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 Chapter I 

 Abstract 

 Efavirenz (EFV), a common antiretroviral drug, was the recommended first-line therapy 

 for the treatment for human immunodeficiency virus infection until 2018. Though many high- 

 income countries have transitioned to newer drugs due to their improved efficacy and low 

 toxicity, EFV is still common in many low- and middle-income countries due to the high cost of 

 alternatives. EFV is believed to cause central nervous system (CNS) toxicity and has been linked 

 with neuropsychiatric side effects such as insomnia, hallucinations, headache, depression, and 

 suicidality, though the causal relationship for depression and suicidality is controversial. Several 

 single nucleotide polymorphisms (SNPs) in CYP2B6 — the gene that encodes the enzyme that 

 metabolizes EFV— have been linked with elevated plasma EFV levels that may lead to 

 neurotoxicity and subsequent side effects. This suggests a great inter-individual genetic 

 variability that may put patients with certain variations at a greater risk of these side effects. Two 

 prominent polymorphisms CYP2B6*6 (516 G>T and 785 A>G) and CYP2B6*9 (516 G>T) are 

 more common in Asians and Africans than in Europeans. The minor allele frequencies for 

 CYP2B6*6 and CYP2B6*9 and genotype frequencies for CYP2B6*6 were analyzed to identify 

 countries in Asia and surrounding regions with high prevalence of these genetic variations. The 

 use of EFV, transition to alternative drugs, and the prevalence of CNS side effects in these 

 countries were characterized. Countries with large occurrence of these SNPs were hypothesized 

 to report frequent CNS adverse effects. These SNPs were the most prevalent in Papua New 

 Guinea, India, Indonesia, and Pakistan, though EFV-induced CNS effects in those with these 

 SNPs were found only in Papua New Guinea and India. Studies that incorporate both genetic and 

 external factors may shed light on the pharmacological outcomes of EFV. 
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 Chapter II 

 Introduction 

 Efavirenz 

 Efavirenz is a common antiviral drug used as a first-line therapy for the treatment of 

 human immunodeficiency virus (HIV) infection and is often prescribed in combination with 

 other antiviral drugs such as nevirapine and tenofovir (Apostolova et al., 2015). Newer drugs 

 have challenged the dominance of efavirenz-containing regimens as preferred HIV treatments 

 due to their lower toxicity and viral resistance, increased tolerance, and improved patient 

 adherence. As a result, EFV is no longer recommended as the first-line treatment by the World 

 Health Organization (2018) and in several countries, including the United States (Apostolova et 

 al., 2015; Department of Human Health, n.d). A low-dose formulation of EFV is still an 

 alternative first-line option, and the regular dosage is recommended only in special 

 circumstances. EFV-based treatment has not been discontinued worldwide due to its greater 

 efficiency in decreasing viral overload than most alternatives, and has been sidelined only 

 recently due to the approval of dolutegravir, which has shown improved (Tongtong et al., 2022) 

 or relatively the same efficiency (NAMSAL ANRS 12313 Study Group, 2019) in viral 

 suppression without EFV-associated toxicity. However, EFV continues to be favored in many 

 low- and middle-income countries as it is far more economically accessible due to the 

 introduction of affordable generic versions (Apostolova et al., 2015; Costa & Vale, 2023). 

 Efavirenz and Neuropsychological Side Effects 

 Central nervous system (CNS) toxicity is the most frequent side effect of EFV. About 

 40-60% of patients report CNS side effects such as headache, dizziness, irritability, abnormal 

 dreams, insomnia and fatigue, while a smaller, inconsistent percentage of patients experience a 
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 range of side effects such as hallucinations, anxiety, depression, suicidality, aggressive behavior, 

 paranoia, and psychosis (Gutierrez et al., 2005; Costa & Vale, 2023; Department of Human 

 Health, n.d). Majority of these symptoms resolve in a few weeks or months, though they can 

 persist for a long time. Additionally, neurotoxicities such as encephalopathy and ataxia can also 

 occur years after the initiation of EFV treatment (Department of Human Health, n.d). These CNS 

 side effects are the primary reason that cause patients to discontinue EFV-based treatments, 

 though these rates of discontinuation are still lower than that of other antiviral regimens 

 (Apostolova et al., 2015). 

 The inconsistency in the proportion of patients experiencing depression and sucidality is 

 due to the disagreement of findings over whether efavirenz causes these side effects. Efavirenz 

 has previously been shown to induce depressive-like behaviors, increased susceptibility to stress, 

 and spatial memory deficits in rats (po, 10 mg/kg, 34 days) (O’Mahony et al., 2005). 

 Bristol-Myers Squibb (2019), the manufacturer of the brand name Sustiva© under which EFV is 

 commonly sold, recognizes the risk of depression and suicidality on their package inserts. 

 Several studies have identified a high prevalence of depression among patients on EFV-based 

 regimens (Spire et al., 2004; Lochet et al., 2003), and high plasma concentrations of EFV have 

 been significantly correlated with CNS side effects and toxicity (Marzolini et al., 2001; Csajka et 

 al., 2003). Further, Mollan et al. (2014) report a two-fold increase in the risk of suicide ideation 

 and attempted and completed suicide in the EFV patients compared to those on non-efavirenz 

 regimens. A randomized trial by Arenas-Pinto et al. (2018) implicates the initiation of EFV as 

 opposed to other antiretroviral therapies in increasing the risk of suicidality in all patients, with 

 those with a history of psychiatric disorders being at a greater risk. 
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 Other studies point to factors unrelated to EFV use as the cause of the risk of depression 

 and suicidality. For instance, a retrospective cohort study of Taiwanese HIV patients found that 

 having a history of psychiatric disorders, living in less-developed southern Taiwan, and low 

 insurance premiums were correlated with the development of depression, not EFV use (Li et al., 

 2021). Another study identified age and history of depressive disorders as the risk factors for 

 depression in HIV patients unrelated to efavirenz treatment (Journot et al., 2006). Further, 

 according to an analysis of a multi-cohort trial data, EFV use did not correlate with higher rates 

 of suicide completion (Smith et al., 2014). Napoli et al. (2014) also report an insignificant 

 association between EFV and suicidality after screening the Food and Drug Administration’s 

 Adverse Event Reporting System database for reports of suicidality in patients on EFV-based 

 regimens, though this database may suffer from underreporting. Both prospective (Chang et al., 

 2018) and retrospective (Nkhoma et al., 2016) cohort studies have found no significant 

 association between EFV treatment and risk of suicidality, with the former reporting a decrease 

 in the risk of depression from EFV. 

 One point of resolution for this controversy is that inter-individual differences may 

 account for the variability observed in the results of these studies. Studies have found large 

 interpatient variability and low intrapatient variability in how much EFV is available in the 

 bloodstream to have an active effect (Marzolini et al., 2001; Csajka et al., 2003). This suggests 

 that the inconsistency of study results may be due to inter-individual differences in the EFV 

 pharmacokinetic pathway, and as high EFV concentrations in the blood have been linked with 

 CNS toxicity, individuals with genetic predispositions that result in higher plasma levels of EFV 

 may be more susceptible to developing neuropsychiatric side effects. This hypothesis is 

 supported by a study conducted by Mollan et al. (2017), which found that genotypes resulting in 
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 elevated plasma EFV levels are linked with higher risk of suicidality. Further, as having a history 

 of psychiatric disorders is a common factor in these studies, psychiatric disorders along with 

 interpatient genetic variability may increase the risk of developing severe CNS symptoms such 

 as depression and suicidality from efavirenz. However, as HIV is a socially stigmatized infection 

 and often differentially affects socially and economically disadvantaged groups, factors such as 

 young age, social deprivation, income, and access to resources cannot be completely ruled out in 

 the development of depression and/or suicidality. 

 Efavirenz Metabolism and CNS Toxicity 

 About 90% of efavirenz ingested is cleared through the enzymes of the cytochrome P450 

 system in the liver. Efavirenz is mostly metabolized into 8-hydroxyefavirenz by the CYP2B6 

 enzyme. Other minor metabolites include 7-hydroxyefavirenz, 8,14-dihydroxyefavirenz, and 

 7,8-dihydroxyefavirenz, which are broken down by other cytochrome P450 enzymes such as 

 CYP2A6 and CYP3A4 (except 8,14-dihydroxyefavirenz, which results from CYP2B6-catalyzed 

 conversion of 8-hydroxyefavirenz). Though none of the metabolites of EFV contribute to any 

 pharmacological activity against HIV, the metabolite 8-hydroxyefavirenz is significantly more 

 neurotoxic than efavirenz or any of its other metabolites, though its neurotoxicity may be 

 lowered due to its further conversion into 8,14-dihydroxyefavirenz (Apostolova et al., 2015; 

 Wang et al., 2019). 

 Though the exact process behind how elevated EFV causes CNS toxicity and side effects 

 is yet to be determined and studies examining this relationship are scarce, some animal and  in 

 vitro  studies have proposed several mechanisms. First,  in a study conducted by O’Mahony et al. 

 (2005), rats showed an up-regulated production of pro-inflammatory cytokines (IL-1b and 

 TNF-a) in the blood in response to 10 mg/kg of efavirenz. This inflammatory response and 
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 depressive-like behavior were ameliorated after a selective serotonin reuptake inhibitor 

 paroxetine was administered. As the inflammatory action of pro-inflammatory cytokines has 

 been linked to the development of depressive symptoms in humans (Apostolova et al., 2015), 

 this suggests that EFV may cause CNS symptoms like depression by triggering an inflammatory 

 response. 

 Another mechanism through which efavirenz can cause neuropsychiatric complications is 

 through imbalancing energy homeostasis in the brain. A study in EFV-treated mice found 

 significant reduction in creatine kinase activity, an enzyme important for ATP production, in the 

 cerebral cortex, cerebellum, hippocampus, and the striatum (Streck et al., 2008). Efavirenz and 

 its metabolites have also been shown to diminish mitochondrial function in mouse cortex, 

 hippocampus, and striatum (Streck et al., 2011) and in human and rat cultures of cortical neurons 

 and glial cells (Brandmann et al., 2013; Funes et al., 2014). Moreover, this bioenergetic stress 

 due to diminished creatine kinase activity and mitochondrial dysfunction have been linked to 

 neurodegenerative diseases such as Alzhiemer’s (Aksenov et al., 2000; Brown et al., 2014). So, it 

 possible that EFV diminishes energy production in the brain which may be responsible for 

 fatigue and some of its severe side effects. However, EFV has not been directly correlated with 

 cognitive impairment. 

 Lastly, a study in both  in vitro  and  in vivo  (rats  and mice) models found that efavirenz 

 acts as a partial agonist of serotonin receptors 5-HT  2A  and 5-HT  2C  which suggests that efavirenz 

 may cause psychoactivity similar to lysergic acid diethylamide (LSD) (Gatch et al,, 2013). In 

 mice, EFV (ip, 15mg/kg) induced head-twitching similar in response to LSD. Further, rats (po, 

 8.6 mg/kg, 30 days) showed degeneration in the lateral geniculate body, the part of the 

 intracranial visual relay center of the brain which plays an important role in normal visual 
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 processing. These observations may help in explaining the milder, more prevalent CNS side 

 effects of efavirenz, such as hallucinations, dizziness, and headaches. However, the potential 

 mechanism behind other side effects such as insomnia have not been examined. 

