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1. Synopsis 
 

1.1 Background 

People living with HIV (PLHIV) on antiretroviral therapy (ART) are at risk for liver injuries. 

Previous studies have described the risk of drug-induced liver injury (DILI), but data 

regarding incidence of hospitalisations due to liver injury are limited.  

 

1.2 Purpose and objective of the study 

Primary aim: To estimate the incidence of, and risk factors for, liver injury in PLHIV initiating 

ART enrolled in the Aid for AIDS (AfA) private sector cohort.  

Secondary aim: To estimate the incidence of, and risk factors for, hospital admissions due to 

liver injury in PLHIV initiating ART enrolled in the AfA cohort. 

 

1.3 Methodology 

We conducted a retrospective cohort analysis using data from an HIV disease management 

programme of medically insured South African patients, AfA. We defined liver injury as 

alanine aminotransferase (ALT) concentrations at least three times the upper limit of normal 

(3xULN), and severe liver injury as those with ALT levels of at least five times the upper limit 

of normal (5xULN), where ULN was 40 IU/L. We estimated the incidence of hospital 

admissions due to liver injury and explored potential risk factors (including age, viral load 

and CD4 count at ART initiation, sex, ART regimen, alcohol-induced pathology, and being on 

anti-TB drugs), using Kaplan Meier estimates to describe the incidence of, and Cox 

regression to assess associations with, first liver injury episode (ALT ³ 120 IU/L and ALT ³ 

200 IU/L), as well as first hospital admission associated with liver injury (ALT ³ 120 IU/L and 

ALT ³ 200 IU/L). 
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1.4 Study population 

We included adult PLHIV (aged > 18 years old) with detectable HIV viral loads at the time of 

first documented ART initiation (assumed to be antiretroviral-naïve). We excluded PLHIV 

with suppressed viral loads at the point of enrolment into the cohort.  

1.5 Recruitment and enrolment 

We used secondary data, comprising a database of medically insured South African PLHIV. 

We included all patients who met the inclusion criteria. 

1.6 Benefits of the study 

Information regarding incidence and risk factors for liver injury and liver injury associated 

with hospitalisations may improve routine HIV care by identifying which patients may 

require more stringent monitoring.   

1.7 Risks of the study 

The data collected for this analysis was part of a routine database based on medical aid 

claims. The analysis was retrospective, so it did not impact the clinical care of included 

subjects. Patient identifiers were not included and not available to investigators. We 

reported aggregate results only. Thus, the potential probability and severity of foreseeable 

harm for study subjects was minimal and not clinical in nature. 

1.8 Informed consent process 

An informed consent process was not applicable in this study. Previous University of Cape 

Town (UCT) Faculty of Health Sciences Human Research Ethics Committee (HREC) approval 

was received, allowing AfA to collect anonymised data to be used for observational analyses 

(HREC REF: 858/2016, as renewed annually). The UCT Faculty of Health Sciences HREC also 

approved this analysis (HREC ref 824/2019, as renewed annually). 



Page | 14 

1.9 Privacy and confidentiality 

The database comprised anonymous patient information only. There was no identifying 

information, thus protecting participants’ privacy. In addition, the investigators kept all data 

confidential. 
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2. Background

2.1 Introduction 

Antiretroviral treatment (ART) has converted Human Immunodeficiency Virus-1 (HIV-1) 

from what was once a fatal disease to a manageable chronic condition, by reducing 

mortality and associated morbidity. Despite the fact that more people are living longer with 

HIV-1 infection now due to ART, more are presenting with adverse drug reactions (ADRs) 

(1). Drug-induced-liver injury (DILI) is one of the more common ADRs, and is associated with 

being antiretroviral-naïve, taking a regimen that contains non-nucleoside reverse 

transcriptase inhibitors (NNRTIs) and/or protease inhibitors (PIs) (2–6), Hepatitis B (HBV) 

and/or Hepatitis C (HCV) co-infection, baseline increases in alanine transaminase (ALT) level, 

being on anti-tuberculosis (anti-TB) drugs, pre-existing hepatic dysfunction or chronic liver 

disorders have also been associated with developing DILI (1–3,7). Being female and older 

age have had inconsistent associations with DILI reported, along with whether a high CD4 

cell count or low CD4 count pre-treatment is associated with DILI (3,4,6–13). DILI is a 

spectrum of liver toxicities that range from transient elevations in transaminases to liver 

failure, and sometimes may be fatal (1). Given the large proportion of South Africans who 

are on long term ART, DILI is likely to remain a significant burden for some time. While 

hospital surveys have given us important insights into potential risk factors for DILI-related 

hospital admissions, to our knowledge, no studies have provided accurate denominator 

data for estimating incidence. 

The aim of this study was to investigate the incidence of liver injury and liver injury-related 

hospital admissions in a South African cohort of PLHIV on ART. We performed a 

retrospective cohort analysis using routine clinical data from Aid for AIDS (AfA), a large 

private sector HIV disease management programme in Southern Africa with a large 

denominator. 

