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Sepedi Abstract  

Boemo 

Basadi ba baimana bao ba phelago le HIV ba lebane le kotsi ye kgolo ya mathata a a amanago 

le boimana, go swana le pre-eclampsia (PE), ye e lego bolwetši bja kgatelelo ya madi bjo bo 

amago mekgwa ye mentši ya mmelo bjo bo akaretšago go senyega ga methapo ya madi, go 

ruruga ga mmele ka kakaretšo, le go senyega ga ditho. Tšoaetšo ya HIV le kalafo ya di-

antiretroviral (ART) ka bobedi di amahanngwa le go senyegega ga sebete; le ge go le bjalo, 

khuetšo ya tšona ye e kopanego godimo ga mošomo wa sebete sa bomme maemong a pre-

eclampsia ga sešo sa hlaloswa gabotse, kudu dinageng tšeo HIV e atilego kudu. 

Maikemišetšo 

Maikemišetšo a nyakišišo ye e be e le go hlahloba ditlamorago tša tšoaetšo ya HIV le kalafo 

ya ART godimo ga mošomo wa sebete sa bomme le go rurušega nakong ya boimana, ka go 

lebanya kudu le khuetšo ya pre-eclampsia. 

Mokgwa 

Go dirišitšwe mokgwa wa mixed-methods, wo o kopantšego ditlhahlobo tša tsamaiso 

(systematic reviews) le meta-analyses le dithuto tše mmalwa tša di-cohort. Ditlhahlobo tša 

tsamaiso le meta-analyses di lekotše khuetšo ya pre-eclampsia, tšoaetšo ya HIV le go 

pepentšhwa go ART godimo ga di-biomarker tša sebete, e lego aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), le bilirubin ya kakaretšo 

ya serum. Dithuto tša kliniki di akaretša di-cohort tše mmalwa tšeo di nyakišišitšego go 

rurušega le mošomo wa sebete go basadi ba baimana bao ba arotšwego go ya ka maemo a 

PE le HIV. Maemo a plasma a AST, ALT, placental alkaline phosphatase (PLAP), le C-reactive 

protein (CRP) a lekantšwe le go bapetšwa magareng ga dihlopha go lekola go senyega ga 

sebete, go tsenela ga placenta, le go rurušega ga mmele ka kakaretšo. 

Dipoelo 

Dipoelo tša meta-analysis di bontšhitše kgokagano ye kgolo magareng ga pre-eclampsia le 

koketšego ya di-enzyme tša sebete sa bomme, e lego sešupo sa go senyega ga disele tša 

sebete. Tšoaetšo ya HIV le go šomišwa ga ART ka bonngwe di amantšwe le maemo a godimo 

a AST le ALT ge di bapetšwa le basadi bao ba se nago HIV. Ditemogo tša kliniki di netefaditše 

dipoelo tše, ka go bontšha koketšego ye kgolo ya AST le ALT go basadi bao ba nago le pre-

eclampsia, ka maemo a godimo kudu go bao ba nago le tšoaetšo ya HIV le pre-eclampsia ka 

nako e tee. Maemo a PLAP a fetogile kudu go PE, kudu go basadi ba HIV-positive, se se 

bontšhago go se šome gabotse ga placenta le tswalano ya placenta le sebete. Maemo a CRP 

a be a phagame go PE gomme a oketša le go tia ga bolwetši, go basadi ba nang leHIV-
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positive ba bontšha maemo a godimo a go rurušega go tšwa mathomong. Go ba gona ka 

nako e tee ga HIV le PE go lebile go morwalo wo mogolo kudu wa go rurušega. 

Mafetšo 

Mošomo wo o tšweleditšwego mo porojekeng ye o bontšha gore go se šome gabotse ga 

sebete go tšwa go tswalano ya tšoaetšo ya HIV, go šomitšwa ga ART, le boimana, gomme 

go ka amana gape le pre-eclampsia. Dipoelo di bontšha gore diphetogo tša sebete go basadi 

ba baimana bao ba phelago ka twatši ya HIV di ka se hlaloswe ka HIV, ART goba PE fela, 

eupša di tšwa go ditlamorago tša tšona tše di kopanego. Ka fao, go tokafatša go hlokomelwa 

ga mošomo wa sebete le di-marker tša go rurušega go boimana bjo bo lego kotsing go ka 

thuša go lemoga ka pela go tsenela ga sebete le go lekola kotsi ya bomme, kudu dinageng 

tšeo HIV e atilego kudu go swana le Afrika Borwa. 
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Abstract  

Background: Pregnant women living with HIV (PWLWHIV) are at increased risk of adverse 

pregnancy outcomes, including pre-eclampsia (PE), a multisystem hypertensive disorder 

characterised by endothelial dysfunction, systemic inflammation, and organ damage. Both HIV 

infection and antiretroviral therapy (ART) are associated with hepatic impairment; their 

synergistic impact on maternal liver function in the context of pre-eclampsia remains unclear, 

especially in HIV-endemic regions.  

Aim: This study aimed to evaluate the effects of HIV infection and ART exposure on maternal 

liver function and systemic inflammation during pregnancy, with particular emphasis on the 

modifying role of pre-eclampsia. 

Method: A mixed-methods approach was utilised, combining systematic reviews and meta-

analyses with observational cohort studies. Systematic reviews and meta-analyses assessed 

the impact of PE, HIV infection, and ART exposure on hepatic biomarkers, particularly 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase 

(ALP), and total serum bilirubin. The clinical component included cohorts stratified by PE and 

HIV status to evaluate inflammatory markers and liver function parameters. Plasma levels of 

AST, ALT, placental alkaline phosphatase (PLAP), and C-reactive protein (CRP) were 

measured and compared among groups to evaluate hepatic impairment, placental 

involvement, and systemic inflammation.  

Results: Meta-analytic data revealed a substantial association between PE and increased 

maternal liver enzymes, indicative of hepatocellular damage. HIV infection and ART exposure 

were independently associated with elevated AST and ALT levels in comparison to HIV-

negative controls. The clinical observations validated these results, demonstrating markedly 

elevated AST and ALT levels in pre-eclamptic women, with the most pronounced increases 

noted in those with concurrent HIV infection and pre-eclampsia. PLAP levels were significantly 

altered in PE, especially in HIV-positive women, indicating placental dysfunction and potential 

placental-hepatic interplay. CRP concentrations were elevated in PE and further rose with 

illness severity, with HIV-positive women displaying greater baseline inflammatory levels. The 

simultaneous presence of HIV and PE led to the greatest inflammatory burden.  

Conclusion: These findings demonstrate that liver dysfunction during pregnancy is influenced 

by the complex interplay between HIV infection, ART exposure, and pre-eclampsia. The 

results indicate that hepatic abnormalities in PWLWHIV cannot be solely attributed to HIV, 

ART, or PE, but rather to their combined effects. Therefore, an improved monitoring of liver 

function and inflammatory markers in high-risk pregnancies may facilitate early identification 
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of hepatic involvement and maternal risk assessment, especially in HIV-endemic areas like 

South Africa. 
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weakened immune system in individuals [2]. 

Antiretroviral Therapy is a combination of HIV medicines that suppresses the HI-virus, 

prevents its progression, and reduces the risk of transmission [3]. 

Liver Function Tests are broadly defined as biochemical tests used to evaluate hepatic 

dysfunction and disease [4]. 

Aspartate Aminotransferase plays a key role in the metabolism of amino acids, maintenance 

of NAD+/NADH ratio in cells, Krebs cycle activity, synthesis of purin/pyrimidine bases, urea 

and protein synthesis and gluconeogenesis [5]. 

Alkaline Phosphatase is a membrane-associated enzyme that catalyzes the release of 

phosphate via cleavage of the phosphate ester bond [6]. 

Alanine Transaminase is an enzyme that facilitates the interaction between L-alanine and α-

ketoglutarate, producing pyruvate and L-glutamate [7]. 

C-Reactive Protein is an acute inflammatory protein that increases up to 1000-fold at sites of 
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Liver Dysfunction is defined as a condition resulting from diseases that cause progressive 

destruction and regeneration of liver parenchyma, leading to fibrosis, disruption of vascular 

architecture, and cirrhosis over time [9]. 

Inflammation is a defense mechanism designed to eradicate microbes or irritants, thus 

protecting living tissues from infection injuries and enhancing tissue repair [10]. 
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CHAPTER 1: INTRODUCTION 

1.1. Introduction 

South Africa has a high-burden Human Immunodeficiency Virus (HIV) epidemic, with women, 

especially those of reproductive age, being disproportionately impacted [11]. To mitigate the 

effects of HIV and prevent mother-to-child transmission (MTCT), antiretroviral therapy (ART) 

is readily provided to pregnant women living with HIV [12]. Since the inception of the South 

African national ART program in 2004, access to ART has significantly increased. It currently 

covers over 95% of pregnant women, substantially reducing mother-to-child transmission of 

HIV [13]. Although ART has markedly diminished HIV-related morbidity and mortality, its 

prolonged impact on organ function, especially the liver, continues to be a concern [14]. 

Considering this significant prevalence of HIV in South Africa and the extensive administration 

of ART to pregnant women, it is essential to comprehend the possible detrimental impacts of 

these treatments on liver function to enhance maternal and foetal health outcomes.  

The liver is essential for drug metabolism [15], and ART, particularly certain classes such as 

protease inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs), has 

been associated with hepatotoxicity [16]. The potential hepatotoxic consequences of ART in 

pregnant women remain concerning, particularly in the presence of pre-eclampsia, which 

independently affects liver enzyme levels and overall hepatic function [17]. Previous findings 

have demonstrated that, despite ART exposure, people living with HIV (PLHIV) remain at risk 

of endothelial dysfunction, increasing their susceptibility to cardiovascular disease [18]. 

Furthermore, both HIV infection and ART have been independently associated with hepatic 

complications, evidenced by significantly elevated liver enzyme levels, including aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) in 

people living with HIV (PLWH) [19]. The use of ART during pregnancy has been linked to 

several maternal and foetal adverse effects, including hypertension in pregnancy, referred to 

as pre-eclampsia (PE), gestational hypertension, gestational diabetes, foetal growth 

restriction, low birth weight, and numerous other disorders [20]. It remains unclear whether 

pregnancy-induced PE is triggered by the virus itself or by the effects of antiretroviral 

medication. Although other researchers have reported elevated liver enzymes in PE compared 

with normotensive individuals [21–23], recent evidence has challenged this finding, showing 

decreased AST and ALT in PE [24]. This thus makes it difficult to understand the contribution 

of PE to maternal liver dysfunction. PE is associated with systemic endothelial dysfunction, 

oxidative stress, and inflammatory responses, all of which may exacerbate liver failure [25]. 

The onset of PE correlates with a shift from an anti-inflammatory (Th2) to a pro-inflammatory 
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(Th1) immunological response, characterised by increased concentrations of inflammatory 

cytokines such as Interleukin-1 (IL-2), Interleukin-6 (IL-6), Interleukin-12 (IL-12), Interferon-

gamma (IFN-γ), and Tumour Necrosis Factor-alpha (TNF-α) [26,27]. Maternal comorbidities, 

including chronic renal disease, hypertension, and obesity, elevate the risk of PE development 

[28]. These physiological alterations lead to vascular injury, compromised placental perfusion, 

and multi-organ consequences, including hepatic dysfunction [29]. In extreme instances, PE 

may advance to HELLP (Haemolysis, Elevated Liver Enzymes, Low Platelets) syndrome, 

which intensifies liver failure and heightens maternal and foetal morbidity and mortality [30]. 

Hepatic involvement in PE is clinically significant, as impaired hepatic function may result in 

elevated liver enzymes, hepatocellular injury, and, in severe cases, hepatic rupture or 

infarction. 

Hepatic function is frequently assessed using various biochemical markers that indicate liver 

injury or dysfunction. Common biomarkers include bilirubin, ALT, AST, ALP, and the 

aminotransferase ratio, all of which yield essential insights into the liver's capacity to 

metabolise and eliminate drugs [31]. An increase in these biomarker levels suggests impaired 

liver function [32]. Another important marker of liver function and systemic inflammation is C-

reactive protein (CRP). The liver produces CRP in response to infection, injury, or 

inflammation, and elevated levels are widely used as an indicator of systemic inflammation 

[33]. PLHIV frequently exhibit elevated CRP levels, an indicator of systemic inflammation 

driven by persistent viral replication [34]. A study by Drain et al. (2007) found that high maternal 

CRP concentrations were linked to maternal disease progression, mother-to-child 

transmission, and maternal and child mortality [35]. Chronic immunological activation and 

hepatic inflammation may accelerate liver fibrosis and elevate the risk of liver-related morbidity 

and mortality. Thus, monitoring these indicators in PLHIV is crucial for the early identification 

of liver impairment and enhancing therapeutic care techniques to reduce negative outcomes. 

Inflammation plays a central role in the pathogenesis of various diseases, including 

hypertensive disorders of pregnancy and HIV infection, where immunological dysregulation 

leads to detrimental maternal and foetal outcomes [36]. CRP has conventionally served as a 

biomarker for systemic inflammation, owing to its sensitivity in identifying both acute and 

chronic inflammatory conditions [37]. Cellular markers, including neutrophils, lymphocytes, 

and the neutrophil-to-lymphocyte ratio (NLR), have recently attracted interest as 

supplementary indicators of immunological activation and inflammatory burden [38]. These 

haematological indices are cost-effective and easily obtainable from standard blood counts, 

offering insight into the balance between innate and adaptive immune responses. When 

assessed in conjunction with CRP, they provide a more thorough evaluation of inflammatory 

status, especially in intricate circumstances like pregnancy complicated by HIV and PE. 
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Biomarkers such as ALT, AST, and ALP provide significant insights into liver function, while 

CRP offers a picture of inflammation among PLHIV, particularly pregnant women with PE. 

Elevated levels of these indicators suggest hepatic stress and potential metabolic dysfunction, 

which may be exacerbated by exposure to ART. By integrating these biomarkers, this study 

seeks to comprehensively evaluate liver function in pregnant women living with HIV, with and 

without PE. 

1.2. Problem Statement 

Sub-Saharan Africa bears the greatest burden of HIV globally, and the infection remains a 

major public health concern [39]. The management of HIV in pregnant women in South Africa, 

where HIV prevalence is among the highest in the world, poses particular challenges, 

especially with regard to the safety and effectiveness of ART [40]. Although ART has greatly 

lowered HIV-related morbidity and mortality, questions have been raised about its possible 

hepatotoxicity, particularly in at-risk groups like pregnant women. Pregnancy-related liver 

dysfunction, aggravated by PE and other disorders, makes the clinical management of HIV-

positive women increasingly complex [17,41]. 

 

PE remains a major cause of maternal morbidity and mortality. It is a hypertensive pregnancy 

disorder marked by multi-organ involvement, including liver dysfunction [42]. HIV, ART, and 

PE may interact synergistically, raising concerns about their combined effects on liver function. 

While studies have looked at the differential effects of ART in HIV-infected pregnant women 

with and without PE, most of the current research points to possible hepatotoxicity from some 

ART regimens [43,44]. While the presence of PE may aggravate ART-induced liver 

dysfunction, the degree and clinical relevance of this interaction are still not well characterised. 

Though ART is commonly used during pregnancy, there is little research on how various ART 

regimens affect liver function in pregnant women with PE relative to those without the condition 

[45]. Given that liver dysfunction can cause major problems like hepatic failure, preterm birth, 

and higher maternal and neonatal mortality, this knowledge gap has important consequences 

for maternal and foetal health [46,47]. The lack of thorough studies evaluating the combined 

effects of ART and PE on liver function hinders healthcare professionals' capacity to optimise 

treatment plans for this high-risk group. Given the urgent need for evidence-based guidance, 

this study aims to evaluate and compare the effects of ART on liver function and inflammatory 

markers among HIV-infected pregnant women with and without PE in South Africa. This study 

will offer important insights into the safety of ART in pregnancy by means of liver enzyme 

profiles, indicators of hepatic damage, and possible risk factors. The findings may contribute 
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to improved clinical management strategies and ultimately support better maternal and 

neonatal outcomes in South Africa’s HIV-positive population. 

1.3. Aim of the Study 

This study aims to investigate the potential impact of ART on liver function and systemic 

inflammation in HIV-infected pregnant women with preeclampsia in South Africa. 

1.4. Research Objectives: 

 

a) To conduct a systematic review and meta-analysis to evaluate the effect of pre-

eclampsia on maternal liver function in pregnant women. 

b) To compare, through meta-analysis, liver function test abnormalities among pregnant 

women with HIV infection receiving ART and those not receiving ART. 

c) To conduct a systematic review exploring the effect of ART on liver function in HIV 

pregnant women with HIV and preeclampsia. 

d) To compare the levels of alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), alkaline phosphatase (ALP), C-reactive protein (CRP), and the AST/ALT ratio 

between HIV-positive pregnant women with pre-eclampsia receiving ART and 

normotensive pregnant women in South Africa. 

e) To compare systemic inflammation, as measured by C-reactive protein (CRP) levels, 

among pregnant women with pre-eclampsia, pregnant women with HIV infection, 

pregnant women with both pre-eclampsia and HIV infection, and normotensive 

pregnant controls in South Africa. 

1.5. Research Question: 

What is the impact of ART on liver function and inflammation in HIV-positive pregnant women 

with pre-eclampsia versus those without pre-eclampsia in South Africa? 

1.6. Research Hypotheses: 

ART is associated with increased maternal levels of ALT, AST, ALP, and CRP in pregnant 

women with HIV and pre-eclampsia compared to normotensive pregnant women. 

Pregnant women with PE, HIV infection, or both exhibit markedly increased systemic 

inflammation, as seen by raised CRP levels, in comparison to normotensive pregnant controls. 
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1.7. Significance of the study 

The research examines the impact of HIV, ART, and PE on liver function during gestation in 

South Africa. It elucidates the interactions among these conditions, which may enhance risk 

assessment, optimise ART regimens, and improve liver function outcomes in pregnant 

women. The findings may improve maternal health outcomes, reduce the risk of adverse birth 

outcomes, and enhance the safety of therapeutic interventions. The study integrates clinical 

pharmacology, obstetrics, and infectious disease, aligning with contemporary research 

objectives. Connecting clinical information with public health initiatives, enhancing care for 

vulnerable populations, and educating health researchers to improve HIV and maternal health 

outcomes in real-world settings are essential. 
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Prologue  

The next chapter provides a critical review of current evidence on liver function in individuals 

living with HIV, pregnant women with pre-eclampsia (PE), and pregnant women without PE. It 

also examines the role of antiretroviral therapy (ART) and the contribution of HIV to liver 

dysfunction. 

We conducted a systematic review and meta-analysis to synthesize evidence on the effects 

of HIV, ART, and PE on liver function. Our first systematic review and meta-analysis 

(published) outline the contribution of PE to maternal liver dysfunction, independent of HIV 

status or ART exposure. This work provided the foundation for a subsequent systematic 

review, which examined the effect of PE and ART on liver function in pregnant women with 

HIV, with or without preeclampsia (accepted, pending APC payment). This was followed by a 

systematic review and meta-analysis that evaluated the effect of HIV and ART on liver function 

in the HIV population (published). Our findings showed that HIV, ART, and PE contribute to 

liver dysfunction irrespective of the HIV, ART or PE. 
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CHAPTER 2: LITERATURE REVIEW 

Chapter 2.1: Systematic Review 

This section is presented in the form of a published systematic review titled “The Impact of 

Antiretroviral Therapy on Liver Function Among Pregnant Women Living with HIV in Co-

Existence with and without Pre-Eclampsia”.  

This manuscript is published in a DHET-accredited journal, “Viruses” with the following link:  

https://doi.org/10.3390/v17010028  

The manuscript reviewed the evidence aimed to examine the pathogenesis of pre-eclampsia 

and the impact of antiretroviral therapy on liver function in pregnant women living with HIV with 

and without preeclampsia, which is in alignment with the title of the dissertation. The review 

presented in its Viruses formatting style used in a published version. 
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Chapter 2.2 Systematic Review and Meta-Analysis 

 

Pre-eclampsia-Induced Maternal Liver Dysfunction: Meta-Analysis of Observation Studies 
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Chapter 2.3 Systematic Review and Meta-Analysis 

 

This chapter is formatted as a published article entitled, “HIV Infection and Antiretroviral 

Therapy Impair Liver Function in People Living with HIV: Systematic Review and Meta-

Analysis” 

Published in Pharmaceuticals: link: https://doi.org/10.3390/ph18070955, and aligned with the 

theme of the research, expanding the population beyond pregnant women, to also include 

males, and non-pregnant women. This systematic review and meta-analysis examined the 

effects of HIV infection and ART on liver function in people living with HIV (PLHIV). The results 

showed an increase in AST and ALT in naïve PLWH compared to HIV-negative individuals. 

Elevated AST, ALT, and ALP were also observed in ART-exposed PLWH compared to HIV-

negative individuals. However, no significant difference was found in ALP between ART-naïve 

and HIV-negative individuals. The study highlights the dual risk posed by HIV infection and 

ART exposure on liver function in PLHIV. 
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Prologue 

The following chapter presents a collection of manuscripts arising from comprehensive 

research on the biochemical and physiological alterations associated with pregnancy, pre-

eclampsia (PE), and HIV infection. These studies investigate the complex relationship 

between maternal hepatic function, placental activity, and systemic inflammation. 

The research explores how pregnancy, compounded by hypertensive disorders, HIV status, 

and ART exposure, affects maternal physiological adaptation and placental integrity, using 

key biochemical markers such as alanine aminotransferase (ALT), placental alkaline 

phosphatase (PLAP), C-reactive protein (CRP), and aspartate aminotransferase (AST). The 

study aims to elucidate the mechanisms that may underlie variations in hepatic enzyme 

expression and placental biomarker activity by comparing results from normotensive and PE 

pregnancies in both HIV-positive and HIV-negative women. The manuscripts provided here 

are part of a larger effort to link clinical observation with biochemical insights, resulting in a 

comprehensive understanding of maternal health under complex physiological and 

pathological conditions. Finally, this collection emphasises not only the varied nature of 

pregnancy-related disorders but also the potential of biochemical indicators to aid early 

detection, risk assessment, and clinical management strategies in obstetric care. 
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CHAPTER 3: Clinical Findings 

This section provides an overview of the results from the clinical study and is divided into 

three manuscripts, presented as such. 
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Abstract: 

Background: Pre-eclampsia (PE) is a hypertensive disease disorder of pregnancy, linked to 

considerable maternal and perinatal morbidity. The aetiology includes endothelial dysfunction, 

abnormal placentation, and hepatic involvement. Aspartate aminotransferase (AST), an key 

enzyme in amino acid metabolism and a marker of hepatocellular damage, may offer insights 

into hepatic changes during PE. In sub-Saharan Africa, where both PE and human 

immunodeficiency virus (HIV) infection are widespread, comprehending their synergistic 

impact on maternal hepatic function is crucial.  

Objective: This study aimed to compare plasma AST levels in normotensive and PE 

pregnancies stratified by HIV status, and to determine whether HIV infection and antiretroviral 

therapy (ART) influence hepatic enzyme activity in PE. 