 Though the mechanism behind CNS side effects of efavirenz have not been fully 

 elucidated, there is strong evidence that implicates higher EFV levels in the blood in the etiology 

 of these effects. One mechanism that can result in the observed increase in EFV plasma 

 concentrations and the associated toxicity is through a version of CYP2B6 enzyme less efficient 

 in metabolizing EFV, which may cause EFV to build up in the bloodstream (Damle et al., 2008; 

 Desta et al., 2016). Indeed, the CYP2B6 gene, which codes for this enzyme, is highly 

 polymorphic and several of its polymorphisms have been strongly associated with high plasma 

 EFV concentration, longer plasma half-life, and severe CNS toxicity (Gouden et al., 2010; 

 Kwara et al., 2009; Mollan et al, 2017; Rotger et al., 2005). Further, as Haas et al. (2018) found 

 that polymorphism in other hypothesized genes, such as those that encode transporters or 

 receptors for neurotransmitters (SLC6A2, SLC6A3, NR3C3, HTR2A, HTR2B, HTR2C, HTR6, 

 NR3C4), were not significantly related to EFV-induced severe side effects, it can be assumed 

 that genetic differences in genes primarily expressed in the brain may not play a significant role 

 here. Hence, this project focuses on genetic polymorphisms in CYP2B6 as this enzyme is a 

 major determinant of the metabolism and plasma exposure of EFV and may determine the 

 predisposition to developing CNS side effects. 

 Major CYP2B6 Polymorphisms 

 Genetic polymorphisms in the CYP2B6 gene appear to be responsible for the wide range 

 of inter-individual variations in the pharmacokinetics of efavirenz and the resulting 

 neuropsychological and clinical outcomes. To date, at least 49 variant alleles for CYP2B6 have 
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 been identified (Pharmvar, n.d.) and, out of these, many have been associated with altered gene 

 expression and/or enzyme activity, namely CYP2B6*4 (785 A>G), CYP2B6*5 (1459 C>T), 

 CYP2B6*6 (516 G>T and 785 A>G), and CYP2B6*9 (516 G>T) (Lamba et al., 2003; Lang et 

 al., 2001). The most significant variant is the G516T single nucleotide polymorphism (SNP), a 

 point mutation at position 516 of exon 4 which changes the nucleotide G to T, which results in a 

 much less efficient metabolizing enzyme for efavirenz (Apostolova et al., 2015). Individuals 

 homozygous (TT) or heterozygous (GT) for this mutation produce a less efficient metabolizer 

 and hence have significantly longer half-life and higher blood plasma concentrations of efavirenz 

 than those with the wild-type (GG) allele. This SNP has also been associated with severe CNS 

 toxicity (Haas et al., 2004; Gounden et al., 2010; Mathiesen et al., 2006). 

 The G516T polymorphism occurs in two alleles, CYP2B6*9 and CYP2B6*6, where the 

 latter contains another point mutation (A785G) that changes A to G at position 785 of exon 5 

 which imparts an increase in the CYP2B6 enzyme activity. However, this increase is not enough 

 to overcome the reduction in enzyme activity produced by the G516T SNP (Ariyoshi et al., 

 2001; Desta et al., 2007). Another polymorphism T983C occuring CYP2B6*16 and CYP2B6*18 

 has also been associated with diminished enzyme activity, though this SNP is signficantly rarer 

 than G516T (Wang et al., 2019). 

 Prevalence of CYP2B6 Polymorphism 

 The frequency of G516T polymorphism appears to vary  with ethnicity. This SNP has 

 been found to be more common in Africans than in Europeans, Hispanics, or Asians (Klein et al., 

 2005; Colic et al., 2014). However, the Asian sample considered in these studies consists only of 

 East Asians (Japanese, Korean, and Taiwanese). The Asian continent comprises of many 

 ethnically diverse countries underrepresented in genetic studies, and many regional studies do 
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 not take into account the genetic differences between ethnic groups within their geographical 

 area (Wall et al., 2019). Moreover, a study on cytochrome P450 genes by Zhou & Lauschke 

 (2022) found that the CYP2B6*6 allele is more common in Africans, South Asians, and West 

 Asians, and the CYP2B6*9 allele occurs more frequently among South Asians and West Asians, 

 than in Europeans and East Asians. So, a large demographic has been excluded from the study of 

 EFV-related CNS adverse effects. Moreover, neuropsychiatric side effects are widespread among 

 HIV patients in the Asia-Pacific region, where better alternatives such as dolutegravir tend to be 

 comparatively expensive (Sim & Hill, 2018), and thus have fewer affordable options. Therefore, 

 this project focuses on the frequency of the G516T SNP in various ethnic groups in Asia and 

 surrounding populations in Africa and Eastern Europe due to geographical proximity, and shared 

 history and/or ancestory. The hypothesis predicts that HIV patients with countries and ethnic 

 groups with highest prevalence of the alleles carrying the G516T SNP report greater incidences 

 of neuropsychiatric side effects. Particularly, those homozygous recessive TT (and GT, though to 

 a lesser extent) for this polymorphism are hypothesized to show higher levels of EFV in blood 

 plasma and more frequent experience of neuropsychiatric side effects. 
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 Chapter III 

 Methods 

 Data Acquisition 

 The minor allele frequencies for CYP2B6*9 were obtained from the GenomeAsia 100K 

 project (Wall et al., 2019) containing 66 different ethnic groups spanning across Asia, Africa, 

 West Eurasia, and Oceania. Genotype frequencies for the *9 allele was not collected as this 

 information was not included in the GenomeAsia 100K project. The polymorphism data for 

 CYP2B6*6 allele were compiled from multiple studies summarized in the Supplementary 

 Information section. This dataset contains genotypic (GG, GT, TT) and minor allele frequencies 

 for 44 ethnic groups in Asia, Eastern Europe/Western Asia, North Eastern and Western Africa, 

 and Oceania. The criteria for inclusion of allele and genotype frequencies were identification of 

 ethnic groups in the study and significant p-values. Both datasets include polymorphism data for 

 healthy, adult participants wherever possible. 

 Data Analysis 

 As the focus of this study is on Asian ethnic groups  and past research suggests that these 

 polymorphisms are less common among Europeans, the Western European samples (labeled as 

 West Eurasian) were dropped from the CYP2B6*9 dataset, although some Eurasian, African, and 

 Oceanian populations were included due to close geopolitical proximity and shared ancestry. 

 Ethnic groups with the highest allele and genotype frequencies were identified. An allele 

 frequency was considered significantly large if it existed in at least 40% (0.40) of the population. 

 The prevalence of CNS side effects in HIV patients on efavirenz regimen and transition to 

 alternative regimens in the identified populations were characterized. 
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 Chapter IV 

 Results 

 Countries and ethnic groups with the highest minor allele and genotype frequencies for 

 CYP2B6*6 (516 G>T and 785 A>G) and CYP2B6*9 (516 G>T) were identified. Allele 

 frequencies for *6 and *9 are reported in Figures 1 and 2 and frequencies of GG, GT, and TT 

 genotypes for the *6 allele are summarized in Figure 3. Figure 4 depicts a complete list of 

 populations with an allelic prevalence of 40% and above. The prevalence of neuropsychiatric 

 side effects and transition to alternative regimens in the identified populations have been 

 summarized in Table 1. 

 CYP2B6*6 

 The population group with the highest CYP2B6*6 frequency of 0.620 (62%) was the 

 Papuan sample from Papua New Guinea. However, the genotypic frequencies for this population 

 were not found. Several Pakistani ethnic groups had relatively large allele frequencies, such as 

 Punjabis (54.2%), Pathans (48.0%), and Balochs (47.1%) (Fig. 3). Of these, the Baloch (27.8%) 

 and Punjabi (25.0%) groups also had the highest genotype frequencies of TT which indicates a 

 large presence of the least efficient metabolizer of the three genotypes for the *6 polymorphism 

 (Fig. 4). In Indonesia, the *6 allele was prevalent in 51.1% and 41.7% of Javan and Timorian 

 samples respectively. The Timorian group, native to East Nusa Tenggara, had a TT frequency of 

 22.9%, while the Javan sample interestingly had the largest GT frequency at 88.8% but very low 

 occurrences of the homozygosity (GG 4.5%, TT 6.7%). 

 Other populations such as Esan (41.4%, GT 54.4%, TT 14.1%) and Yoruba (40.3%, GT 

 50.9%, TT 14.8%) from Nigeria and Gujarati (40.3%, GT 41.7%, TT 19.4%) from India also had 

 a large prevalence of  the 516 G>T and 785 A>G polymorphism. Though Wa emerged as the 
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 ethnic group with the largest allele frequency in China (40.1%), Hong Kong Chinese (23.1%) 

 had greater TT occurrence than Wu Chinese (15.8%). Though not reported in Figure 4, the allele 

 frequency (39.7%) in the Sri Lankan Tamil sample was very close to the 40% mark, and the GT 
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 and TT frequencies (50.0% and 14.7% respectively) were comparable to those in Esan and 

 Yoruba population groups. 

 CYP2B6*9 

 The Onge, native to the Andaman Islands of India,  had the highest frequency of the *9 

 allele at 68.2% (Fig. 4). Around 12 other Indian ethnic groups had allele frequencies greater than 

 0.40, such as Khatri (63.6%), Paniya (59.1%), Saryupari Brahmin (53.8%), etc., perhaps due to 
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 the large representation of ethnic groups from India comprising half of the dataset. The Papuan 

 sample (65%) had the second highest prevalence of *9 allele, similar to its *6 allele frequency. 

 The Baining, another ethnic group from Papua New Guinea not represented in *6 data, also had 
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 one of the largest observed allele frequencies (58.3%). In contrast to the ethnic groups from 

 Pakistan identified to be relevant to CYP2B6*6, the Sindhi, Rajput, and Gujjar samples had an 

 occurrence of greater than 40%, where the latter two were not represented in the *6 data and the 

 Sindhi population had relatively lower allele and genotype frequencies of *6 (35%, GT 25.2%, 

 5.1%) (Fig. 1). Though the *9 allele frequencies for Javan and Timorian groups were not 

 included, many related Indonesian populations such as the Austronesians (50.0%), and the Cibal 

 (50.0%), Rampasasa (47.4%), and Bena (40.0%) peoples from the island of Flores had relatively 

 high prevalence of the G516T polymorphism. The prevalence of *9 in the Sri Lankan Tamil 

 sample was slightly higher (50.0%) than that of *6 allele. 

 Countries with High Prevalence of CYP2B6*6 and  CYP2B6*9 

 The use of efavirenz-containing regimens, reports of neuropsychiatric side effects, and 

 HIV burden, and the transition to and cost-effectiveness of alternative regimens such as 

 dolutegravir (DTG) in countries with highest allele and/or genotype frequencies were analyzed. 

 Papua New Guinea 

 Though Papuans were the only population group from  Papua New Guinea represented in 

 the data collected for CYP2B6*6, Papuans comprise of the largest ethnic and ancestral group in 

 Papua New Guinea (Standish & Jackson, 2023) and their samples had one of the highest 

 observed allele frequencies for both CYP2B6*6 and CYP2B6*9 at 62% and 65% respectively. 

 As the reported estimates of genotypic frequencies for *6 were not found, the relative prevalence 

 of homozygous recessive and heterozygous genotypes for this allele could not be examined. 

