January 2025. The study population included HIV positive individuals with ART experience (56), alongside HIV-negative participants serving as controls (56). Data collection involved structured questionnaires and laboratory testing to assess demographic characteristics and laboratory testing of biochemical parameters, including ALT, AST, ALP, albumin, total protein, globulin. Findings demonstrated notable differences in liver biomarkers between HIV-positive participants and controls. ALT concentrations showed modest decreases, while ALP levels exhibited significant reductions, potentially indicating effects on bone metabolism. Increased globulin and total protein concentrations suggesting ongoing immune system activation. Treatment duration and gender were identified as important determinants of enzyme variations. This investigation demonstrates that HIV infection and ART treatment are linked to detectable modifications in liver and cardiac biomarkers, highlighting the importance of regular biochemical surveillance and sex-specific therapeutic approaches. These results add to the expanding understanding of systemic effects associated with ART and provide important guidance for individualized HIV care in resource-constrained environments.
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Introduction 
Human immunodeficiency virus (HIV) remains a major global health challenge, with Sub-Saharan Africa including Nigeria bearing a significant portion of the burden. HIV is a lentivirus that weakens the immune system by targeting and depleting CD4+ lymphocytes. Over time, this leads to acquired immunodeficiency syndrome (AIDS), a life-threatening condition. The infection progressively impairs cellular immune functions, marked by a steady decline in CD4+ T cell levels, which increases vulnerability to various opportunistic infections, including cardiovascular disease, liver disorders, and certain cancers (UNAIDS, 2021; WHO, 2021; UNAIDS, 2022).
HIV was first identified in Nigeria in 1985 and officially reported in 1986. By the end of 2005, an estimated 38.6 million people were living with HIV/AIDS globally, with approximately 2.8 million deaths recorded. However, by 2010, this figure had declined to around 34 million individuals living with the virus and about 1.8 million deaths. The introduction of antiretroviral therapy (ART) has notably extended the life expectancy of individuals infected with HIV. Nonetheless, it has also introduced new challenges related to the long-term management of the condition. Indicators such as elevated cardiac injury biomarkers and abnormal liver enzyme levels suggest immune system dysregulation and may help explain how HIV negatively affects both cardiovascular and hepatic function. (UNAIDS, 2021; WHO, 2021; UNAIDS, 2022).
Hepatic enzymes such as albumin, globulin, total protein, gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) serve as important markers of liver function in individuals with HIV. Abnormal levels of these enzymes often indicate potential liver damage, which may result from various causes, including the direct impact of the virus, co-infection with hepatitis viruses, or the hepatotoxic side effects of antiretroviral therapy (ART). (Gebremicael et al., 2021; Benedicto et al., 2021).
Growing evidence suggests that liver-related complications are a major cause of non-HIV-related mortality among people living with HIV (PLHIV). These complications result from liver damage driven by multiple factors and can progress to acute or chronic liver disease. CD4+ T cells play a role in this process by promoting fibrogenesis and hepatocyte apoptosis. Additionally, highly active antiretroviral therapy (HAART) contributes to structural liver damage through mechanisms such as mitochondrial dysfunction, insulin resistance, hepatic steatosis, and fibrosis. (Wei., et al. 2025).
Liver injury in HIV-infected individuals can be identified through changes in liver enzyme levels. For example, elevated gamma-glutamyl transferase (GGT) and alkaline phosphatase (ALP) in the absence of other liver conditions may suggest HIV-induced cholestatic liver damage. Likewise, increased alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels indicate hepatocellular injury in this population. Hypoalbuminemia, often associated with HIV progression, is commonly observed in patients who have not started HAART. In those on HAART, liver enzyme abnormalities ranging from mild, self-limiting transaminitis to more severe forms, as well as hyperbilirubinemia, are frequently reported. As a result, individuals who are non-adherent to HAART face a heightened risk of liver damage from both the virus itself and the treatment. (Hernandez-Romero et al., 2019; Mohammed et al., 2022).
Although antiretroviral therapy (ART) has played a crucial role in suppressing HIV replication and extending life expectancy, it is also associated with metabolic side effects that can negatively affect cardiovascular and liver health. Certain antiretroviral drugs have been linked to conditions such as dyslipidemia, insulin resistance, and hepatic steatosis, all of which may lead to abnormal levels of cardiac markers and liver enzymes. Highly active antiretroviral therapy (HAART), a comprehensive treatment approach aimed at controlling HIV replication and slowing disease progression, typically involves a combination of three or more medications. Common regimens include two nucleoside reverse transcriptase inhibitors (NRTIs) paired with either a protease inhibitor (PI), a non-nucleoside reverse transcriptase inhibitor (NNRTI), or other drug combinations. (Chwiki et al., 2017; Anyaike et al., 2019; Tesfa et al., 2019).
The long-term effects of HIV infection result from a complex interaction between persistent viral replication, ongoing inflammation, and the impact of antiretroviral therapy (ART). Increasing evidence shows that HIV infection significantly alters cardiac biomarkers and liver enzyme levels, adding to the traditional risk factors for cardiovascular and liver disease. Adults living with HIV are at a greater risk of developing cardiac and hepatic complications compared to HIV-negative individuals with similar health profiles. This is especially concerning for those who acquire the virus through high-risk behaviors and must manage its long-term consequences throughout their lives. Additionally, common coexisting risk factors such as smoking and obesity further compound the likelihood of cardiovascular and liver-related damage in HIV-infected individuals, (Lin, et al., 2024; Igwe et al., 2022). According to Osakunor et al., (2015), diagnosing liver injury in individuals with HIV can be complex due to the influence of multiple contributing factors. The study demonstrated that both antiretroviral therapy (ART) and the progression of HIV impact liver enzyme levels. A significant positive correlation was observed between hepatic enzymes—ALP, ALT, AST, and GGT—in both ART-experienced and ART-naive HIV patients. (Strauss, et al. 2025)
[bookmark: _Toc203363623][bookmark: _Toc203364664]In Edo-North, Nigeria, the patterns of hepatic enzyme activity in HIV positive individuals undergoing antiretroviral therapy (ART) are of considerable interest. However, there is currently a lack of longitudinal data on these biomarkers, particularly in individuals at the early stages of HIV infection. There is a pressing need to identify reliable biomarkers that can help predict long-term liver risks in this population. Such data are crucial to understanding the complex interactions between ongoing viral replication, chronic HIV-related inflammation, and the cumulative effects of ART on cardiac and hepatic health.