Methods: Prospective case-control study performed at Charlotte Maxeke Johannesburg 

Academic Hospital, South Africa, involving 72 pregnant women (48 normotensive and 24 pre-

eclamptic), comprising both HIV-positive and HIV-negative individuals. Plasma AST 

concentrations were measured with a human AST ELISA kit. Data were analysed using 

GraphPad Prism 5.0, employing both nonparametric and parametric statistical tests, with 

significance set at p < 0.05.  

Results: While AST concentrations were typically elevated in the PE group compared to 

normotensive pregnancies, these variations were not statistically significant (p = 0.7973). 

Likewise, comparisons categorised by HIV status, between HIV-negative and HIV-positive 

normotensive or PE groups, revealed no significant differences in AST levels (p > 0.05). 

Clinical parameters, including systolic and diastolic blood pressure, exhibited substantial 

differences between normotensive and PE patients (p < 0.0001), hence validating the 

accuracy of group classification. 

Conclusion: The results indicate that PE and HIV infection, either alone or in combination, 

have no significant effect on plasma AST levels during pregnancy. Despite the established 

involvement of the liver in PE and the possibility for ART-induced hepatotoxicity in HIV, AST 

may not be a sensitive solo biomarker for detecting subtle hepatic alterations in both 

circumstances. Larger studies with broader liver function panels and longitudinal follow-up are 

needed to elucidate these connections. 

 

Key Words: Aspartate Aminotransferase, Pre-eclampsia, HIV, Liver Function, Pregnancy, 

Antiretroviral Therapy 
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1. Introduction 

Pregnancy is a dynamic physiological condition marked by substantial metabolic, 

immunological, and circulatory modifications that safeguard maternal health and facilitate 

foetal growth [1]. Pre-eclampsia (PE) is one of the most prevalent hypertension disorders 

during pregnancy, significantly impacting maternal and perinatal morbidity and mortality 

globally [2] [3]. PE is clinically characterised by the emergence of hypertension and proteinuria 

after 20 weeks of gestation, frequently associated with systemic complications affecting the 

liver, kidneys, and coagulation mechanisms [4]. The precise aetiology of PE remains unknown; 

nonetheless, it is thought to stem from abnormal placental development and insufficient 

uterine blood flow [5]. This may result in difficulties including placental abruption, foetal growth 

limitation, and premature birth [6]. Early identification and intervention of PE is essential in 

preventing severe consequences for both the mother and the infant. 

The liver is critical in maternal adaptation throughout pregnancy, and changes in its function 

may yield significant insights into disease pathogenesis [7]. Aspartate aminotransferase (AST) 

is an enzyme commonly utilised as a biomarker for hepatocellular damage [8]. AST facilitates 

the reversible transference of an amino group between aspartate and α-ketoglutarate, yielding 

oxaloacetate and glutamate, which are essential intermediates in the citric acid cycle and 

amino acid metabolism. By producing oxaloacetate, AST supports the citric acid cycle 

essential for adenosine triphosphate (ATP) synthesis [9]. AST is abundant in the liver, heart, 

skeletal muscle, kidneys, brain, and red blood cells, and it functions as a biomarker of tissue 

damage in disorders such as hepatitis and myocardial infarction [10]. Increased blood AST 

concentrations may indicate organ damage, making it a significant diagnostic tool. In cases of 

liver dysfunction, AST levels may be significantly elevated because the liver plays a crucial 

role in metabolism.  

The scenario is further complicated by the significant prevalence of human immunodeficiency 

virus (HIV) infection in areas where PE is common, especially in sub-Saharan Africa [11]. HIV 

infection is linked to chronic inflammation, immunological dysregulation, and possible 

hepatotoxicity resulting from antiretroviral therapy (ART) [12]. The overlapping risk factors  

pose significant clinical questions concerning the cumulative impact of HIV infection and PE 

on maternal hepatic function. HIV infection can intensify the severity of PE and elevate the 

likelihood of negative consequences for both the mother and the infant [11]. The administration 

of ART in HIV-positive pregnant women with PE may exacerbate the situation by potentially 

inducing hepatic damage [13]. 

Examining AST activity in PE and normotensive pregnancies, both with and without HIV 

infection, may provide clarity of the complex relationships among hypertensive diseases of 
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pregnancy, viral infection, and hepatic function. Determining whether HIV infection and ART 

exacerbate or mitigate AST changes in PE could yield essential insights into maternal disease 

progression and neonatal consequences. Therefore, the aim of this study is to assess AST 

levels in PE and normotensive pregnancies, both with and without HIV infection, to determine 

the effects of PE and HIV on maternal liver function. 

2. Materials and Methods 

2.1. Study population and design  

This study was conducted as a cross-sectional study, with samples collected at a single time 

point, as previously reported by other scholars [14]. It adhered to the principles of the 

Declaration of Helsinki [15], and informed consent was obtained from participants prior to 

participation. Institutional ethical approval was obtained from the University of South Africa-

College of Agriculture & Environmental Sciences Health Research Ethics Committee 

(2025/CAES_HREC/7327), approved on 08/05/2025, and the gatekeeper’s permission was 

granted to make use of the samples. The hospital regulatory permission was also obtained 

from Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), South Africa. After written 

consent was obtained, Normotensive (N) and pre-eclamptic (PE) HIV-negative and HIV-

positive pregnant women were recruited at CMJAH. Normotensive (n = 48, age range: 18 ± 

43 years) and PE (n = 24, age range: 18 ± 40 years) patients were recruited. Pre-eclampsia 

is characterised by new-onset hypertension of ≥140 mmHg systolic or ≥90 mmHg diastolic, 

measured on two separate occasions four hours apart, with or without proteinuria. 

Normotensive pregnant participants were defined as individuals exhibiting a blood pressure of 

≤120/80 mmHg [16]. Demographic data for all research participants were obtained from their 

maternity case records. HIV testing was done after counselling using a rapid point-of-care test 

kit initially, as is the standard of care in South Africa. Maternal weight was categorised as 

normal weight (BMI: 18.5 - 24.9 kg/m²), overweight (BMI: 25.0 – 29.9 kg/m²), and obese (BMI: 

>30 kg/m²). To ensure anthropometric consistency, all women participating in the study 

reported being non-smokers and abstaining from alcohol and recreational drugs, while all HIV-

positive participants were receiving highly active antiretroviral therapy (HAART: tenofovir, 

emtricitabine, and efavirenz) in accordance with South African National HIV guidelines [17]. 

The administration of HAART during pregnancy is crucial for minimising mother-to-child 

transmission through mechanisms such as reducing maternal antepartum viral load and 

providing preexposure and postexposure prophylaxis for the infant [18]. Women with 

additional chronic medical issues were excluded from the study. 
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2.2. Sample Collection 

This study utilised 72 archived maternal plasma samples, comprising 48 from normotensive 

individuals and 24 from those with PE, collected at the Charlotte Maxeke Johannesburg 

Academic Hospital. A competent nurse (Ms PN Zulu) utilised a 21-gauge needle for 

venipuncture. Approximately 6 mL of blood samples were obtained from each research 

participant in EDTA tubes (July-October 2023). Following sample collection, the blood was 

processed within one hour to preserve plasma integrity. The EDTA tubes were centrifuged at 

1500 × g for 10–15 minutes at 4°C to isolate plasma from cellular components. The isolated 

plasma was subsequently preserved in a freezer at -80°C for future utilisation. 

2.3. Human AST (aspartate Aminotransferase) ELISA  

AST measurement was conducted utilising the Human Aspartate Aminotransferase (AST) 

ELISA Kit (Cat. No. ELK1966, Lot. 33405676).  This assay utilises a sandwich enzyme-linked 

immunosorbent assay (ELISA) methodology, with microplates that are pre-coated with a 

capture antibody specific to human AST. Samples and standards were introduced into the 

wells and bound to the immobilised antibody. A biotinylated anti-AST antibody was 

subsequently added, followed by streptavidin linked to horseradish peroxidase (HRP). 

Following the addition of the substrate (TMB), a colorimetric reaction ensued, which was then 

halted with a stop solution. Optical density (OD) was quantified at 450 nm utilising a microplate 

reader. 

All samples were diluted to a ratio of 1:4 in accordance with the assay specifications. 100 µL 

of standards, blanks, and plasma samples were added to specified wells and incubated for 80 

minutes at 37 °C. Following three washes with 1× wash buffer, where the contents were 

decanted and 200 µL of wash buffer added to each well, 100 µL of biotinylated antibody 

working solution was dispensed into each well and incubated for 50 minutes at 37 °C. 

Subsequent to an additional wash step, 100 µL of streptavidin-HRP working solution was 

added and incubated for 50 minutes at 37 °C. Subsequent to five washes, 90 µL of TMB 

substrate was dispensed into each well and incubated in the dark for 20 minutes at 37 °C. The 

reaction was halted using 50 µL of stop solution, and absorbance was measured immediately 

at 450 nm. 

A standard curve was constructed with AST concentrations represented on the x-axis and 

optical density (OD) values on the y-axis. AST concentrations in plasma samples were derived 

using this curve. Samples exhibiting OD values over the detection range (0.32–20 U/L) were 

reanalysed using suitable dilutions. 
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2.4. Statistical Analysis 

Microsoft Excel 365 was used to construct the standard curve and determine AST 

concentrations using the calculated regression line. GraphPad Prism 5.00 for Windows 

(GraphPad Software, San Diego, California, USA) was used to analyse the data. The Shapiro–

Wilk test was used to assess the normality of the data distribution. When the distribution was 

parametric, descriptive statistics for continuous data were presented as mean ± standard 

deviation, whilst nonparametrically distributed data were presented as median and 

interquartile range (IQR). Group comparisons were conducted using one-way analysis of 

variance (ANOVA) for parametric data, followed by a Tukey post hoc test. The Kruskal–Wallis 

test was utilised for non-parametric data. A p-value < 0.05 was considered statistically 

significant. 

3. Results 

3.1. Clinical Characteristics of Participants 

Table 1 summarises the clinical and demographic features of the study population. As 

expected, systolic and diastolic blood pressure (BP) differed between the normotensive and 

PE groups (p ≤ 0.0001). Similarly, maternal age (p = 0.0425) and BMI (p = 0.0373) were 

significantly different between the normotensive and PE groups. There were no significant 

differences in maternal weight (p = 0.1062), maternal height (p = 0.9917), and gestational age 

(p = 0.1515) between normotensive and PE groups. 

Table 1: Patient demographic features of the study groups (normotensive = 48, pre-eclampsia 

= 24) 

Variables Groups Median Q1 – Q3 Mean ± SD p-value 

Maternal age (years) N 32 21 – 37.5 31.68 ± 6.56 0.0425 

PE 36 34 – 38 35.96 ± 2.38 

Maternal Weight (kg) N 73 68 – 90 78.24 ± 14.73 0.1062 

PE 87 71.75 – 100.5 88.6 ± 18.26 

Maternal Height (m) N 159.5 155 – 167 158.9 ± 4.79 0.9917 

PE 158 157.3 162.5 159.8 ± 5.48 

BMI (kg/m2) N 28.87 27.17 – 37.02 31.39 ± 5.48 0.0373 

PE 39.39 34.08 – 47.67 39.02 ± 8.64 

Systolic blood 

pressure (mmHg) 

N 106 96 – 116.3 110.1 ± 6.53 *** <0.0001 

PE 149 104 – 154.8 15 ± 19.41 

N 66.5 60.25 – 72 66.83 ± 7.67 *** <0.0001 
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Diastolic blood 

pressure (mmHg) 

PE 96.5 91.25 – 106 99.3 ± 14.78 

Gestational age 

(weeks) 

N 23 16 – 30 22.44 ± 7.76 0.1515 

PE 19 13 – 26 19.48 ± 8.47 

N: Normotensive; PE; Pre-eclampsia 

3.2. Plasma concentration levels of AST 

3.2.1. Across all groups 

There was no significant difference in AST levels across all study groups (Kruskal-Wallis = 

0.3475, p = 0.9509) as shown in Figure.1 
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Figure 1: Plasma concentration levels of AST (U/L): Across all groups: Normotensive HIV 

negative (N-); Normotensive HIV positive (N+); Pre-eclamptic HIV negative (PE-); Pre-

eclamptic HIV positive (PE+).  

 

3.2.2. Pregnancy Type 

i) Normotensive vs. pre-eclamptic: 

AST levels were increased in the pre-eclamptic group (median = -0.4063 U/L; 95% CI: 2.788 

-0.4439) compared with the normotensive group (median = -0.5667 U/L; 95% CI: 1.107 -

0.2042); however, this did not reach statistical significance (Mann-Whitney U = 554.0; p = 

0.7973). Figure 2 (A). 

ii) HIV negative Normotensive vs. pre-eclamptic: 

AST levels were increased in the pre-eclamptic group (median = -0.5923 U/L; 95% CI: 3.765 

- 0.9758) compared with the normotensive group (median = -0.4318 U/L; 95% CI: 1.059 -
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0.4400) however this did not reach statistical significance (Mann-Whitney U = 250.0; p = 

0.9043). Figure 2 (B). 

iii) HIV Positive Normotensive vs. pre-eclamptic: 

There was no significant difference in AST levels in the normotensive group (median = -0.6652 

U/L; 95% CI: 2.137 -0.6660) compared with the pre-eclamptic group (median = -0.1929 U/L; 

95% CI: 2.666 -1.212) however this did not reach statistical significance (Mann-Whitney U = 

55.00; p = 0.6027). Figure 2 (C). 
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Figure 2: Plasma concentration levels of ARST (U/L) +) in Pregnancy type: (A) N vs. PE; (B) 

N- vs PE-; (C) N+ vs. PE+. 

3.2.3. HIV status 

i) HIV negative normotensive vs. HIV positive normotensive:  

AST levels were increased in the HIV positive normotensive group (median = -0.6652 U/L; 

95% CI: 2.137 -0.6660) compared with the HIV negative normotensive group (median = -

0.4318 U/L; 95% CI: 1.059 -0.4400) however this did not reach statistical significance (Mann-

Whitney U = 252.5; p = 0.9477). Figure 3 (A). 

ii) HIV negative pre-eclamptic vs. HIV positive pre-eclamptic: 

AST levels were reduced in the HIV positive pre-eclamptic group (median = -0.1929 U/L; 95% 

CI: 2.666 -1.212) compared with the HIV negative pre-eclamptic group (median = -0.5923 U/L; 

95% CI: 3.765 -0.9758) however no statistical significance was established (Mann-Whitney U 

= 56.00; p = 0.6460). Figure 3 (B). 

iii) All HIV negative groups vs. All HIV positive groups:  

There was no significant difference in AST levels in all HIV negative groups (median = -0.4500 

U/L; 95% CI: 1.563 -0.2206) compared with all HIV positive groups (median = -0.5230 U/L; 

95% CI: 1.780 -0.3143) however no statistical significance was established (Mann-Whitney U 

= 560.5; p = 0.8578). Figure 3 (C). 
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Figure 3: Plasma concentration levels of AST (U/L) by HIV status: (A) N- vs. N+; (B) PE- vs. 

PE+; and (C) HIV- vs. HIV+. HIV- vs. HIV+. 
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3.2.4. HIV status - Negative 

i) HIV negative normotensive vs. all pre-eclamptic: 

AST levels were reduced in the HIV negative normotensive group (median = -0.4318 U/L; 95% 

CI: 1.059 -0.440) compared with all pre-eclamptic groups (median = -0.4756 U/L; 95% CI: 

2.821 -0.5581) however no statistical significance was established (Mann-Whitney U = 366.0; 

p = 0.9796). Figure 4 (A) 

ii) HIV negative normotensive vs. pre-eclamptic HIV negative vs. pre-eclamptic HIV 

positive: 

AST levels higher in the pre-eclamptic HIV negative group (median = -0.1929 U/L; 95% CI: 

3.765 – 0.9758), lower in the pre-eclamptic HIV positive group (mean = 0.7270 ± 2.319 U/L; 

95% CI: 2.666 -1.212), compared to the lowest in the normotensive HIV negative group 

(median = -0.4318 U/L; 95% CI: 1.059 -0.4400), however there was no statistical significance 

establish amongst the groups (Kruskal Wallis = 0.3042; p = 0.8589). Figure 4 (B) 

iii) HIV negative normotensive vs. pre-eclamptic HIV positive: 

AST levels were lower in the HIV negative normotensive group (median = -0.4318 U/L; 95% 

CI: 1.059 -0.4400), compared to the pre-eclamptic HIV positive group (mean = 0.7270 ± 2.319 

U/L; 95% CI: 2.666 -1.212), however no statistical significance was established (Mann-

Whitney U = 113.0; p = 0.6239). Figure 4 (C) 
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Figure 4: Plasma concentration levels of AST (U/L) by HIV status – Negative; (A) HIV- vs. all 

PE; (B) HIV- vs. PE- vs. PE+; (C) HIV- vs. PE+. 

 

3.2.5. HIV status - Positive 

i) HIV positive normotensive vs. all pre-eclamptic: 

AST levels were higher in the pre-eclamptic group (median = -0.4756 U/L; 95% CI: 2.821 -

0.5581), compared to the lower levels of AST in the HIV positive normotensive group (median 

= -0.6652 U/L; 95% CI: 2.137 -0.6660), however no statistical significance was established 

(Mann-Whitney U = 176.0; p = 0.8304). Figure 5 (A) 

ii) HIV positive normotensive vs. pre-eclamptic HIV negative vs. pre-eclamptic HIV 

positive: 
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AST levels higher in the pre-eclamptic HIV negative group (median = -0.5923 U/L; 95% CI: 

3.765 -0.9758), lower in the pre-eclamptic HIV positive group (mean = 0.7270 ± 2.319 U/L; 

95% CI: 2.666 -1.212), compared to the lowest in the normotensive HIV negative group 

(median = -0.6652 U/L; 95% CI: 2.137 -0.6660), however there was no statistical significance 

establish amongst the groups (Kruskal Wallis = 0.3489; p = 0.8399). Figure 5 (B) 

iii) HIV positive normotensive vs pre-eclamptic HIV negative: 

AST levels were lower in the HIV positive normotensive group (median = -0.6652 U/L; 95% 

CI: 2.137 -0.6660), compared to the pre-eclamptic HIV negative group (mean = -0.5923 U/L; 

95% CI: 3.765 -0.9758), however no statistical significance was established (Mann-Whitney 

U = 124.0; p = 0.8951). Figure 5 (C) 
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Figure 5: Plasma concentration levels of AST (U/L) by HIV status – Positive; (A) HIV+ vs. all 

PE; (B) HIV+ vs. PE- vs. PE+; (C) HIV+ vs. PE-. 

 

4. Discussion 

This study examined plasma AST levels in PE and normotensive women, both with and 

without HIV infection, to assess the cumulative effect of hypertensive disorder of pregnancy 

and HIV on maternal liver function. The results showed higher AST levels in women with PE 

than in normotensive groups, but the difference was not statistically significant.  PE is usually 

associated with elevated liver enzyme levels, which are caused by endothelial dysfunction, 

microangiopathic haemolysis, and liver cell damage [19]. Contrary to our findings, another 

study by Dajac et al. (2016) reported that women with PE had significantly higher AST levels 

than healthy pregnant women [20]. As well as Munazza et al., (2011), reported a significant 

increase in AST levels in women with PE (41.34 ± 10.764 U/L) compared to normotensive 

women (8.24 ± 2.544 U/L) [21]. The lack of statistically significant differences in AST levels 

among the groups can be attributed to the sample size and statistical power, as the overall 

cohort consisted of 72 participants, with the PE cohort being smaller. Another potential 

explanation is that AST is not exclusively liver-specific. It is also present in cardiac and skeletal 

muscle, as well as in erythrocytes [22]. Consequently, any minor muscular injury or haemolytic 

event may elevate circulating AST levels, thereby obscuring subtle hepatic variations between 

normotensive and PE patients. 

AST, or Serum Glutamic-Oxaloacetic Transaminase (SGOT), is an enzyme that plays a role 

in amino acid metabolism. It facilitates the reversible transfer of an amino group between 

aspartate and α-ketoglutarate, forming oxaloacetate and glutamate [23]. AST is synthesised 

in multiple tissues across the body, with the highest concentrations seen in the liver, heart, 
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skeletal muscles, kidneys, and red blood cells [22]. The widespread distribution of AST means 

that elevated levels in the blood may indicate tissue injury in any of these organs. AST levels 

were generally elevated in HIV-positive normotensive women relative to their HIV-negative 

counterparts, although this difference lacked statistical significance. The increased AST values 

in HIV-positive normotensive women relative to HIV-negative controls may indicate the 

cumulative impact of persistent systemic inflammation and potential hepatotoxicity from highly 

active antiretroviral therapy (HAART) [24]. Chronic immune system activation, viral replication, 

and ART-induced hepatotoxicity may raise AST levels over time, even in the absence of visible 

liver disease [25], [26]. Interestingly, in this study, HIV-positive women with PE demonstrated 

reduced AST levels in comparison to HIV-negative women with PE. Various reasons may 

explain this paradox. This unexpected outcome may be due to ART-related hepatic 

normalisation [27], reduced endothelial & hepatic inflammation leading to less hepatic injury 

[28], variations in illness severity, or potential protective benefits of HAART on systemic 

inflammation in specific situations [29]. Another consideration is that AST, expressed in various 

organs including muscle and red blood cells, is less liver-specific than other liver function 

markers [22]. The PE group had significantly elevated maternal BMI and age, both recognised 

risk factors for PE and potential influencers of altered hepatic function [30]. These factors may 

obscure the correlation between illness condition and AST levels. 

Between HIV-negative normotensive women and all PE groups, AST levels were observed to 

be lower in the normotensive group; however, this difference again lacked statistical 

significance. Comparing HIV-negative normotensive, PE HIV-negative, and PE HIV-positive 

groups showed that PE HIV-negative women had slightly higher AST levels, while pre-

eclamptic HIV-positive women had values that were about the same. This may be due to the 

mitigating factors of ART exposure in the HIV-positive group and may indicate that hepatic 

enzyme increase is likely to PE exposure [31]. Analysis involving HIV-positive women, PE 

participants typically demonstrated elevated AST levels compared to their normotensive 

peers, indicative of hepatic stress or endothelial dysfunction associated with PE [32]. When 

linking groups based on HIV status and hypertension (HIV-positive normotensive versus PE 

HIV-negative and PE HIV-positive), there was a similar but not significant trend. The PE groups 

were more likely to have high AST levels. This may indicate modest hepatic involvement that 

did not meet clinical criteria or could stem from variations in disease severity, ART regimen, or 

individual immunological response. The lack of substantial differences in AST among the 

groups likely reflects both biological and methodological influences, such as limited subgroup 

sizes and clinical severity diversity. Nevertheless, the identified patterns highlight the intricacy 

of hepatic responses during gestation, especially in individuals impacted by both PE and HIV. 
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Ongoing monitoring of liver enzymes in these patients is essential, since even slight increases 

may indicate early hepatic distress, particularly in individuals on prolonged ART. 