 Papua New Guinea has the largest ongoing HIV epidemic in the Pacific region, with at 

 least 51,000 people living with HIV as of 2019 (UNAIDS, 2020). Andriguetti et al. (2021) 

 reported the genotype frequencies of CYP2B6*9 as 25% GG, 45% GT, and 30% TT in a sample 
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 of 156 HIV-positive patients receiving 600 mg (regular, high dose) of efavirenz per day, 

 suggesting a large prevalence of individuals with weak metabolizers. Blood EFV concentrations 

 were found to be above therapeutic levels only in patients with the TT genotype. However, 

 contrary to previous findings, those with the GG genotype had lower-than therapeutic levels of 

 EFV, while those with the heterozygous genotype GT maintained therapeutic concentrations in 

 blood. These unexpected observations could possibly be due to polymorphisms in other enzymes 

 such as CYP3A5, CYP1A2, and CYP2A6 and/or interactions with other drugs consumed by the 

 patients (di Iulio et al., 2009). Another contradiction was that patients with above-therapeutive 

 EFV concentrations (and TT genotype) did not report any side effects, while those within the 

 therapeutic range (and GT genotype) reported significantly higher incidences of neuropsychiatric 

 symptoms. The CNS side effects reported were tiredness, dizziness, drowsiness, insomnia, 

 impaired concentration, agitation, depression, and aggression. The authors believe that the lack 

 of association between high plasma EFV concentrations and neuropsychiatric side effects was 

 observed because this assessment was conducted in patients who had taken EFV for at least 3 

 months and majority of CNS side effects tend to subside within the first few weeks to months of 

 treatment as patients develop tolerance. However, this lack of expected association also adds to 

 the disagreement of previous findings and may suggest that external factors may play a bigger 

 role in determining the development of neuropsychiatric side effects. 

 Though the DTG regimen replaced EFV in 2019 as the recommended first-line 

 antiretroviral therapy, EFV continues to be offered as an alternative first-line treatment for 

 children, adolescents, and adults (NDoH, 2019). But a report released by the Joint United 

 Nations Programme on HIV and AIDS (UNAIDS) for the year 2020-2021 indicated that 90% of 

 eligible patients had successfully transitioned from EFV to DTG (UNAIDS, 2021a). A recent 
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 study by Gare et al. (2022) urged for infrastructural changes to enhance nationwide availability 

 and accessibility of DTG-based regimens to improve patient outcomes and treatment adherence, 

 which may suggest that EFV phase-out is still under process.  

 The current relative cost benefits of EFV and DTG appear to favor the latter. In 2017, an 

 agreement between the United Nations and several other AIDS organizations announced an 

 average cost reduction of DTG by at least 10-15% to be supplied royalty-free to many low- and 

 middle-income countries, including Papua New Guinea (UNAIDS, 2018). The agreement 

 claimed that DTG prices are not expected to increase for several years, even after the expiration 
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 of the agreement, and expected prices to decline in the future. In 2020, a progress report on HIV 

 efforts in Papua New Guinea released by United Nations AIDS organization reported the average 

 price per unit of DTG in 2019 as approximately $4.5 (USD), which was almost half the price of 

 an efavirenz-containing formulation ($7) (UNAIDS, 2020a). Another drug containing a 

 combination of DTG with other antiretroviral substances was slightly more affordable ($6.5) 

 than the EFV-containing regimen. Further, according to a recent study by Gare et al. (2022), 

 DTG offers a more affordable treatment to patients in Papua New Guinea than efavirenz, though 

 the source of this claim has not been cited. These may suggest that the affordability of DTG in 

 Papua New Guinea has significantly improved. 

 Pakistan 

 Compared to CYP2B6*9, CYP2B6*6 appears to be more  prevalent in Pakistan, 

 especially among the Punjabi demographic (54.2%). Among those with the *6 allele, 25.0% had 

 the recessive TT genotype. Punjabis are also the largest ethnic group in Pakistan comprising of 

 44.7% of the country’s population, followed by Pathan (15.4%), Sindhi (14.1%), Saraiki (8.4%), 

 Muhajirs (7.6%), Balochi (3.6%), and other minorities (6.3%) (The World Factbook, 2023a). 

 Many of these ethnicities also showed frequencies greater than 40% for both CYP2B6 alleles, 

 such as Pathan, Baloch, Sindhi, Rajput, and Gujjar. The number of potentially affected ethnic 

 groups along with the large demographic they cover makes Pakistan a vital country to study in 

 terms of the use of efavirenz as an antiviral treatment for HIV patients. 

 In 2020, around 213,310 people in Pakistan were estimated to be living with HIV 

 (UNAIDS, 2020b). The national HIV treatment guidelines were updated fairly recently in 2021 

 to favor DTG as the first-line regimen while EFV was suggested to be used as an alternative in 

 lower doses (400 mg) or only in special circumstances (NACP, 2021). However, no evidence of 
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 efavirenz-phase out could be found. At the time of the update in the treatment guidelines, a large 

 number of patients were reported to be on an EFV-containing regimen (NACP, 2021). According 

 to Batool et al. (2021), very few patients in the country were under a DTG-containing treatment. 

 Batool et al. were also the first ones to determine the efficacy and safety of DTG as an 

 antiretroviral treatment in Pakistan, which suggests that DTG testing and roll-out might still be 

 underway. 

 According to the progress report published by UNAIDS (2020b), the current focus of the 

 HIV program in Pakistan is to consolidate the existing infrastructure. Despite the update in the 

 national guidelines, 38 different antiretroviral regimens were previously offered, and a large 

 number of physicians were not properly trained to handle antiretroviral therapy. So, the country’s 

 priority is to systemize treatment plans, increase education, detection, and treatments, lower 

 social stigma, and form community-level clinical interventions. The restrictions presented by the 

 COVID-19 pandemic further slowed down these efforts. So, due to the need for consolidation of 

 the HIV healthcare system along with the challenges presented by the pandemic, the roll-out of 

 dolutegravir and the discontinuation of EFV have been slow. Though a reliable cost comparison 

 between efavirenz and dolutegravir could not be found, as Pakistan is one of the countries 

 promised to receive cheaper, royalty-free supply of DTG by the UNAIDS agreement (UNAIDS, 

 2018), the affordability of DTG can be assumed to improve. 

 No information on the presence of neuropsychological effects of EFV in Pakistani HIV 

 patients could be found. The national guidelines acknowledged the neuropsychiatric side effects 

 associated with efavirenz, it was most likely taken from the guidelines released by the World 

 Health Organization and not a reflection of neuropsychiatric side effects reported by patients in 

 Pakistan. The guidelines also reported that the EFV-containing regimen used by a large number 
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 of patients were stable, though whether this stability was attributed to the efficacy of the 

 treatment in viral suppression as well as lack of adverse CNS effects is unclear. The lack of 

 evidence may suggest that these side effects are not prevalent in spite of widespread occurrence 

 of implicated CYP2B6 polymorphisms in this population. Alternatively, neuropsychiatric 

 symptoms may be underreported as patients may prefer to ignore, use over-the-counter drugs, or 

 consult non-antiretroviral therapy physicians for such side effects. The lack of a 

 fully-consolidated system along with deficits in medical training may have contributed to the 

 underreporting of side effects as well. Therefore, this lack of reported symptoms could neither 

 support nor reject the hypothesis of the correlation between CYP2B6 polymorphisms and 

 neuropsychological adverse effects for the Pakistani population. 

 Indonesia 

 The CYP2B6*6 and CYP2B6*9 alleles had a prevalence  of 40% or higher in many 

 ethnic groups in Indonesia, such as Javan and Timorian (*6) and Austronesian, Cibal, 

 Rampasasa, and Bena (*9). A large variation in the prevalence of genotypes of the *6 allele was 

 observed. At 88.8%, the GT genotype appears to be the most prevalent among Javans, though 

 they have significantly lower prevalence of GG and TT genotypes, while the Timorian sample 

 had a relatively large occurrence of the latter homozygous genotype. However, all of these ethnic 

 groups are of Austronesian origin, which forms the largest ancestral group in Indonesia, where 

 the Javanese people emerge as the largest ethnic group comprising 40% of the country’s 

 population (The World Factbook, 2023b). So, the CYP2B6*6 and CYP2B6*9 polymorphisms 

 appear to be fairly common in Indonesia. 

 Though ethnicity-specific effects of efavirenz could not be found, a study conducted in 

 86 HIV patients in 2020 reported that lifetime suicide ideation was prevalent among 23.3% of 
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 the subjects, and suicide ideation was linked with factors such as EFV use, CD4 cell count, and 

 and symptoms of depression (Ophinni et al., 2020). However, the prevalence of CYP2B6 

 polymorphisms was not discussed. It is possible that the prevalence of depression and suicide 

 ideation observed by Ophinni et al. is linked with the high occurrence of *6 and *9 

 polymorphisms in several Indonesian ethnicities found in this study. However, neuropsychiatric 

 side effects were not associated with efavirenz in a retrospective study conducted in 71 HIV 

 patients in a Sumatran hospital during 2005 to 2020— no side effects were recorded for 55% of 

 the patients (Wahidah et al., 2020). In the remaining 45%, skin rash was the only side effect 

 reported, and was associated with antiviral drugs other than EFV, and about 72% of these 

 patients were shifted to an EFV-containing regimen. Initially, only about 24% of patients were on 

 an efavirenz-containing drug combination, and patient outcome after shifting to EFV are not 

 known. Though it is possible that neuropsychiatric symptoms were not included in the records 

 due to factors such as underreporting, these inconsistent findings make it difficult to estimate the 

 occurrence of neuropsychiatric symptoms linked with efavirenz in this population. 

 The burden of HIV in Indonesia is among the highest in Asia (Wahidah et al., 2020), with 

 about 540,000 people living with HIV in 2020 (UNAIDS, 2021b). The UNAIDS progress report 

 states that the high price of antiretroviral drugs continues to be a challenge in Indonesia 

 (UNAIDS, 2020c).  Though Indonesia is a part of the UNAIDS agreement for reduced-price 

 DTG, unlike Papua New Guinea and Pakistan, Indonesia has to pay 7.5% royalty (UNAIDS, 

 2018), which may drive up the cost of DTG. Efforts are being made to make HIV treatment more 

 affordable through infrastructural and policy changes (UNAIDS, 2020c). Though it is unclear 

 whether the national guidelines were updated to adopt dolutegravir as the first-line antiretroviral 

 treatment, the support for the roll-out of DTG have been intensified and the transition is still far 
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 from complete (UNAIDS, 2020c). Though reliable sources for a price estimate of DTG could not 

 be found, the cost of efavirenz has dropped to $15 in 2020 from $28 in 2016 (Wardhana, 2020) 

 and EFV-containing regimens seem to still be in widespread use (Wahidah et al., 2020). Like 

 Pakistan, Indonesia’s HIV control program is exerting more focus on improving access to 

 healthcare in order to improve the management of the HIV epidemic. 

 India 

 Compared to CYP2B6*9, only the Gujarati ethnic group  from India had a prevalence of 

 at least 40% of the CYP2B6*6 polymorphism, perhaps due to lower representation of Indian 

 ethnicities in the sample. In contrast, 13 groups were found to have a large allele frequency of 

 CYP2B6*9, such as Onge, Khatri, Paniya, Saryupari Brahmin, Saurashtra Brahmin, Kaya Dora, 

 Oraon, Rana Tharu, Agharia, Abuj Maria, and South Indian, and those from urban areas of 

 Bangalore and Chennai. The Onge had the highest frequency of the *9 allele across samples 

 from all countries. 