[bookmark: _Toc203364706]MATERIALS AND METHODS
[bookmark: _Toc203364707]	Study Area
The study was conducted in Edo State University Teaching Hospital (EDSUTH) located in Auchi Edo-North. Auchi is a major city in Edo-North Nigeria. EDSUTH is located in Auchi under the Etsako West Local Government. It is a referral Centre to many General hospitals, primary health institutions and private clinics spread across Edo-North. 
[bookmark: _Toc203364708]     Study Design
The study design was a case controlled cross sectional study that assessed hepatic enzymes in HIV negatives healthy as control and compared HIV positive participant on ART.  This was conducted between October 2024 to January 2025 at the ART Clinic/Laboratory of the Edo State University Teaching Hospital (EDSUTH), Auchi, Edo-North, Nigeria. It includes adult participants (age ≥18 years) who gave informed written consent and who had been on ART for 6 or more months at the time of enrolment were considered for the study. The participants were interviewed with the aid of a well-structured questionnaire. The structured questionnaires were used to obtain socio-demographic information (gender, age, educational level, occupation, residential area and anthropometric measures) as well as knowledge (variables such as HIV infection, symptoms, route of transmission, sources of information on HIV and practices of the subject towards HIV infection). These data were collected through face-to-face interviews with subjects.
[bookmark: _Toc203364709]	

[bookmark: _Toc203364710] 	Study Population
One hundred and twelve participants were randomly recruited for this study comprising of HIV negatives healthy as control (56) and HIV positive ART experience patients (56). These participants had no history of any disease which was obtained using a questionnaire, laboratory testing and they were be randomly recruited from the voluntary and counselling unit of Teaching Hospital.  
[bookmark: _Toc203364711]    Sample Size Determination
The sample size was determined using the following formula as derived by Cochran (1977) for cross-sectional study design.

Where;
n = sample size
p = Prevalence HIV in Edo State was taken as 3.4% (Onovoet al., 2023)
q = 1- p
z = standard normal distribution at 95% confidence interval 
d = allowable error, which is taken as 5% = 0.05
Substituting;                                                                                                                                                                                                                                                                               
1.962 x 0.034x 0.966    = 50.5 ~ 51
(0.05)2
A 10% non-response rate was added to increase the power of the study 
Effective sample size = 51 and the non-response rate =10%, so the final sample size = 51 x 0.1 +51 = 56
The Sample Size = 56

[bookmark: _Toc203364712]     Sampling Technique
The sampling technique was purposive sampling, with every consenting HIV infected individual on anti-retroviral therapy who satisfies the inclusion criteria.
[bookmark: _Toc203364713]   Inclusion Criteria
[bookmark: _Toc203364714]Individuals aged 18 to 60 years who had been on a first-line HAART regimen consisting of Tenofovir, Lamivudine, and Efavirenz (TDF+3TC+EFV) for a minimum duration of six months were included in the study. 

Exclusion Criteria
Individuals with a history of hepatic, renal, or cardiovascular disease; tuberculosis; hepatitis B or C virus infections; diabetes; hypertension; cancer; substance abuse; and pregnant women were excluded from the study. Those receiving any other long-term medication aside from HAART were also excluded.
[bookmark: _Toc203364715] Demographic and anthropometric measures
An open-ended questionnaire was used to collect demographic data of study participants. A Seca 786 (Hamburg, Germany) stadiometer was used to measure body weight and height with participants wearing light clothes and standing in an upright posture. Weight measurement was made to the nearest gram and height to the nearest centimeter. Body mass index (BMI, kg/m2) was calculated by dividing weight (kg) with height (m) and categorized into underweight (<18.5 kg/m2) normal (18.5 – 24.9 kg/m2) and overweight (>25.0 kg/m2) BMI groups based on World Health Organization (WHO) adult nutrition status.  