5. Conclusion 

The results of this study found no significant difference in AST between pregnant women with 

and without PE. Furthermore, there was no difference in AST between those with or without 

HIV. This suggests pregnant HIV women with or without PE might not be at high risk of liver 

dysfunction. However, due to the limited sample size, the results must be interpreted with 

caution. These data indicate that AST alone may inadequately represent hepatic impairment 

in the context of PE and HIV. It is advisable to conduct larger studies that include 

supplementary biomarkers to elucidate the synergistic impacts of PE and HIV on maternal 

liver health. 

6. Limitations 

The overall sample size (n = 72) and the subgroup sizes (PE + HIV⁺, PE + HIV⁻) were 

comparatively small due to limited willingness among pregnant women to participate. Small 

sample sizes limit the study's ability to detect differences and increase the risk of Type II error. 

Only AST was assessed as a hepatic function indicator. AST is not exclusive to the liver and 

may also be elevated owing to muscular injury or haemolysis.  



88 
 

7. References 

[1] Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A. Physiological changes in 

pregnancy. Cardiovasc J Afr. 2016; 27(2):89-94, doi:10.5830/CVJA-2016-021 

[2] Gathiram P, Moodley J. Pre-eclampsia: its pathogenesis and pathophysiolgy. Cardiovasc 

J Afr. 2016; 27(2):71-78, doi:10.5830/CVJA-2016-009 

[3] Ngene NC, Moodley J. Preventing maternal morbidity and mortality from preeclampsia and 

eclampsia particularly in low- and middle-income countries. Best Pract Res Clin Obstet 

Gynaecol. 2024;94:102473, doi:10.1016/j.bpobgyn.2024.102473 

[4] Phipps EA, Thadhani R, Benzing T, & Karumanchi SA, Pre-eclampsia: pathogenesis, novel 

diagnostics and therapies, Nature Publishing Group. 2019, doi: 10.1038/s41581-019-0119-6. 

[5] Kornacki J, Olegniczak O, Sibiak R, Gutaj P, & Wender- Ożegowska E, Pathophysiology 

of Pre-Eclampsia—Two Theories of the Development of the Disease. Int J Mol Sci. 2023; 25 

(1):307, doi: 10.3390/ijms25010307. 

[6] August P & Sibai BM, Preeclampsia: Clinical features and diagnosis, 2025. [Online]. 

https://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis (Accessed 

2025/09/06) 

[7] Fang H, Li Q, Wang H, Ren Y, Zhang L and Yang L. Maternal nutrient metabolism in the 

liver during pregnancy. Front. Endocrinol, 2024, 15:1295677, doi: 

10.3389/fendo.2024.1295677 

[8] McGill MR, The past and present of serum aminotransferases and the future of liver injury 

biomarkers.” EXCLI J, 2016, 15, 817–828, doi: 10.17179/excli2016-800. 

[9] Kimmich GA, Roussie JA, Randles J. Aspartate aminotransferase isotope exchange 

reactions: implications for glutamate/glutamine shuttle hypothesis. Am J Physiol Cell Physiol. 

2002; 282(6):C1404-C1413, doi:10.1152/ajpcell.00487.2001. 

[10] Han JH, Kwak JY, Lee SS, Kim HG, Jeon H, & Cha RR, Markedly Elevated Aspartate 

Aminotransferase from Non-Hepatic Causes, J Clin Med, 2023, 12 (1), doi: 

10.3390/jcm12010310 

[11] Sikhosana ML, Suchard M, Kuonza L, et al. Association between preeclampsia and HIV: 

a case-control study in urban South Africa. AJOG Glob Rep. 2022; 2(3):100056, 

doi:10.1016/j.xagr.2022.100056 

[12] Nitsotolis T, Kyriakoulis KG, Kollias A, et al. Comparison of Integrase Strand Transfer 

Inhibitors (INSTIs) and Protease-Boosted Inhibitors (PIs) on the Reduction in Chronic Immune 

https://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis


89 
 

Activation in a Virally Suppressed, Mainly Male Population Living with HIV (PLWH). Medicina 

(Kaunas). 2024;60(2):331, doi:10.3390/medicina60020331 

[13] Suy A, Martínez E, Coll O, et al. Increased risk of pre-eclampsia and fetal death in HIV-

infected pregnant women receiving highly active antiretroviral therapy. AIDS. 2006;20(1):59-

66, doi:10.1097/01.aids.0000198090.70325.bd[14] Puspa Zuleika, & Legiran. Cross-Sectional 

Study as Research Design in Medicine. Archives of The Medicine and Case Reports, 2022, 3 

(2), 256-259. https://doi.org/10.37275/amcr.v3i2.19 

[15] World Medical Association. World Medical Association Declaration of Helsinki: ethical 

principles for medical research involving human subjects. JAMA, 2013;310(20):2191-2194. 

doi:10.1001/jama.2013.281053 

[16] Chaiworapongsa T, Chaemsaithong P, Yeo L, Romero R. Pre-eclampsia part 1: current 

understanding of its pathophysiology. Nat Rev Nephrol, 2014;10(8):466-480. 

doi:10.1038/nrneph.2014.102. 

[17] Department of Health Republic of South Africa, “South African Primary Healthcare 

Essential Medicines List Chapter 11: HIV & AIDS,” Elsevier Ltd, Sep. 2015. doi: 

10.1056/NEJMoa1506816. 

[18] Cerveny L, Murthi P, & Staud F, HIV in pregnancy: Mother-to-child transmission, 

pharmacotherapy, and toxicity, Biochim Biophys Acta Mol Basis Dis, 2021, 1867 (10), doi: 

10.1016/j.bbadis.2021.166206 

[19] Hammoud, G.M. and Ibdah, J.A. Preeclampsia-induced Liver Dysfunction, HELLP 

syndrome, and acute fatty liver of pregnancy. Clinical Liver Disease, 2014, 4: 69-73. 

https://doi.org/10.1002/cld.409 

[20] Dacaj R, Izetbegovic S, Stojkanovic G & Dreshaj S, Elevated Liver Enzymes in Cases of 

Preeclampsia and Intrauterine Growth Restriction, Med Arch, 2016, 70 (1), 44–47, doi: 

10.5455/medarh.2016.70.44-47. 

[21] Munazza B, Raza N, Naureen A, et al. Liver function tests in preeclampsia. J Ayub Med 

Coll Abbottabad, 2011;23(4):3-5. 

[22] Ndrepepa G, Aspartate aminotransferase and cardiovascular disease - A narrative review. 

J Lab Precis Med, 2021;6: 6, 1-17, doi: 10.21037/jlpm-20-93. 

[23] Huang, X.-J.; Choi, Y.-K.; Im, H.-S.; Yarimaga, O.; Yoon, E.; Kim, H.-S. Aspartate 

Aminotransferase (AST/GOT) and Alanine Aminotransferase (ALT/GPT) Detection 

Techniques. Sensors, 2006, 6, 756-782, doi.org/10.3390/s6070756 



90 
 

 

[24] Shiferaw MB, Tulu KT, Zegeye AM, Wubante AA. Liver Enzymes Abnormalities among 

Highly Active Antiretroviral Therapy Experienced and HAART Naïve HIV-1 Infected Patients at 

Debre Tabor Hospital, North West Ethiopia: A Comparative Cross-Sectional Study. AIDS Res 

Treat. 2016; 2016:1985452. doi:10.1155/2016/1985452. 

[25] Da Cunha T, Wu GY, Vaziri H. Immunotherapy-induced Hepatotoxicity: A Review. J Clin 

Transl Hepatol, 2022;10(6):1194-1204, doi:10.14218/JCTH.2022.00105 

 

[26] Núñez M. Hepatotoxicity of antiretrovirals: incidence, mechanisms and management. J 

Hepatol. 2006;44(1 Suppl):S132-S139. doi:10.1016/j.jhep.2005.11.027. 

[27] Kalyesubula R, Kagimu M, Opio KC, et al. Hepatotoxicity from first line antiretroviral 

therapy: an experience from a resource limited setting. Afr Health Sci. 2011;11(1):16-23. 

 

[28] Chwiki S et al., Adverse effects of antiretroviral therapy on liver hepatocytes and 

endothelium in HIV patients: An ultrastructural perspective, Ultrastruct Pathol, 2017, 41 (2), 

186–195, doi: 10.1080/01913123.2017.1282066. 

[29] Keating SM et al., The effect of HIV infection and HAART on inflammatory biomarkers in 

a population-based cohort of women, AIDS, 2011, 25 (15), 1823–1832, doi: 

10.1097/QAD.0b013e3283489d1f. 

[30] Chang KJ, Seow KM, Chen KH. Preeclampsia: Recent Advances in Predicting, 

Preventing, and Managing the Maternal and Fetal Life-Threatening Condition. Int J Environ 

Res Public Health. 2023;20(4):2994, doi:10.3390/ijerph20042994 

[31] Ezhilarasan D, Oxidative stress is a key modulator in pregnancy complications, Clinical 

and Experimental Reproductive Medicine, 2021, 48 (2), 96–103, doi: 

10.5653/cerm.2020.04383. 

[32] McElwain K, McCarthy L, & O’Donoghue J, Pregnancy-related changes in oxidative stress 

and antioxidant capacity, Obstetric Medicine, 2021, 14 (3), 130–137, doi: 

10.1177/1753495X20984425. 

  



91 
 

Chapter 3.2: Manuscript 2 

Alanine Aminotransferase Levels in HIV-Positive and HIV-Negative Pregnant Women with and 

Without Pre-Eclampsia 

 

Kay-Lee E Strauss1, Wendy N Phoswa1, Kabelo Mokgalaboni1* 

 

 

1Department of Life and Consumer Sciences, College of Agriculture and Environmental 

Sciences, University of South Africa, Florida Campus, Roodepoort, 1710 

mokgak@unisa.ac.za, phoswwn@unisa.ac.za 

 

*Correspondence: mokgak@unisa.ac.za, Calabash Building, Office 02-047 

 

 

Student contributions: Conceptualisation, methodology, software, formal analysis, 

investigation, data curation, original draft preparation, review and editing, and visualisation. 

 

  

mailto:phoswwn@unisa.ac.za


92 
 

Abstract 

Pre-eclampsia (PE) is a hypertensive condition in pregnancy characterised by hypertension 

and proteinuria after 20 weeks of gestation, which leads to systemic endothelial dysfunction 

and multi-organ impairment, including the liver. Hepatic changes during pregnancy respond 

to metabolic demands and hormonal fluctuations, often reflected in elevated alanine 

aminotransferase (ALT) levels resulting from hepatocellular injury.  The study aims to compare 

serum ALT levels in PE women with and without HIV and to determine the impact of HIV 

infection and hypertensive disorder on AST as a marker of liver function. A prospective case-

control study was conducted at the Charlotte Maxeke Johannesburg Academic Hospital in 

South Africa, including 18 PE and 22 normotensive women. Participants were categorised 

based on HIV status and type of pregnancy. ALT activity was assessed via a colourimetric 

enzymatic test, and statistical analyses were conducted using Statisty. This study found a 

significant increase in ALT in HIV-positive pregnant women with PE compared to HIV-negative 

pregnant women with PE. No significant difference in ALT level in normotensive pregnant 

women with or without HIV (p > 0.05). Among HIV-positive pregnant women with or without 

PE, there was no difference in ALT. In contrast, the normotensive HIV-negative women 

exhibited higher ALT levels than the PE women. The results showed that HIV-positive women 

with PE have higher ALT activity than HIV-negative women with PE, suggesting that HIV 

infection and ART may exacerbate the liver dysfunction in PE by increasing hepatic ALT. 

These findings clarify the complex regulation of hepatic enzymes during pregnancy. 

Keywords: Pre-eclampsia; ALT; HIV; Pregnancy; Hepatic function; Antiretroviral therapy 
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1. Introduction 

Pre-eclampsia (PE) is a hypertensive condition occurring during pregnancy, defined by the 

emergence of hypertension and proteinuria after 20 weeks of gestation, frequently associated 

with systemic endothelial dysfunction and multi-organ involvement, including the liver [1]. 

Pregnancy impairs biological and physiological processes that facilitate foetal development 

and maternal well-being [2]. Hepatic function experiences significant alteration to meet 

heightened metabolic requirements and hormonal effects [3]. Liver involvement in PE may 

lead to increased liver enzyme levels, particularly alanine aminotransferase (ALT), due to 

hepatocellular necrosis or ischaemia resulting from diminished hepatic perfusion [4]. ALT, a 

crucial hepatic enzyme involved in amino acid metabolism, functions as a sensitive biomarker 

for hepatocellular damage [5]. Increased ALT levels often indicate hepatic stress or injury and 

are commonly employed to evaluate liver function in clinical and research settings [6]. ALT, 

previously known as serum glutamic-pyruvic transaminase (SGPT), is a critical liver enzyme 

commonly employed to assess hepatic function [7]. It facilitates the reversible transamination 

reaction between alanine and α-ketoglutarate, resulting in pyruvate and glutamate, essential 

cofactors in amino acid metabolism and gluconeogenesis [8]. Due to ALT's predominant 

presence in the cytoplasm of hepatocytes and its release into circulation after cellular damage, 

its blood levels act as a highly specific marker of hepatocellular integrity [7]. Increased ALT 

levels indicate hepatocellular damage resulting from several sources, including viral infections, 

ischaemia, toxins, or drug-induced injury [9]. An increase in ALT has been linked to liver 

adversity, thus making it a possible predictor of liver impairment in PE women. Previous 

quantitative study showed that HIV infection and ART administration are associated with 

elevated liver function test enzymes, suggesting that each may contribute to liver dysfunction 

among PLWH [10]. However, there have been conflicting findings with recent evidence 

showing lower ALT in PE than in normotensives [11]. These conflicting findings make it difficult 

to understand the contribution of PE to liver dysfunction 

In communities with a significant prevalence of HIV, such as sub-Saharan Africa, the 

coexistence of PE with HIV infection complicates maternal liver function during gestation [12]. 

HIV infection, when combined with antiretroviral therapy (ART), can affect liver enzyme activity 

through direct viral effects, immune-mediated damage, or drug-induced hepatotoxicity [13,14]. 

Thus, differentiating whether hepatic enzyme alteration arises from HIV infection, ART use, 

PE, or their interplay presents a clinical and research challenge. Therefore, examining the 

variance in ALT activity among normotensive and PE pregnant women with and without HIV 

could shed light on the contribution of these factors in clinical settings, especially in areas of 

the HIV pandemic, like SA. As a result, this study aims to investigate the level of serum ALT 

in pre-eclamptic and normotensive pregnant women living with and without HIV to better 
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understand the combined and independent effects of HIV infection and hypertensive 

pregnancy disorders on hepatic function. 

2. Materials and Methods 

2.1. Study Design, Population 

This prospective case-control study was conducted at Charlotte Maxeke Johannesburg 

Academic Hospital (CMJAH), South Africa.  Following the acquisition of written consent, 

normotensive (N) and pre-eclamptic (PE) HIV-negative and HIV-positive pregnant women 

were enlisted at CMJAH. Forty-eight normotensive women (aged 18 to 43 years) and 24 

women with PE (aged 18 to 40 years) were recruited.   

2.2. Ethics Approval and Participant’s Consent 

The project received ethics approval from the University of South Africa-College of Agriculture 

and Environmental Sciences Health research ethics committee (2022/CAES_HREC/005), 

was subsequently approved by CAES HREC (2025/CAES_HREC/7327), and received 

authorisation from the gatekeeper to utilise the samples. Regulatory approval was obtained 

from Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), South Africa. All patients 

provided written informed consent at the time of recruitment, indicating that their data would 

be used for future publication, provided their confidentiality is maintained. 

2.3. Participant’s Characteristics and Measurement 

Demographic information for all participants was obtained from their maternity case records.  

HIV testing was conducted post-counselling using a rapid point-of-care test kit, in accordance 

with South African standards of care. Weight (kg) and height (m) were measured according to 

standard protocols, with shoes removed and participants wearing light clothing. Body mass 

index (BMI) was calculated using the participant's weight (kg) and height (m) according to the 

formula: BMI = weight (kg)/height (m2). The BMI was classified as normal weight (18-25 

kg/m²), overweight (25-30 kg/m²), and obesity (>30 kg/m²). PE is defined by the emergence 

of hypertension (SBP/DBP ≥140/90 mmHg) recorded on two distinct occasions four hours 

apart, with or without accompanying proteinuria. Normotensive pregnant participants were 

characterised as those with an SBP/DBP of ≤120/80 mmHg [15]. Systolic and diastolic blood 

pressure were measured using an automated blood pressure monitor (OMRON Healthcare, 

Kyoto, Japan) according to the manufacturer’s protocol. 
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2.4. Inclusion and exclusion criteria 

To maintain anthropometric uniformity, all participants in the study identified as non-smokers 

and refrained from alcohol and recreational drug use, while all HIV-positive individuals were 

undergoing highly active antiretroviral therapy (HAART: tenofovir, emtricitabine, and 

efavirenz) in accordance with the South African National HIV guidelines (Department of 

Health, Republic of South Africa, 2015).  The implementation of HAART during pregnancy is 

essential for reducing mother-to-child transmission via several mechanisms, including 

lowering maternal antepartum viral load and providing preexposure and postexposure 

prophylaxis to the infant [16]. Women with concomitant chronic medical conditions were 

excluded from the trial. 

2.5. Sample Collection, Preparation, and Storage 

Of the 40 stored maternal plasma samples, 18 were from PE patients and 22 from 

normotensive patients. The sample was collected by a professional nurse at Charlotte Maxeke 

Johannesburg Academic Hospital using a 21-gauge venipuncture needle. Approximately 6 mL 

of blood was collected from each participant in EDTA tubes (July-October 2023). After the 

sample collection, the blood was processed within one hour to maintain plasma integrity. The 

EDTA tubes were centrifuged at 1500 x g for 10-15 minutes at 4°C to separate plasma from 

cellular components. The separated plasma was subsequently stored in a freezer at -80 °C 

for future use. 

2.6. Alanine Aminotransferase (ALT) Activity Assay 

ALT concentrations were quantified using the Alanine Aminotransferase (ALT/GLT) Activity 

Assay Kit (Elabscience, Cat No. E-BC-K235M), which is based on the principle that ALT 

catalyses the transamination of alanine with α-ketoglutarate, yielding pyruvate and glutamate. 

Pyruvate subsequently interacts with phenylhydrazine to produce a reddish-brown 

phenylhydrazone in alkaline circumstances. The colour intensity, assessed at 510 nm, 

correlates with ALT enzymatic activity in the sample. 

In compliance with the kit instructions, 20 µL of preheated substrate solution and 5 µL of the 

serum sample were added to each well allocated for sample measurement. Control wells 

received only substrate solution, whereas standard wells received varying amounts of sodium 

pyruvate to establish the calibration curve. After mixing, the plate was incubated at 37 °C for 

30 minutes. Subsequently, 20 µL of chromogenic agent was added to each well, followed by 

a 20-minute incubation at 37 °C. Subsequently, 200 µL of freshly prepared alkali working 

solution was added, thoroughly mixed, and the plate was left at room temperature for 15 

minutes. Absorbance was quantified at 510 nm using a microplate reader. 
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The ALT activity in serum samples was determined by subtracting the optical density (OD) of 

control wells from that of sample wells (ΔA510). A standard curve (y = ax² + bx + c) was 

created by graphing absolute optical density values of standards against their respective 

activities. ALT activity was determined in international units (IU/L) using the manufacturer's 

conversion factor (1 Carmen unit = 0.482 IU/L).  

2.7. Statistical Analysis 

Microsoft Excel 365 was used to generate the standard curve and determine AST 

concentrations using the computed regression line. The data were analysed using Statisty, an 

online statistical analysis tool (https://statisty.app/online-statistics-software; accessed 25 

November 2025). The Shapiro–Wilk test was used to assess the distribution of data. For 

parametric distributions, descriptive statistics for continuous data are reported as mean ± 

standard deviation; for nonparametric distributions, the median and 95% confidence intervals 

(CIs) are reported. Due to the non-distributional nature of the data, the Mann-Whitney U test 

was used. Two-way ANOVA was used to assess the main effect of HIV and PE statuses on 

CRP. The statistical significance was p < 0.05. 

3. Results 

3.1. Clinical Characteristics of Participants 

Table 1 summarizes the clinical and demographic features of the study population. PE women 

had higher SBP and DBP than normotensives (p < 0.0001). Additionally, maternal weight (p = 

0.0345) and BMI (p = 0.0394) were statistically different between the normotensive pregnant 

and PE groups. There were no significant differences in maternal age (p = 0.3043), height (p 

= 0.4838), or gestational age (p = 0.1131) between PE and normotensive women. 

  

https://statisty.app/online-statistics-software
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Table 1. Patient demographic features of the study groups. 

Variables Pre-eclampsia Normotensive P-value 

Sample size 18 22  

Maternal age (years) 35.5 (21.0–40.0) 37.0 (21–40.2) 0.3043 

Maternal weight (kg) 88.0 (80.25–101.5) 72.5 (63–87.75) 0.0345 

Maternal height (m) 158 (157.3–162.5) 161 (156.8–164) 0.4838 

BMI (kg/m2) 39.39 (34.08–33.45) 27.78 (26.91–33.54) 0.0394 

Gestational age 

(weeks) 
17.5 (13.0–26.5) 23.5 (16.75–29.25) 0.1131 

SBP (mmHg) 150.5 (147–156.5) 109 (105.8–111.5) <0.0001 

DBP (mmHg)) 97.5 (90–105.3) 65.5 (54.75–69.0) <0.0001 

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, kg:   

kilogram, Data reported as median and 95%CI, the bolded present statistically significant 

results 

3.2 The level of ALT in pre-eclamptic pregnant women with and without HIV 

In pre-eclamptic pregnant women, ALT levels differed significantly between HIV-negative and 

HIV-positive women, Mann-Whitney U = 15, p = 0.027 (Figure 1). HIV-positive women had 

increased ALT, Median = -53.75 IU/L, 95%CI (-57.71, 48.54) compared to HIV-negative 

women, Median = -63.33 IU/L, 95%CI (-68.33, -56.88). Furthermore, the effect size was large 

(r = 0.52), showing a substantial influence of HIV status on ALT concentrations. 

 

Figure 1. ALT levels in pre-eclamptic women with and without HIV. *Shows significant 

differences. 
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3.3 The level of ALT in normotensive pregnant women with and without HIV 

The descriptive statistics show that the HIV-negative group had higher levels of ALT, Median 

= -51.25 IU/L, 95%CI (-64.38, 128.96) than the HIV-positive women, Median = -57.5 IU/L, 

95%CI (-66.67, -50.83). However, the Mann-Whitney U-Test showed that these differences 

between HIV-negative and HIV-positive women were not statistically significant, U = 40, p = 

0.203. Moreover, the observed effect size was small (r = 0.28).  

 

Figure 2. ALT in normotensive pregnant women with and without HIV. # shows no significant 

effect. 