 Though ethnicity-based studies for the association between CYP2B6 polymorphisms and 

 CNS adverse effects could not be found for populations in India, evidence for the link between 

 CYP2B6*9 polymorphisms, EFV use, and mild neuropsychiatric symptoms have been 

 demonstrated. Consistent with previous findings, a study conducted in Hyderabad, India on 276 

 HIV patients and 93 healthy controls reported that the GG, GT, and TT genotypes of the 

 CYP2B6*9 polymorphism was found in 69%, 18%, and 13% of subjects in their sample and 

 were extensive, intermediate, and poor metabolizers of EFV, respectively (Kurian et al., 2022). A 

 similar association between genotypes and EFV blood concentration and exposure was found in 

 another study in southern India (Ramachandran et al., 2009). Of those with the TT genotype, 

 2.6% reported hallucinations, 24% showed insomnia, and 12% had a decrease in CD4 cell 
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 counts. About 8% of those with the GT genotype reported insomnia but incidences of 

 hallucinations were not experienced, and 15% of these individuals also showed reduction in CD4 

 cell counts. Those with the GG genotype did not experience any CNS side effects or alterations 

 in CD4 cell counts. 

 Neuropsychiatric symptoms have been reported in patients on a low-dose (400 mg) 

 EFV-containing regimen, which is believed to have a lower toxicological profile though it may 

 have lower efficacy in viral load suppression. In a study conducted in 502 subjects with HIV in 

 Pune, India, 50% reported adverse effects after starting low-dose EFV (Dravid et al., 2020). Most 

 common adverse effects were CNS-related, such as giddiness (23.7%), depressive symptoms 

 (18.1%), insomnia (14.5%), anxiety (12.4%), headache (11.6%), somnolence (11.2%), and 

 abnormal dreams (10.6%). Four subjects showed suicide ideation and discontinued the 

 EFV-containing regimen. A total of 10 subjects discontinued EFV due to CNS-related adverse 

 events. About 94% of all patients were previously on a high-dose (600 mg) efavirenz regimen, 

 45.97% of whom reported the switch to low-dose EFV reduced or cleared neuropsychiatric 

 adverse effects from the previous dosage while 47.25% experienced similar adverse effects on 

 both regimens and 6.78% preferred the high-dose treatment. The reason for these differences in 

 the experience of neuropsychiatric symptoms was unclear. Another study in eastern India found 

 that, among regimens containing antiretroviral drugs such as zidovudine, nevirapine, atazanavir, 

 tenofovir, and stavudine, those on efavirenz-containing regimens reported the highest number of 

 CNS-related side events (about 21% of 303 patients on EFV) including insomnia, headache, 

 numbness, tremors, dizziness, and nightmares (Mukherjee et al., 2017). Based on these studies, 

 neuropsychiatric adverse effects linked with EFV are quite common in at least southern and 



 25 

 eastern India, and the occurrence of these side effects are strongly correlated with the TT 

 genotype (and GT to a lesser extent) of the G516T polymorphism. 

 As of 2021, around 2.4 million people were estimated to be living with HIV in India, 

 though adult HIV prevalence has been declining since 2000 (NACO, 2021a). The country’s 

 national guidelines for the treatment of HIV were updated in 2018 to favor DTG as the preferred 

 first-line regimen while EFV was designated as an alternative for women who do not wish to 

 transition to DTG (NACO, 2021b). However, EFV continues to be widely used. In the revised 

 version of the national guidelines published in 2021, EFV is still listed as one of the commonly 

 used antiretroviral drugs in the country. The low-dose version of EFV was recommended by 

 healthcare providers due its reduction in adverse effects than regular, high-dose EFV and its 

 cost-effectiveness in comparison to DTG (Dravid et al., 2020). Safety and efficacy testing may 

 still be underway (Dravid et al., 2022), further adding to the evidence that DTG transition is 

 currently under process. 

 Like Indonesia, the United Nations price reduction agreement for dolutegravir levies a 

 royalty fee of 5% on India, though it is slightly less than that on Indonesia (UNAIDS, 2018). 

 However, a 2018 study used a simulation model and forecasted that, due to the higher efficacy 

 and lower toxicological profile of DTG and increase in the roll-out of generic DTG by many 

 pharmaceutical companies in India— including Aurobindo, one of the two DTG manufacturers 

 under the UNAIDS price reduction agreement— the cost in the future is likely to drop and DTG 

 would have a greater overall cost-effectiveness than EFV (Zheng et al., 2018). 

 Though the current status of transition to a DTG-based regimen could not be determined, 

 based on these reports, EFV appears to still be in widespread use, the rollout of DTG is far from 

 complete, and the affordability of DTG is expected to improve. The country’s HIV program has 
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 achieved many of its infrastructure development goals and current focus is to improve testing, 

 screening, and treatment initiation and adherence as well as complete the transition to 

 dolutegravir (UNAIDS, 2020d). 
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 Chapter V 

 Discussion 

 The *6 and *9 polymorphisms were highly common among  Pakistani, Indian, and (to a 

 lesser extent) Sri Lankan groups, which is consistent with Zhou & Lauschke (2022) that these 

 variations are more frequent among South Asians. Unlike studies that identified high prevalence 

 of these single nucleotide polymorphisms in Africans and West Asians, these populations did not 

 emerge as significant in this analysis, perhaps due to the inclusion of fewer samples from African 

 nations. Two prominent ancestral groups in the Pacific— the Melanesians (Papuans) and the 

 Austronesians (Indonesians)— also had a large occurrence of CYP2B6*6 and CYP2B6*9 as 

 well as prevalence of CNS side effects, a key observation as Pacific and Oceanian populations 

 have not been previously included in global population studies on CYP2B6 variations. 

 Only the relationship between allele and genotype frequencies, EFV plasma 

 concentrations, and neuropsychiatric side effects in the samples from India were fully consistent 

 with the hypotheses— those with GT and TT genotypes were intermediate and poor EFV 

 metabolizers respectively, had higher plasma EFV levels than those with GG, and reported a 

 wide range of neuropsychiatric symptoms including depression and suicide ideation. Papua New 

 Guineans also had one of the highest frequencies of both alleles, and GT and TT genotypes were 

 associated with intermediate and high levels of plasma EFV, indicating that these genotypes 

 produce CYP2B6 metabolic activity consistent with previous studies. Contrary to the hypothesis, 

 those with the GG genotype had lower-than therapeutic plasma EFV levels, and those with the 

 TT genotype did not report any CNS adverse effects. To further add to the contradiction, 

 heterozygous individuals with optimal plasma EFV levels experienced CNS side effects such as 
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 tiredness, dizziness, insomnia, impaired concentration, depression, etc. Suicidality was not 

 observed. 

 These findings suggest that prevalence of polymorphisms in other genes, such as 

 CYP2A6, may be altering expected plasma EFV levels and the experience of neuropsychiatric 

 side effects in these individuals (di Iulio et al., 2009; Kwara et al., 2009). These results in Papua 

 New Guineans, along with the inconsistency in the reports of neuropsychiatric symptoms in 

 Indonesian HIV patients despite the implicated SNPs being fairly common, suggest non-genetic 

 factors such as age, income, poverty, social circumstances, history of psychiatric disorders etc. 

 may also play a major role in the development of neuropsychiatric symptoms. The lack of 

 literature on plasma EFV levels and CNS side effects in Pakistan may suggest the absence of 

 these adverse reactions to EFV despite having very common occurrence of *6 and *9 among 

 prominent ethnic groups. However, the lack of a fully-consolidated HIV healthcare system and 

 inadequately trained medical professionals are more likely to cause any adverse drug reactions to 

 be understudied. Due to the benefit of doubt, the hypothesis could neither be discarded nor 

 supported for those living with HIV in Pakistan. 

 The relationship between the genotypes and the metabolic activity of their corresponding 

 enzymes were largely consistent with the hypothesis and existing literature but mostly disagreed 

 on the production of neuropsychiatric symptoms. Though these findings have been consistent 

 with the commonly reported CNS adverse effects of efavirenz, such as, dizziness, insomnia, 

 headaches, and depression, suicidality appears to be extremely infrequent, which is also in line 

 with the implications of the literature review (Napoli et al., 2014; Chang et al., 2018; Nkhoma et 

 al., 2016). Though suicidality may be a result of a rare adverse CNS reaction, it is more likely to 

 be a product of factors other than EFV use. The results of this analysis are also in agreement with 
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 Li et al. (2021) and Journot et al. (2006) as the disagreement in the experience of 

 neuropsychiatric symptoms may be due to the larger role of external factors in the development 

 of these adverse effects. 

 The current (2023) status for the discontinuation of efavirenz and the transition to less 

 toxic and more efficient alternatives such as dolutegravir is unknown for all four countries, so 

 present situation was deduced based on past evidence from years after 2017. As Papua New 

 Guinea, Pakistan, Indonesia, and India are all part of the UNAIDS price reduction agreement for 

 DTG along with the release of generic versions, the cost barrier has likely considerably 

 diminished over the past decade or so. These countries are in different stages of DTG roll-out 

 largely due to internal circumstances, despite which the future of this transition and improvement 

 of HIV healthcare appears to be quite optimistic. Papua New Guinea shows the most evidence 

 for DTG rollout and price reduction, while Pakistan and Indonesia appear to prioritize the 

 strengthening of infrastructure over accelerating the transition to DTG, with the efforts of the 

 former being the most affected by the pandemic, and India seems to consider the completion of 

 DTG roll-out as the next goal in their HIV program. 

 Limitations 

 Only 43% of 51 countries in Asia were represented  in the data collected, so the allele and 

 genotype frequencies and prevalence of efavirenz-related CNS side effects of populations in 29 

 countries such as Afghanistan, Bangladesh, Iraq, Syria, Saudi Arabia, etc. could not be 

 examined. The same can be said about the representation of regions in the vicinity of and 

 overlapping with Asia, such as Armenia, Georgia, Greece etc. As Asia is ethnically diverse and 

 many countries have hundreds to thousands of ethnic groups, the sample collected includes only 

 a handful of Asian ethnicities. Therefore, the list of identified countries with highest CYP2B6 



 30 

 polymorphism prevalence is by no means complete. This dearth is accentuated the most in the 

 samples from India— while only two population groups were included for the CYP2B6*6 

 polymorphism, over 33 ethnicities were represented in the CYP2B6*9 allele frequencies, many 

 of which belonged to tribal groups that make up only 8.6% of the population (Office of Registrar 

 General, 2011). These scarcities exist largely due to the lack of studies on CYP2B6 

 polymorphisms in these populations. Genotype frequencies for CYP2B6*9 were also not 

 collected, so the relative occurrence of GG, GT, and TT and the approximation of fast, 

 intermediate, and slow efavirenz metabolizers could not be explored. 

 This project was based on the assumption that individuals with the same ethnicity have 

 similar ancestral and genetic profiles, which is not always the case. Populations with different 

 ancestries can associate themselves with the same ethnicity through shared cultural and historical 

 circumstances. In the same vein, geographical proximity does not always equate to genetic 

 similarity as migration throughout history can bring distinct groups of people together. 

 Nonetheless, ethnicity and geographical proximity are important factors to consider in terms of 

 grouping populations for the study of inter-individual genetic variations. 