[bookmark: _Toc203364716]	 Sample Collection and Preparation
Upon written consent, an experienced phlebotomist collected 10ml of venous blood from participants’ media-cubital vein with a syringe. 2ml of the blood was transferred into an Ethylenediamine tetra acetic acid vacutainer (EDTA) and 8ml into plain BD vacutainer tubes (Becton Dickinson, Franklin Lakes, and USA). The tubes were then labelled with the participant’s code, date and sample collection time. Blood samples in EDTA tubes was used for retroviral screening, hepatitis C virus, and hepatitis B Surface antigen. Blood in plain vacutainer tubes was allowed to clot for fifteen minutes prior to serum extraction by centrifugation at 3000 R.P.M for 5 minutes. The obtained serum was used for Cardiac markers (serum CK-MB, LDH) and hepatic enzymes (Albumin, Globulin, total Protein, AST, and ALT) analysis. However, it is not possible to carry out the analysis immediately due to a logistic problem, the sera were stored frozen at – 20 2cd 4oC until ready for analysis.  

 Estimation of Hepatic Enzymes
Liver function tests were performed using the Eon One Point-of-Care semi-automated analyzer. Quality control procedures were conducted for the selected liver function parameters, and any parameter that failed quality checks was recalibrated
Procedure for AST
· 1000ul of working reagent was pipetted into new, clean, unused test tube 
· 100ul of sample was added 
· This was gently mixed and incubated at 37 oC for 1 minute. 
· It was then aspirated into the eon one semi autoanalyzer 
· The change in absorbance per minute will be measured within 3 minutes at 340 nm.  
Calculations 
LDH Activity (U/L) = (▲OD/ 3 minutes) x 16030.  
Procedure for ALT
· 1000ul of working reagent was pipetted into new, clean, unused test tube 
· 100ul of sample was added 
· This was gently mixed and incubated at 37 oC for 1 minute. 
· It was then aspirated into the eon one semi autoanalyzer 
· The change in absorbance per minute will be measured within 3 minutes at 340 nm.  
Calculations 
LDH Activity (U/L) = (▲OD/ 3 minutes) x 16030.  
Procedure for Total Protein
· 1000ul of working reagent was pipetted into new, clean, unused test tube 
· 20ul of standard and samples was added to their respective test-tube 
· This was gently mixed and incubated at for 5 minutes at room temperature. 
· It was then aspirated into the eon one semi autoanalyzer 
· The absorbance of the test and that of the standard was measured and the concentration of the test calculated
Calculations 
Total protein (g/dl) concentration = (▲OD of test/OD of std) x 8.  
Procedure for Albumin 
· 1000ul of working reagent was pipetted into new, clean, unused test tube 
· 10ul of standard and samples was added to their respective test-tube 
· This was gently mixed and incubated at for 1 minutes at room temperature. 
· It was then aspirated into the eon one semi autoanalyzer 
· The absorbance of the test and that of the standard was measured and the concentration of the test calculated
Calculations 
Albumin (g/dl) concentration = (▲OD of test/OD of std) x 4.  
[bookmark: _Toc203364722]Statistical Analysis
The data obtained was expressed as Mean ± Standard Error of Mean (Mean ± SEM) and presented in form of tables and figures. These analyses were performed with the use of the Statistical Package for Social Sciences (SPSS) statistical software package, version 22.0. P <0.05 was considered statistically significant. Cardiac markers (CK-MB and LDH) and Hepatic enzymes (ALT, AST and ALP) obtained from HIV patients on HAART, naive-HIV patients and controls would be compared using one-way analysis of variance (ANOVA). Where there will be a significant difference, a post-hoc analysis will be carried out using the Student t-test statistical method. A p-value equal to or less than 0.05 (p≤0.05) will be considered significant. 