A two-way ANOVA investigated the effect of HIV and PE status on ALT (Figure 3). The PE 

results revealed a significant main effect, F (1,36) = 4.26, p = 0.046, η²p = 0.11. In contrast, 

HIV status did not have a significant effect, F (1, 36) = 2.69, p = 0.109, η²p = 0.07. The HIV 

and PE interaction approached significance, F (1,36) = 4.05, p = 0.052, η²p = 0.10, suggesting 

a differential pattern between the groups.  
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Figure 3. Effect of PE and HIV status on CRP. 

 

4. Discussion 

This study examined the combined and independent effects of HIV infection and PE on 

maternal liver function, using ALT as a biomarker. Results revealed that HIV-positive women 

with PE exhibit significantly elevated ALT levels in comparison to their HIV-negative 

counterparts. This indicates that HIV infection, especially when coupled with ART, 

exacerbates hepatic vulnerability during hypertensive disorder of pregnancy. HIV infection 

leads to persistent immunological activation, modified metabolic pathways, and perhaps direct 

viral interaction with hepatocytes [17]. When combined with PE-induced ischaemia and 

endothelial dysfunction, this results in increased hepatocyte membrane damage and enzyme 

leakage, as evidenced by elevated ALT levels [18]. The differences in ALT activity patterns 

between HIV-positive and HIV-negative women may indicate the intricate interplay among HIV 

infection, ART, and the hepatic implications of PE. HIV infection affects hepatic function 

through many mechanisms: direct viral infiltration of hepatocytes, immune-mediated 

inflammation, and drug-induced hepatotoxicity due to ART [13]. Prolonged exposure to ART 

has been linked to hepatocellular adaptation, resulting in a diminished propensity for 

transaminase leakage despite persistent hepatic stress [19]. In normotensive women, HIV 

status alone did not significantly affect ALT concentrations. This trend contradicts known 

research, such as a study by Kushner et al. (2022) on pregnant women in the USA, which 

found that 13.2% exhibited elevated ALT levels, defined as exceeding 25 IU/L. Most of these 

women did not have ALT testing during routine prenatal care [20], indicating that hepatic 

involvement is characteristic of PE and presents as endothelial dysfunction, ischaemia, and 

hepatocellular necrosis [21]. PE-associated hepatic impairment results from vasospasm and 

microangiopathy within hepatic sinusoids, compromising perfusion and causing hepatocyte 
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damage, leading to enzyme leakage into the bloodstream [22]. However, PE has a diverse 

clinical spectrum, with moderate to severe variants causing varying degrees of hepatic 

enzyme increase [23]. Even non-significant elevations in ALT may suggest subclinical hepatic 

stress, particularly in early or medium PE cases where overt liver impairment has yet to 

emerge. The lower ALT levels observed in this study can be attributed to several factors, 

including the mild nature of PE, effects of HIV and ART on enzyme expression, differences in 

sample timing, and physiological responses. Interestingly, normotensive HIV-negative women 

exhibited higher ALT levels than PE women, indicating physiological enzyme variability, body 

composition variations, or subclinical metabolic stress unrelated to hypertension disease. The 

two-way ANOVA indicated that PE exerted a significant main effect on ALT, and the interaction 

between HIV and PE approached statistical significance. This suggests that HIV alters the 

hepatic response to PE and that the impact of PE on ALT varies depending on HIV status. 

Collectively, these findings underscore a physiological synergism whereby HIV infection 

amplifies the hepatic effects of PE, despite HIV alone not substantially affecting ALT levels 

under normotensive conditions.  

The findings highlight the importance of interpreting liver enzyme changes in pregnant women 

in relation to their HIV status and ART regimen. While ALT is still a reliable indicator of 

hepatocellular damage, its diagnostic sensitivity may be lowered in HIV-positive people due 

to ART-induced biochemical modulation. This has significant clinical implications for tracking 

hepatic function in HIV-positive pregnancies complicated by hypertension problems. Several 

factors must be considered when interpreting the results of this investigation. First, the sample 

size was relatively small, especially after stratifying participants based on HIV and PE status. 

This reduced statistical power to detect significant differences between groups, potentially 

leading to a lack of statistical significance in some comparisons despite discernible trends. 

Second, while all HIV-positive patients were on HAART, the study did not consider treatment 

duration, adherence, or specific drug-related hepatotoxic effects, which could have altered 

ALT levels independent of HIV infection or PE.  

5. Conclusion 

The findings drawn from this study showed that HIV-positive pregnant women with PE had 

significantly higher ALT levels when compared to HIV-negative pregnant women with PE. 

However, there was no significant difference in ALT level in normotensive pregnant women 

with or without HIV. Among HIV-positive pregnant women with or without PE, there was no 

difference in ALT. On the other hand, in contrast, the normotensive HIV-negative women 

exhibited higher ALT levels than the PE women. These findings support the significant main 

effect of PE, borderline HIV and PE interaction, indicating that the effect of PE on ALT differed 
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by HIV status. As the result showed that HIV-positive women with PE have higher ALT activity 

than HIV-negative women with PE, this suggests that HIV infection and ART may exacerbate 

the liver dysfunction in PE by increasing hepatic ALT. These findings clarify the complex 

regulation of hepatic enzymes during pregnancy. 
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Abstract 

Background: Placental Alkaline Phosphatase (PLAP) is a glycoprotein enzyme synthesised 

by the placenta and released into maternal circulation, serving as an indicator of placental 

function and development. Changes in PLAP activity are associated with pregnancy 

complications like intrauterine growth restriction and pre-eclampsia (PE), which lead to 

maternal and perinatal morbidity. PE involves hypertension and proteinuria due to abnormal 

placentation. HIV infection complicates pregnancy by affecting immune responses and 

placental function, while antiretroviral therapy can influence PLAP function.   

Objective: This study aims to analyse PLAP levels in HIV-positive and HIV-negative pregnant 

women, with and without PE, to enhance understanding of liver function and improve care 

strategies.  

Methods: A prospective case-control study using stored plasma samples from 72 pregnant 

women (48 normotensive and 24 with PE), collected at Charlotte Maxeke Johannesburg 

Academic Hospital in South Africa. PLAP concentrations were measured using a sandwich 

ELISA. Statistical analyses utilised the Kruskal–Wallis and Mann–Whitney U tests, with 

significance established at p < 0.05.  

Results: PLAP levels did not differ substantially among the study groups (Kruskal-Wallis = 

0.8595; p = 0.8352). PE women had slightly higher mean PLAP levels than normotensive 

women (6.778 ± 3.336 ng/mL vs. 6.490 ng/mL; p = 0.8112). HIV-positive normotensive women 

had lower PLAP levels than HIV-negative normotensive women (4.905 ng/mL versus 6.585 

ng/mL; p = 0.5047). There were no significant differences between the HIV-positive and HIV-

negative pre-eclamptic groups (p > 0.05).  

Conclusion: Despite slight variations in PLAP concentrations between groups, no significant 

changes were found. A slight rise in PLAP in PE may indicate placental hypoxia and 

endothelial dysfunction. In contrast, low PLAP in HIV-positive women may be due to ART-

induced mitochondrial stress and altered trophoblastic activity. Collectively, these findings 

suggest that PLAP, while not dramatically altered, may nonetheless serve as a biochemical 

marker of mild placental and hepatic stress in complicated pregnancies. 

 

Keywords: Placental Alkaline Phosphatase (PLAP), Pre-eclampsia, HIV, Antiretroviral 

therapy, Pregnancy, Liver function 
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1. Introduction 

Placental Alkaline Phosphatase (PLAP) is a glycoprotein enzyme synthesised in the placenta 

and secreted into the maternal bloodstream during gestation [1]. It functions as a biochemical 

indicator of placental performance and development [2]. Altered PLAP activity, whether 

increased or decreased, has been associated with pregnancy complications, such as 

intrauterine growth restriction (IUGR), premature delivery, and hypertensive diseases [3]. 

Pregnancy is a multifaceted physiological state marked by substantial metabolic, 

immunological, and circulatory changes that promote maternal health and facilitate optimal 

foetal development [4]. Among pregnancy-related complications, pre-eclampsia (PE) is a 

significant contributor to maternal and perinatal morbidity and mortality globally [5]. PE is 

characterised by the emergence of hypertension and proteinuria after 20 weeks of gestation, 

principally linked to abnormal placentation, endothelial dysfunction, and a dysregulation of pro- 

and anti-angiogenic factors [6], [7]. The placenta is pivotal in the pathogenesis of PE, as 

deficient trophoblastic invasion and insufficient remodelling of the spiral arteries result in 

placental ischaemia and oxidative stress, ultimately causing systemic maternal inflammation 

[8], [9]. Altered PLAP expression may indicate placental dysfunction and help elucidate the 

disease's pathophysiology [10]. 

Human Immunodeficiency Virus (HIV) infection adds difficulty to pregnancy by altering 

immune responses and affecting placental development and function [11]. The extensive use 

of antiretroviral therapy (ART) has improved maternal and foetal outcomes in HIV-positive 

women. Yet, ART exposure and HIV-associated immunological modifications may continue to 

influence placental enzyme function and vascular integrity [12]. Liver involvement in PE 

indicates the systemic endothelial damage characteristic of the condition [13]. The hepatic 

endothelium is particularly susceptible to microangiopathy and vasospasm, which are induced 

by anti-angiogenic factors such as soluble fms-like tyrosine kinase-1 (sFlt-1) [14]. These 

factors disrupt vascular homeostasis and impede hepatic perfusion [15].  

This study aims to explore PLAP levels in HIV-positive and HIV-negative pregnant women 

with and without PE. By investigating differences in PLAP activity among different groups, the 

study hopes to gain insight into liver function under the influence of HIV infection and 

hypertensive disorders of pregnancy.  
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2. Materials and Methods 

2.1. Study Population and Design 

This study was executed as a cross-sectional study. Ethical approval for the study was 

secured from the University of South Africa-College of Agriculture & Environmental Sciences 

Health Research Ethics Committee (2025/CAES_HREC/7327), approved on 08/05/2025, and 

authorisation from the gatekeeper was obtained to utilise the samples. Regulatory approval 

from the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) in South Africa was 

also secured. Following the acquisition of written consent, normotensive (N) and pre-eclamptic 

(PE) HIV-negative and HIV-positive pregnant women were enlisted at CMJAH. Normotensive 

patients (n = 48, age range: 18 to 43 years) and patients with preeclampsia (PE) (n = 24, age 

range: 18 to 40 years) were recruited. Pre-eclampsia is defined by the emergence of 

hypertension of ≥140/90 mmHg recorded on two distinct occasions four hours apart, with or 

without accompanying proteinuria. Normotensive pregnant participants were characterised as 

those with a blood pressure of ≤120/80 mmHg [16]. Demographic information for all research 

participants was obtained from their maternity case records. HIV testing was conducted 

following counselling using a rapid point-of-care test kit, in accordance with South African 

standards of care. Maternal weight was classified as normal weight (BMI: 18-25 kg/m²), 

overweight (BMI: 25-30 kg/m²), and obesity (BMI: >30 kg/m²). To maintain anthropometric 

uniformity, all female participants in the study confirmed their status as non-smokers and their 

abstention from alcohol and recreational drugs, while all HIV-positive individuals were 

undergoing highly active antiretroviral therapy (HAART: tenofovir, emtricitabine, and 

efavirenz) in compliance with the South African National HIV guidelines (Department of Health, 

Republic of South Africa, 2015). The implementation of HAART during pregnancy is essential 

for reducing mother-to-child transmission by lowering maternal antepartum viral load and 

offering preexposure and postexposure prophylaxis for the infant [17]. Women with 

concomitant chronic medical conditions were excluded from the trial. 

2.2. Sample Collection 

This study will employ 72 archived maternal plasma samples, comprising 48 from 

normotensive subjects and 24 from individuals with preeclampsia, obtained from the Charlotte 

Maxeke Johannesburg Academic Hospital. A qualified nurse collected blood samples via 

venipuncture using a 21-gauge needle. Approximately 6 ml of blood samples were collected 

from each research participant in EDTA tubes (July-October 2023). After sample collection, 

the blood was processed within 1 hour to maintain plasma integrity. The EDTA tubes were 
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centrifuged at 1500 × g for 10-15 minutes at 4°C to separate plasma from cellular components. 

The separated plasma was subsequently stored in a freezer at -80° for future use. 

2.3. Human PLAP (Placental Alkaline Phosphatase) ELISA 

ALP concentrations were quantified using the Human Placental Alkaline Phosphatase (PLAP) 

ELISA kit (Elabscience, Cat No: E-EL-H1976), which employs a sandwich enzyme-linked 

immunosorbent assay (ELISA) methodology. The 96-well microplates, pre-coated with an 

antibody specific to human PLAP, collected the analyte from samples or standards. A 

biotinylated detection antibody was subsequently inserted, followed by avidin coupled to 

horseradish peroxidase (HRP). Upon introduction of the chromogenic substrate (TMB), a blue 

colour appeared, which turned yellow upon addition of the stop solution. The optical density 

(OD) was measured at 450 ± 2 nm, with OD directly proportional to PLAP concentration.  

All reagents and standards were prepared according to the manufacturer's instructions. 

Samples were diluted 1:5 by adding 160 µL of diluent to 40 µL of sample to obtain 200 µL of 

diluted samples. The lyophilised PLAP standard was reconstituted to yield a working solution 

of 10 ng/mL. Serial dilutions were prepared to generate a standard curve at concentrations of 

10, 5, 2.5, 1.25, 0.63, 0.32, 0.16, and 0 ng/mL. The wash buffer was created by diluting the 

25× concentrate with deionised water. The biotinylated detection antibody and HRP conjugate 

were diluted 1:100 with their respective diluents just before application.  

100 µL of standards, blanks, and serum samples (diluted as required) were added to the 

designated wells and incubated for 90 minutes at 37 °C. Without prior washing, 100 µL of 

biotinylated detection antibody was introduced, followed by a 60-minute incubation at 37 °C. 

The wells were washed three times, then 100 µL of HRP conjugate was added and incubated 

for 30 minutes at 37 °C. After five washes, 90 µL of TMB substrate solution was introduced 

and incubated in the dark for 15 minutes at 37 °C. The reaction was terminated with 50 µL of 

stop solution, and absorbance was promptly measured at 450 nm using a microplate reader. 

A standard curve was created with PLAP concentrations represented on the x-axis and OD 

values on the y-axis. PLAP concentrations in serum samples were determined using this 

curve. Samples exhibiting OD values beyond the detection range (0.39 – 25 ng/mL) were 

reanalysed with suitable dilutions. 
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2.4. Statistical Analysis 

Microsoft Excel 365 was used to create the standard curve and determine AST concentrations 

using the computed regression line. Data analysis was conducted using GraphPad Prism 5.00 

for Windows (GraphPad Software, San Diego, California, USA). The Shapiro–Wilk test was 

utilised to assess the normality of data distribution. For parametric distributions, descriptive 

statistics for continuous data are reported as mean ± standard deviation (SD), whereas for 

nonparametric distributions, they are reported as median and interquartile range (IQR). Group 

comparisons were performed via one-way analysis of variance (ANOVA) for parametric data, 

followed by Tukey's post hoc test. The Kruskal–Wallis test was employed for non-parametric 

data. The statistical significance was p < 0.05. 

3. Results 

3.1. Clinical Characteristics of Participants 

Table 1 summarises the clinical and demographic characteristics of the study population.  

Systolic and diastolic blood pressures (BP) significantly differed between the normotensive 

and PE groups (p < 0.0001).  Maternal age (p = 0.0425) and BMI (p = 0.0373) exhibited 

statistically significant differences between the normotensive pregnant group and the PE 

group.  No significant differences were observed in maternal weight (p = 0.1062), maternal 

height (p = 0.9917), or gestational age (p = 0.1515) between the normotensive and PE groups. 

 

Table 1. Patient demographic features of the study groups (normotensive = 48 women, pre-

eclampsia = 24 women). 

Variables Groups Median Q1 – Q3 Mean ± SD p-value 

Maternal age (years) N 32 21 – 37.5 31.68 ± 6.56 0.0425 

PE 36 34 – 38 35.96 ± 2.38 

Maternal Weight (kg) N 73 68 – 90 78.24 ± 14.73 0.1062 

PE 87 71.75 – 100.5 88.6 ± 18.26 

Maternal Height (m) N 159.5 155 – 167 158.9 ± 4.79 0.9917 

PE 158 157.3 162.5 159.8 ± 5.48 

BMI (kg/m2) N 28.87 27.17 – 37.02 31.39 ± 5.48 0.0373 
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PE 39.39 34.08 – 47.67 39.02 ± 8.64 

Systolic blood 

pressure (mmHg) 

N 106 96 – 116.3 110.1 ± 6.53 <0.0001 

PE 149 104 – 154.8 15 ± 19.41 

Diastolic blood 

pressure (mmHg) 

N 66.5 60.25 – 72 66.83 ± 7.67 <0.0001 

PE 96.5 91.25 – 106 99.3 ± 14.78 

Gestational age 

(weeks) 

N 23 16 – 30 22.44 ± 7.76 0.1515 

PE 19 13 – 26 19.48 ± 8.47 

N: Normotensive; PE; Pre-eclampsia 

 

3.2. Plasma concentration levels of PLAP 

3.2.1. Across all groups 

There was no significant difference in PLAP levels among the study groups (Kruskal-Wallis = 

0.8595, p = 0.8352), as shown in Figure 1. 
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Figure 1: Plasma concentration levels of PLAP (ng/ml=l): Across all groups: Normotensive 

HIV negative (N-); Normotensive HIV positive (N+); Pre-eclamptic HIV negative (PE-); Pre-

eclamptic HIV positive (PE+).  
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3.2.2. Pregnancy Type 

i) Normotensive vs. pre-eclamptic: 

PLAP levels were increased in the pre-eclamptic group (mean = 6.778 ± 3.336 ng/mL; 95% 

CI: 8.186; 5.369) compared with the normotensive group (median = 6.490 ng/mL; 95% CI: 

8.008; 5.203); however, this did not reach statistical significance (Mann-Whitney U = 555.5; p 

= 0.8112). Figure 2 (A). 

ii) HIV negative Normotensive vs. pre-eclamptic: 

PLAP levels were increased in the pre-eclamptic group (mean = 6.544 ± 3.692 ng/mL; 95% 

CI: 8.511; 4.577) compared with the normotensive group (median = 6.585 ng/mL; 95% CI: 

8.722; 5.241); however, this did not reach statistical significance (Mann-Whitney U = 243.0; p 

= 0.7846). Figure 2 (B). 

iii) HIV Positive Normotensive vs. pre-eclamptic: 

There was no significant difference in PLAP levels in the normotensive group (mean = 5.853 

± 4.901 ng/mL; 95% CI: 8.465; 3.241) compared with the pre-eclamptic group (mean = 7.245 

± 2.644 ng/mL; 95% CI: 9.455; 5.034) however this did not reach statistically significant level 

(Mann-Whitney U = 54.00; p = 0.5607 Figure 2 (C). 
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Figure 2: Plasma concentration levels of PLAP (ng/mL) +) in Pregnancy type: (A) N vs. PE; 

(B) N- vs PE-; (C) N+ vs. PE+. 

 

  



113 
 

3.2.3. HIV status 

i) HIV negative normotensive vs. HIV positive normotensive:  

PLAP levels were lower in the HIV positive normotensive group (median = 4.905 ng/mL; 95% 

CI: 4.905; 3.241) compared with the HIV negative normotensive group (median = 6.585 ng/mL; 

95% CI: 8.722; 5.241); however, this did not reach statistical significance (Mann-Whitney U = 

225.0; p = 0.5047). Figure 3 (A). 

ii) HIV negative pre-eclamptic vs. HIV positive pre-eclamptic: 

PLAP levels were reduced in the HIV positive pre-eclamptic group (median = 7.708 ng/mL; 

95% CI: 9.455; 5.034) compared with the HIV negative pre-eclamptic group (median = 6.264 

ng/mL; 95% CI: 8.511; 4.577); however, no statistical significance was established (Mann-

Whitney U = 50.00; p = 0.4084). Figure 3 (B). 

iii) All HIV negative groups vs. All HIV positive groups:  

There was no significant difference in PLAP levels in all HIV negative groups (median = 6.552 

ng/mL; 95% CI: 8.126; 5.545) compared with all HIV positive groups (median = 7.490 ng/mL; 

95% CI: 8.121; 4.513) (Mann-Whitney U = 549.5; p = 0.7561). Figure 3 (C). 
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Figure 3: Plasma concentration levels of PLAP (ng/ml=l) by HIV status: (A) N- vs. N+; (B) PE- 

vs. PE+; and (C) HIV- vs. HIV+. HIV- vs. HIV+. 

 

3.2.4. HIV status - Negative 

i) HIV negative normotensive vs. all pre-eclamptic: 

PLAP levels were increased in the HIV negative normotensive group (median = 6.585 ng/mL; 

95% CI: 8.722; 5.241) compared with all pre-eclamptic groups (mean = 6778 ± 3.336 ng/mL; 

95% CI: 8.186; 5.369); however, no statistical significance was established (Mann-Whitney U 

= 378.0; p = 0.9274). Figure 4 (A) 
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ii) HIV negative normotensive vs. pre-eclamptic HIV negative vs. pre-eclamptic HIV 

positive: 

PLAP levels were higher in the pre-eclamptic HIV positive group (mean =  7.245 ± 2.644 

ng/mL; 95% CI: 9.455 5.034), lower in the pre-eclamptic HIV negative group (mean = 6.544 ± 

3.692 ng/mL; 95% CI: 8.511; 4.577), compared to the lowest in the HIV negative normotensive 

group (median = 6.585 ng/mL; 95% CI: 8.722 5.241), however there was no statistical 

significance establish amongst the groups (Kruskal Wallis = 0.3828; p = 0.8258). Figure 4 (B)  

iii) HIV negative normotensive vs. pre-eclamptic HIV positive: 

PLAP levels were lower in the normotensive HIV-negative group (median = 6.585 ng/mL; 95% 

CI: 8.722; 5.241) than in the pre-eclamptic HIV-positive group (mean = 7.245 ± 2.644 ng/mL; 

95% CI: 9.455; 5.034). No statistical significance was established (Mann-Whitney U = 121.0; 

p = 0.8260). Figure 4 (C) 
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Figure 4: Plasma concentration levels of PLAP (ng/ml=l) by HIV status – Negative; (A) HIV- 

vs. all PE; (B) HIV- vs. PE- vs. PE+; (C) HIV- vs. PE+. 