 The use of efavirenz, availability of alternatives, and reports of CNS adversities were not 

 examined for all populations that have allele frequencies of 0.40 and above, so the 

 pharmacological outcome of EFV in these countries is not taken into account. This is because the 

 analysis was limited to populations with high prevalence of both *6 and *9 due to the limitations 

 of the scale of the study. Further, while the allele and genotype frequencies were specific to 

 ethnicities, the studies on plasma EFV concentrations and the experience of neuropsychiatric 

 symptoms in their countries of origin were not ethnicity-specific. So, the support for the 

 correlation in this project does not imply that high occurrence of the implicated CYP2B6 
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 polymorphisms directly causes reduced metabolism and CNS adverse effects, if any, as the 

 ethnicities of the subjects in these studies are not known. Lastly, allele and genotype frequencies 

 for all included groups were determined based on samples that tended to be quite smaller than 

 the actual size of the populations. So, the data collected comes with the typical statistical caveats 

 of sampling in that these frequencies are estimates and may not reflect the actual frequencies in 

 the population. The data was collected from existing literature with the assumption that these 

 studies employed adequate sampling and statistical practices. 

 Future Directions 

 The debate on the relationship between efavirenz and neuropsychiatric side effects may 

 benefit from studies that take a holistic approach to genetics, healthcare, and medicine, and 

 incorporate ethnicity, ancestry, and social backgrounds and conditions along with relevant 

 genetic polymorphisms to help resolve the relationships between genetic and/or environmental 

 factors that result in neurotoxic patient outcomes. Additionally, CYP2B6 is involved in the 

 metabolism of many other substrates such as methadone, ketamine, propofol, cyclophosphamide, 

 bupropion, artemisinin, and nevirapine (Desta et al., 2016). So, it is crucial to determine the role 

 of variations in this gene in the metabolism, pharmacological, and toxicological profiles of these 

 drugs along with identification of populations most likely to experience negative outcomes. The 

 interactions of polymorphisms in various cytochrome P450 genes that result in altered 

 metabolism and pharmacological outcomes also need to be examined. These forms of 

 population-based genetic profiling may help in understanding genetic diversity, providing 

 informed healthcare, and improving individualized medicine in future. 
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 Conclusions 

 Efavirenz use may lead to the development of neuropsychiatric  side effects in some 

 HIV-infected populations, such as those in Papua New Guinea, India, and Indonesia, due to high 

 prevalence of the CYP2B6*6 (516 G>T and 785 A>G) and CYP2B6*9 (516 G>T) 

 polymorphisms linked with less-efficient metabolizers and non-therapeutic plasma levels of EFV 

 and related metabolites. Others may not experience these adverse effects despite exhibiting the 

 implicated polymorphisms due to both internal (polymorphisms in other genes) and external 

 factors (age, income, social circumstances, underreporting or undertreating symptoms, etc.). 

 Those experiencing neurotoxicity can be transitioned to an alternative regimen such as 

 dolutegravir or low-dose EFV if the former option proves to be difficult. Future pharmacological 

 studies may incorporate genetically diverse samples to identify populations that may benefit 

 from alternative treatments. 



 33 

 Chapter VI 

 References 

 Aksenov, M., Aksenova, M., Butterfield, D. A., & Markesbery, W. R. (2000). Oxidative 

 modification of creatine kinase BB in alzheimer’s disease brain.  Journal of 

 Neurochemistry  ,  74  (6), 2520–2527.  https://doi.org/10.1046/j.1471-4159.2000.0742520.x 

 Andriguetti, N., Van Schalkwyk, H. K., Barratt, D. T., Tucci, J., Pumuye, P., & Somogyi, A. A. 

 (2021). Large variability in plasma efavirenz concentration in Papua New Guinea 

 HIV/AIDS patients associated with high frequency of CYP2B6 516t allele.  Clinical and 

 Translational Science  ,  14  (6), 2521–2531.  https://doi.org/10.1111/cts.13120 

 Apostolova, N., Funes, H. A., Blas-Garcia, A., Galindo, M. J., Alvarez, A., & Esplugues, J. V. 

 (2015). Efavirenz and the CNS: What we already know and questions that need to be 

 answered.  Journal of Antimicrobial Chemotherapy  ,  70  (10),  2693–2708. 

 https://doi.org/10.1093/jac/dkv183 

 Arenas-Pinto, A., Grund, B., Sharma, S., Martinez, E., Cummins, N., Fox, J., Klingman, K. L., 

 Sedlacek, D., Collins, S., Flynn, P. M., Chasanov, W. M., Kedem, E., Katlama, C., 

 Sierra-Madero, J., Afonso, C., Brouwers, P., & Cooper, D. A. (2018). Risk of suicidal 

 behavior with use of Efavirenz: Results from the strategic timing of antiretroviral 

 treatment trial.  Clinical Infectious Diseases  ,  67  (3),  420–429. 

 https://doi.org/10.1093/cid/ciy051 

 Ariyoshi, N., Miyazaki, M., Toide, K., Sawamura, Y.-ichi, & Kamataki, T. (2001). A single 

 nucleotide polymorphism of CYP2B6 found in Japanese enhances catalytic activity by 

 Autoactivation.  Biochemical and Biophysical Research  Communications  ,  281  (5), 

 1256–1260.  https://doi.org/10.1006/bbrc.2001.4524 

https://doi.org/10.1046/j.1471-4159.2000.0742520.x
https://doi.org/10.1111/cts.13120
https://doi.org/10.1093/jac/dkv183
https://doi.org/10.1093/cid/ciy051
https://doi.org/10.1006/bbrc.2001.4524


 34 

 Batool, F., Manzoor, S., Dhiloo, A. K., Ismail, H. M., Shaikh, S. M., & Baqi, S. (2021). 

 Experience with dolutegravir in HIV patients at a Public Sector Hospital in Karachi, 

 Pakistan.  PAFMJ  ,  71  (5), 1661–65.  https://doi.org/10.51253/pafmj.v71i5.6288 

 Brandmann, M., Nehls, U., & Dringen, R. (2013). 8-hydroxy-efavirenz, the primary metabolite 

 of the antiretroviral drug efavirenz, stimulates the glycolytic flux in cultured rat 

 astrocytes.  Neurochemical Research  ,  38  (12), 2524–2534. 

 https://doi.org/10.1007/s11064-013-1165-2 

 Bristol-Myers Squibb. (2019). Sustiva© (efavirenz) [package insert]. Wilmington, Delaware: 

 DuPont Pharmaceuticals.  http://packageinserts.bms.com/pi/pi_sustiva.pdf 

 Brown, L. A., Jin, J., Ferrell, D., Sadic, E., Obregon, D., Smith, A. J., Tan, J., & Giunta, B. 

 (2014). Efavirenz promotes β-secretase expression and increased AΒ1-40,42 via 

 oxidative stress and reduced microglial phagocytosis: Implications for HIV associated 

 neurocognitive disorders (hand).  PLoS ONE  ,  9  (4). 

 https://doi.org/10.1371/journal.pone.0095500 

 Chang, J. L., Tsai, A. C., Musinguzi, N., Haberer, J. E., Boum, Y., Muzoora, C., Bwana, M., 

 Martin, J. N., Hunt, P. W., Bangsberg, D. R., & Siedner, M. J. (2018). Depression and 

 suicidal ideation among HIV-infected adults receiving Efavirenz versus Nevirapine in 

 Uganda.  Annals of Internal Medicine  ,  169  (3), 146.  https://doi.org/10.7326/m17-2252 

 Čolić, A., Alessandrini, M., & Pepper, M. S. (2014). Pharmacogenetics of CYP2B6, CYP2A6 

 and UGT2B7 in HIV treatment in African populations: Focus on Efavirenz and 

 Nevirapine.  Drug Metabolism Reviews  ,  47  (2), 111–123. 

 https://doi.org/10.3109/03602532.2014.982864 

https://doi.org/10.51253/pafmj.v71i5.6288
https://doi.org/10.1007/s11064-013-1165-2
http://packageinserts.bms.com/pi/pi_sustiva.pdf
https://doi.org/10.1371/journal.pone.0095500
https://doi.org/10.7326/m17-2252
https://doi.org/10.3109/03602532.2014.982864


 35 

 Costa, B., & Vale, N. (2023). Efavirenz: History, Development and Future.  Biomolecules, 13  (1), 

 88.  https://doi.org/10.3390/biom13010088 

 Csajka, C., Marzolini, C., Fattinger, K., Décosterd, L. A., Fellay, J., Telenti, A., & Buclin, T. 

 (2003). Population pharmacokinetics and effects of Efavirenz in patients with human 

 immunodeficiency virus infection.  Clinical Pharmacology  & Therapeutics  ,  73  (1), 20–30. 

 https://doi.org/10.1067/mcp.2003.22 

 Damle, B., LaBadie, R., Crownover, P., & Glue, P. (2008). Pharmacokinetic interactions of 

 Efavirenz and voriconazole in Healthy Volunteers.  British Journal of Clinical 

 Pharmacology  ,  65  (4), 523–530.  https://doi.org/10.1111/j.1365-2125.2007.03085.x 

 Department of Human Health and Services. (n.d.).  Guidelines  for the Use of Antiretroviral 

 Agents in Adults and Adolescents with HIV  . Retrieved  April 3, 2023, from 

 https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/ 

 non-nucleoside-reverse-transcriptase?view=full 

 Desta, Z., Saussele, T., Ward, B., Blievernicht, J., Li, L., Klein, K., Flockhart, D. A., & Zanger, 

 U. M. (2007). Impact of CYP2B6 polymorphism on hepatic efavirenz metabolism in 

 vitro.  Pharmacogenomics  ,  8  (6), 547–558.  https://doi.org/10.2217/14622416.8.6.547 

 Desta, Z., Metzger, I. F., Thong, N., Lu, J. B., Callaghan, J. T., Skaar, T. C., Flockhart, D. A., & 

 Galinsky, R. E. (2016). Inhibition of cytochrome P450 2B6 activity by voriconazole 

 profiled using Efavirenz disposition in Healthy Volunteers.  Antimicrobial Agents and 

 Chemotherapy  ,  60  (11), 6813–6822.  https://doi.org/10.1128/aac.01000-16 

 di Iulio, J., Fayet, A., Arab-Alameddine, M., Rotger, M., Lubomirov, R., Cavassini, M., Furrer, 

 H., Günthard, H. F., Colombo, S., Csajka, C., Eap, C. B., Decosterd, L. A., Telenti, A., & 

 Swiss HIV Cohort Study (2009). In vivo analysis of efavirenz metabolism in individuals 

https://doi.org/10.3390/biom13010088
https://doi.org/10.1067/mcp.2003.22
https://doi.org/10.1111/j.1365-2125.2007.03085.x
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/non-nucleoside-reverse-transcriptase?view=full
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-arv/non-nucleoside-reverse-transcriptase?view=full
https://doi.org/10.2217/14622416.8.6.547
https://doi.org/10.1128/aac.01000-16


 36 

 with impaired CYP2A6 function.  Pharmacogenetics and genomics  ,  19  (4), 300–309. 

 https://doi.org/10.1097/FPC.0b013e328328d577 

 Dravid, A., Betha, T. P., Sharma, A. K., Gawali, R., Mahajan, U., Kulkarni, M., Saraf, C., Kore, 

 S., Dravid, M., & Rathod, N. (2020). Efficacy and safety of a single‐tablet regimen 

 containing tenofovir disoproxil fumarate 300 mg, lamivudine 300 mg and Efavirenz 400 

 mg as a switch strategy in virologically suppressed hiv‐1‐infected subjects on 

 nonnucleoside reverse transcriptase inhibitor‐containing first‐line antiretroviral therapy in 

 Pune, India.  HIV Medicine  ,  21  (9), 578–587.  https://doi.org/10.1111/hiv.12912 