Results

Demographic and Clinical Characteristics
Table 1 shows the demographic analysis of the study participants. Overall, 112 participants were recruited in the study, which comprises 56 HIV negative control subjects and 56 HIV infected participants. The age of the studied participants ranged from 20 to 60 with their mean ages (32.0 ±9.0 and 36.0 ± 11.0 years for HIV negative and HIV positive cases respectively). The age distribution showed that 20–30 years was the most common group for both HIV-positive (38.5%) and negative (46.2%) individuals, followed by 31–40 years (32.7% vs. 36.5%), 41–50 years (13.5% vs. 13.5%), and 51–60 years (15.4% vs. 3.8%) with a chi-square (χ²) value of 4.071 and a p-value of 0.254. Gender distribution indicated more females among HIV-positive participants (61.5%) than in the control group (51.9%), but this was not statistically significant (χ²=0.979, p=0.332). Education levels were comparable, with secondary education being the most frequent (42.3% in both groups, χ²=0.291, p=0.866). Occupational status varied, with 38.5% of HIV-positive individuals being civil servants compared to 63.5% of the controls. Self-employment was more frequent among HIV-positive individuals (26.9% vs. 9.6%, χ²=2.910, p=0.391). Marital status differed significantly, with 23.1% of HIV-positive individuals being divorced compared to only 1.9% in the control group, while 30.8% were married compared to 59.6% of the controls (χ²=7.811, p=0.051). Urban residency was lower in HIV-positive individuals (36.3%) than in controls (46.2%), but not significant (χ²=1.070, p=0.408). Among HIV-positive individuals, 46.2% had been on ART for ≤5 years, while 53.8% had been on ART for ≥10 years. The majority (88.5%) were on first-line ART, while 11.5% were on second-line therapy. The mean age was slightly higher in HIV positive individuals (36.0±11.0 years) than in the control group (32.0±9.0 years).

TABLE.1   Demographic and clinical characteristics of HIV positive and HIV negative controls cases across the study population

	Variable
	HIV Positive (%) (N= 52)
	Negative Control (%) (N= 52)
	    χ2
	P-value
	

	Age Group (years)
	
	
	
	
	

	20-30
	20 (38.5)
	24(46.2)
	
	
	

	31-40
	17(32.7)
	19(36.5)
	4.071
	0.254
	

	41-50
	7(13.5)
	7(13.5)
	
	
	

	51-60
	8(15.4)
	2(3.8)
	
	
	

	Gender
	
	
	
	
	

	Male
	20(38.5)
	25(48.1)
	
	
	

	Female
	32(61.5)
	27(51.9)
	0.979
	0.332
	

	Level of Education
	
	
	
	
	

	   Primary
	12(23.1)
	10(19.2)
	
	
	

	   Secondary
	22(42.3)
	22(42.3)
	0.291
	0.866
	

	   Tertiary
	18(34.6)
	20(38.5)
	
	
	

	Occupation
	
	
	
	
	

	Civil Servant
	20(38.5)
	33(63.5)
	
	
	

	Student
	12(23.1)
	9(17.3)
	2.910
	0.391
	

	Un-employed
	6(11.5)
	5(9.6)
	
	
	

	Self-employed
	14(26.9)
	5(9.6)
	
	
	

	Marital status
	
	
	
	
	

	Divorced
	12(23.1)
	1(1.9)
	
	
	

	Married 
	16(30.8)
	31(59.6)
	
	
	

	Single
	17(32.7)
	17(32.7)
	7.811
	0.051
	

	Widow/Widower
	7(13.5)
	3(5.8)
	
	
	

	Residence
	
	
	
	
	

	Urban
	19(36.3)
	24(46.2)
	
	
	

	Rural
	33(63.5)
	28(53.8)
	1.070
	0.408
	

	Duration of ART
	
	
	
	
	

	≤5
	24(46.2)
	-
	
	
	

	≥10
	28(53.8)
	-
	
	
	

	Current regimen line
	
	
	
	
	

	First line
	46(88.5)
	-
	
	
	

	Second line
	6(11.5)
	-
	
	
	


Mean Age (years) Mean ± SD; HIV positive (36.0±11.0); Negative Control (32.0±9.0)




Hepatic Enzyme Comparison
Aspartate aminotransferase (AST) levels were 26.48±11.39 IU/L in HIV positive individuals and 24.50±9.25 IU/L in controls, with a non-significant p-value of 0.140. Alkaline phosphatase (ALP) levels were much lower in HIV-positive individuals (34.15±31.60 IU/L) compared to controls (110.20±37.32 IU/L, p=0.238). Albumin levels were similar (4.07±0.50 g/dL in HIV positive vs. 4.12±0.75 g/dL in controls, p=0.000). Globulin levels were significantly higher in HIV-positive individuals (4.29±9.90 g/dL) compared to controls (2.74±0.91 g/dL, p<0.0001). Total protein levels were also significantly higher in HIV positive individuals (8.36±9.90 g/dL) compared to controls (6.86±0.55 g/dL, p<0.0001) (Table 2). Hepatic enzyme levels were assessed between HIV positive individuals and controls. Alanine aminotransferase (ALT) was slightly lower in HIV positive individuals (28.02±13.43 IU/L) compared to controls (30.04±9.86 IU/L), with a statistically significant p-value of 0.029. 
