 

3.2.5. HIV status - Positive 

i) HIV positive normotensive vs. all pre-eclamptic: 

PLAP levels were lower in the HIV positive normotensive group (mean = 5.583 ± 4.901 ng/mL; 

95% CI: 8.465; 3.241) compared to the lower levels of AST in the pre-eclamptic group (mean 

= 6.788 ± 3.336 ng/mL; 95% CI: 8.186; 5.369), however no statistical significance was 

established (Mann-Whitney U = 165.5; p = 0.4729). Figure 5 (A) 

ii) HIV positive normotensive vs. pre-eclamptic HIV negative vs. pre-eclamptic HIV 

positive: 

PLAP levels higher in the pre-eclamptic HIV positive group (mean = 7.245 ± 2.644 ng/mL; 

95% CI: 9.455; 5.034), lower in the pre-eclamptic HIV negative group (mean = 6.544 ± 3.692 

ng/mL; 95% CI: 8.511; 4.577), compared to the lowest in the normotensive HIV negative group 

(mean = 5.853 ± 4.901 mg/mL; 95% CI: 8.465 3.241), however there was no statistical 

significance establish amongst the groups (Kruskal Wallis = 0.8509; p = 0.6535). Figure 5 (B)  

iii) HIV positive normotensive vs pre-eclamptic HIV negative: 

PLAP levels were higher in the pre-eclamptic HIV negative group (mean = 6.544 ± 3.692 

ng/mL; 95% CI: 8.511; 4.577), compared to the normotensive HIV positive group (mean = 

5.853 ± 4.901 ng/mL; 95% CI: 8.465; 3.241), however no statistical significance was 

established (Mann-Whitney U = 111.5; p = 0.5464). Figure 5 (C) 
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Figure 5: Plasma concentration levels of PLAP (ng/ml=l) by HIV status – Positive; (A) HIV+ 

vs. all PE; (B) HIV+ vs. PE- vs. PE+; (C) HIV+ vs. PE-. 
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4. Discussion 

The study examined PLAP levels in normotensive and pre-eclamptic (PE) pregnancies, 

stratified by HIV infection on placental function and potential hepatic involvement. The PE 

group showed elevated PLAP levels compared with the normotensive group; however, this 

difference did not reach statistical significance. This trend corresponds with earlier research 

by Rajagambeeram et al. (2014), which identified elevated PLAP activity in PE pregnancies 

[18], indicating enhanced trophoblastic shedding and syncytiotrophoblast membrane turnover 

due to placental hypoxia [19]. Hypoxic stress, a characteristic of PE, may induce the 

production and secretion of placental enzymes, such as PLAP, as a compensatory mechanism 

for reduced placental perfusion [20]. A more recent retrospective study by Chaparro et al., 

(2021) found that 4.3% of pregnancies progressed from normotensive to PE, with GCF-PLAP 

concentrations being three to six times greater than those in plasma samples [21]. Several 

factors may explain variation in the significance of the observed data, including sample size, 

gestational age at sampling, assay sensitivity, and disease severity across study populations. 

Although PE patients had significantly higher blood pressure and BMI than normotensive 

women, the lack of statistical significance in PLAP variation may be due to the small cohort 

size or heterogeneity in PE severity.  

When analysed according to HIV status, PLAP levels were marginally lower in HIV-positive 

normotensive women than in their HIV-negative counterparts, although the difference lacked 

statistical significance. This observation may be related to antiretroviral therapy (ART), as 

certain ART agents have been associated with mitochondrial dysfunction in trophoblastic cells, 

which may alter placental enzyme activity [22]. Additionally, the development of trophoblasts, 

crucial for sustaining PLAP levels, is hindered by inflammation and villous immaturity linked to 

HIV [23]. HIV-positive women with PE demonstrated slightly elevated PLAP levels compared 

to HIV-negative women with PE. This variance among groups indicates that PE, HIV infection, 

and ART all may influence placental enzyme expression [24]. Furthermore, the persistent 

immune activation associated with HIV infection may interfere with placental endocrine 

signalling and diminish enzyme secretion into maternal circulation [25], while ART exposure 

may also affect PLAP expression; research indicates that tenofovir and efavirenz can induce 

mitochondrial and endoplasmic reticulum stress in trophoblastic cells, potentially modifying 

enzymatic pathways [26], [27]. The slight elevation in PLAP levels in HIV-positive women with 

PE may indicate cumulative placental stress resulting from both HIV-induced inflammation 

and ischaemia associated with PE [28]. PLAP shares structural similarities with other alkaline 

phosphatase isoenzymes, including hepatic alkaline phosphatase [29]. In PE, endothelial 

dysfunction and reduced hepatic perfusion may contribute to hepatocellular stress and the 

release of liver-associated enzymes into the circulation [30]. Although PLAP is primarily 
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placental in origin, elevated circulating levels may reflect broader systemic stress involving 

both placental and hepatic pathways. Impaired hepatic clearance under hypoxic or 

inflammatory conditions may further contribute to increased circulating PLAP concentrations 

[31]. Consequently, alterations in PLAP levels may reflect integrated placental and systemic 

physiological disturbances in pregnancies complicated by PE and HIV infection 

5. Conclusion 

Overall, PLAP concentrations did not differ significantly between the HIV-positive pregnant 

women with PE and those without PE. Although the difference was not significant, the mean 

value differed, suggesting the study was underpowered.  

6. Limitations 

The primary limitations of the study include its small sample size, the cross-sectional design 

of data collection, and the lack of gestational-age-matched controls for each group. 

Furthermore, variations in ART regimens and the duration of HIV infection were not 

investigated, which could affect placental enzyme expression. Subsequent research using 

histological analysis of placental tissue may clarify the correlation between PLAP expression, 

trophoblast shape, and vascular alterations in pregnancies affected by HIV and hypertension.  
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Abstract 

Background: Pre-eclampsia (PE) is a pregnancy-specific hypertension disorder defined by 

systemic inflammation and endothelial dysfunction. In sub-Saharan Africa, the high 

prevalence of Human Immunodeficiency Virus (HIV) infection among women of reproductive 

age, along with the coexistence of PE, poses a distinct immunological and clinical health 

problem. This study aimed to examine the relationships among PE, HIV, and maternal 

systemic inflammation, using C-reactive protein (CRP) as a clinical biomarker.  

Method: A retrospective cross-sectional study was performed with 72 pregnant women (48 

normotensive and 24 pre-eclamptic), categorised by HIV status. Plasma CRP levels were 

assessed with a sandwich enzyme-linked immunosorbent test (ELISA), and statistical 

analyses were conducted using Statisty online version.  

Results: CRP levels showed no significant difference between women with pre-eclampsia 

(PE) and normotensive expectant women, nor between HIV-positive and HIV-negative 

participants (p > 0.05). Similarly, CRP levels did differ significantly between moderate and 

severe PE. Two-way ANOVA revealed no significant main effect of PE status, HIV status, or 

their interaction on CRP levels. Multiple regression analysis confirmed that neither HIV nor PE 

status is a predictor of CRP. However, the analysis of clinical criteria at 5 ng/mL revealed that 

women with preeclampsia (PE) had slightly higher CRP levels compared to normotensive 

women when CRP was below this threshold. Conversely, when CRP exceeded 5 ng/mL, the 

PE group showed lower levels than the normotensive group (p < 0.001). However, CRP did 

not reliably distinguish between inflammatory status, PE severity, or HIV infection.  

Conclusion: The study found that neither HIV nor PE status predicted significant differences 

in CRP levels; additionally, CRP levels did differ between mild and severe PE. For a better 

understanding of this complex interaction between HIV and hypertensive disorders, large-

scale prospective studies measuring various inflammatory markers are warranted. 

Keywords: Pre-eclampsia; HIV; Antiretroviral Therapy; Systemic Inflammation; C-reactive 

Protein; Pregnancy 
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1. Introduction 

Pregnancy entails significant physiological, immunological, and metabolic changes that 

promote foetal development and preserve maternal health [1]. Maternal health during 

gestation relies on a fragile balance between immunological tolerance towards the foetus and 

maintaining sufficient immune activity to defend against infections [2]. Disruption of these 

physiological processes may result in gestational problems, including pre-eclampsia (PE), a 

hypertensive disorder associated with maternal and perinatal morbidity and mortality globally 

[3]. PE is characterised by elevated systolic (SBP) and diastolic (DBP) blood pressure, along 

with proteinuria and impaired maternal organ function after 20 weeks of gestation [4,5]. 

Accompanied by systemic endothelial dysfunction, heightened inflammatory responses, and 

compromised placental development [6]. The precise pathophysiological processes of PE are 

complex and multifactorial; nonetheless, evidence suggests that systemic inflammation, 

endothelial dysfunction, and dysregulated immune activation play a major role in its onset and 

progression [7]. Although PE is traditionally associated with heightened inflammation, some 

recent studies have reported lower inflammatory indices, including neutrophil-to-lymphocyte 

ratio (NLR), systemic immune-inflammation index (SII), systemic inflammatory response index 

(SIRI), and aggregate index of systemic inflammation (AISI) [8]. This contradicts the results of 

other studies, which showed no differences in SIRI, SII, NLR, platelet-to-lymphocyte ratio 

(PLR), and lymphocyte-to-monocyte ratio (LMR) [9,10]. Another well-recognised marker of 

inflammation, C-reactive protein (CRP), is an acute-phase reactant whose levels increase in 

inflammatory states such as infection or tissue damage [11,12]. It is predominantly 

synthesised by the liver in response to pro-inflammatory cytokines, including interleukin 6 (IL-

6), interleukin-1β (IL-1β), and tumour necrosis factor-alpha (TNF-α) [12]. An elevated CRP is 

associated with an increased risk of cardiovascular complications, metabolic dysregulation, 

adverse pregnancy outcomes, and neonatal complications. Elevated maternal CRP levels 

were also associated with an increased risk of small-for-gestational-age offspring [13–16]. In 

PE, elevated CRP levels may promote maternal inflammation, which contributes to endothelial 

dysfunction [17]. Evidence from a previous meta-analysis showed no difference in CRP and 

IL-6 between PE and normotensive [18]. Conversely, another meta-analysis reported higher 

levels of CRP, TNF-α, and IL-6 in PE compared with normal pregnancy [19]. These 

contradictory findings make it challenging to understand the role of CRP in maternal 

inflammation, especially in pregnancy-related disorders. Given the burden of hypertensive 

disorders of pregnancy in Africa, where the prevalence of superimposed PE, PE, and severe 

PE is 44.0%, 22.1%, and 14.7%, respectively [20], it is therefore important to examine CRP 

levels in this population.  
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In regions like sub-Saharan Africa, where Human Immunodeficiency Virus (HIV) infection is 

prevalent among women of reproductive age, the coexistence of HIV and PE poses a distinct 

clinical and immunological challenge [21]. HIV infection triggers persistent immunological 

activation and systemic inflammation, both of which may affect pathways associated with PE, 

potentially exacerbating the inflammatory processes underlying PE [1,22]. The extensive use 

of antiretroviral therapy (ART) has altered this link, thus independently affecting inflammatory 

responses and maternal outcomes [23]. For instance, ART has been shown to ameliorate 

inflammation, potentially reducing the incidence of PE in women infected with HIV [24]. 

Nevertheless, the exact mechanisms by which ART influences the onset of PE in this 

demographic remain poorly understood and warrant further investigation [25,26]. Previous 

evidence has shown an increased high-sensitivity C-reactive protein (hs-CRP) in people living 

with HIV on ART when compared to those not on ART or HIV-negative individuals, suggesting 

ART may be an exacerbating factor for inflammation [27]. Hence, it is important to assess 

CRP levels in patients with PE. This can be used to quantify maternal inflammatory status and 

provide insight into the pathophysiological mechanisms driving disease severity. The findings 

may help identify inflammatory patterns associated with disease progression, serve as a 

predictive biomarker, and further help tailor treatment targeting inflammatory pathways in PE. 

Therefore, examining CRP levels in pregnant women with and without PE provides clarity on 

the effects of hypertensive disorder on maternal inflammation. 

This study aimed to investigate the relationship between PE and maternal systemic 

inflammation, using CRP levels as a clinical biomarker. 

 

2. Methods and Materials 

2.1. Study population and design 

This research was a retrospective cross-sectional study, with samples collected at a single 

time point, as previously reported by other scholars [28] It adhered to the principles of the 

Declaration of Helsinki [29], and informed consent was obtained from participants prior to 

participation, as samples were collected from participants at a single time point and stored at 

the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) in South Africa. 

2.2. Ethics approval and patient Consents 

Ethical approval was obtained from the University of South Africa-College of Agriculture and 

Environmental Sciences Health Research Ethics Committee (2025/CAES_HREC/7327), 
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approved on 08/05/2025, and authorisation from the gatekeeper was obtained to utilise the 

samples. Regulatory approval was obtained from CMJAH in South Africa. All patients provided 

written informed consent at the time of data collection, indicating that the data would be used 

for future publication. Following the acquisition of written consent, normotensive and PE HIV-

negative and HIV-positive pregnant women were enrolled at CMJAH.  

2.3. Participant’s Characteristics and Measurement 

A total of 72 participants were recruited, comprising 48 normotensive patients (aged 18 to 43 

years) and 24 patients with PE (aged 18 to 40 years). Systolic and diastolic blood pressure 

were measured using an automated blood pressure monitor (OMRON Healthcare, Kyoto, 

Japan) according to the manufacturer’s protocol. PE was defined as the emergence of 

hypertension ≥140/90 mmHg, recorded on two distinct occasions 4 hours apart, with or without 

accompanying proteinuria. Normotensive pregnancy was defined as a blood pressure ≤120/80 

mmHg [46]. Demographic information for all research participants was obtained from their 

maternity case records. HIV testing was conducted following counselling using a rapid point-

of-care test kit, in accordance with the standard of care in South Africa [47]. Maternal weight 

was classified as normal weight (BMI: 18.5 – 24.9 kg/m²), overweight (BMI: 25.0 – 29.9 kg/m²), 

and obesity (BMI: >30 kg/m²). To maintain anthropometric uniformity, all participants in the 

study confirmed their status as non-smokers and their abstention from alcohol and recreational 

drugs, while all HIV-positive individuals were undergoing highly active antiretroviral therapy 

(HAART: tenofovir, emtricitabine, and efavirenz) in compliance with the South African National 

HIV guidelines (Department of Health, Republic of South Africa, 2015). The implementation of 

HAART during pregnancy is essential for reducing mother-to-child transmission via multiple 

mechanisms, including lowering maternal antepartum viral load and offering preexposure and 

postexposure prophylaxis for the infant [48]. Women having concurrent chronic medical 

conditions were excluded from the study. 

2.4. Sample Collection 

This investigation used 72 archived maternal plasma samples, comprising 48 from 

normotensive individuals and 24 from individuals with preeclampsia, collected at the Charlotte 

Maxeke Johannesburg Academic Hospital. A competent nurse used a 21-gauge needle for 

venipuncture. Approximately 6 mL of blood was collected from each research participant in 

EDTA tubes. After sample collection, the blood was processed within 1 hour to maintain 

plasma integrity. The EDTA tubes were centrifuged at 1500 × g for 10-15 minutes at 4°C to 

separate plasma from cellular components. The separated plasma was subsequently stored 

in a freezer at −80 °C for future use. 
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2.5. Quantification of Human CRP (C-Reactive Protein) through an ELISA kit 

CRP concentrations were measured with the Human C-Reactive Protein (CRP) ELISA Kit 

(Elabscience Biotechnology Co., Ltd., Houston, TX, USA, Cat No: E-EL-H0043), which 

operates on the basis of a sandwich enzyme-linked immunosorbent assay (ELISA). This has 

a sensitivity of 0.23 ng/mL and a detection range of 0.39–25 ng/mL, which was used for 

inflammation measurement according to the manufacturer’s instructions. The 96-well plates 

were pre-treated with a monoclonal antibody targeting human CRP. Samples or standards 

were introduced and permitted to adhere to the immobilised antibody. A biotinylated anti-CRP 

detection antibody was subsequently added, followed by an avidin-horseradish peroxidase 

(HRP) combination. Following the addition of the substrate, a colorimetric reaction was 

initiated and then terminated using a stop solution. The absorbance was quantified at 450 ± 2 

nm utilising a microplate reader. 

Samples were diluted 1:1000 in a three-step dilution method. Firstly, 180 µL diluent was added 

to 20 µL of the undiluted sample to obtain a 1:10 dilution, followed by 100 µL diluent added to 

20 µL of the diluted sample to obtain a 1:100 dilution, and lastly, 190 µL diluent was added to 

10 µL of the diluted sample to obtain a 1:1000 dilution. 100 µL of standards, blanks, and 

plasma samples (diluted as required) were added in duplicate to the designated wells and 

incubated for 90 minutes at 37 °C. Without prior washing, 100 µL of biotinylated detection 

antibody was introduced, followed by a 60-minute incubation at 37 °C. The wells were washed 

3 times, then 100 µL of HRP-conjugate was added and incubated for 30 minutes at 37 °C. 

After the five washes, 90 µL of TMB substrate solution was added, and the mixture was 

incubated in the dark at 37 °C for 15 minutes. The reaction was halted by adding 50 µL of stop 

solution, and the absorbance was promptly assessed at 450 nm using a microplate reader. 

A four-parameter logistic curve was fitted to CRP concentrations on the x-axis and optical 

density (OD) on the y-axis using Boster Bio's online ELISA data analysis tool. Serum sample 

CRP concentrations were obtained utilising this curve. Samples with OD values beyond the 

detection range (0.39 – 25 ng/mL) were reanalysed with appropriate dilutions. 

2.6. Statistical Analysis 

Boster ELISA calculator was used to create a four-parameter (4PL) logistic curve and 

determine unknown CRP concentrations. The data was analysed using Statisty App 

(https://statisty.app/ accessed on the 20th of November 2025). We used the Shapiro-Wilk test 

to assess the normality of the data. The CRP data were first log-transformed to meet the 

assumption of normality. Descriptive data were reported as the mean ± standard deviation 

(SD) or median and interquartile range (IQR). Categorical data were reported as numbers and 

percentages. Comparisons between PE and HIV status were performed using a two-way 

https://protect.checkpoint.com/v2/r02/___https:/statisty.app/___.YzJlOnVuaXNhbW9iaWxlOmM6bzphMzFiMGUyNGI0NjJhOTE5NTFkM2NmMWUzZTNlZGVkMzo3OjA4NjU6YzY2YmJmZDcyNDliYzE0M2ZhNTAyOTZhYTNlZmMxMzQzNWZiYzc5MjUxMTgxYTVmZGU0YTk1NTlkMjhjZDdlNDpwOlQ6Tg
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analysis of variance (ANOVA) for parametric data. A Bonferroni post hoc test was conducted 

to ascertain statistical significance among all groups. The statistical significance was p < 0.05. 

 

3. Results 

3.1. Clinical Characteristics of Participants 

Table 1 summarizes the clinical and demographic characteristics of the study population. SBP 

was significantly higher in PE than in normotensives (p < 0.0001). Additionally, DBP was 

significantly higher in PE than in normotensives (p < 0.0001). However, no significant 

differences in maternal age, BMI, weight, height, gestational age, or Hb were observed 

between the PE and normotensive groups (p > 0.05). Although CRP showed a decrease in 

PE compared with normotensive subjects, the difference was not statistically significant (p = 

0.697). There were almost three times as many mild PE cases (75%) compared to severe PE 

cases (25%).  
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Table 1. Patient demographic features of the study groups. 

Variables Pre-eclampsia Normotensive P value 

Sample size (n) 24 48  

HIV+, n (%) 8 (33) 16 (33)  

HIV-, n (%) 16 (67) 32 (67)  

Mild PE 18 (75) -  

Severe PE 6 (25) -  

Maternal age (years) 36 (34-38) 34.5 (27-38) 0.159 

Maternal weight (kg) 87 (73.75-97.75) 73 (68-90) 0.124 

Maternal height (cm) 158 (157.75-161.5) 159 (155-163) 0.958 

BMI (kg/m²) 33.2 (28.46-39.81) 31.2 (28.5-37.58) 0.697 

SBP (mmHg) 149 (146.75-154.25)  110 (106-114.75) <0.0001 

DBP (mmHg) 98.5 (91.75-106) 66.5 (60.75-72) <0.0001 

Gestational age (weeks) 19 (14-25) 23 (16-30)  0.153 

Hb (g/dL) 11.5 (10.2-11.8) 8.5 (10.6-12.13) 0.258 

CRP (ng/mL) 1.39 ± 0.95 1.49 ± 1.13 0.697 

 

Data reported as mean and standard deviation, median and interquartile range (IQR) or 

number (%), PE: pre-eclampsia, N: normotensive, SBP: systolic blood pressure, DBP: 

diastolic blood pressure, Hb: haemoglobin, HIV+: Human Immune Deficiency Virus positive, 

HIV-: Human Immune Deficiency Virus negative, CRP: C-reactive protein. CRP level log 

transformed. 

 

3.2. The CRP PE and normotensives, and based on the severity of PE 

The CRP level was slightly lower in PE than in normotensive women; however, this difference 

was not statistically significant (Table 1). Although women with mild PE had higher CRP levels 

than those with severe PE, this difference was not statistically significant (Figure 1). Mild PE 

presented with SBP, 147 (145-149.79), compared to severe PE, 161 (154-168.75), p < 0.001. 

Moreover, the DBP was 93.5 (90.75-99.5) in mild PE compared with 110 (104-116.75) in 

severe PE (p < 0.001). 
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Figure 1: CRP levels in women with severe compared to those with mild PE. Log-transformed 

data reported as mean and SD. Severe PE (SBP ≥ 160 mmHg and DBP ≥ 110 mmHg), mild 

PE (SBP range of 140-159 mmHg and DBP ranging between 90-109 mmHg) 

 

3.3. Clinical classification of CRP in PE and normotensives 

CRP levels were classified using a clinical cutoff in both groups. Of the 24 women with PE, 17 

(71%) had CRP less than 5 ng/mL, compared with the group with CRP greater than 5 ng/mL 

(Table 2). In contrast, 60.4% of the normotensive group had CRP greater than 5 ng/mL. The 

PE group that was clinically classified as having a CRP level < 5 ng/mL had a median CRP 

level of 2.63 ng/mL, significantly higher than that of normotensive patients (2.57 ng/mL) 

(Figure 2A and B). However, the PE group with greater than 5 ng/mL had significantly lower 

CRP levels (9.57 ng/mL) than the normotensive (11.52 ng/mL). 

 

Table 2: The level of CRP based on clinical cut-off ranges in PE and normotensive 

CRP 

category 

N, % Pre-eclampsia  N, % Normotensive  

< 5 ng/mL 17 (71.0) 2.63 (2.19-4.00) 19 (39.6) 2.57 (1.43-3.8) 
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> 5 ng/mL 7 (29.0) 9.57 (6.92-19.79) 29 (60.4) 11.52 (6.61-23.77) 

P-value  < 0.001  < 0.001 

 

Data reported as median and interquartile range (IQR) or number and percentages, N: number 

of participants in each group, CRP: C-reactive protein. CRP is reported as raw data to meet 

the clinical classification. 
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Figure 2: The clinical cut-off of the difference in CRP in the PE and normotensive group. A: 

pre-eclamptic women, B: normotensive women. Data reported as Median and interquartile 

ranges (IQR). A p < 0.001 signifies statistical significance. 