 Dravid, A., Morkar, D., Prasad, D., Ramapuram, J. T., Patel, K. V., Naik, K. S., Bhrusundi, M., 

 Kulkarni, M., Hegde, S., Anuradha, S., Nageswaramma, S., Madan, S., Jayaprakash, T., 

 & Kulkarni, V. (2022). A Phase IV Study on Safety, Tolerability and Efficacy of 

 Dolutegravir, Lamivudine, and Tenofovir Disoproxil Fumarate in Treatment Naïve Adult 

 Indian Patients Living with HIV-1.  Pragmatic and observational  research  ,  13  , 75–84. 

 https://doi.org/10.2147/POR.S361907 

 Funes, H. A., Apostolova, N., Alegre, F., Blas-Garcia, A., Alvarez, A., Marti-Cabrera, M., & 

 Esplugues, J. V. (2014). Neuronal bioenergetics and acute mitochondrial dysfunction: A 

 clue to understanding the central nervous system side effects of Efavirenz.  The Journal of 

 Infectious Diseases  ,  210  (9), 1385–1395.  https://doi.org/10.1093/infdis/jiu273 

 Gare, J., Toto, B., Pokeya, P., Le, L.-V., Dala, N., Lote, N., John, B., Yamba, A., Soli, K., DeVos, 

 J., Paulin, H., Wagar, N., Zheng, D.-P., Nishijima, T., Boas, P., Kelly-Hanku, A., & 

 Gurung, A. (2022). High prevalence of pre-treatment HIV drug resistance in Papua New 

 Guinea: Findings from the first nationally representative pre-treatment HIV drug 

https://doi.org/10.1097/FPC.0b013e328328d577
https://doi.org/10.1111/hiv.12912
https://doi.org/10.2147/POR.S361907
https://doi.org/10.1093/infdis/jiu273


 37 

 resistance study.  BMC Infectious Diseases  ,  22  (1). 

 https://doi.org/10.1186/s12879-022-07264-y 

 Gatch, M. B., Kozlenkov, A., Huang, R.-Q., Yang, W., Nguyen, J. D., González-Maeso, J., Rice, 

 K. C., France, C. P., Dillon, G. H., Forster, M. J., & Schetz, J. A. (2013). The HIV 

 antiretroviral drug efavirenz has LSD-like properties.  Neuropsychopharmacology  , 

 38  (12), 2373–2384.  https://doi.org/10.1038/npp.2013.135 

 Gounden, V., van Niekerk, C., Snyman, T., & George, J. A. (2010). Presence of the CYP2B6 

 516G > T polymorphism, increased plasma efavirenz concentrations and early 

 neuropsychiatric side effects in South African HIV-infected patients.  AIDS Research and 

 Therapy  ,  7  (1), 32.  https://doi.org/10.1186/1742-6405-7-32 

 Gutierrez, F., Navarro, A., Padilla, S., Anton, R., Masia, M., Borras, J., & Martin-Hidalgo, A. 

 (2005). Prediction of neuropsychiatric adverse events associated with long-term 

 Efavirenz therapy, using plasma drug level monitoring.  Clinical Infectious Diseases  , 

 41  (11), 1648–1653.  https://doi.org/10.1086/497835 

 Haas, D. W., Ribaudo, H. J., Kim, R. B., Tierney, C., Wilkinson, G. R., Gulick, R. M., Clifford, 

 D. B., Hulgan, T., Marzolini, C., & Acosta, E. P. (2004). Pharmacogenetics of efavirenz 

 and central nervous system side effects: an Adult AIDS Clinical Trials Group study. 

 AIDS (London, England),  18  (18), 2391–2400. 

 Haas, D. W., Bradford, Y., Verma, A., Verma, S. S., Eron, J. J., Gulick, R. M., Riddler, S. A., 

 Sax, P. E., Daar, E. S., Morse, G. D., Acosta, E. P., & Ritchie, M. D. (2018). Brain 

 neurotransmitter transporter/receptor genomics and efavirenz Central Nervous System 

 adverse events.  Pharmacogenetics and Genomics  ,  28  (7),  179–187. 

 https://doi.org/10.1097/fpc.0000000000000341 

https://doi.org/10.1186/s12879-022-07264-y
https://doi.org/10.1038/npp.2013.135
https://doi.org/10.1186/1742-6405-7-32
https://doi.org/10.1086/497835
https://doi.org/10.1097/fpc.0000000000000341


 38 

 Journot, V., Chene, G., De Castro, N., Rancinan, C., Cassuto, J.-P., Allard, C., Vilde, J.-L., Sobel, 

 A., Garre, M., &amp; Molina, J.-M. (2006). Use of Efavirenz is not associated with a 

 higher risk of depressive disorders: A substudy of the randomized clinical trial 

 alize-ANRS 099. Clinical Infectious Diseases, 42(12), 1790–1799. 

 https://doi.org/10.1086/504323 

 Klein, K., Lang, T., Saussele, T., Barbosa-Sicard, E., Schunck, W.-H., Eichelbaum, M., Schwab, 

 M., & Zanger, U. M. (2005). Genetic variability of CYP2B6 in populations of African 

 and Asian origin: Allele frequencies, novel functional variants, and possible implications 

 for anti-HIV therapy with Efavirenz.  Pharmacogenetics  and Genomics  ,  15  (12), 861–873. 

 https://doi.org/10.1097/01213011-200512000-00004 

 Kurian, B. E., Miryala, S., & Boddu, S. R. (2022). Effects of efavirenz for the treatment of HIV 

 section on the basis of genetic polymorphisms.  Journal  Of Clinical And Diagnostic 

 Research  .  https://doi.org/10.7860/jcdr/2022/52614.16261 

 Kwara, A., Lartey, M., Sagoe, K. W., Rzek, N. L., & Court, M. H. (2009). CYP2B6 (c.516GT) 

 and CYP2A6 (*9B and/or *17) polymorphisms are independent predictors of Efavirenz 

 plasma concentrations in HIV-infected patients.  British  Journal of Clinical 

 Pharmacology  ,  67  (4), 427–436.  https://doi.org/10.1111/j.1365-2125.2009.03368.x 

 Lamba, V., Lamba, J., Yasuda, K., Strom, S., Davila, J., Hancock, M. L., Fackenthal, J. D., 

 Rogan, P. K., Ring, B., Wrighton, S. A., & Schuetz, E. G. (2003). Hepatic CYP2B6 

 expression: Gender and ethnic differences and relationship to CYP2B6 genotype and 

 CAR (constitutive androstane receptor) expression.  Journal of Pharmacology and 

 Experimental Therapeutics  ,  307  (3), 906–922.  https://doi.org/10.1124/jpet.103.054866 

https://doi.org/10.1086/504323
https://doi.org/10.1097/01213011-200512000-00004
https://doi.org/10.7860/jcdr/2022/52614.16261
https://doi.org/10.1111/j.1365-2125.2009.03368.x
https://doi.org/10.1124/jpet.103.054866


 39 

 Lang, T., Klein, K., Fischer, J., Nussler, A., Neuhaus, P., Hofmann, U., Eichelbaum, M., Schwab, 

 M., & Zanger, U. (2001). Extensive genetic polymorphism in the human CYP2B6 gene 

 with impact on expression and function in human liver.  Pharmacogenetics  ,  11  (5), 

 399–415.  https://doi.org/10.1097/00008571-200107000-00004 

 Li, C.-W., Chen, Y.-C., Lee, N.-Y., Chen, P.-L., Li, M.-C., Li, C.-Y., Ko, W.-C., & Ko, N.-Y. 

 (2021). Efavirenz is not associated with an increased risk of depressive disorders in 

 patients living with HIV: An 11-year population-based study in Taiwan.  Healthcare  , 

 9  (12), 1625.  https://doi.org/10.3390/healthcare9121625 

 Lochet, P., Peyriere, H., Lotthe, A., Mauboussin, J. M., Delmas, B., & Reynes, J. (2003). 

 Long-term assessment of neuropsychiatric adverse reactions associated with Efavirenz. 

 HIV Medicine  ,  4  (1), 62–66.  https://doi.org/10.1046/j.1468-1293.2003.00136.x 

 Mollan, K. R., Smurzynski, M., Eron, J. J., Daar, E. S., Campbell, T. B., Sax, P. E., Gulick, R. 

 M., Na, L., O'Keefe, L., Robertson, K. R., & Tierney, C. (2014). Association between 

 Efavirenz as initial therapy for HIV-1 infection and increased risk for suicidal ideation or 

 attempted or completed suicide.  Annals of Internal  Medicine  ,  161  (1), 1. 

 https://doi.org/10.7326/m14-0293 

 Mollan, K. R., Tierney, C., Hellwege, J. N., Eron, J. J., Hudgens, M. G., Gulick, R. M., 

 Haubrich, R., Sax, P. E., Campbell, T. B., Daar, E. S., Robertson, K. R., Ventura, D., Ma, 

 Q., Edwards, D. R., & Haas, D. W. (2017). Race/ethnicity and the pharmacogenetics of 

 reported suicidality with Efavirenz among clinical trials participants.  The Journal of 

 Infectious Diseases  ,  216  (5), 554–564.  https://doi.org/10.1093/infdis/jix248 

 Marzolini, C., Telenti, A., Decosterd, L. A., Greub, G., Biollaz, J., & Buclin, T. (2001). 

 Efavirenz plasma levels can predict treatment failure and central nervous system side 

https://doi.org/10.1097/00008571-200107000-00004
https://doi.org/10.3390/healthcare9121625
https://doi.org/10.1046/j.1468-1293.2003.00136.x
https://doi.org/10.7326/m14-0293
https://doi.org/10.1093/infdis/jix248


 40 

 effects in HIV-1-infected patients.  AIDS  ,  15  (1), 71–75. 

 https://doi.org/10.1097/00002030-200101050-00011 

 Mathiesen, S., Stenz Justesen, U., Von Lüttichau, H.-R., & Eg Hansen, A.-B. (2006). Genotyping 

 of CYP2B6 and therapeutic drug monitoring in an HIV-infected patient with high 

 EFAVIRENZ plasma concentrations and severe CNS side-effects.  Scandinavian Journal 

 of Infectious Diseases  ,  38  (8), 733–735.  https://doi.org/10.1080/00365540500504109 

 Mukherjee, S., Era, N., Saha, B., & Tripathi, S. K. (2017). Adverse drug reaction monitoring in 

 patients on antiretroviral therapy in a tertiary care hospital in Eastern India.  Indian 

 journal of pharmacology  ,  49  (3), 223–228.  https://doi.org/10.4103/ijp.IJP_304_16 

 NACO (National AIDS Control Organisation). (2021a).  Technical Report: India HIV Estimates 

 2021  .  https://naco.gov.in/sites/default/files/India%20HIV%20Estimates.pdf 

 NACO (National AIDS Control Organisation). (2021b).  National Guidelines for HIV Care and 

 Treatment 2021  . 

 https://naco.gov.in/sites/default/files/National_Guidelines_for_HIV_Care_and_Treatment 

 _2021.pdf 

 NACP (National AIDS Control Programme). (2021).  Consolidated  Guidelines for the 

 prevention and treatment of HIV and AIDS in Pakistan  .  Retrieved April 8, 2023 from 

 http://nacp.gov.pk/howwework/technicalguidelinestac.html 

 NAMSAL ANRS 12313 Study Group. (2019). Dolutegravir-based or low-dose 

 EFAVIRENZ–based regimen for the treatment of HIV-1.  New England Journal of 

 Medicine  ,  381  (9), 816–826.  https://doi.org/10.1056/nejmoa1904340 

 Napoli, A. A., Wood, J. J., Coumbis, J. J., Soitkar, A. M., Seekins, D. W., & Tilson, H. H. 