2.2 Definition of liver injury in PLHIV on ART 

Suspected cases of DILI are, by definition, drug-related, herbal-related, or dietary 

supplement-related liver injury, and are recognized by abnormal liver biochemical markers 
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with or without clinical manifestation (14). Different studies identify liver injury in PLHIV or 

those on anti-TB treatment through a variety of definitions that take into account 

biochemical markers and/or clinical symptoms. However, a widely accepted definition is to 

use elevated ALT levels (a common marker to determine liver injury) that is proposed by the 

Division of AIDS (which is part of the United States’ National Institutes of Health’s  

National Institute of Allergy and Infectious Diseases) and is specifically used as a grading 

system that was designed for use in network clinical trials about liver injury (15): 

• Grade 1 (mild): 1.25 – <2 x ULN 

• Grade 2 (moderate): 2.5 – 5.0 x ULN 

• Grade 3 (severe): 5.0 – 10.0 x ULN 

• Grade 4 (potentially life threatening): ³ 10.0 x ULN 

In our setting, the normal reference range for ALT is 1 – 40 IU/L (16).  

 

2.3 Incidence of liver injury and incidence of liver injury-related hospitalisations in 

PLHIV in South Africa 

DILI occurs in 9-30% of PLHIV on treatment, depending on the setting and definition used  

(17). These are global estimates from before universal ART was recommended by the World 

Health Organization in 2015 (18). In South Africa, studies done before universal ART 

implementation have estimated incidence of DILI, as defined by ALT³200 IU/L, as 0.26-17% 

in cohorts of less than 3 800 PLHIV (19–21). Since the implementation of universal ART, local 

data on DILI in PLHIV in South Africa not on first-line anti-TB treatment is limited. One 

randomised controlled trial published in 2020 was conducted at the Centre for the AIDS 

Programme of Research in South Africa eThekwini treatment clinic in PLHIV co-infected with 

TB looking at how the risk of liver injury varied according to when ART was started on co-

infected TB/HIV patients already on TB treatment (22). This study defined liver injury as an 

elevated ALT of grade 1 or more, and found that amongst PLHIV on TB treatment with 

normal baseline liver enzymes, 34%, 30% and 29% developed liver injury when starting ART 

early, late into TB treatment, and after TB treatment, respectively (22). This showed us that 

despite being in the era of universal ART, the incidence of liver injury is crucial to monitor in 

HIV/TB co-infected patients. 
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To our knowledge, no previous studies in South Africa have reported the incidence of liver 

injury-related hospitalisations. However, hospital survey data has given us some idea of the 

proportion of a given number of hospital admissions that are due to liver injury in PLHIV on 

ART in our setting, as well as identifying potential risk factors, and describing outcomes. In 

Johannesburg a retrospective study found that of the PLHIV that were hospitalised with DILI, 

35.7% had anti-TB drug associated DILI, 22.5% had ART-associated DILI and 41.9% had mixed 

anti-TB drugs and ART-associated DILI (23). A similar hospital study done in Cape Town 

showed that 71 of 318 (22.3%) hospitalised PLHIV with significant liver dysfunction had anti-

TB drugs or ART-associated DILI, whereas another Cape Town study showed that of 162 

adverse event admissions, 50% were attributable to anti-TB drugs and 28% to the use of 

nevirapine (24,25). In addition, a cross-sectional study done in 4 hospitals in South Africa 

showed that liver injury was one of the most common ADR-related admissions, where 56 of 

164 of patients admitted with ADRs were on ART or anti-TB therapy and of these DILI cases, 

90% were in PLHIV (26). Another study done in Cape Town looked at the distribution of 

ADRs in adult medical inpatients (not all HIV positive) and found that hepatobiliary toxicity 

was the third most prevalent ADR, where 10 out of 16 patients were admitted due to liver 

injury from anti-TB drugs (27).  

These perspectives from various public sector hospitals give us some idea of the data 

available on the proportion of hospital admissions that are due to ADRs in South Africa and 

highlight the burden of anti-TB drugs and/or ART-associated DILI, but do not inform us of 

the incidence as a large population denominator was not used. 

In comparison, other developing countries like South Africa have shared similar findings of 

the importance of anti-TB drugs in liver injury in PLHIV on ART. A study in Brazil of 149 

hospitalized PLHIV (of which 65 were ART-naïve), showed that 19.6% were using potentially 

hepatotoxic drugs prior to admission, largely first line anti-TB drugs (10).   