TABLE 2   Comparison of Hepatic Enzymes of HIV Positive and Negative controls cases across the study population

	[bookmark: _Hlk204354726]Variable
	HIV Positive (N=52)
        Mean ± SD
	Negative Control (N=52)
         Mean ± SD
	  F-Test
	P-value

	ALT (IU/L)
	28.02±13.43
	30.04±9.86
	1.855
	0.029

	AST(IU/L)
	26.48±11.39
	24.50±9.25
	1.517
	0.140

	ALP ((IU/L)
	34.15±31.60
	110.20±37.32
	1.395
	0.238

	Albumin (g/dL)
	4.07±0.50
	4.12±0.75
	2.271
	0.000

	Globulin(g/dL)
	4.29±9.90
	2.74±0.91
	117.1
	<0.0001

	Total Protein(g/dL)
	8.36±9.90
	6.86±0.55
	317.4
	<0.0001



Key:
AST- Aspartate Amino Transferase
ALT- Alanine Amino Transferase
ALP- Alkaline Phosphate














Hepatic Enzyme Elevations

The proportion of individuals with normal versus elevated enzyme levels was examined. ALT was elevated in 5.8% of HIV-positive individuals and 13.5% of controls (p=0.319). AST was elevated in 9.6% of HIV-positive individuals and 1.9% of controls (p=0.205). ALP elevation was minimal, affecting 3.8% of HIV-positive individuals and 1.9% of controls (p=1.000). Albumin elevation was also low (3.8% vs. 1.9%, p=1.000). Globulin was elevated in 21.2% of HIV-positive individuals and 13.5% of controls (p=0.438) (Table 4). 















TABLE 3    Comparison of hepatic enzyme Normal and Elevated Levels in the study Population

	Parameters
	HIV-ART (n=52) %
	Negative control (n=52) %
	P value

	ALT (IU/L)
	
	
	

	Normal
	49(94.2)
	45(86.5)
	0.319

	Elevated
	3(5.8)
	7(13.5)
	

	AST(IU/L)
	
	
	

	Normal
	47(90.4)
	51(98.1)
	0.205

	Elevated
	5(9.6)
	1(1.9)
	

	ALP (IU/L)
	
	
	

	Normal
	50(96.2)
	51(98.1)
	1.000

	Elevated
	2(3.8)
	1(1.9)
	

	Albumin(g/dL)
	
	
	

	Normal
	50(96.2)
	51(98.1)
	1.000

	Elevated
	2(3.8)
	1(1.9)
	

	Globulin(g/dL)
	
	
	

	Normal
	41(78.8)
	45(86.5)
	0.438

	Elevated
	10(21.2)
	7(13.5)
	

	Total Protein (g/dL)
	
	
	

	Normal
	50(96.2)
	51(98.1)
	1.000

	Elevated
	2(3.8)
	1(1.9)
	














Hepatic Enzymes by ART Duration
Hepatic enzyme levels were compared based on ART duration. ALT levels were similar between individuals on ART for ≤5 years (28.11±13.24 IU/L) and those on ART for ≥10 years (27.95±13.83 IU/L, p=0.837). AST levels were slightly higher in individuals on ART for ≤5 years (28.32±12.41 IU/L) than those on ART for ≥10 years (24.90±10.40 IU/L, p=0.378). ALP levels showed no significant differences (36.17±33.54 IU/L vs. 32.43±30.35 IU/L, p=0.614). However, globulin (5.99±14.53 g/dL vs. 2.84±0.71 g/dL, p<0.000) and total protein (10.01±14.52 g/dL vs. 6.95±0.70 g/dL, p<0.000) were significantly higher in those on ART for ≤5 years (Table 4.).












TABLE 4    Comparison of Hepatic Enzyme in the study population by Duration of ART

	Variable
	Duration of ART (Years)
	  F-Test
	P-value

	
	≤5 (Mean ± SD) n=24
	≥5(Mean ± SD)
n=28
	
	