 (2014). No evident association between Efavirenz use and suicidality was identified from 

https://doi.org/10.1097/00002030-200101050-00011
https://doi.org/10.1080/00365540500504109
https://doi.org/10.4103/ijp.IJP_304_16
https://naco.gov.in/sites/default/files/India%20HIV%20Estimates.pdf
https://naco.gov.in/sites/default/files/National_Guidelines_for_HIV_Care_and_Treatment_2021.pdf
https://naco.gov.in/sites/default/files/National_Guidelines_for_HIV_Care_and_Treatment_2021.pdf
http://nacp.gov.pk/howwework/technicalguidelinestac.html
https://doi.org/10.1056/nejmoa1904340


 41 

 a disproportionality analysis using the FAERS database.  Journal of the International 

 AIDS Society  ,  17  (1), 19214.  https://doi.org/10.7448/ias.17.1.19214 

 NDoH (National Department of Health). (2019).  Papua  New Guinea national guidelines for HIV 

 care and treatment.  The Paedriatic Society of Papua  New Guinea. 

 https://pngpaediatricsociety.org/wp-content/uploads/2020/03/PNG-HIV-care-and-treatme 

 nt-guidelines-2019.pdf 

 Nkhoma, E. T., Coumbis, J., Farr, A. M., Johnston, S. S., Chu, B. C., Rosenblatt, L. C., Seekins, 

 D., & Villasis-Keever, A. (2016). No evidence of an association between Efavirenz 

 exposure and suicidality among HIV patients initiating antiretroviral therapy in a 

 retrospective cohort study of Real World Data.  Medicine  ,  95  (3). 

 https://doi.org/10.1097/md.0000000000002480 

 Office of Registrar General & Census Commissioner India. (2011).  CensusInfo  . Ministry of 

 Home Affairs, Government of India. 

 http://www.censusindia.gov.in/2011census/HLO/HH14.html 

 O’Mahony, S. M., Myint, A.-M., Steinbusch, H., & Leonard, B. E. (2005). Efavirenz induces 

 depressive-like behaviour, increased stress response and changes in the immune response 

 in rats.  Neuroimmunomodulation  ,  12  (5), 293–298.  https://doi.org/10.1159/000087107 

 Ophinni, Y., Adrian, Siste, K., Wiwie, M., Anindyajati, G., Hanafi, E., Damayanti, R., & 

 Hayashi, Y. (2020). Suicidal ideation, psychopathology and associated factors among 

 HIV-infected adults in Indonesia.  BMC Psychiatry  ,  20  (1). 

 https://doi.org/10.1186/s12888-020-02918-0 

 Pharmvar. (n.d.). Retrieved March 27, 2023, from  https://www.pharmvar.org/gene/CYP2B6 

https://doi.org/10.7448/ias.17.1.19214
https://pngpaediatricsociety.org/wp-content/uploads/2020/03/PNG-HIV-care-and-treatment-guidelines-2019.pdf
https://pngpaediatricsociety.org/wp-content/uploads/2020/03/PNG-HIV-care-and-treatment-guidelines-2019.pdf
https://doi.org/10.1097/md.0000000000002480
http://www.censusindia.gov.in/2011census/HLO/HH14.html
https://doi.org/10.1159/000087107
https://doi.org/10.1186/s12888-020-02918-0
https://www.pharmvar.org/gene/CYP2B6


 42 

 Ramachandran, G., Hemanth Kumar, A. K., Rajasekaran, S., Kumar, P., Ramesh, K., Anitha, S., 

 Narendran, G., Menon, P., Gomathi, C., & Swaminathan, S. (2009). CYP2B6 G516T 

 polymorphism but not rifampin coadministration influences steady-state 

 pharmacokinetics of efavirenz in human immunodeficiency virus-infected patients in 

 South India.  Antimicrobial agents and chemotherapy  ,  53  (3), 863–868. 

 https://doi.org/10.1128/AAC.00899-08 

 Rotger, M., Colombo, S., Furrer, H., Bleiber, G., Buclin, T., Lee, B. L., Keiser, O., Biollaz, J., 

 Décosterd, L., & Telenti, A. (2005). Influence of CYP2B6 polymorphism on plasma and 

 intracellular concentrations and toxicity of efavirenz and nevirapine in HIV-infected 

 patients.  Pharmacogenetics and Genomics  ,  15  (1), 1–5. 

 https://doi.org/10.1097/01213011-200501000-00001 

 Sim, J., &amp; Hill, A. (2018). Is pricing of dolutegravir equitable? A comparative analysis of 

 price and country income level in 52 countries. Journal of Virus Eradication, 4(4), 

 230–237.  https://doi.org/10.1016/s2055-6640(20)30311-3 

 Smith, C., Ryom, L., d'Arminio Monforte, A., Reiss, P., Mocroft, A., El-Sadr, W., Weber, R., 

 Law, M., Sabin, C., & Lundgren, J. (2014). Lack of association between use of Efavirenz 

 and death from suicide: Evidence from the D:a:D study.  Journal of the International 

 AIDS Society  ,  17  , 19512.  https://doi.org/10.7448/ias.17.4.19512 

 Spire, B., Carrieri, P., Garzot, M.-a., L'henaff, M., & Obadia, Y. (2004). Factors associated with 

 Efavirenz discontinuation in a large community-based sample of patients.  AIDS Care  , 

 16  (5), 558–564.  https://doi.org/10.1080/09540120410001716342 

 Standish, W., & Jackson, R. T. (2023). Papua New Guinea.  Encyclopedia Britannica  . 

 https://www.britannica.com/place/Papua-New-Guinea 

https://doi.org/10.1128/AAC.00899-08
https://doi.org/10.1097/01213011-200501000-00001
https://doi.org/10.1016/s2055-6640(20)30311-3
https://doi.org/10.7448/ias.17.4.19512
https://doi.org/10.1080/09540120410001716342
https://www.britannica.com/place/Papua-New-Guinea


 43 

 Streck, E. L., Scaini, G., Rezin, G. T., Moreira, J., Fochesato, C. M., & Romão, P. R. (2008). 

 Effects of the HIV treatment drugs nevirapine and Efavirenz on brain creatine kinase 

 activity.  Metabolic Brain Disease  ,  23  (4), 485–492. 

 https://doi.org/10.1007/s11011-008-9109-2 

 Streck, E. L., Ferreira, G. K., Scaini, G., Rezin, G. T., Gonçalves, C. L., Jeremias, I. C., Zugno, 

 A. I., Ferreira, G. C., Moreira, J., Fochesato, C. M., & Romão, P. R. (2011). 

 Non-nucleoside reverse transcriptase inhibitors efavirenz and nevirapine inhibit 

 cytochrome c oxidase in mouse brain regions.  Neurochemical  Research  ,  36  (6), 962–966. 

 https://doi.org/10.1007/s11064-011-0432-3 

 The World Factbook. (2023a).  Pakistan.  Washington,  DC: Central Intelligence Agency. 

 Retrieved April 8, 2023 from  https://www.cia.gov/the-world-factbook/countries/pakistan/ 

 The World Factbook. (2023b).  Indonesia.  Washington,  DC: Central Intelligence Agency. 

 Retrieved April 8, 2023 from 

 https://www.cia.gov/the-world-factbook/countries/indonesia/ 

 Tongtong, Y., Shenghua, H., Yin, W., Lin, C., Huanxia, L., Chunrong, L., Ruifeng, Z., Xiaojing, 

 Y., Yuan, Y., Yuanhong, H., & Ke, Y. (2022). Effectiveness and safety of dolutegravir 

 versus Efavirenz-based antiviral regimen in people living with HIV-1 in Sichuan 

 Province of China: A real-world study.  JAIDS Journal  of Acquired Immune Deficiency 

 Syndromes  ,  91  (S1).  https://doi.org/10.1097/qai.000000000000304 

 UNAIDS (Joint United Nations Programme on HIV and AIDS). (2018).  Price reduction of the 

 dolutegravir-based antiretroviral therapy regimen. 

 https://www.unaids.org/sites/default/files/media_asset/UNA17026_Annoucement_QA_0 

 09.pdf 

https://doi.org/10.1007/s11011-008-9109-2
https://doi.org/10.1007/s11064-011-0432-3
https://www.cia.gov/the-world-factbook/countries/pakistan/
https://www.cia.gov/the-world-factbook/countries/indonesia/
https://doi.org/10.1097/qai.000000000000304
https://www.unaids.org/sites/default/files/media_asset/UNA17026_Annoucement_QA_009.pdf
https://www.unaids.org/sites/default/files/media_asset/UNA17026_Annoucement_QA_009.pdf


 44 

 UNAIDS. (2020a).  Country progress report - Papua New Guinea  . 

 https://www.unaids.org/sites/default/files/country/documents/PNG_2020_countryreport.p 

 df 

 UNAIDS. (2020b).  Country progress report - Pakistan  . 

 https://open.unaids.org/sites/default/files/documents/Pakistan_Country%20Report_2020_ 

 formatted_EN.pdf 

 UNAIDS. (2020c).  Country progress report - Indonesia  . 

 https://open.unaids.org/sites/default/files/documents/Indonesia_Country%20Report_2020 

 _formatted_EN.pdf 

 UNAIDS. (2020d).  Country progress report - India  . 

 https://open.unaids.org/sites/default/files/documents/India_Country%20Report_2020_for 

 matted_EN.pdf 

 UNAIDS. (2021a).  Papua New Guinea: Joint programme  contributions and results in 

 2020-2021  . Retrieved April 8, 2023, from 

 https://open.unaids.org/countries/papua-new-guinea 

 UNAIDS. (2021b).  Indonesia Country Snapshot 2021  .  Retrieved April 8, 2023, from 

 https://www.aidsdatahub.org/resource/indonesia-country-snapshot-2021 

 Wahidah, L., Yusuf, M., & Ardiansyah, D. (2020). Management of adverse effect from 

 antiretroviral drugs at HIV/AIDS: Ernaldy Bahar Hospital at south sumatra Indonesia. 

 International Journal of Pharmaceutical Research, 13  (01). 

 https://doi.org/10.31838/ijpr/2021.13.01.048 

 Wall, J. D., Stawiski, E. W., Ratan, A., Kim, H. L., Kim, C., Gupta, R., Suryamohan, K., 

 Gusareva, E. S., Purbojati, R. W., Bhangale, T., Stepanov, V., Kharkov, V., Schröder, M. 

https://www.unaids.org/sites/default/files/country/documents/PNG_2020_countryreport.pdf
https://www.unaids.org/sites/default/files/country/documents/PNG_2020_countryreport.pdf
https://open.unaids.org/sites/default/files/documents/Pakistan_Country%20Report_2020_formatted_EN.pdf
https://open.unaids.org/sites/default/files/documents/Pakistan_Country%20Report_2020_formatted_EN.pdf
https://open.unaids.org/sites/default/files/documents/Indonesia_Country%20Report_2020_formatted_EN.pdf
https://open.unaids.org/sites/default/files/documents/Indonesia_Country%20Report_2020_formatted_EN.pdf
https://open.unaids.org/sites/default/files/documents/India_Country%20Report_2020_formatted_EN.pdf
https://open.unaids.org/sites/default/files/documents/India_Country%20Report_2020_formatted_EN.pdf
https://open.unaids.org/countries/papua-new-guinea
https://www.aidsdatahub.org/resource/indonesia-country-snapshot-2021
https://doi.org/10.31838/ijpr/2021.13.01.048


 45 

 S., Ramprasad, V., Tom, J., Durinck, S., Bei, Q., Li, J., Guillory, J., … Peterson, A. S. 