2.4 Antiretrovirals associated with liver injury 

ART is the treatment of choice for PLHIV and is indicated as lifelong therapy. Thus, any 

toxicity caused by these drugs becomes important in the management of these patients, 

and determining their adherence to the prescribed therapeutic regimen (13). Of all 
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antiretroviral drugs available, a few have been shown to be strongly associated with liver 

injury. Although no longer recommended as the first line ART regimen in current guidelines 

(28), those  on nevirapine are more likely to experience any grade of liver injury (Odds ratio 

(OR) 1.5, 95% CI 1.3–1.8) or severe liver injury (as defined by ALT levels of 5.0 – 10.0 x ULN) 

(OR 3.3, 95% CI 2.5–4.2) compared to those on efavirenz (7,29–31). Hepatotoxicity from use 

of efavirenz is also recognised, but is reported to occur at a frequency far less that is seen 

with the use of nevirapine (32).  

An earlier clinical trial was conducted in Germany from July 1998 to December 2001 which 

included 296 PLHIV of whom 151 were on efavirenz and 145 on nevirapine (3). The overall 

rate of severe hepatotoxicity (grade 3 to 4 elevations in aspartate aminotransferase and/or 

alanine aminotransferase) was 2 of 151 (1.3%) in patients prescribed efavirenz and 3 of 145 

(2.1%) in patients prescribed nevirapine (3). Mild-to-moderate hepatotoxicity (grade 2 

elevation) was observed in 6.0% (efavirenz) and 3.4% (nevirapine) of patients (3). However, 

more recent observational studies estimate the incidence to be slightly higher as 1-8% in 

PLHIV on efavirenz have ALT> five times ULN (33).  

Patients who take PIs have also been observed to be at increased risk of liver injuries (34). 

Additionally, another study found hyperbilirubinemia to occur in patients taking indinavir 

(34) was associated with a higher incidence of elevated liver enzymes versus other PIs after

the first 6 months of antiretroviral therapy – 14 of 680 indinavir users (2.1%) versus 2 of 645

patients (0.3%) receiving other antiretroviral drugs (p=0.003) (34). Nucleoside/nucleotide

reverse transcriptase inhibitors (NRTIs) are used frequently as part of antiretroviral

regimens, and so their potential to also cause liver injury should be kept in mind (35).

Patients on NRTIs may develop liver injury due to mitochondrial toxicity which results in

lactic acidosis that has been observed in patients on both single or dual NRTI regimens–

examples include stavudine, didanosine, and zalcitabine (all of which are no longer

recommended in the 2023 South African National Department of Health guidelines) (28,36).

Tenofovir may also induce mitochondrial injury when combined with other NRTIs, but the

pathophysiological mechanism is not entirely understood (37). Abacavir is known to result in

hypersensitivity reactions sometimes accompanied by elevations in liver enzymes or liver

failure (14).
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2.5 Liver injury in patients on concomitant antiretroviral therapy and TB treatment 

First-line anti-TB drugs associated with liver injury include rifampicin, isoniazid and 

pyrazinamide. There is a high prevalence of both HIV and tuberculosis (TB) in South Africa 

(38).TB and HIV are inextricably linked. It should be noted that not only do PLHIV have a 30 

times higher likelihood of developing TB in their lifetime, but they also have a higher risk of 

dying from TB than those that are not infected (39). It has been reported that an estimated 

60-80% of new TB cases in South Africa are also HIV co-infected, and TB-DILI arising from 

first-line anti-TB drugs is estimated to affect 5-33% of TB patients (38). Due to South Africa 

being burdened by high rates of this dual disease phenomenon, it is imperative that we be 

aware that anti-TB drug associated DILI in PLHIV can complicate therapy, potentially 

affecting treatment adherence, leading to interruption of treatment and thus contributing 

to unfavourable outcomes (23,39,40).  

 

2.6 Other risk factors for liver injury in PLHIV on ART 

Aside from being on anti-TB drugs or on specific antiretrovirals as highlighted above, other 

studies have tried to identify potential risk factors associated with elevated ALT in patients 

on antiretroviral drugs. Raised ALTs have been found in patients who are co-infected with 

HBV and HCV (3,41,42). Studies have shown that HCV co-infection increases the risk of 

developing increases in liver enzymes by 2-7 fold in PLHIV on ART (4,6,8,9,13).  

 

Another risk factor is a pre-existing elevated baseline ALT concentration, pre-existing 

hepatic dysfunction or chronic liver disorders (2,3,31,34). However, concurrent 

hepatobiliary disorders do not represent a contraindication to NNRTI use, but strict 

monitoring is recommended (31).  

 

Alcohol is also a risk factor, and it is hypothesised that the raised ALTs are due to direct 

hepatocellular damage caused by the alcohol (41,42).  

 

There are contradicting reports on whether sex is a strong risk factor; some studies have 

found an association with being female (2–4,6), while others have not found it to be a 
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determining factor for having elevated ALTs, possibly due to the fact that the course of HIV 

progression and drug metabolism is not generally different in both sexes (21,41–45).  