	ALT (IU/L)
	28.11±13.24
	27.95±13.83
	1.092
	0.837

	AST(IU/L)
	28.32±12.41
	24.90±10.40
	1.422
	0.378

	ALP ((IU/L)
	36.17±33.54
	32.43±30.35
	1.221
	0.614

	Albumin (g/dL)
	4.017±0.5113
	4.118±0.492
	1.079
	0.842

	Globulin(g/dL)
	5.99±14.53
	2.84±0.71
	420.1
	<0.000

	Total Protein(g/dL)
	10.01±14.52
	6.95±070
	433.6
	<0.000



















Hepatic Enzymes by Gender
Table 5 compares hepatic enzyme levels between HIV positive individuals on ART and HIV negative controls, stratified by gender. ALT levels in males were 28.11±13.24 IU/L in the HIV positive group and 28.91±8.41 IU/L in the negative control group (p<0.0001). In females, ALT levels were 28.23±14.85 IU/L in HIV positive individuals and 31.08±11.09 IU/L in the controls. AST levels in males were higher in the HIV positive group (28.32±12.41 IU/L) compared to the negative controls (26.72±9.94 IU/L) (p<0.0001). In females, AST levels were 25.68±10.99 IU/L in HIV positive individuals and 22.44±8.21 IU/L in the controls. ALP levels in males were significantly lower in the HIV positive group (36.17±33.54 IU/L) compared to the controls (117.60±41.74 IU/L) (p<0.0001). Similarly, ALP levels in females were lower in the HIV positive group (28.42±26.48 IU/L) compared to the controls (103.40±31.97 IU/L). Albumin levels in males were slightly lower in HIV positive individuals (4.02±0.51 g/dL) compared to controls (4.16±0.86 g/dL) (p<0.0001), while females showed minimal variation (4.12±0.51 g/dL vs. 4.09±0.65 g/dL). Globulin levels in males were significantly elevated in HIV positive individuals (5.99±14.53 g/dL) compared to controls (2.72±1.15 g/dL) (p<0.0001). In females, globulin levels were similar between the HIV positive group (2.77±0.74 g/dL) and the controls (2.76±0.65 g/dL). Total protein levels in males were considerably higher in HIV positive individuals (10.01±14.52 g/dL) compared to controls (6.88±0.60 g/dL) (p<0.0001). In females, total protein levels were similar between the HIV positive (6.89±0.70 g/dL) and negative (6.84±0.52 g/dL) groups.



TABLE 5   Comparison of hepatic enzyme Levels in the study Population by Gender


	Parameters
	HIV-ART (n=52)
	Negative control (n=52)
	P value

	ALT (IU/L) Mean±SD
	
	
	

	Male 
	28.11±13.24
	28.91±8.41
	<0.0001

	Female
	[bookmark: OLE_LINK1]28.23±14.85
	31.08±11.09
	

	AST(IU/L) Mean±SD
	
	
	

	Male
	28.32±12.41
	26.72±9.94
	<0.0001

	Female
	25.68±10.99
	22.44±8.21
	

	ALP (IU/L) Mean±SD
	
	
	

	Male
	36.17±33.54
	117.60±41.74
	<0.0001

	Female
	28.42±26.48
	103.40±31.97
	

	Albumin(g/dL) Mean±SD
	
	
	

	Male
	4.02±0.51
	4.16±0.86
	<0.0001

	Female
	4.12±0.51
	4.09±0.65
	

	Globulin(g/dL) nMean±SD
	
	
	

	Male
	5.99±14.53
	2.72±1.15
	<0.0001

	Female
	2.77±0.74
	2.76±0.65
	

	Total Protein (g/dL) Mean±SD
	
	
	