 

3.4. Plasma concentration levels of CRP based on HIV and PE status and the effect of 

interactions 

The result of a two-way ANOVA showed no significant main effect of PE status on CRP, F (1, 

68) = 0.13, p = 0.716, η²p = 0. This indicates that the levels of CRP did not differ between 

pregnant women who are HIV-positive when compared to those who were HIV-negative based 

on HIV status (Figure 3). Additionally, the results of a two-way ANOVA showed that the main 

effect of HIV was not significant, F (1, 68) = 0.56, p = 0.457, η²p = 0.01. Indicating no difference 

in CRP level between pregnant women with and without PE (Figure 3). Moreover, the 

interaction between HIV status and PE was not significant, F (1, 68) = 0.08, p = 0.78, η²p = 

0.00, indicating that HIV status did not affect CRP levels by PE status (Figure 3). These results 

suggest that neither PE nor HIV status influenced the CRP levels. 

C
R

P
 (

n
g
/m

L
) 

 

 

 

Figure 3. Plasma concentration levels of CRP (ng/mL) in PE and normotensive women with 

and without HIV. Data log transformed, reported as mean and IQR.  
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3.5. Association between PE, HIV status and CRP levels 

A multiple regression analysis was conducted to determine whether HIV status and PE status 

predicted the CRP levels, as presented in Table 2. The overall model showed that neither HIV 

status nor PE status made a significant contribution to the prediction. HIV status was not a 

significant predictor (B = 0.2, p = 0.452, 95% CI [−0.19; 0.28]). Similarly, PE status was not a 

significant predictor (B = -0.1, p = 0.714, 95% CI [−0.15; 0.32]). These results indicate that 

neither HIV nor PE status meaningfully influences the CRP levels. 

Table 3. Association of HIV, PE, and CRP. 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

  95% CI for B 

Model B Beta SE p LB UB 

Constant 1.36  0.14 <0.001 0.33 0.87 

HIV Status: 

HIV-negative 
0.2 0.09 0.27 0.452 -0.33 0.74 

PE Status: 

normotensive 
-0.1 -0.04 0.27 0.714 -0.64 0.44 

 

PE: pre-eclampsia, SE: standard error, HIV: human immunodeficiency virus, SE: standard 

error, CI: confidence intervals, LB: lower bound, UB: upper bound. 

3.6. The levels of CRP in HIV+, HIV -pregnant women with and without PE 

The results showed no statistically significant difference in CRP levels between the groups. 

The HIV+ group with PE was 1.19 ± 1.11, and normotensive, 1.39 ± 1.08 (p = 0.667; Figure 

4A). In the HIV- group with PE, CRP was 1.5 ± 0.87, whereas in the normotensive group, it 

was 1.54 ± 1.16 (p = 0.891; Figure 4B). 
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Figure 4. A: CRP levels in HIV-positive individuals with or without PE. B: CRP levels in HIV-

negative individuals with and without PE. 
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4. Discussion 

This study investigated the interaction of HIV infection and PE on maternal CRP as a 

biomarker of inflammation. Our findings revealed no significant difference in CRP levels 

between pregnant women with or without HIV. Additionally, there was no significant difference 

in CRP between pregnant women with PE and normotensive. Furthermore, we found no 

difference in CRP between women with mild or severe PE. There was a clinical cutoff 

difference in CRP between PE and normotensives. For instance, the PE group with CRP 

below 5 ng/mL had higher CRP levels than the normotensive group; however, the PE group 

with CRP above 5 ng/mL had lower CRP levels than the normotensive group. These findings 

are supported by previous studies that showed no significant differences in CRP levels 

between PE and normotensives [30–32]. Moreover, other studies have used hs-CRP and still 

reported no significant difference between PE and normotensive [33,34]. In contrast, other 

reports have shown increased CRP levels in women with PE compared to those with 

normotensive pregnancies, indicating heightened maternal systemic inflammation and hepatic 

acute-phase responses [35–37]. Similarly, a report by Begum et al. found that CRP levels 

were significantly higher in the PE group (10.52 ± 10.24 µg/mL) than in the normotensive 

group (5.10 ± 6.20 µg/mL) [38]. This study included over 200 pregnant women with at least 

100 PE; the PE women were relatively young, with a gestational age of 10 weeks, compared 

to our current study, which included 24 PE women and relatively older reproductive-age 

women (36 years). These factors may explain this discrepancy despite studies employing the 

same methodology. Sample size and statistical power are critical; however, with only 72 

samples, the study may lack sufficient power to detect small or moderate group differences, 

leading to a type II error. Variability in coexisting metabolic variables can influence CRP levels. 

For example, maternal BMI was significantly increased in the PE group, and obesity 

independently increased baseline CRP levels [39]. 

CRP is a principal acute-phase reactant synthesized mainly by hepatocytes in response to 

pro-inflammatory cytokines, including IL-6, I-1β, and TNF-α [12]. It functions as a dependable 

marker of systemic inflammation and tissue damage [11]. However, during pregnancy, CRP 

serves a dual function: its moderate increase may indicate low-grade inflammation associated 

with placental development [13]; pathologically, elevated CRP levels have been associated 

with adverse pregnancy outcomes, including PE and intrauterine growth restriction (IUGR) 

[40]. Therefore, assessing CRP levels provides significant insight into the systemic 

inflammatory condition of pregnant women, particularly in situations marked by increased 

immune activation, such as HIV infection and PE. 

HIV infection is often associated with persistent immunological activation and systemic 

inflammation, as indicated by elevated CRP levels [41]. In this study, neither PE status nor 
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HIV infection was a significant predictor of CRP levels. While HIV treated patients have been 

reported to exhibit reduced inflammation [42]. This was not the case in our study. Other studies 

show persistent inflammation, as evidenced by elevated CRP levels even after ART initiation 

[43]. This suggests that ART may exacerbate inflammation in HIV infection. On the other hand, 

Wilson and colleagues reported that HIV patients: ART can inhibit viral replication, diminish 

immunological activation, and progressively restore immune homeostasis, thereby lowering 

systemic inflammatory markers [44]. ART, specifically regimens incorporating tenofovir, 

emtricitabine, and efavirenz, has demonstrated efficacy in suppressing viral replication and 

diminishing immunological activation, thereby normalizing inflammatory marker levels [28,45]. 

In pregnancy, ART-induced immunological reconstitution may reduce the inflammatory load, 

thereby mitigating PE-associated elevations in CRP. Although these contradictory data, it's 

important to note that our findings are yet supported by other previous findings, which reported 

no difference in CRP between HIV positive individuals and HIV negative individuals [46,47]. 

The research demonstrates no substantial interaction between HIV status and PE regarding 

CRP levels, indicating that HIV does not meaningfully modify the inflammatory profile in PE. 

Therefore, our findings show that CRP cannot be used as a potential biomarker for PE in HIV 

pregnant women with HIV. Therefore, it will provide more insight into various markers of 

inflammation, including IL-6, IL-1β, IL-10, IL-4, transforming growth factor beta (TGF-β), and 

TNF-α, to give a clear picture of the inflammatory status. This study had multiple limitations. 

The small sample size reduced the statistical power to detect small differences among groups. 

Retrospective design and reliance on archived data limited control over potential confounding 

factors. Moreover, CRP levels may be affected by non-pregnancy-related factors such as 

latent infections, obesity, or dietary status, which were not thoroughly monitored.   

 

5. Conclusion 

This study found that CRP levels did not differ significantly between HIV-positive or negative 

women with PE and normotensive women, nor between mild or severe PE. These findings 

suggest that CRP does not consistently reflect the inflammatory differences attributable to HIV 

infection or PE. However, after applying the clinical cutoff of 5 ng/mL, there was a notable 

difference: women with PE showed higher CRP than normotensives in the <5 ng/mL category, 

whereas those in the >5 ng/mL category showed lower CRP in PE than in normotensives. 

These trends suggest that CRP may not be a specific biomarker of inflammatory status in PE. 
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CHAPTER 4: SYNTHESIS OF FINDINGS 

Overview  

This research aimed to examine liver function (AST, ALT and PLAP) and inflammatory marker 

CRP in HIV-positive and HIV-negative pregnant women with and without pre-eclampsia (PE). 

The analysis combined data from meta-analysis and cross-sectional cohort studies to clarify 

the relationship between hepatic, placental, and inflammatory responses associated with PE 

and HIV infection during pregnancy. Collectively, these findings emphasise that PE is a 

complex syndrome involving hepatic, placental, and inflammatory processes, which may be 

further exacerbated by HIV infection. 

1. Overall Findings 

The result from meta-analysis showed an association between liver dysfunction and use of 

antiretroviral therapy in those with PE when compared to those without PE. Additionally, 

another meta-analysis of observational studies showed that PE is significantly associated with 

elevated maternal hepatic enzyme levels, indicating hepatocellular damage and impaired liver 

function. Furthermore, we found that through another quantitative analysis, HIV infection and 

ART administration are associated with elevated liver function test enzymes, suggesting that 

each may contribute to liver dysfunction among PWLWHIV. However, the results from our 

cross-sectional studies showed no significant difference in AST, ALT, PLAP, and CRP in HIV 

pregnant women with or without PE. 

1.1. Hepatic Enzymes (AST & ALT) 

Chapter 2 provided evidence, through systematic review and meta-analysis, indicating that 

both PE and HIV infection are independently linked to significant increases in liver enzymes, 

including AST and ALT. The meta-analysis of PE-induced maternal liver dysfunction revealed 

significant elevations in AST and ALT levels in women with PE compared with normotensive 

controls, reinforcing the notion that PE is characterised by hepatic injury resulting from 

endothelial dysfunction, hypoxia, and inflammation [1,2]. The meta-analysis of HIV infection 

and ART exposure revealed that PLWHIV, regardless of ART status, demonstrate increased 

AST and ALT levels compared to HIV-negative persons, underscoring the combined effects 

of viral infection and pharmaceutical exposure on hepatic stress. 

The experimental results in Chapter 3 validated these observations at a cohort level. AST and 

ALT levels were consistently elevated in PE women compared to normotensive pregnant 

women, with the most significant increases noted in those with concurrent HIV infection as 

well as PE. The results demonstrated that AST levels were elevated in women with PE relative 
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to normotensive groups, however, this difference did not achieve statistical significance (p = 

0.7973). A two-way ANOVA examining the impact of HIV and PE on ALT indicated a borderline 

significant influence of both HIV and PE on ALT levels, p = 0.052. Stratified studies indicated 

that HIV status influenced the extent of liver enzyme increase, implying a synergistic or 

additive interaction among HIV-related immunological activation, ART-induced hepatotoxicity, 

and PE-related endothelial dysfunction. 

1.2. Placental Alkaline Phosphatase (PLAP) 

PLAP has emerged as a significant biomarker connecting placental failure to maternal hepatic 

stress. Chapter 2 emphasised the significance of placental pathology and angiogenic 

imbalance in PE, whereas Chapter 3 presented new findings indicating that PLAP levels were 

altered in PE, especially among HIV-positive women. Increased PLAP levels in PE 

pregnancies indicate placental damage, compromised trophoblast function, and altered 

placental perfusion, all of which are characteristic features of PE. 

The integration of PLAP findings with hepatic enzyme data substantiates the idea that 

placental failure indirectly induces maternal liver injury by exacerbating systemic inflammation, 

oxidative stress, and endothelial activation. In HIV-positive women, ART-induced placental 

oxidative stress may intensify these effects, establishing PLAP as a potential intermediary 

biomarker connecting placental pathology to maternal hepatic outcomes. 

1.3. C-Reactive Protein (CRP) 

The CRP data offered an essential understanding of the inflammatory environment 

contributing to liver impairment in PE and HIV. Chapter 2 systematically evaluated evidence 

indicating that inflammation is a primary mechanism responsible for endothelial damage and 

multi-organ involvement in PE. Chapter 3 supported this evidence by illustrating markedly 

higher CRP levels in women with PE compared to normotensive controls, with CRP 

concentrations escalating further with the severity of preeclampsia. 

HIV-positive women demonstrated elevated baseline CRP levels, though not statistically 

significant, p = 0.667, even without PE, indicating chronic immunological activation linked to 

HIV infection. The simultaneous presence of HIV and PE led to elevated CRP values, 

reinforcing the notion of an exacerbated inflammatory burden. These findings emphasise CRP 

as a sensitive indicator of disease severity and underscore inflammation as a common 

mechanism connecting HIV, ART exposure, PE, and hepatic dysfunction. 
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2. Interpretation of Findings 

2.1. Hepatic Enzyme Findings (AST & ALT) 

AST and ALT are important transaminases that catalyse amino acid metabolism and act as 

sensitive measures of hepatocellular health [3]. Elevated enzyme activity in PE women is 

associated with hepatic stress and endothelial dysfunction, both of which are frequent features 

of PE [4].  In HIV-negative individuals, increased enzyme activity in the PE group compared 

to normotensive pregnancies suggests hepatic involvement as PE advances. However, a 

more recent study conducted by Edebiri et al., [5], concluded that there is a significant (p < 

0.001) decrease in AST and ALT in PE women compared to normotensive women, which 

contradicts previous findings [5]. This inconsistent result suggests that more research is 

required to completely understand the association between liver enzymes and PE. Edebiri et 

al., [5], discovered that PE women have lower AST and ALT levels, which may indicate a 

different mechanism of hepatic involvement in PE than previously considered. These findings 

emphasise the complexities of PE and the necessity for additional research into its 

pathogenesis. 

HIV-positive women exhibited a lower increase in AST and ALT levels. This may arise from 

the immunomodulatory effects of HIV infection and ART, potentially affecting hepatic enzyme 

expression or obscuring normal patterns associated with PE. Certain ART regimens are 

associated with mild hepatotoxicity; however, prolonged exposure may induce adaptive 

hepatic responses that regulate enzyme release [6]. These data indicate a complex hepatic 

response influenced by the interplay of PE and HIV pathogenesis. 

2.2. Placental Marker Integration (PLAP) 

PLAP is a glycoprotein enzyme produced in the syncytiotrophoblast layer of the placenta, 

indicating placental development and functional capability [7].  The study demonstrated 

modified PLAP levels in PE pregnancies, signifying placental stress and potential hypoxia-

induced regulation of enzyme production.  Increased PLAP levels in PE may have result from 

increased shedding of syncytiotrophoblast into the maternal circulation, a phenomenon 

associated with placental ischaemia and oxidative stress. 

In HIV-positive pregnancies, PLAP levels exhibited fluctuating trends, likely affected by HIV-

associated placental pathology, such as villous immaturity and inflammatory lesions [8].  HIV 

infection can compromise trophoblastic function, potentially leading to either suppression or 

dysregulation of PLAP release. The synergistic effects of PE and HIV create compounded 

difficulties for placental function, affecting foetal growth and nutrient transport. 
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2.3. Inflammatory Marker Interpretation (CRP) 

CRP, an acute-phase reactant synthesised by the liver in response to inflammatory cytokines 

including interleukin-6 (IL-6), offers insight into systemic inflammatory activity [9]. Elevated 

CRP levels in women with PE underscore the perception of PE as a chronic inflammatory 

disorder marked by endothelial activation and oxidative stress.  The extent of the CRP rise 

corresponded to illness severity, thereby reaffirming its diagnostic and prognostic value in PE. 

In HIV-positive individuals, CRP levels were somewhat increased even in normotensive 

pregnancies, indicating a baseline immunological activation linked to HIV infection. The 

differentiation between PE and normotensive conditions was less evident in this sample.  This 

pattern may indicate the concurrent inflammatory responses triggered by both HIV and PE, a 

confusing interpretation while highlighting common pathophysiological mechanisms. 

2.4. Interaction between HIV, ART and PE 

This study significantly demonstrated that HIV status alters the biochemical expression of liver 

disease associated with PE. Although PE alone can cause considerable hepatic enzyme 

alterations, HIV infection and ART exposure seem to exacerbate these consequences. This 

interaction may elucidate the discrepancies noted in previous research about the hepatotoxic 

effects of ART during pregnancy, as many did not consider hypertensive diseases such as 

PE. 

The data indicate that ART functions within a complex biological environment influenced by 

pregnancy-associated vascular and inflammatory alterations. In PE, where endothelial 

integrity is already compromised, ART-related hepatic and placental stress may have more 

significant clinical consequences. 

3. Clinical and Biological Implications 

The combined measurement of AST, ALT, PLAP, and CRP provided a more complete 

biochemical profile of PE in the HIV setting. Understanding how these indicators interact 

improves diagnostic accuracy and may influence risk stratification and therapeutic 

management. For example, concomitant elevations in hepatic enzymes and CRP may indicate 

impending hepatic dysfunction in PE and warrant additional monitoring. Similarly, altered 

PLAP activity may suggest placental insufficiency, guiding obstetric treatments.  
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CHAPTER 5: LIMITATIONS, CONCLUSION, AND RECOMMENDATION 

1. Limitations 

The relatively small sample size reduced statistical power for subgroup analyses, especially 

among HIV-positive women. The cross-sectional design prevented causal inference and 

limited the ability to examine biomarker progression. Variations in antiretroviral therapy (ART) 

regimens may have contributed to biochemical heterogeneity among participants. The 

absence of histopathology or cytokine data limited mechanistic interpretation.  

2. Conclusion 

The evidence presented in this study indicates that maternal liver impairment during 

pregnancy cannot be attributed to a singular mechanism, especially in cases of HIV and PE. 

It may arise from the placental failure, systemic inflammation, endothelial damage, viral 

infection, or ART exposure. PE was consistently associated with substantial increases in 

hepatic enzymes. The HIV infection exacerbated these abnormalities by chronic 

immunological activation and inflammatory stress, while ART exposure added another 

dimension of hepatocellular susceptibility. 

The coexistence of HIV and PE was significantly linked to the most pronounced abnormalities 

in liver enzymes and inflammatory markers, indicating that these diseases operate 

synergistically rather than independently. Increased AST and ALT levels indicated 

hepatocellular damage, altered PLAP concentrations emphasised placental-hepatic 

interactions, and elevated CRP levels highlighted the significance of systemic inflammation. 

Collectively, these biomarkers offered convergent evidence that liver impairment in pregnant 

women with HIV is exacerbated by PE and may be influenced by common inflammatory and 

endothelial pathways. 

3. Recommendations 

Future investigations should employ longitudinal cohort methodologies to evaluate liver 

biomarkers during pregnancy and the postpartum phase, facilitating the distinction between 

pre-existing liver dysfunction, pregnancy-associated alterations, and the impacts of HIV and 

pre-eclampsia. Substantial sample numbers are crucial for strong statistical power in subgroup 

analyses. It is advisable to stratify by ART regimen and adherence to appropriately assess 

hepatotoxic consequences. Future research should encompass a diverse array of biomarkers 

and, placental histopathology or liver imaging to further the understanding of placental-hepatic 

interactions.   
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Appendix 6 - Pre-eclampsia-Induced Maternal Liver Dysfunction: Meta-Analysis of      

observation Studies 

1. Table S1: Subgroup analysis showing effect of different factors on liver function 

 

 

Effect 

Size 

Std. 

Error Z P 

95% Confidence 

Interval 

 

 Lower Upper I2 

 Design        

AST Case 

control 

1.199 0.2666 4.496 <0.001 0.676 1.721 93.8 

 Cohort 0.971 0.2994 3.243 0.001 0.384 1.558 99.7 

 Cross 

Sectional 

2.462 0.3433 7.171 <0.001 1.789 3.135 99.9 

 Overall 1.810 0.1512 11.974 <0.001 1.514 2.107 99.1 

 Quality        

 High 1.266 0.1910 6.630 <0.001 0.892 1.641 99.4 

 Moderate 2.466 0.3683 6.696 <0.001 1.744 3.187 98.0 

 Overall 1.810 0.1512 11.974 <0.001 1.514 2.107 99.1 

 Continent

s 

       

 Africa 1.738 0.4398 3.952 <0.001 0.876 2.600 96.8 

 Asia 1.960 0.1799 10.898 <0.001 1.608 2.313 99.3 

 Europe 0.730 0.3524 2.070 0.038 0.039 1.420 92.2 

 Overall 1.810 0.1512 11.974 <0.001 1.514 2.107 99.1 

 Maternal 

age 

(years) 

       

 < 30 years 1.843 0.3098 5.949 <0.001 1.236 2.450 95.7 

 > 30 years 1.836 0.1954 9.396 <0.001 1.453 2.219 99.4 

 NR 1.719 0.7420 2.316 0.021 0.264 3.173 97.8 

 Overall 1.810 0.1512 11.974 <0.001 1.514 2.107 99.1 

 BMI        

 Normal 0.926 0.2203 4.202 <0.001 0.494 1.357 97.2 

 NR 1.981 0.2486 7.971 0.001 1.494 2.469 98.2 
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 Obese 1.773 0.9540 1.859 0.063 -0.096 3.643 95.7 

 

 Overweight 2.090 0.3389 6.166 <0.001 1.425 2.754 97.1 

 Gestation 

duration 

at 

diagnosis 

(weeks) 

       

 <20 1.790 0.7594 2.357 0.018 0.302 3.278 97.6 

 >20 2.008 0.2385 8.421 <0.001 1.541 2.475 99.3 

 >30 1.705 0.7985 2.135 0.033 0.139 3.270 98.0 

 NR 1.012 0.2769 3.656 <0.001 0.470 1.555 91.9 

 Overall 1.810 0.1512 11.974 <0.001 1.514 2.107 99.1 

         

ALT Case 

control 

1.384 0.3427 4.038 <0.001 0.712 2.055 96,4 

 Cohort 0.851 0.3946 2.156 0.031 0.077 1.624 99.9 

 Cross 

Sectional 

2.256 0.3210 7.027 <0.001 1.627 2.885 97.9 

 Overall 1.729 0.1739 9.944 <0.001 1.388 2.070 99.3 

 < 30 years 1.607 0.2759 5.826 <0.001 1.067 2.148 95.9 

 > 30 years 1.887 0.2764 6.827 <0.001 1.345 2.429 99.7 

 NR 1.731 0.4808 3.601 <0.001 0.789 2.674 97.2 

 Overall 1.729 0.1739 9.944 <0.001 1.388 2.070 99.3 

 Africa 1.359 0.5069 2.681 0.007 0.365 2.352 97.9 

 Asia 2.030 0.2063 9.840 <0.001 1.626 2.434 99.5 

 Europe 0.096 0.4025 0.240 0.811 -0.692 0.885 94.4 

 Overall 1.729 0.1739 9.944 <0.001 1.388 2.070 99.3 

 <20 5.700 2.6694 2.135 0.033 0.468 10.931 97.2 

 >20 1.779 0.2235 7.961 <0.001 1.341 2.217 99.5 

 >30 0.949 0.4439 2.137 0.033 0.079 1.819 95.8 

 NR 1.561 0.4495 3.472 <0.001 0.680 2.442 97.9 

 Overall 1.729 0.1739 9.944 <.0001 1.388 2.070 99.3 
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 High 1.381 0.2345 5.889 <0.001 0.921 1.841 99.6 

 

 

 Moderate 2.183 0.3285 6.646 <0.001 1.539 2.827 97.7 

 Overall 1.729 0.1739 9.944 <0.001 1.388 2.070 99.3 

 Normal 0.667 0.3350 1.991 0.046 0.010 1.324 99.7 

 NR 2.092 0.3101 6.747 <0.001 1.484 2.700 98.1 

 Obese 1.892 1.9729 0.959 0.337 -1.974 5.759 98.7 

 Overweight 1.846 0.3610 5.113 <0.001 1.138 2.553 97.4 

 Overall 1.729 0.1739 9.944 <0.001 1.388 2.070 99.3 

Bilirubin Case 

control 

0.623 0.2421 2.574 0.010 0.149 1.098 84.0 

 Cohort -0.169 0.0291 -5.805 <0.001 -0.226 -0.0112 0.0 

 Cross 

Sectional 

0.831 0.1769 4.698 <0.001 0.484 1.178 89.8 

 Overall 0.621 0.1337 4.644 <0.001 0.359 0.883 93.7 

 < 30 years 1.080 0.3104 3.479 <0.001 0.472 1.688 94.6 

 > 30 years 0.322 0.1330 2.421 0.015 0.061 0.582 88.8 

 NR 0.636 0.2543 2.502 0.012 0.138 1.135 73.4 

 Overall 0.621 0.1337 4.644 <0.001 0.359 0.883 93.7 

 Africa 0.306 0.2403 1.271 0.204 -0.165 0.776 80.6 

 Asia 0.695 0.1538 4.518 <0.001 0.393 0.996 94.5 

 Overall 0.621 0.1337 4.644 <0.001 0.359 0.883 93.7 

 <20 0.519 0.4536 1.145 0.252 -0.370 1.408 84.7 

 >20 0.583 0.1602 3.638 <0.001 0.269 0.897 94.2 

 >30 0.772 0.1553 4.970 <0.001 0.467 1.076 51.1 

 NR 0.778 0.9225 0.843 0.399 -1.030 2.586 96.3 

 Overall 0.621 0.1337 4.644 <0.001 0.359 0.883 93.7 

 High 0.146 0.1124 1.301 0.193 -0.074 0.367 82.6 

 Moderate 1.006 0.1941 5.185 <0.001 0.626 1.387 90.3 

 Overall 0.621 0.1337 4.644 <0.001 0.359 0.883 93.7 

 Normal 0.674 0.2650 2.542 0.011 0.154 1.193 73.2 
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 NR 0.900 0.2291 3.929 <0.001 0.451 1.349 93.0 

 

 

 Obese 0.438 0.2263 1.936 0.053 -0.005 0.882 . 