Results of studies have also been mixed with regards to age being a significant risk factor; 

some found that it is not a determinant factor for liver enzyme increases in those taking 

antiretrovirals (42,46,47). However, this could be because patients were mostly younger 

than 50 years of age, as there are also studies which found that being over 50 years of age is 

a risk factor (2–6,48). 

Other risk factors that have been implicated include being ART-naïve (when PLHIV have 

never initiated treatment before, usually amongst those who are newly diagnosed), and 

being on certain ART regimens - as described above (2–4,6). A high CD4 cell pre-treatment 

has also been associated with severe hepatotoxicity, women with CD4 > 250 cells/mm3 and 

men with CD4 > 400 cells/mm3, potentially representing immune-mediated liver injuries 

(3,12). Some studies reported increases in CD4 of more than 50 cells/mm3 during therapy to 

be associated with NNRTI-induced liver toxicity (4,6), but not many studies have confirmed 

this (4,6–9,13). However, it has also been shown that a high CD4 count can be protective 

against liver injury. One study  in 2022 showed that there is a higher risk of ALT³ 200 IU/L if 

one’s CD4 count is <200 cells/mm3, and another was conducted in hospitalised PLHIV where 

those with CD4 >100 cells/mm3 had half the likelihood to have liver injury than those with a 

CD4 <100 cells/mm3 (10,11). Detectable viral load has been associated with a greater rate at 

which apoptosis and necro-inflammatory activity occurs, which can raise liver enzymes 

(41,42,49).   

2.7 Other risk factors for liver injury-related hospitalisations  

The cross-sectional study at 4 hospitals in South Africa described above reported that being 

female, having a greater pill burden (mostly with rifampicin or efavirenz), greater number of 

co-morbidities as well as being HIV positive on ART were all associated with being admitted 

with hepatotoxicity (26). Another study done in South Africa in 2008 found that of those 

admitted due to hepatotoxicity (n=16), 10 were due to anti-TB drugs and 1 was due to 

efavirenz (27). Risk factors that were associated with an ADR admission, included being of 
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older age compared to those not admitted with an ADR (median age=53, interquartile range 

(IQR)=35-73 vs 42; IQR 30-60, p=0.003), and being HIV positive on ART made patients 10 

times more likely to be admitted with an ADR compared to those not on ART (27).  

 

2.8 ART regimens in PLHIV in AfA during the study period 

PLHIV in our study were managed according to AfA treatment guidelines. The AfA clinical 

guidelines 10th edition was published in 2014, and recommended tenofovir/zidovudine, 

emtricitabine/lamivudine, and an NNRTI – either efavirenz or nevirapine – as first-line 

regimen (50). The 11th edition published in 2016 updated their first-line regimen to 

tenofovir/abacavir/zidovudine, emtricitabine/lamivudine, and an NNRTI – either efavirenz 

or rilpivirine (51) 

 

2.9 Guidelines for ART eligibility and monitoring hepatoxicity from ART in PLHIV 

One of the key differences between the AfA guidelines published in 2004 (10th edition) and 

2016 (11th edition) was patient eligibility for initiating ART. The 2016 AfA guidelines were in 

line with the rollout of universal ART that was adopted by the South African National 

Department of Health and stated that anyone who tested positive for HIV regardless of CD4 

count and disease staging, was eligible to start ART immediately (52). Universal ART was 

implemented into national guidelines for the public sector on 1 September 2016 (53).   

 

However, the guidelines for monitoring hepatotoxicity from ART in PLHIV have remained 

the same. According to both the 10th and 11th edition of the AfA guidelines, it was 

recommended that only ALT be monitored in PLHIV with suspected DILI, as it is both a 

specific and sensitive indicator for DILI, but the full liver function test profile should be 

requested in patients who are symptomatic, suggestive of hepatitis with an ALT³120 IU/L 

(51). The guidelines recommended that those who start nevirapine should have their ALT 

monitored at 2 weeks, 4 weeks, 8 weeks, 12 weeks, 6 months and 6-monthly thereafter 

(51). Furthermore, it was recommended that those with an ALT³200 IU/L should have any 

potentially hepatotoxic drugs stopped, and if there are symptoms of hepatitis (eg right 

upper quadrant pain, jaundice, anorexia, nausea, vomiting) then the hepatotoxic drug 

should be stopped even if liver enzymes are <200 IU/L (51) .  
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3. Information gaps 

1. There is limited data regarding the incidence of liver injury from real-life settings of 

PLHIV who were followed up after implementation of universal ART. 

2. Hospital surveys have largely been used to report on ADRs as a proportion of 

hospital admissions, along with exploring associated risk factors to some extent, but 

to our knowledge there are no studies with an accurate denominator to estimate the 

incidence of liver injury-related hospitalisations in PLHIV on ART.  
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4. Purpose of the study 

4.1 Aims 

To estimate the incidence of, and risk factors for, developing liver injuries and 

hospitalisations associated with liver injuries, in PLHIV initiating ART enrolled in the AfA 

cohort in South Africa. 