	Male
	10.01±14.52
	6.88±0.60
	<0.0001

	Female
	6.89±0.70
	6.84±0.52
	





















Discussion
Regarding treatment, more than half of the HIV-positive individuals had been receiving ART for over ten years, predominantly on first-line regimens. While long-term ART has been instrumental in improving survival and quality of life, it also carries risks of inducing metabolic changes that may affect liver enzyme levels (Nishijima., set al. 2014). A smaller subset on second-line therapies might experience additional challenges related to drug resistance or toxicity, further complicating their clinical management.
Although none of the demographic variables showed statistical significance, the study explored the demographic characteristics of HIV-positive individuals in Auchi alongside those of the control group to examine potential relationships with changes in liver enzyme levels. The findings indicated that the majority of HIV-positive participants were young adults between the ages of 20 and 40 years, which is consistent with broader national epidemiological patterns indicating higher HIV prevalence among sexually active younger adults. Additionally, there was a modest, though statistically non-significant, increase in the proportion of older HIV-positive individuals aged 51 to 60 years. This observation may be attributed to improved longevity due to widespread and effective use of antiretroviral therapy (ART), though advancing age can bring additional risks of hepatic complications. Hsu., et al., (2017).
The gender distribution showed a higher percentage of females among those living with HIV, reflecting recognized vulnerabilities influenced by biological, social, and cultural factors prevalent in sub-Saharan Africa. This female predominance is important, as gender differences can affect both the progression of HIV and associated metabolic and organ-specific changes, including those impacting the liver. (Triant, 2013)
When comparing educational attainment and employment status between HIV-positive and HIV-negative groups, no statistically significant differences were observed. However, the data hint that these factors may influence access to healthcare services and adherence to treatment, which in turn could affect biochemical markers and disease progression. For instance, stable employment, such as civil service, may facilitate better health monitoring compared to informal or self-employed sectors, where individuals might face barriers to consistent ART access and follow-up.
Marital status analysis revealed that divorced individuals were more common within the HIV-positive population compared to controls. This pattern, although borderline in significance, suggests that social and relational disruptions, possibly exacerbated by HIV-related stigma, might increase exposure to high-risk behaviors and interfere with continuous treatment adherence, thereby influencing health outcomes. (Triant, 2013), (Hsu., et al. 2017).
Moreover, a greater proportion of HIV-positive participants resided in rural areas, where healthcare infrastructure is often less accessible. This geographic disparity can delay diagnosis and treatment initiation, potentially worsening the hepatic health outcomes. It underscores the need for enhanced decentralized healthcare services tailored to rural populations.
conventional levels of statistical significance, the emerging trends provide valuable insights. Factors such as prolonged ART exposure, female predominance, rural residency, and higher rates of divorce potentially interact to influence biochemical abnormalities associated with HIV infection. These findings highlight the importance of integrating socio-demographic considerations into clinical care.
Alanine Aminotransferase (ALT) levels, which are typically elevated in liver injury or ART-induced hepatotoxicity, (Cai, et al., 2019), were unexpectedly found to be slightly lower among HIV-positive individuals (28.02 ± 13.43 IU/L) than in the HIV-negative control group (30.04 ± 9.86 IU/L). Despite the modest numerical difference, the variation was statistically significant (p = 0.029). This result challenges conventional expectations, possibly suggesting that effective ART or early-stage liver involvement may mitigate more overt enzyme elevation. Additionally, variability in ALT levels is not uncommon in HIV patients, particularly those without co-existing hepatitis or advanced liver damage. (Triant,.2013)
Aspartate Aminotransferase (AST), another key marker of liver inflammation and mitochondrial stress, was marginally elevated in HIV-positive subjects (26.48 ± 11.39 IU/L) compared to controls (24.50 ± 9.25 IU/L), although the difference did not reach statistical significance (p = 0.140). AST’s limited specificity (Hsu., et al., 2017) being present in other tissues like cardiac and skeletal muscle may partly explain its variability. Nonetheless, the mild increase may point to underlying subclinical hepatic stress, particularly in individuals undergoing prolonged ART regimens.
Alkaline phosphatase (ALP) levels were markedly lower in HIV-positive individuals (34.15 ± 31.60 IU/L) compared to controls (110.20 ± 37.32 IU/L, p = 0.238), which may reflect HIV associated alterations in bone metabolism, as supported by recent studies. (McComsey et al., 2021).
Albumin, a marker of liver synthetic function and nutritional status, was significantly lower in HIV-positive individuals (4.07 ± 0.50 g/dL) compared to controls (4.12 ± 0.75 g/dL), with the difference being statistically meaningful (p = 0.000). Reduced albumin levels in HIV patients can stem from chronic inflammation, immune activation, poor nutritional status, or compromised liver function (Odubela., et al., 2024) However, the relatively small decline suggests that liver synthetic capacity may still be preserved, particularly in patients maintaining viral suppression through ART. Since albumin also functions as a negative acute-phase reactant, its reduction could reflect persistent immune system activation even when viral replication is under control.
[bookmark: _Hlk203201323]Globulin levels were markedly higher in HIV-positive subjects (4.29 ± 9.90 g/dL) compared to the control group (2.74 ± 0.91 g/dL), with the difference being highly statistically significant (p < 0.0001). Elevated globulin concentrations are characteristic of HIV infection due to chronic immune stimulation and polyclonal B-cell activation (Cai, et al., 2019). This hyperglobulinemia is of clinical interest because it signals ongoing immunological activity, which has been associated with increased risk of systemic inflammation and endothelial dysfunction, potentially contributing to cardiovascular complications (Triant, 2015).
[bookmark: _Hlk203202034]Total protein levels, which reflect the combined concentrations of albumin and globulins, were also significantly higher in the HIV-positive group (8.36 ± 9.90 g/dL) than in controls (6.86 ± 0.55 g/dL) (p < 0.0001). The increase primarily stems from the elevated globulin fraction and signifies persistent immune response activity. While elevated total protein is not necessarily harmful in itself, within the context of HIV infection, it may indicate sustained antigenic exposure and heightened immune system engagement. This has potential clinical implications, as chronic immune activation has been linked to conditions such as HIV-associated nephropathy (Hsu., et al.,2017) These findings corroborate prior studies demonstrating altered protein metabolism in HIV-positive individuals due to chronic inflammation and ART effects (Kuller et al., 2022).