 (2019). The genomeasia 100K project enables genetic discoveries across Asia 

 [Supplemental material].  Nature  ,  576  (7785), 106–111. 

 https://doi.org/10.1038/s41586-019-1793-z 

 Wang, P.-F., Neiner, A., & Kharasch, E. D. (2019). Efavirenz metabolism: Influence of 

 polymorphic CYP2B6 variants and stereochemistry.  Drug  Metabolism and Disposition  , 

 47  (10), 1195–1205.  https://doi.org/10.1124/dmd.119.086348 

 Wardhana, A. (2020).  Making better HIV treatments  a reality in Indonesia  . Medicines Patent 

 Pool. 

 https://medicinespatentpool.org/story-post/making-better-hiv-treatments-a-reality-in-indo 

 nesia 

 World Bank, Population estimates and projections. (2022).  Population, total.  Retrieved April 14, 

 2023 from  https://data.worldbank.org/indicator/SP.POP.TOTL?locations=PG 

 World Health Organization. ( 2018) .  Updated recommendations  on first-line and second-line 

 antiretroviral regimens and post-exposure prophylaxis and recommendations on early 

 infant diagnosis of HIV: interim guidelines: supplement to the 2016 consolidated 

 guidelines on the use of antiretroviral drugs for treating and preventing HIV infection. 

 https://apps.who.int/iris/handle/10665/277395 

 Zheng, A., Kumarasamy, N., Huang, M., Paltiel, A. D., Mayer, K. H., Rewari, B. B., Walensky, 

 R. P., & Freedberg, K. A. (2018). The cost-effectiveness and budgetary impact of a 

 dolutegravir-based regimen as first-line treatment of HIV infection in India.  Journal of 

 the International AIDS Society  ,  21  (3).  https://doi.org/10.1002/jia2.25085 

https://doi.org/10.1038/s41586-019-1793-z
https://doi.org/10.1124/dmd.119.086348
https://medicinespatentpool.org/story-post/making-better-hiv-treatments-a-reality-in-indonesia
https://medicinespatentpool.org/story-post/making-better-hiv-treatments-a-reality-in-indonesia
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=PG
https://apps.who.int/iris/handle/10665/277395
https://doi.org/10.1002/jia2.25085


 46 

 Zhou, Y. & Lauschke, V. M. (2022). The genetic landscape of major drug metabolizing 

 cytochrome P450 genes—an updated analysis of population-scale sequencing data.  The 

 Pharmacogenomics Journal, 24,  284–293. 

 https://www.nature.com/articles/s41397-022-00288-2 

https://www.nature.com/articles/s41397-022-00288-2


 47 

 Supplementary Information 



 48 



 49 



 50 



 51 

 Table S1 References 

 Ahmed, S., Khan, S., Janjua, K., Imran, I., & Khan, A. U. (2021a). Allelic and genotype 

 frequencies of major CYP2B6 polymorphisms in the Pakistani population.  Molecular 

 Genetics & Genomic Medicine  ,  9  (3).  https://doi.org/10.1002/mgg3.1527 

 Ahmed, S., Khan, H., Khan, A., Bangash, M. H., Hussain, A., Qayum, M., & Hamdard, M. H. 

 (2021b). Inter-ethnic genetic variations and novel variant identification in the partial 

 sequences of  cyp2b6  gene in Pakistani population.  PeerJ  ,  9  . 

 https://doi.org/10.7717/peerj.11149 

 Cunningham, F., Allen, J. E., Allen, J., Alvarez-Jarreta, J., Amode, M. R., Armean, I. M., 

 Austine-Orimoloye, O., Azov, A. G., Barnes, I., Bennett, R., Berry, A., Bhai, J., Bignell, 

 A., Billis, K., Boddu, S., Brooks, L., Charkhchi, M., Cummins, C., Da Rin Fioretto, L., 

 … Flicek, P. (2021). Ensembl 2022.  Nucleic Acids Research  ,  50  (D1), D988-D995. 

 https://doi.org/10.1093/nar/gkab1049 

 Davaalkham, J., Hayashida, T., Tsuchiya, K., Gatanaga, H., Nyamkhuu, D., & Oka, S. (2009). 

 Allele and genotype frequencies of cytochrome P450 2B6 gene in a Mongolian 

 population.  Drug Metabolism and Disposition  ,  37  (10),  1991–1993. 

 https://doi.org/10.1124/dmd.109.027755 

 Ellison, C. A., Abou El-Ella, S. S., Tawfik, M., Lein, P. J., & Olson, J. R. (2012). Allele and 

 genotype frequencies of CYP2B6 and CYP2C19 polymorphisms in Egyptian agricultural 

 workers.  Journal of Toxicology and Environmental Health,  Part A  ,  75  (4), 232–241. 

 https://doi.org/10.1080/15287394.2012.641201 

 Fattahi, Z., Beheshtian, M., Mohseni, M., Poustchi, H., Sellars, E., Nezhadi, S. H., Amini, A., 

 Arzhangi, S., Jalalvand, K., Jamali, P., Mohammadi, Z., Davarnia, B., Nikuei, P., 

https://doi.org/10.1002/mgg3.1527
https://doi.org/10.7717/peerj.11149
https://doi.org/10.1093/nar/gkab1049
https://doi.org/10.1124/dmd.109.027755
https://doi.org/10.1080/15287394.2012.641201


 52 

 Oladnabi, M., Mohammadzadeh, A., Zohrehvand, E., Nejatizadeh, A., Shekari, M., 

 Bagherzadeh, M., … Najmabadi, H. (2019). Iranome: A catalog of genomic variations in 

 the Iranian population.  Human Mutation  ,  40  (11), 1968–1984. 

 https://doi.org/10.1002/humu.23880 

 Hananta, L., Astuti, I., Sadewa, A. H., Alice, J., & Hutagalung, J. (2018). The prevalence of 

 CYP2B6 gene polymorphisms in malaria-endemic population of Timor in East Nusa 

 Tenggara Indonesia.  Osong Public Health and Research  Perspectives  ,  9  (4), 192–196. 

 https://doi.org/10.24171/j.phrp.2018.9.4.08 

 Ildirim, N. (2022). CYP2B6 single nucleotide polymorphisms in an Azerbaijani population. 

 Georgian Med News  , (300), 90–93.  https://doi.org/10.1093/jac/dkv183 

 Ismail, R., Fauzi, H., Musa, N., Talib, N., Mohamad, N., & Zulkafli, M. I. (2012). Haplotypes 

 frequencies of CYP2B6 in Malaysia.  Journal of Postgraduate  Medicine  ,  58  (4), 235–241. 

 https://doi.org/10.4103/0022-3859.105439 

 Lee, J., Lee, J., Jeon, S., Lee, J., Jang, I., Yang, J. O., Park, S., Lee, B., Choi, J., Choi, B.-O., 

 Gee, H. Y., Oh, J., Jang, I.-J., Lee, S., Baek, D., Koh, Y., Yoon, S.-S., Kim, Y.-J., Chae, 

 J.-H., … Choi, M. (2022). A database of 5305 healthy Korean individuals reveals genetic 

 and clinical implications for an East Asian population.  Experimental & Molecular 

 Medicine  ,  54  (11), 1862–1871.  https://doi.org/10.1038/s12276-022-00871-4 

 Mauleekoonphairoj, J., Chamnanphon, M., Khongphatthanayothin, A., Sutjaporn, B., Wandee, 

 P., Poovorawan, Y., Nademanee, K., Pongpanich, M., & Chariyavilaskul, P. (2020). 

 Phenotype prediction and characterization of 25 pharmacogenes in Thais from whole 

 genome sequencing for clinical implementation.  Scientific  Reports  ,  10  (1). 

 https://doi.org/10.1038/s41598-020-76085-3 

https://doi.org/10.1002/humu.23880
https://doi.org/10.24171/j.phrp.2018.9.4.08
https://doi.org/10.1093/jac/dkv183
https://doi.org/10.4103/0022-3859.105439
https://doi.org/10.1038/s12276-022-00871-4
https://doi.org/10.1038/s41598-020-76085-3


 53 

 Mehlotra, R. K., Mark, N. Z., & Zimmerman, P. A. (2006). Prevalence of CYP2B6 alleles in 

 malaria-endemic populations of West Africa and Papua New Guinea.  Eur J Clin 

 Pharmacol., 62  (4), 267–275.  https://doi.org/10.1007%2Fs00228-005-0092-9 

 Qi, G.-Z., Zhang, Z.-Y., Wang, X., Yin, S.-J., Lou, Y.-Q., & Zhang, G.-L. (2016). Functional 

 allele and genotype frequencies of CYP1A2, CYP2B6, and iNOS among mainland 

 Chinese Tibetan, Mongolian, Uygur and Han populations.  Journal of Clinical Pharmacy 

 and Therapeutics  ,  41  (1), 84–91.  https://doi.org/10.1111/jcpt.12351 

 Rahman, F., Ikawati, Z., Ramadhan, V., & Sadewa, A. H. (2022). Prevalensi polimorfisme gen 

 CYP2B6*9 pada populasi Jawa.  Majalah Farmaseutik  ,  18  (2). 

 https://doi.org/10.22146/farmaseutik.v1i1.60635 

 Veiga, M. I., Asimus, S., Ferreira, P. E., Martins, J. P., Cavaco, I., Ribeiro, V., Hai, T. N., Petzold, 

 M. G., Björkman, A., Ashton, M., & Gil, J. P. (2008). Pharmacogenomics of CYP2A6, 

 CYP2B6, CYP2C19, CYP2D6, CYP3A4, CYP3A5 and MDR1 in Vietnam.  European 

 Journal of Clinical Pharmacology  ,  65  (4), 355–363. 

 https://doi.org/10.1007/s00228-008-0573-8 

 Xu, B.-Y., Guo, L.-P., Lee, S.-S., Dong, Q.-M., Tan, Y., Yao, H., Li, L.-H., Lin, C.-K., Kung, 

 H.-F., & He, M.-L. (2007). Genetic variability of CYP2B6 polymorphisms in four 

 southern Chinese populations.  World Journal of Gastroenterology  ,  13  (14), 2100–2103. 

 https://doi.org/10.3748/wjg.v13.i14.2100 

 Yuce-Artun, N., Kose, G., & Suzen, H. S. (2014). Allele and genotype frequencies of CYP2B6 in 

 a Turkish population.  Molecular Biology Reports  ,  41  (6),  3891–3896. 

 https://doi.org/10.1007/s11033-014-3256-9 

https://doi.org/10.1007%2Fs00228-005-0092-9
https://doi.org/10.1111/jcpt.12351
https://doi.org/10.22146/farmaseutik.v1i1.60635
https://doi.org/10.1007/s00228-008-0573-8
https://doi.org/10.3748/wjg.v13.i14.2100
https://doi.org/10.1007/s11033-014-3256-9

	Pharmacogenetics of Efavirenz and Neuropsychiatric Side Effects in Asian Populations
	Recommended Citation

	tmp.1683569288.pdf.rZ_Aj