 

4.2 Objectives 

In adult patients initiating ART in the AfA observational cohort, we will: 

• Estimate the incidence of ALT concentrations 3xULN 

• Estimate the incidence of ALT concentrations 5xULN 

• Explore the associations between potential risk factors and developing liver injuries 

(as defined by elevated ALT concentrations) 

• Estimate the incidence of hospital admissions associated with liver injuries 

• Explore the associations between potential risk factors and hospital admissions 

associated with liver injuries  
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5. Methodology 

5.1 Context 

The analysis was conducted using data from the largest private sector HIV disease 

management programme in South Africa, Aid for AIDS (AfA). AfA initiated an antiretroviral 

programme in 1998, and in the last two decades has grown to include more than 100 000 

patients from 9 countries in Southern Africa. Those enrolled in the AfA programme in South 

Africa are managed according to the AfA standard guidelines, largely based on the South 

African National Department of Health standard public sector guidelines (51,53). Data that 

was extracted from their database was CD4 count, viral load, age, sex, ART regimens, 

hospital admission ICD10 codes and drug claims. AST and ALT were the only laboratory data 

available on liver injury, but ALT was used as it is a specific and sensitive indicator for DILI 

(51,53). 

 

5.2 Study design 

This was a retrospective cohort study.  

 

5.3 Time frame 

We included patients in the AfA registry, included data regarding hospital admissions, from 

January 2011 to September 2018.  

 

5.4 Characteristics of the study population 

All records of patients registered in the AfA database are anonymised. We included all 

patients that fit the inclusion and exclusion criteria, as per below. 

 

Inclusion criteria 

1. Adults (18 years or older) 

2. Patients that are newly started on ART ie. antiretroviral naïve prior to selected time 

frame of study. We defined a patient to be initiating ART if they were documented as 

ART naïve, and had unsuppressed viral loads, at the time of entry into the cohort 
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Exclusion criteria 

1. Patients with suppressed viral loads at date of first documented ART initiation in AfA 

 

5.5 Sample size 

We included all patients who met the inclusion criteria and who had the necessary data 

available.  

 

5.6 Definition of terms used in this study 

This study made use of terms with definitions specific to the parameters of this study, 

having accounted for no misinterpretations and within the recognised limitations in this 

study, as well as no presumed notions regarding causality that may be attached with the 

below terms. 

 

Antiretroviral regimens 

We divided antiretroviral exposure into efavirenz-based, nevirapine-based, PI-based ART 

regimens (usually comprising 2 NRTIs plus the drug of interest) or “other”. We excluded 

PLHIV who were flagged as being on ART but who had no ART records in the database.  

 

Liver injury 

We defined liver injury as an ALT ³120 IU/L (ie. three times the upper limit of normal in our 

setting). The subset of individuals with ALT ³200 IU/L (ie. five times the upper limit of 

normal) were defined as having severe liver injury. The term “liver injury” does not imply a 

causal relationship with antiretrovirals or other drugs.  

 

Liver injury related hospitalisations 

We defined liver injury-related hospitalisations as hospital admissions that occurred 3 days 

before or within 1 week after an elevated ALT (as defined by both ALT ³120IU/L and ALT 

³200IU/L), with an International Classification of Diseases, Tenth Revision (ICD10) code that 

suggested liver injury. We excluded hospital admissions with an ICD10 code that indicated 

other non-drug-related causes of hepatitis (for example infectious, chronic, alcoholic, or 

autoimmune diseases). 
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Anti-TB drug exposure 

We identified PLHIV as receiving anti-TB drugs if they claimed for rifampicin-containing anti-

TB treatment or prophylaxis or had a documented TB-related hospital admission, based on 

ICD10 codes. We assumed that their TB treatment or prophylaxis period was up until 6 

months from their first medicine claim for anti-TB medications or their first TB-related 

hospital admission (whichever came first).  

 

Alcohol-related pathology 

Patients were categorised as having alcohol-induced pathology if they had one or more 

ICD10 codes for alcohol-related admissions at any point during their follow up time. We 

were unfortunately unable to describe alcohol use in general as the database did not record 

this information directly. 

 

 

 

  



 

Page | 27  
 

6. Recruitment and enrolment 

We used secondary data, from a database of a cohort of medically insured South African 

PLHIV from 2011 to 2018. No personal recruitment of patients was done.  

7. Data collection and data management 

We obtained the following data from AfA: 

• Age  

• Sex 

• CD4 count 

• Viral load 

• ALT  

• ART prescription data 

• Hospital admission dates with an attached ICD10 code (ie the diagnosis at admission) 

 

Data management  

• We cleaned the data and excluded people with missing dates, missing CD4 or VL 

values, as well as missing ART regimen. 