 Overweight 0.280 0.1664 1.682 0.093 -0.046 0.606 89.9 

 Overall 0.621 0.1337 4.644 <0.001 0.359 0.883 93.7 

         

 Design        

ALP Case 

control 

1.689 0.4937 3.420 <0.001 0.721 2.656 96.3 

 Cohort 0.972 0.4295 2.263 0.024 0.130 1.814 99.3 

 Cross 

Sectional 

1.413 0.4781 2.956 0.003 0.476 2.350 97.3 

 Overall 1.423 0.2326 6.118 <0.001 0.967 1.879 98.3 

 Continent        

 Africa -1.646 1.2677 -1.299 0.194 -4.131 0.838 98.2 

 Asia 1.800 0.2422 7.432 <0.001 1.325 2.275 98.4 

 Overall 1.423 0.2326 6.118 <0.001 0.967 1.879 98.3 

 Maternal 

age 

       

 <20 years 2.308 0.6125 3.769 <0.001 1.108 3.509 99.5 

 >20 years 1.279 0.3725 3.433 <0.001 0.549 2.009 97.8 

 >30 years 1.303 0.3849 3.385 <0.001 0.548 2.057 87.7 

 NR 0.549 0.8959 0.613 0.540 -1.207 2.305 96.3 

 Overall 1.423 0.2326 6.118 <.001 0.967 1.879 98.3 

 Quality        

 High  .751 .03296 2.277 0.023 0.105 1.397 99.0 

 Moderate  2.208 0.3722 5.933 <0.001 1.479 2.938 95.8 

 Overall 1.423 0.2326 6.118 <0.001 0.967 1.879 98.3 

 BMI        

 Normal 1.114 0.8366 1.331 0.183 -0.526 2.753 99.8 

 NR 1.550 0.3567 4.344 <0.001 0.850 2.249 96.9 
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 Obese 1.042 0.2383 4.374 <0.001 0.575 1.509 . 

 

 

 Overweight 1.241 0.4329 2.868 0.004 0.393 2.090 96.3 

 Overall 1.423 0.2326 6.118 <0.001 0.967 1.879 98.3 
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Table S2: Quality assessment of Cohort Studies 

 Selection Comparability Outcome Score 

 Representativeness 

of exposed cohort 

(1) 

Selection 

of non-

exposed 

cohort 

(1) 

Ascertainment 

of exposure 

(1) 

Demonstration 

that outcome 

of interest was 

not present at 

the start of 

study (1) 

Comparability 

of cohorts on 

the basis of 

the design or 

analysis 

controlled for 

confounders 

(2) 

Assessment 

of outcome 

(2) 

Was 

follow-up 

long 

enough 

for 

outcomes 

to occur 

(1) 

Adequacy 

of follow-

up 

cohorts 

(1) 

10 

Cho et 

al.. 2022 

        10/10 

Fang et 

al.. 2024 

        10/10 

Haggai 

et al.. 

2022 

        10/10 

Nie et 
al.. 2025 

        10/10 

Zhang et 
al.. 2022 

        10/10 

Shahid 
et al.. 
2019 

       ☆ 8/10 

Zhang et 

al.. 2025 

        10/10 
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Table S3: Quality assessment of Cross-sectional studies 

 Selection Comparability Outcome Score 

 Representativeness 

of the sample (1) 

Sample 

size (1) 

Non-

included 

subjects 

(1) 

Ascertainment 

of exposure 

(1) 

Based on 

design and 

analysis (2) 

Assessment 

of outcome 

(2) 

Statistical 

test (1) 

Reporting 
outcomes 
and 
precision 
(1) 

10 

Atiba et al.. 

2016 

 ☆ ☆      7/10 

Hamed et al.. 

2023 

 ☆ ☆      7/10 

Hassen et al.. 

2022 

  ☆      9/10 

Makuyana et 

al.. 2002 

  ☆      8/10 

Saha. 2022   ☆      8/10 

Salman. 2016  ☆ ☆      7/10 

Hazari et al.. 
2014 

 ☆ ☆      7/10 

Afroz et al.. 
2020 

 ☆ ☆      7/10 

Al-Sultan et 
al.. 2025 

 ☆ ☆      7/10 

Nainani and 
Bhargava. 
2019 

 ☆ ☆      7/10 

Edebiri et al.. 
2025 

  ☆      8/10 
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Singh et al.. 
2017 

 ☆ ☆      7/10 

Al-Jameil et 
al.. 2015 

 ☆ ☆      7/10 

Khan et al.. 

2023 

 ☆ ☆      7/10 

Roy and 

Lodhi. 2019 

 ☆ ☆      7/10 

Mondal et al.. 

2016 

 ☆ ☆      7/10 

Munazza et 

al.. 2013 

 ☆ ☆      7/10 

Taimoor et 

al.. 2017 

 ☆ ☆      7/10 

Walle et al.. 

2022 

 ☆ ☆      7/10 

Sakr et al.. 
2019 

 ☆ ☆      7/10 

Zhestkova et 
al.. 2023 

 ☆ ☆      7/10 

Ohotu et al.. 
2023 

  ☆      8/10 

Hendawy et 
al.. 2020 

 ☆ ☆      7/10 

Das et al.. 
2013 

 ☆ ☆      7/10 

Ekun et al.. 
2018 

☆ ☆ ☆     ☆ 5/10 
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Ghazali et al.. 
2014 

 ☆ ☆      7/10 
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Table S4: Quality assessment of case-control studies 

 Selection Comparabilit

y 

Exposure Scor

e 

 Is the 

case 

definition 

adequate

? 

Representativenes

s of the case 

Selectio

n of 

controls 

Definitio

n of 

controls 

Comparability 

of cases and 

controls on the 

bases of the 

design or 

analysis 

Ascertainmen

t of exposure 

Same method 

of 

ascertainmen

t for cases 

and controls 

Non-

Respons

e rate 

10 

Hassanpou

r and 

Karami. 

2018 

    ☆    8/10 

Mishra et 

al.. 2021 

        9/10 

Qassim and 

Ameen. 

2021 

        9/10 

Asha and 
Varghese. 
2017 

 ☆   ☆    6/10 

Singh and 

Rachna. 

2025 

    ☆    8/10 

Sultana et 

al.. 2021 

        9/10 
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Uckan and 

Sahin. 2018 

        9/10 

Udenze et 

al.. 2014 

        9/10 

Ipek et al.. 
2024 

        9/10 

Chen et al.. 
2022 

        9/10 

Lu et al.. 
2025 

        10/10 

Albayrak 
and Arslan. 
2025  

        9/10 
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Appendix 7 – HIV Infection and Antiretroviral Therapy Impair Liver Function in People Living with HIV: Systematic Review and Meta-Analysis 

 

Table S1. General overview of characteristics of included studies 

 

Author, 

year and 

reference 

Country Stud

y 

desi

gn 

Population 
Size 

Age Treatments and 
duration 

Baseline CD4 

of the 

ART/ART- 

naïve group 
Mean ± SD 

Male 

In the ART 

group 
n (%) 

 
Effect on liver enzymes 

Abdulmum

in et al., 

2024 [1] 

Nigeria Cross- 

sectional 

100 people 

living with HIV 

(PLWH) on 

HAART 

100 HIV-

negative 

individuals 

18–50 Tenofovir, 

Lamivudine, and 

Efavirenz; 

(TDF+3TC+EFV) 

(70%) 

and 30% were on 

Zidovudine, 

Lamivudine, and 

Efavirenz for 4–12 
years 

NR 25 (25) HAART significantly 

increased ALT and AST 

levels compared to HIV-

negative individuals, with no 

effect on ALP. 

Abriba et 

al., 2024 

[2] 

Nigeria Case-control 17 PLWH on 
ART 

15 PLWH not on 

ART 

12 HIV-negative 

18–65 NR NR 23 (45) Significant increase in ALT, 

ALP, and AST in ART 

compared to HIV negative. 

However, no changes in 

ALP despite an increased 

AST and ALT in ART-naïve 

compared to 
HIV-negative. 

Deshmuk

h et al., 

2024 [3] 

India Case-control 150 PLWH on 
ART 

50 HIV-negative 

16-50 NR ≤ 200 

20–500 

≥ 500 cells/µl 

NR Significant increase in AST 

and ALT in PLWH on ART 

compared to the HIV-

negative. 
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Odegbem

i et al., 

2024 [4] 

Nigeria Cross- 

sectional 

120 PLWH on 
ART 

50 HIV-negative 

18–65 Tenofovir/Lamivudi

ne, Dolutegravir 

(TLD) 

NR 52 (43.3) Significant decrease in AST 

without change in ALT in 

ART compared to HIV-

negative. 

Tamuno– 

Boma et 

al., 2023 

[5] 

Nigeria Cross- 

sectional 

83 pregnant 

women living 

with HIV on 

ART 

82 non-

pregnant 

women living 

with HIV on 

ART 

84 pregnant 

HIV- negative 

81 non-pregnant 
HIV negative 

15–60 HAART for over 6 

months 

NR 0 (0) Significant increase in 

ALP, ALT, and AST levels 

in both groups compared 

to the control group. 
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Author, 

year and 

reference 

Country Stud

y 

desi

gn 

Population 
Size 

Age Treatments and 
duration 

Baseline CD4 

of the 

ART/ART- 

naïve group 
Mean ± SD 

Male 

In the ART 

group 
n (%) 

 
Effect on liver enzymes 

Gbolohan 

et al., 

2023 [6] 

Nigeria Cross- 

sectional 

59 PLWH on 

HAART 

34 PLWH who 

are pre-

HAART. 
50 HIV-negative 

NR HAART NR 41 (44) Compared to healthy 

individuals, there was a 

significant increase in AST 

and ALT levels among 

PLWH on HAART and pre-

HAART. 

Gospel et 

al., 2023 

[7] 

Nigeria Cross- 

sectional 

Comparati

ve 

100 PLWH on 
ART 

100 HIV without 

ART 

100 HIV-
negative 

20 –70 HAART for 7 months NR NR Significant increases in 

ALT and ALP levels and 

decreased AST in ART and 

ART-naïve compared to 

HIV-negative individuals. 

Mutuma 

et al., 

2023 [8] 

Kenya Cross- 

sectional 

47 PLWH who 

are HAART 

adherent 23 

HAART-naïve 

PLWH 

51 HIV-negative 

18–60 HAART (Tenofovir 

Disoproxil Fumarate, 

Lamivudine, and 

Efavirenz) for more 

than 6 months 

≥ 500 CD4+ 

cells/ µl 

350 – 499 cells/ 

µl 200 – 349 
cells/ 

µl 
< 200 cells/ µl 

32 (68) Significant increase in AST 

and ALP in ART and ART 

naïve compared to HIV 

negative. ALT increased in 

ART without a change in 

ATR-naïve. 

Younis et 

al., 2022 

[9] 

Lybia Case-control 101 PLWH on 
ART 

21 ART-naïve 

70 HIV-negative 

20–45 ARV triple 

combination (FTC + 

TDF + EFV; FTC+ 

TDF + LPV/r, FTC+ 

TAF + 

EVG/c or RAL) more 
than 

24 weeks 

648.3 ± 
400.5 

884.5 ± 
369.8 

NR Significant increase in ALT 

and AST in ART and ART-

naïve compared to HIV -

negative. 
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Ezeugwun

ne et al., 

2021 

[10] 

Nigeria Case-control 45 PLWH on 
ART 

26 PLWH not on 

ART 

26 HIV-negative 

18–60 Lamivudine, 

Stavudine, and 

Nevirapine 

616.16±359.2
2 

390.27±117.1
5 

31 (68.9) Significant increase in ALT 

without change in AST and 

ALP when ART and ART 

naïve are compared to HIV-

negative. 

Ambad et 

al., 2021 

[11] 

India Cross- 

sectional 

comparati

ve 

20 PLWH-naïve 

who further receive 

ART after 6 

months. 
20 HIV-negative 

15–60 On HAART for 6 
months 

NR 0 (0) Significant increase in ALP, 

AST, and ALT levels after 6 

months of ART treatment in 

PLWH compared 
to HIV-negative individuals. 

Ikekpeazu 

et al., 

2019 [12] 

Nigeria Comparative 

cross- 

section

al 

30 pregnant 
women 

living with HIV on 

HAART 

20–40 Nevirapine-

based 

HAART 

NR 0 (0) Significant increase in ALP 

and ALT activities in PLWH 

compared 
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Author, 

year and 

reference 

Country Stud

y 

desi

gn 

Population 
Size 

Age Treatments and 
duration 

Baseline CD4 

of the 

ART/ART- 

naïve group 
Mean ± SD 

Male 

In the ART 

group 
n (%) 

 
Effect on liver enzymes 

   30 pregnant 

women living 

with HIV not on 

HAART 
30 HIV-negative 

    to HIV-negative individuals in 

all trimesters. 

Quaye et 

al., 2019 

[13] 

Ghana Observatio

nal cross- 

sectional 

105 PLWH on 
ART 

77 ART-naïve 
PLHIV 

60 HIV-negative 

36.05
– 

48.86 

Lamivudine (3TC), 

Zidovudine (AZT), 

Efavirenz (EFV), 

Nevirapine (NVP), 

Atazanavir (ATV), 

and Lopinavir 

(LPV for 3.7 
years 

˂ 200 

200–350 

> 500 

45 (43) PLWH showed significantly 

elevated ALP and AST 

without changes in ALT 

compared to HIV– negative. 

Emokpae 

et al., 

2018 [14] 

Nigeria Comparati

ve cross- 

sectional 

50 PLWH on 

HAART 

50 PLWH no 
ART 

50 HIV-negative 

33.53
– 

40.60 

HAART for at least 4 

months 

537.64±49.3
8 

352.10±42.8
6 

939.20±23.6
7 

6 (16) Significant increase in 

AST, ALT, and ALP in 

ART, ART-naïve 

compared to HIV-negative 

Olisekodia

ka et al., 

2018 
[15] 

Nigeria Comparati

ve cross- 
sectional 

40 PLWH on 
ART 

40 ART-naive 
40 HIV-negative 

18–55 HAART for at least 6 

months 

467.3±19.4 

188.5 ± 21.7 
886.6± 12.6 

20 (50) Significant increase in 

AST and ALT in ART and 

ART-naïve 
compared to HIV-negative 

Ashakari

n et al., 

2018 [16] 

India Cross- 

sectional 

case-

control 

90 PLWH 

90 HIV-negative 

20–60 NR NR 37 (41) Significant increase in 

AST, ALT, and ALP levels 

in PLWH on ART 

compared to HIV-negative 
individuals. 
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Agbech

a & 

Ikyernu

m 2018 

[17] 

Nigeria Case-control 20 PLWH on 
ART 

20 ART-naïve 
PLWH 

20 HIV-negative 

18–60 NR 451.20±229.1
8 

NR Significant increase in ALT 

without changes in AST and 

ALP in ART compared to 

HIV–negative. 

Significant increase in AST, 
ALT, 

and ALP in ART-naïve 

compared to HIV-negative. 

Aniagolu 

et al., 

2017 [18] 

Nigeria Cohort 43 PLWH who 

are HAART 

naïve (given ART 

after 8 months) 
20 HIV-negative 

NR Combivir N used as 

HAART 

247± 71 

319±139 

NR Significant increase in ALT 

and AST levels following 8 

months of treatment. 
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Author, 

year and 

reference 

Country Stud

y 

desi

gn 

Population 
Size 

Age Treatments and 
duration 

Baseline CD4 

of the 

ART/ART- 

naïve group 
Mean ± SD 

Male 

In the ART 

group 
n (%) 

 
Effect on liver enzymes 

     (Zidovudine, 
Lamivudine 

and Nevirapine) for 4 

and then 8 

months 

   

Ebot et 

al., 2015 

[19] 

Cameroon Cross- 

sectional 

100 PLWH on 
ART 

100 ART-naïve 

individuals 

100 HIV-
negative 

25.86
– 

49.94 

On the first line 

ART regimen for 

six months 

435.5 ± 45.2 

352.1 ± 28.7 

96 (32) Significant increase in AST 

and ALT without change in 

ALP activities compared to 

ART and ART-naïve, are 

compared to HIV- 
negative. 

Prathinia 

et al., 

2015 [20] 

India Comparative 

cross- 

section

al 

200 PLWH no 
ART 

200 HIV-
negative 

19.01
– 

61.30 

None NR 118 (59) Significant increase in serum 
AST 

and ALT in PLHIV 

compared to HIV-negative 

Nwosu et 

al., 2015 

[21] 

Nigeria Comparati

ve cross- 

sectional 

20 PLWH on 
ART 

20 HIV–negative 

53 ART for 1–10 months NR 9 (45) Significant decrease in AST 

and ALT and increased ALP 

in PLWH on ART compared 

to HIV-negative 
individuals. 
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Ayelagbe 

et al., 

2014 [22] 

Nigeria Comparati

ve cross- 

sectional 

45 PLWH on 

HAART 

40 HAART-
naïve 

40 HIV-
negative. 

18.27
– 

55.65 

HAART 

Didanosine + 

Emtricitabine or 

Lamivudine + 

Nevirapine or 

Efavirenz 

Zidovudine + 
Lamivudine 

+ Nevirapine or 

Efavirenz Stavudine 

+ Lamivudine + 

Nevirapine or 

Efavirenz for 6 

months. 

NR NR Significant increase in AST, 

ALT, and ALP in HAART 

compared to HIV-negative. 

Significant increase in AST 

and ALT without changes in 

ALP in HAART-naïve 

compared to HIV-negative. 

Abubakar 

et al., 

2014 [23] 

Nigeria Cross- 

sectional 

comparati

ve 

25 PLWH on 
ART 

25 PLWH 

without ART 

25 HIV-negative 
individuals 

20–39 2 NRTIs + NNRTIs, 2 

NRTIs + A boosted 

protease inhibitor 

(Indinavir or 

Ritonavir) 
for 1 year or less 

516.28±37.51 16 (64) ART significantly reduced 

ALP compared to the non-

ART group. No differences 

in AST and ALT in ART and 

no-–ART groups. 
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Author, 

year and 

reference 

Country Stud

y 

desi

gn 

Population 
Size 

Age Treatments and 
duration 

Baseline CD4 

of the 

ART/ART- 

naïve group 
Mean ± SD 

Male 

In the ART 

group 
n (%) 

 
Effect on liver enzymes 

Ibeh et 

al., 2013 

[24] 

Nigeria Prospectiv

e Cohort 

50 PLWH on 

winniecure 

ART 100 HIV-

negative 

17 

and 

abov

e 

Winniecure ART 

for 12 

weeks 

50–200 

200–350 
cells/µL 

24 (48) A significant increase in ALP, 

ALT, and AST levels 

following the administration 

of ART was observed when 

compared to HIV- 
negative individuals. 

Analike et 

al., 2008 

[25] 

Nigeria Cross- 

sectional 
100 PLWH on 
ART 

50 PWLH not 

on ART 
100 HIV-
negative 

18-55 Combination of 

Zidovudine, 

Lamivudine, and 

Nevirapine for six 

months 

NR NR A significant increase in AST, 

ALT, and ALP in ART 

compared to HIV- negative 

patients. 

Betuine et 

al., 2007 

[26] 

Brazil Prospectiv

e cohort 

45 pregnant 

women living 

with HIV on 

ART 

12 HIV-negative 
females 

16–43 Zidovudine, and Triple 

T (ZDV + 3TC + 

NFV) 

NR 0 (0) No significant difference in 

AST and ALT levels in 

pregnant women living with 

HIV on ART compared to 

HIV-negative women. 