The comparative analysis of liver enzyme activity and protein profile parameters between HIV-positive individuals on antiretroviral therapy (ART) and HIV-negative controls shows elevated alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), albumin, globulin, and total protein. The goal was to assess whether ART is associated with hepatic dysfunction or alterations in protein metabolism among those living with HIV.
ALT, a sensitive marker for liver cell injury, was elevated in 5.8% of ART users and 13.5% of HIV-negative controls. Although the difference was not statistically significant (p = 0.319), the lower prevalence of ALT elevation in the ART group may be a result of regular clinical follow-up and liver function monitoring that typically accompanies HIV care (Olusegun., et al., 2021). In contrast, the higher ALT levels in the control group could reflect unrecognized liver stress, potentially from unrelated factors such as alcohol use, medication, or metabolic conditions.
AST elevations were found in 9.6% of HIV-positive individuals versus 1.9% in the control group, with no significant difference (p = 0.205). AST, while less specific than ALT, can signal liver stress, and the higher rate among ART users might reflect cumulative effects of long-term therapy, immune reconstitution, or co-existing conditions common in HIV-positive populations (Eze and Iroha,. 2020). 
ALP levels were slightly elevated in 3.8% of ART users compared to 1.9% of controls, with the difference being statistically non-significant (p = 1.000). ALP is often elevated in conditions involving bile duct obstruction or bone disorders. The similar values between the groups suggest that ART use did not significantly influence ALP activity within the scope of this study (John, O.D. et al., 2019).
Albumin and total protein levels were largely stable in both groups, with only 3.8% of the HIV-positive group showing elevated values for each marker very similar to the 1.9% seen in controls. These findings imply preserved liver synthetic function among HIV-positive individuals on ART and likely indicate that nutritional status was generally adequate. The absence of significant differences (p = 1.000) suggests that ART is not contributing to hypoalbuminemia or protein imbalance in this cohort, Musa, A.A. and Thomas, J.T. (2018). Globulin levels showed the most pronounced difference, with 21.2% of ART recipients presenting elevated values compared to 13.5% of controls (p = 0.438). While not statistically significant, the increased globulin levels in the HIV group may reflect ongoing immune activation a known phenomenon in chronic HIV infection (Chukwu, et al., 2022). Elevated globulin is commonly linked to polyclonal B-cell activation, which occurs in response to persistent antigenic stimulation, even in patients with suppressed viral loads.
In the evaluation of how the duration of antiretroviral therapy (ART) affects liver enzyme activity and plasma protein levels in HIV-positive individuals in Auchi. Participants were grouped based on whether they had been on ART for five years or less (≤5 years) or more than five years (≥10 years), to explore the potential impact of prolonged treatment. ALT and AST levels, which signal liver cell damage, showed no significant differences between groups. This suggests that liver function remains stable regardless of ART duration, indicating minimal long-term liver toxicity from ART. Similarly, ALP, another liver-related enzyme, remained unchanged between the two groups, suggesting no increased risk of bile duct or bone-related complications over time.
Albumin levels, an indicator of liver synthetic function and nutritional health, were slightly higher in individuals on ART for more than five years, though not significantly. This may reflect better overall health and treatment adherence among long-term ART users (Thomas. et al., 2022).
Notably, globulin and total protein levels were significantly higher in the group with ≤5 years of ART. This likely reflects increased immune activity and inflammation during the early stages of treatment. As treatment continues, immune activation decreases, resulting in lower globulin and protein levels (Eze., et al., 2018), (Chukwu, et al., 2021).
[bookmark: _Hlk203209018]Gender-stratified analysis indicated distinct differences in hepatic enzyme levels between males and females Gender-stratified analysis indicated distinct differences in hepatic enzyme levels between males and females. In HIV-positive males, ALT, AST, and ALP levels were significantly lower compared to controls, whereas globulin and total protein levels were significantly higher. Conversely, HIV-positive females exhibited significantly elevated LDH and CK-MB levels relative to males, suggesting potential sex-related differences in cardiovascular risk, consistent with findings from recent studies. (Tsiodras et al., 2021). (Mudathir Qossim et al., 2022)
AST/ALT ratio is often used to differentiate types of liver injury. A ratio greater than 1, as observed in the HIV-positive group, can indicate hepatic fibrosis or mitochondrial dysfunction, commonly associated with chronic HIV infection or ART toxicity (Sulkowski. 2004) The significantly higher mean in HIV patients supports previous studies that suggest long-term ART may induce mild hepatocellular stress or subclinical liver damage due to drug-induced mitochondrial effects or chronic immune activation (Nunes et al., 2010)
Conversely, the control group's mean AST/ALT ratio (0.97) falls within the normal reference range, indicating stable liver function without overt pathology. The significant p-value in both groups reinforces the clinical relevance of monitoring this enzyme ratio, especially in patients on long-term ART (Cem et al., 2003).
[bookmark: _Toc203364746]Conclusion
The findings of this study demonstrate that HIV infection and antiretroviral therapy (ART) significantly impact hepatic enzyme. The markedly reduced ALP levels in HIV positive individuals point to possible disruptions in bone metabolism, highlighting the need for further research into bone health among those undergoing ART. Moreover, the observed gender-specific differences in enzyme patterns underscore the need for tailored sex-specific approaches in HIV management. Collectively, these results underscore the value of ongoing biochemical monitoring and personalized treatment strategies to address potential metabolic complications in individuals living with HIV

Recommendations
Given the lifelong nature of antiretroviral therapy with potential for toxicity, it is therefore recommended that:
1. Routine monitoring of hepatic enzymes in HIV-positive individuals undergoing ART to detect early signs of hepatotoxicity.
2. Implementation of ART regimen modifications for individuals exhibiting significant biochemical alterations to minimize long-term adverse effects. 
3. Increased focus on gender-specific health interventions to address cardiovascular risk disparities between male and female HIV-positive individual.
Ethical Approval and Informed Consent
Ethical approval was obtained from Health Research Ethics Committee (HREC) EDSUTH Auchi, with number (EDSUREC25/0001). 
Informed consent was obtained from all the participating subjects following the standards of human experimentation and with the Helsinki Declaration of 1975, as revised in 2000. This was done through informed consent forms duly completed by all participants.
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