• We defined CD4 at ART initiation as the CD4 count closest to the patient’s ART 

initiation date given that it is within a year before and 3 months after ART initiation 

date. We defined viral load at ART initiation by initially excluding those with viral 

loads <20 copies/ml, after which we sought out the viral load closest to the patient’s 

ART initiation date given that it is within a year before and 3 months after ART 

initiation date.  

• We generated the variable of anti-tuberculosis drug exposure as per above. 

• We generated the four outcome variables as follows: ALT³120 IU/L, ALT³200 IU/L, a 

liver injury-related hospitalisation (ICD10 code) with an admission date that occurred 

within 3 days before or within 1 week after an ALT³120 IU/L, or a liver injury-related 

hospitalisation (ICD10 code) with an admission date that occurred within 3 days 

before or within 1 week after an ALT³200 IU/L. 
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8. Statistical analysis 

We analysed data using Stata/SE version 15.0. We used descriptive statistics to describe and 

summarise the data obtained. We summarised age, CD4 count and viral load at ART 

initiation using medians and interquartile ranges (IQRs). We summarized categorical 

variables as frequencies (%). We used Kaplan Meier estimates to describe incidence of, and 

Cox regression to assess associations with, first liver injury episode (ALT ³ 120 IU/L and ALT 

³ 200 IU/L), as well as first hospital admission associated with liver injury (ALT ³ 120 IU/L 

and ALT ³ 200 IU/L). We included a priori variables into the final multivariate cox 

proportional hazards model, including age, sex, CD4 count at ART initiation, viral load at ART 

initiation, antiretroviral regimen, alcohol-use pathology, and those on co-prescribed TB 

medication (for prophylaxis or treatment). We expressed the outcomes of getting a liver 

injury or having a liver injury-related hospitalisation as incidences per 100 person-years. We 

presented all hazard ratios with 95% confidence intervals, and p-values were considered 

significant at p<0.05. PLHIV were right censored if they died, or stopped and/or switched 

their initial ART regimen. Those who stopped or switched ART regimens were censored 7 

days after the date of their stop or switch date, to incorporate anyone who may have 

discontinued their ART regimen because of signs and symptoms of liver injury. PLHIV were 

also right censored if they transferred out the cohort or at database closure (5th September 

2018). We used tables and graphs to visually display the data. 
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9. Ethical considerations

In this study, we aimed to abide by the ethical principles of health research that includes 

justice, beneficence, and autonomy. This study sought and obtained approval from 

University of Cape Town Human (UCT) Faculty of Health Sciences (FHS) Human Research 

Ethics Committee (HREC) (Ref: 824/2019, as renewed annually). A previous approval 

allowing for AfA to collect anonymised data to use for observational analyses was also given 

by UCT’s FHS HREC (HREC REF: 858/2016, as renewed annually). 

9.1 Benefits of the study 

In this study, we aimed to describe the incidence of liver injuries in PLHIV on ART enrolled in 

a large cohort with detailed data regarding hospital admissions, allowing us to determine 

the incidences of both raised ALT and hospitalisations thereof. The information gained 

through this study will contribute to understanding the burden of liver injury and liver 

injury-related hospitalisations in our large study cohort. Information regarding risk factors 

found to be associated with both liver injuries and hospitalisations thereof can give 

healthcare practitioners an idea of which patients may require more stringent monitoring 

when it comes to their routine care.     

9.2 Risks of the study 

The data collected for this analysis was part of a routine patient enrolment database based 

on medical aid claims, and our retrospective analysis had no impact on the clinical care of 

included patients. Patient identifiers were not included and were not available to 

investigators. Thus, the potential harm for study subjects was minimal (essentially 

negligible) and not clinical in nature, thus adhering to the ethical principle of non-

maleficence. 

9.3 Informed consent process 

We did not need to seek informed consent. This was a retrospective analysis of routinely 

collected clinical, anonymised data. AfA has HREC approval to collect and store data for 

analysis.  
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9.4 Privacy and confidentiality 

The AfA database was made up of patient information already in an anonymised form. 

Study participants were not able to be traced back as there was no identifying information, 

thus ensuring their safety and protection of their privacy. In addition, we were able to keep 

all data confidential and only presented aggregate results. 

 

9.5 Dissemination of study results 

The findings of this study will be available and accessible to researchers in the field of both 

pharmacology and infectious diseases by publishing the results in a peer-reviewed journal in 

the form of a manuscript, as well as presenting the findings at the third annual conference 

in pharmacoepidemiology that will be held 5-9 June 2023 in Cape Town, South Africa. 
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1. Abstract

Introduction 

Hospital surveys found that drug-induced liver injury is a leading adverse reaction resulting 

in hospitalization and death in people living with HIV (PLHIV) in South Africa.  

Objectives 

To determine incidence of, and risk factors for, liver injury and liver injury-related 

hospitalizations in PLHIV on antiretroviral treatment (ART). 