PLWH: Pepple living with HIV, TDF: Tenofovir Disoproxil Fumarate, EFV: Efavirenz, NR: Not Reported, HAART: Highly Active Antiretroviral 

Therapy, ALT: Alanine Aminotransferase, AST: Aspartate Transaminase, ALP: Alkaline Phosphatase, HIV: Humam Immunodeficiency Virus, 

ART: Antiretroviral Therapy, TLD: Tenofovir/Lamivudine, Dolutegravir, ARV: Antiretroviral, NRTI: Nucleoside reverse transcriptase inhibitor, 

NNRTI: Non-nucleoside reverse transcriptase inhibitors. 
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Quality Assessment of included by Newcastle-Oflawa Scale (NOS) Table S2: Quality assessment of cohort studies 

 

Table S2: Quality assessment of cohort studies 

 Selection Comparabilit
y 

Outcome Score Quality ROB 

 Representativen
ess of exposed 
cohort 

Selectio
n of 
non- 
expos
ed 
cohort 

Ascertainme
nt of 
exposure 

Demonstrati
on that 
outcome of 
interest was 
not present 
at the start 
of study 

Comparabilit
y of cohorts 
on the basis 
of the design 
or 
analysis 
controlled 
for 
confounder
s 

Assessme
nt of 
outcome 

Was 
follow
- up 
long 
enoug
h for 
outcom
es to 
occur 

Adequa
cy of 
follow- 
up 
cohorts 

   

Angiagolu 
et al., 
2017 

      ☆   ☆     6 Moderate Moderat
e 

Betuine 
et 
al., 2007 

        ☆ ☆     6 Moderate Moderat
e 

Ibeh et 
al., 
2013 

      ☆   ☆     6 Moderate Moderat
e 

ROB: Risk of bias 
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Table S3: Quality assessment of cross-sectional studies 

 Selection Comparabilit
y 

Outcome Scor
e 

Quality ROB 

 Representativen
ess of the 
sample 

Samp
le 
size 

Non- 
included 
subjects 

Ascertainme
nt of 
exposure 

Based on 
design and 
analysis 

Assessme
nt of 
outcome 

Statistica
l test 

   

Abdulmumin et 
al., 
2024 

  ☆            7 High Low 

Adubakar et al., 
2014 

  ☆        ☆   6 Moderat
e 

Moderat
e 

Ambad et al., 
2021 

  ☆       ☆   5 Moderat
e 

Moderat
e 

Ashakarin et al., 
2018 

  ☆       ☆   5 Moderat
e 

Moderat
e 

Ebot et al., 2025   ☆           7 High Low 

Gbolohan et al., 
2023 

             ☆ 7 High Low 

Gospel et al., 
2023 

           ☆   7 High Low 

Mutuma et al., 
2023 

  ☆            7 High Low 

Odegbemi et al., 
2025 

             ☆ 7 High Low 

Quaye et al., 
2019 

  ☆ ☆      ☆   6 Moderat
e 

Moderat
e 

Tamuno-Boma et 
al., 2023 

           ☆   7 High Low 

Ikekpeazu et al., 
2019 

  ☆   ☆    ☆   5 Moderat
e 

Moderat
e 

Emokpae et al., 
2018 

  ☆            7 High Low 

Olisekodiaka et 
al., 
2018 

  ☆            7 High Low 

Prathima et al., 
2015 

  ☆           6 Moderat
e 

Moderat
e 
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Nwosu et al., 
2015 

  ☆            7 High Low 

Ayelagbe et al., 
2014 

  ☆          ☆ 6 Moderat
e 

Moderat
e 

Analike et al., 
2008 

  ☆           6 Moderat
e 

Moderat
e 

ROB: Risk of bias 

 

 

Table S4: Quality assessment of case control studies 

 Selection Comparabilit
y 

Exposure Score Quality ROB 

 Is the 
case 
definitio
n 
adequat
e? 

Representativen
ess of the case 

Selectio
n of 
controls 

Definitio
n of 
controls 

Comparabilit
y of cases 
and 
controls on 
the bases of 
the 
design or 
analysis 

Ascertainme
nt of 
exposure 

Same 
method of 
ascertainme
nt for cases 
and 
controls 

Non- 
Respo
nse 
rate 

   

Agbecha 
& 
Ikyernum 
2018 

               ☆ 8 High Low 

Ezeugwunne 
et al., 2021 

             ☆   8 High Low 

Abriba et al., 
2024 

               ☆ 8 High Low 

Deshmikh et 
al, 2024 

              ☆ 7 High Low 

Younis et al., 
2022 

               ☆ 8 High Low 

ROB: Risk of bias 
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Figure S1: Result of the sensitivity analysis based on the trim and fill test. A: AST in ART-naïve 

compared with HIV negative. B: ALT in ART-naïve compared with HIV negative. C: AST in ART 

compared with HIV negative. D: ALT in ART compared with HIV negative. 
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Table S5: Sensitivity analysis using one study exclusion at a time on AST in PLWH compared to HIV 

negative 

 

Studies Effect size 
(SMD) 

Lower  
Confidence 
intervals 

Upper 
Confidence 
intervals 

P 

Abdulmumin 1.51 0.46 2.56 <0.05 

Peter 1.48 0.42 2.53 <0.05 

Deshmukh 1.53 0.48 2.59 <0.05 

Odegbemi 1.58 0.53 2.62 <0.05 

Gbolahan 1.52 0.46 2.57 <0.05 

Gospel 1.73 0.80 2.66 <0.05 

Mutuma 1.53 0.47 2.58 <0.05 

Tamuno-Boma 1.55 0.50 2.60 <0.05 

Younis 1.54 0.49 2.59 <0.05 

Ambad 1.50 0.45 2.56 <0.05 

Ezeugwunne 1.54 0.49 2.59 <0.05 

Quaye 1.52 0.47 2.58 <0.05 

Agbecha 1.52 0.47 2.58 <0.05 

Olisekodiaka 1.23 0.32 2.15 <0.05 

Ashakiran 1.44 0.39 2.50 <0.05 

Emokpae 1.54 0.48 2.59 <0.05 

Aniagolu 1.42 0.37 2.46 <0.05 

Ebot 1.22 0.32 2.12 <0.05 

Nwosu 1.62 0.60 2.64 <0.05 

Abubakar 1.48 0.43 2.54 <0.05 

Ayelagbe 1.40 0.36 2.44 <0.05 

Ibeh 1.55 0.50 2.50 <0.05 

Analike 1.34 0.33 2.35 <0.05 

Beitune 1.49 0.43 2.54 <0.05 
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Table S6. Sensitivity analysis using one study exclusion at a time on ALT in PLWH compared to HIV 

negative 

 

Studies Effect size 
(SMD) 

Lower CI Upper CI P 

Abdulmumin 2.34 1.14 3.54 <0.05 

Peter 2.37 1.18 3.57 <0.05 

Deshmukh 2.32 1.12 3.52 <0.05 

Odegbemi 2.39 1.20 3.58 <0.05 

Gbolahan 2.36 1.16 3.56 <0.05 

Gospel 2.03 0.96 3.11 <0.05 

Mutuma 2.37 1.18 3.57 <0.05 

Tamuno-Boma 2.39 1.20 3.58 <0.05 

Younis 2.38 1.19 3.57 <0.05 

Ambad 2.35 1.15 3.55 <0.05 

Ezeugwunne 2.36 1.16 3.56 <0.05 

Ikekpeazu 2.30 1.10 3.51 <0.05 

Quaye 2.40 1.21 3.58 <0.05 

Agbecha 2.35 1.16 3.55 <0.05 

Olisekodiaka 1.94 0.98 2.91 <0.05 

Emokpae 2.33 1.13 3.53 <0.05 

Ashakiran 2.28 1.08 3.48 <0.05 

Aniagolu 2.33 1.13 3.53 <0.05 

Ebot 2.09 0.97 3.20 <0.05 

Nwosu 2.48 1.35 3.62 <0.05 

Abubakar 2.15 0.99 3.31 <0.05 

Ayelagbe 2.21 1.02 3.40 <0.05 

Ibeh 2.35 1.15 3.55 <0.05 

Analike 2.26 1.06 3.46 <0.05 

Beitune 2.29 1.09 3.50 <0.05 

 

  



184 
 

 

 

 
 

 

A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B 



185 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
C 

 

 

 
D 



186 
 

 

 

 

 
E 

 

Figure S2: Subgroup analysis on AST in ART-naïve compared to HIV-negative individuals. A: The 

level of AST in PLWH who were ART-naïve versus HIV negative, based on study design. B: ART-

naïve versus HIV negative on AST based on continent. C: AST levels in PLWH who are ART-naïve 

versus HIV negative, based on sample size. D: AST levels in ART-naïve versus HIV negative, based 

on gender distribution. E: AST levels in ART-naïve versus HIV negative, based on class of ART. The 

solid line shows the line of no effect, the dashed line shows the effect size, the gray block shows the 

weight of the study, the horizontal line crossing the gray block shows the confidence intervals, diamond 

plot shows the combined effect size. NRTIs: nucleoside reverse transcriptase inhibitors, NNRTIs: non-

nucleoside reverse transcriptase inhibitors, NtRTI: nucleotide reverse transcriptase inhibitors, PIs: 

protease inhibitors, INSTIs: integrase-nucleoside strand transfer inhibitors 
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Figure S3: Subgroup analysis on AST in PLWH exposed to ART compared with HIV-negative 

individuals. A: AST in PLWH exposed to ART compared with HIV-negative individuals based on study 

design. B: AST in PLWH exposed to ART compared with HIV-negative individuals based on the 

continent of publication. C: AST in PLWH exposed to ART compared with HIV- negative individuals 

based on sample size. D: AST in PLWH exposed to ART compared with HIV-negative individuals based 

on gender distribution. E: AST in PLWH exposed to ART compared with HIV-negative individuals based 

on the class of ART. The solid line shows the line of no effect, the dashed line shows the effect size, 

the gray block shows the weight of the study, the horizontal line crossing the gray block shows the 

confidence intervals, diamond plot shows the combined effect size. NRTIs: nucleoside reverse 

transcriptase inhibitors, NNRTIs: non-nucleoside reverse transcriptase inhibitors, NtRTI: nucleotide 

reverse transcriptase inhibitors, PIs: protease inhibitors, INSTIs: integrase-nucleoside strand transfer 

inhibitors. 
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Figure S4: Subgroup analysis on ALT in ART-naïve compared with HIV-negative individuals. A: ALT level 

in PLWH on ART- naïve group compared with HIV negative, based on study design. B: Levels of ALT in 

ART-naïve PLWH compared with HIV negative, based on the continent of publication. C: ALT level in 

PLWH on ART-naïve compared with HIV negative, based on sample size. D: ALT levels in PLWH on 

ART-naïve compared with HIV negative, based on gender distribution. E: ALT levels in PLWH on ART-

naïve group compared with HIV negative based on class of ART regimens. The solid line shows the line 

of no effect, the dashed line shows the effect size, the gray block shows the weight of the study, the 

horizontal line crossing the gray block shows the confidence intervals, diamond plot shows the 

combined effect size. NRTIs: nucleoside reverse transcriptase inhibitors, NNRTIs: non-nucleoside 

reverse transcriptase inhibitors, NtRTI: nucleotide reverse transcriptase inhibitors, PIs: protease 

inhibitors, INSTIs: integrase-nucleoside strand transfer inhibitors. 
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Figure S5: Subgroup analysis on ALT among PLWH on ART compared with HIV-negative individuals. A: 

ALT among PLWH on ART compared with HIV-negative individuals based on study design. B: ALT 

among PLWH on ART compared with HIV negative individuals based on continent. C: ALT among 

PLWH on ART compared with HIV-negative individuals based on sample size. D: ALT among PLWH 

on ART compared with HIV-negative individuals based on gender distribution. E: ALT among PLWH 

on ART compared with HIV-negative individuals based on the class of ART regimens. The solid line 

shows the line of no effect, the dashed line shows the effect size, the gray block shows the weight of 

the study, the horizontal line crossing the gray block shows the confidence intervals, diamond plot 

shows the combined effect size. NRTIs: nucleoside reverse transcriptase inhibitors, NNRTIs: non-

nucleoside reverse transcriptase inhibitors, NtRTI: nucleotide reverse transcriptase inhibitors, PIs: 

protease inhibitors, INSTIs: integrase-nucleoside strand transfer inhibitors. 
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Figure S6: Subgroup analysis showing the effect of different factors on ALP in PLWH who are ART-

naïve compared with HIV negative. A: ALP levels in PLWH who are ART-naïve compared with HIV-

negative individuals, based on study design. B: ALP level in PLWH who are ART-naïve vs. HIV 

negative, based on the continent of publication. C: ALP levels in PLWH who are ART-naïve compared 

with HIV negative, based on sample size. D: ALP levels in PLWH who are ART-naïve compared with HIV 

negative, based on gender. E: ALP levels in PLWH who are ART-naïve compared with HIV negative, 

based on the class of ART regimens. The solid line shows the line of no effect, the dashed line shows 
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the effect size, the gray block shows the weight of the study, the horizontal line crossing the gray block 

shows the confidence intervals, diamond plot shows the combined effect size. NRTIs: nucleoside 

reverse transcriptase inhibitors, NNRTIs: non-nucleoside reverse transcriptase inhibitors, NtRTI: 

nucleotide reverse transcriptase inhibitors, PIs: protease inhibitors, INSTIs: integrase-nucleoside 

strand transfer inhibitors. 
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Figure S7: Subgroup analysis showing the effect of different factors on ALP in PLWH on ART compared 

with HIV negative. A: ALP levels in PLWH on ART compared with HIV-negative individuals, based on 

study design. B: ALP levels in PLWH on ART compared with HIV-negative individuals in terms of the 

continent of publication. C: ALP levels in PLWH on ART compared with HIV-negative individuals based 

on gender. D: ALP levels in PLWH on ART compared with HIV-negative individuals based on sample 

size. E: ALP levels in PLWH on ART compared with HIV-negative individuals based on class of ART 

regimens. The solid line shows the line of no effect, the dashed line shows the effect size, the gray block 

shows the weight of the study, the horizontal line crossing the gray block shows the confidence 

intervals, diamond plot shows the combined effect size. NRTIs: nucleoside reverse transcriptase 

inhibitors, NNRTIs: non-nucleoside reverse transcriptase inhibitors, NtRTI: nucleotide reverse 

transcriptase inhibitors, PIs: protease inhibitors, INSTIs: integrase-nucleoside strand transfer inhibitors. 



203 
 

References 

1. Abdulmumin, Y.; Haruna, I.U.; Danjaji, H.I.; Muhammad, M.; Mikail, T.A.; Rabiu, Z.; 

Lawan, U. Effect of Highly Active Antiretroviral Drugs Therapy (HAART) on Serum 

Hepatic and Renal Function Indices on HIV Patients in Kano Metropolitan. Sahel 

Journal of Life Sciences FUDMA 2024, 2, 134–141, doi:10.33003/sajols-2024-0204-

18. 

2. Abriba, S.P.; Gambe, S.; Chindo, E.; Humphrey, Benedo.O. Evaluation of Some Liver 

Enzymes in HIV/AIDS Patients on Antiretroviral Therapy in University of Abuja 

Teaching Hospital, Nigeria. International Journal of Human and Health Sciences 

(IJHHS) 2024, 8, 126–131, doi:10.31344/ijhhs.v8i2.632. 

3. Deshmukh, H.; Patil, V.; Joshi, N.; Nagar, V. Relevance of Hepatic Enzymes in People 

Living with HIV on Antiretroviral Therapy. Int. J Pharm Sci Rev Res 2024, 84, 

doi:10.47583/ijpsrr.2024.v84i02.015. 

4. Odegbemi, O.B.; Olaniyan, M.F.; Muhibi, M.A. Hepatic Toxicity Assessment in HIV’s 

Interaction with Reverse Transcriptase and Integrase Strand Transfer Inhibitors at a 

Military Hospital, Southsouth Nigeria. Egyptian Liver Journal 2024, 14, 77, 

doi:10.1186/s43066-024-00377-w. 

5. Tamuno-Boma, O.; Azuonwu, O.; Opusunju Boma, H.; Tee Popnen, G.; Gabriel-

Brisibe, C.U.; Ihua, N.; Akuru Udiomine, B.; Akram, M. Assessment on Liver Function 

Biomarkers in HIV Positive Pregnant and Non-Pregnant Women on Antiretroviral 

Therapy in Rivers State, Nigeria. J HIV Clin Sci Res 2023, 10, 001–005, 

doi:10.17352/2455- 3786.000035. 

6. Gbolahan, I.A.; Victoria, M.; Ugbomoiko, D.O.; Gambo, E.D.; Ibrahim, M.A. Estimation 

of Serum Minerals, Total Protein and Liver Enzymes in HIV Patients Receiving Haart 

in Federal Medical Centre, Keffi, Nasarawa State, Nigeria. Asian Journal of Research 

in Biochemistry 2023, 13, 1–11, doi:10.9734/ajrb/2023/v13i3255. 

7. Gospel, A.; Chimezie, D.N.; Chimerenka, J.I.; Tochukwu Nnadiukwu Effects of Anti-

Retroviral Therapy on Some Liver Parameters of Hiv Sero-Positive Individuals in 

Rivers State, Nigeria. International Journal of Advanced Academic Research | 2023, 

9, 73–85. 

8. Mutuma, B.; Omedo, R.; Wafula, P.; Demba, N.; Zablon, J.; Shaviya, N.; Were, T. 

Hepatic Function and Its Association with Clinical Outcomes in Non-Adherent HIV-1 

Adults . Afro-Egyptian Journal of Infectious and Endemic Diseases 2023, 0, 0–0, 

doi:10.21608/aeji.2023.188741.1288. 

9. Younis, M.Y.G.; El-Sherif, M.; Alhaddad, A.B. Lipid Abnormalities among Libyan HIV-

Infected Patients Receiving Antiretroviral (ARV) Drugs and ARV Naïve Patients. J Adv 

Med Med Res 2022, 470–481, doi:10.9734/jammr/2022/v34i234884. 

10. Ezeugwunne, J.; Ogbodo, E.; Ezeuduji, O.; Iwuji, J.; Okwara, N.; Obi-Ezeani, C.; 
Amah, A.; Odumodu, I.; Izuchukwu, 

E. Assessment of Alpha-Fetoprotein, Albumin, Cd4+ and Some Liver Enzymes in 

HIV Infected Adult on Art in Nauth Nnewi, South Eastern Nigeria. 2021, 12, 199–205. 

11. Ambad, R.S.; Kumar Jha, R.; Bhatt, N.; Kumar Jha, R. Study on Activity of Liver 
Enzymes in HIV Affected Women. Annals of R.S.C.B 2021, 25, 7093–7098. 

12. Ikekpeazu, Joy.E.; Ibegbu, Madu.D.; Onyekwelu, Kenechukwu.C.; Uche, 



204 
 

Ozichukwuamaka.S. Liver-Enzyme- Activities-in-Hiv-Seropositive-Pregnant-Women-

on-Highly-Active-Antiretroviral-Therapy-Haart. Int J HIV AIDS Res 2019, 2, 7–10. 

13. Quaye, O.; Kuleape, J.A.; Bonney, E.Y.; Puplampu, P.; Tagoe, E.A. Imbalance of 

Antioxidant Enzymes Activities and Trace Elements Levels in Ghanaian HIV-Infected 

Patients. PLoS One 2019, 14, doi:10.1371/journal.pone.0220181. 

14. Emokpae, M.A.; Akhimien, J.O. Abnormal Biomarkers of Liver Function in Human 

Immunodeficiency Virus Type 1 Infected Subjects without Hepatitis B or C Co-Infection 

and Their Association with Disease Severity. Journal of Medical Discovery 2018, 3, 

doi:10.24262/jmd.3.1.17058. 

15. Olisekodiaka, M.J.; Onuegbu, A.; Igbeneghu C; Garuba, W.O.; Amah, U.; Okwara, J.E. 

Measurement of CD 4 + Cells and Liver Functions in HIV Patients on Antiretroviral 

Therapy. Annals of International Medical and Dental Research 2018, 4, PT01–PT05. 

16. Ashakiran, N.; A.R Satyanarayana, V.; Ravikanth, M.; S Girish Kumar, P. Abnormalities 

of Liver Enzymes in HIV Positive Patients on Antiretroviral Therapy. International 

Journal of Clinical Biochemistry and Research 2019, 6, 61–63, doi:10.18231/2394-

6377.2019.0016. 

17. Agbecha, A.; Ikyernum, J. Impact of HIV-Infection on Serum Liver Enzymes: A 

Comparative Study among Anti- Retroviral Therapy (ART) Naïve Patients, ART Follow-

Up Patients, and HIV Sero-Negative Controls. Int J Healthc Med Sci 2018, 196–200, 

doi:10.32861/ijhms.412.196.200. 

18. Aniagolu, M.; Ugwuene, F.O.; Ikegwuonu, I. The Effects of Highly Active Antiretroviral 

Therapy on the Activities of Some Liver Enzymes and the Concentrations of Protein 

and Albumin in HIV Positive Patients in Nsukka South East Nigeria. International 

Journal of Health Sciences & Research (www.ijhsr.org) 2017, 7, 67–71. 

19. Ebot, W.; Achidi, E.; Kamga, H.-L.; Njunda, A.; Apinjoh, T. Liver Function Tests of 

HIV/AIDS Patients at the Nylon District Hospital, Douala, Cameroon. Int J Res Med Sci 

2015, 2549–2552, doi:10.18203/2320-6012.ijrms20150788. 

20. Prathinia, M.B.; Reshma, S.; Madan Gopal, R.; Sushith; Pravira, K.; Suriyan Nair 

Significance of Liver Enzymes as a Baseline Investigation in Recently Diagnosed HIV 

Positive Patients. International Journal of Biomedical and Advance Research 2015, 6, 

768–770. 

21. Nwosu, D.C.; Okolie, N.J.C.; Ajero, C.M.U.; Ojiegbe, G.C.; Oze, G.O.; Ifeanyi, E.; 

Nnatunanya, I.; Amajuoyi, O.; Ochei, K.C.; Okpara, K.E. Biochemical Alteration in 

Adults HIV Patients on Antiretroviral Therapy. Word Journal of Pharmacy and 

Pharmaceutical Sciencess 2015, 4, 153–160. 

22. Ayelagbe, O.G.; Akerele, O.P.; Onuegbu, A.J.; Oparinde, D.P. Drug Hepatotoxicity in 

HIV Patients on Highly Active Antiretroviral Therapy [HAART] in Southwest Nigeria. 

IOSR Journal of Dental and Medical Sciences 2014, 13, 67–70, doi:10.9790/0853-

13566770. 

23. Abubakar, M.; Abduljalil, M.; Nasiru, Y. Changes in Liver Function Enzymes of 

HIV/AIDS Patients Treated with Antiretroviral Drugs (ARVS) in Specialist Hospital. 

Nigerian Journal of Basic and Applied Science 2014, 22, 85–89, 

doi:10.4314/njbas.v22i3.6. 

24. Ibeh, B.O.; Omodamiro, O.D.; Ibeh, U.; Habu, J.B. Biochemical and Haematological 



205 
 

Changes in HIV Subjects Receiving Winniecure Antiretroviral Drug in Nigeria. J 

Biomed Sci 2013, 20, doi:10.1186/1423-0127-20-73. 

25. Analike, R.; Nnamah, N.; Dioka, C.; Meludu, S.; Osuji, C.; Asomugha, A. Evaluation of 

Liver Function Tests of HIV Positive Patients on Antiretroviral Therapy in 

Nnewi,Nigeria. Journal of Biomedical Investigation 2008, 4, 42–48, 

doi:10.4314/jbi.v4i2.30415. 

26. El Beitune, P.; Duarte, G.; Campbell, O.; Quintana, S.M.; Rodrigues, L.C. Effects of 

Antiretroviral Agents During Pregnancy on Liver Enzymes and Amylase in HIV-

Exposed, Uninfected Newborn Infants;.Braz. J. Infect. Dis. 2007, 11, 314– 317. 

  



206 
 

Appendix 8 – Turnit In Submission 

 

 

  



207 
 

 

 



208 
 

 