Methods 

We described the incidence of, and associations with, ALT³120 IU/L, ALT³200 IU/L, and 

hospitalizations with raised ALT in PLHIV aged >18 years in the Aid for AIDS private sector 

cohort (comprising medical scheme beneficiaries) commencing ART between 2011–2018. 

Results 

We included 92,757 PLHIV; median age was 38.4 years; 42.5% were male, and 88.6% were 

on efavirenz-based ART. Incidence per 100 person years (95% confidence interval (CI)) of 

ALT³120IU/L, ALT³200IU/L, hospitalization with ALT³120IU/L, and hospitalization with 

ALT³200IU/L was 0.93 (0.89-0.97), 0.38 (0.36-0.41), 0.06 (0.05-0.07), and 0.04 (0.03-0.05), 

respectively. Adjusted hazard ratios (aHRs) (95% CI) for ALT³120IU/L and hospitalization 

with ALT≥120IU/L respectively were 15.3 (12.1-19.3) and 6.27 (3.11-12.6) for 

antituberculosis drug exposure; 1.63 (1.31-2.02) and 1.50 (0.70-3.20) for efavirenz; and  

2.74 (2.04-3.69) and 3.48 (1.24-9.73) for nevirapine, compared to protease inhibitors. AHRs 

(95%CI) for ALT³200IU/L and hospitalization with ALT≥200IU/L respectively were 12.6 

(9.31-17.1) and 5.68 (2.58-12.5) for antituberculosis drug exposure; 1.74 (1.28-2.37) and 

1.97 (0.69-5.58) for efavirenz; and 3.01 (1.97-4.61) and 3.56 (0.93-13.65) for nevirapine. All 

HRs are adjusted for age, sex, CD4 count and viral load at ART initiation, and alcohol-induced 

pathology.  
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Conclusions 

Exposure to antituberculosis drugs was strongly associated with liver injury. Safer anti-

tuberculosis treatment regimens are needed for PLHIV. 
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2. 5 key points 
 
Keywords 

HIV, ART, liver injury, anti-TB drugs, hospitalizations, risk factors, South Africa 

 

Key points 

1. Hospital surveys report ART and anti-TB drugs as potential risk factors for liver injury, 

but the incidence of liver injury-related hospitalizations in PLHIV on ART is unknown 

2. We found that the incidence of ALT ³120 IU/L was lower than previous older studies 

3. The incidence of hospitalizations with ALT ³120 IU/L was fifteen-fold lower than the 

incidence of ALT³120IU/L.  

4. The use of anti-TB drugs was found to be the strongest predictor, followed by use of 

nevirapine and efavirenz, for liver injury and liver injury-related hospitalizations 

5. PLHIV on ART need safer anti-TB drugs 
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3. Plain Language Summary

People living with HIV (PLHIV) on antiretroviral therapy (ART) are at risk of developing side 

effects resulting from the use of ART itself or the use of drugs to treat or prevent other HIV-

associated diseases.  

Drugs can cause damage to many organ systems throughout the body; the liver being one of 

the most commonly affected organs. Some drugs are more harmful than others; an 

awareness of this together with close monitoring of patients using these drugs is of utmost 

importance to prevent worsening disease and death.  

This study identified how many PLHIV suffered liver injuries while on ART and examined if 

any other patient factors, such as other drugs they may be taking for other diseases, may 

have contributed to this. Interestingly, the overall number of patients who developed liver 

injuries in our study was lower than that reported in older studies, when different drugs 

were used, and PLHIV started ART later in the course of their HIV disease, when their 

immune systems were already weakened. 

Receiving treatment for TB was the strongest risk factor for liver injury and liver injury-

related hospitalizations. Thus, there is a need to ensure that PLHIV on ART are able to use 

safer TB treatment. 
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1. Introduction 
 
Antiretroviral treatment (ART) is the definitive treatment for people living with HIV (PLHIV); 

and is indicated as lifelong therapy. Adverse events associated with the use of these drugs 

are not uncommon, and can exacerbate patient morbidity, resulting in poorer treatment 

outcomes largely due to their resulting poor treatment adherence (1). Additionally, and 

indeed commonly, PLHIV may be using other drugs for the treatment and prophylaxis of HIV-

associated diseases, each associated with their own adverse event profile. Drug-induced 

liver injury (DILI) is a well described adverse drug reaction (ADR) in PLHIV in the South 

African populations (2).  

 

Depending on the ART regimen in use and how DILI is defined in various studies, DILI is 

reported in 9-30% of PLHIV on ART (1). These are global estimates that predate the 

implementation of universal ART (ART eligibility regardless of CD4 count) as recommended 

by the World Health Organization (WHO) in 2015 (3). In South Africa, estimates of the 

incidence of ALT³200 IU/L differ, ranging from 0.26 - 17%. Again, those studies were all 

conducted before universal ART in cohorts of fewer than 3 800 PLHIV (4–6).  

 

Risk factors for ART-associated DILI in PLHIV that have been identified thus far include the 

use of antiretrovirals such as nevirapine, efavirenz and protease inhibitors (PIs), as well as 

being on first line anti-tuberculosis (anti-TB) drugs, co-infection with hepatitis C and/or 

hepatitis B (HCV and/or HBV), alcohol use, pre-existing elevated baseline ALT levels, pre-

existing hepatic dysfunction, and chronic liver disease. Sex, age and CD4 count have shown 

inconsistent associations (2,4,7–32). Since the implementation of universal ART, data on DILI 

in PLHIV are limited in South Africa. 

 

To our knowledge, the incidence of liver injury-related hospitalizations has not been 

estimated previously in South Africa. However, hospital surveys have shown anti-TB drugs 

and ART to be potential risk factors for DILI. In Johannesburg a retrospective study found 

that of those hospitalized with DILI, 35.7% had anti-TB drugs associated-DILI, 22.5% had ART-

DILI and 41.9% had mixed anti-TB drugs or ART associated DILI (2). Similar work conducted in 
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Cape Town classified 71 of 318 hospitalized PLHIV with significant liver dysfunction were 

classified as anti-TB drugs or ART-associated DILI. This was further supported by a later study 

in Cape Town which showed that of 162 adverse event admissions, 50% were attributable to 

anti-TB drugs and 28% to the use of nevirapine (33,34). In addition, a cross-sectional study 

done in 4 hospitals in South Africa showed that liver injury was one of the most common 

ADR-related admissions, where 56 of 164 patients were on ART or anti-TB therapy, and of 

DILI cases, 90% were in PLHIV (35). Other risk factors for DILI-related hospitalizations include 

being female, a greater pill burden (especially with the use of rifampicin or efavirenz) and 

having more co-morbidities (35,36). These perspectives from various public sector hospitals 

give us insight into risk factors but were unable to estimate the incidence of DILI-related 

hospitalizations without an accurate denominator population. 

South Africa has a high burden of both HIV and TB (37). Universal ART was adopted in South 

Africa in September 2016. AfA is a disease management program that comprises a large 

cohort of PLHIV who are managed according to guidelines like the WHO guidelines for lower-

middle income countries (38). Use of this database provided a unique opportunity to study 

hospital admissions amongst PLHIV that result from liver injury, as AfA have accurately 

captured the International Classification of Diseases, Tenth Revision (ICD10) codes linked to 

patients claim data (38).   

In this study, we aimed to investigate the incidence of liver injury in a large South African 

private sector managed care cohort of PLHIV on ART. Additionally, we aimed to explore, the 

severity of liver injury by estimating the incidence of liver injury-related hospital admissions, 

and the risk associated with specific ART drugs, anti-TB treatment, and other potential risk 

factors as identified in literature.



2. Methods 
We conducted a retrospective study using routine clinical data from Aid for AIDS (AfA), a 

private sector HIV disease management program in Southern Africa. We included adult 

PLHIV (18 years and older) who started ART in the AfA program between 1 August 2011 and 

5 September 2018. Our sample was based on an existing dataset at the time. Demographic 

data such as age and sex are collected by AfA when PLHIV enrol in the program. Clinical data 

such as ART prescriptions, CD4 count, and viral load results are captured through interaction 

with the disease management programme itself. Further laboratory results and 

hospitalization data are shared with AfA by health insurers in the interest of better patient 

care. PLHIV claim for treatment or hospitalization costs from their health insurers. 

 

We divided antiretroviral exposure into efavirenz-based, nevirapine-based, PI-based ART 

regimens (usually comprising 2 nucleoside/nucleotide reverse transcriptase inhibitors 

(NRTIs) plus the drug of interest) or “other”. The “other” group included PLHIV using a triple 

NRTI regimen, or if the third drug in their regimen was an integrase inhibitor, CCR5 receptor 

antagonist, or non- nucleoside reverse transcriptase inhibitors (NNRTIs) other than 

nevirapine or efavirenz. We excluded PLHIV who were flagged as being on ART but who had 

no ART records in the database.  

 

We defined liver injury as an alanine aminotransferase (ALT) ³120 IU/L. The subset of 

individuals with ALT³200 IU/L were defined as having severe liver injury. The term “liver 

injury” does not imply a causal relationship with antiretrovirals or other drugs.  

 

We defined liver injury-related hospitalizations as hospital admissions that occurred 3 days 

before or within 1 week of developing and elevated ALT (as defined by both ALT ³120 IU/L 

and ALT ³200 IU/L), with an ICD10 code that suggested liver injury (Supplementary Table 4). 

We excluded hospital admissions with ICD10 codes that indicated other non-drug-related 

causes of hepatitis (for example infectious, chronic, alcoholic, or autoimmune diseases). 
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We identified PLHIV as receiving anti-TB drugs if they claimed for rifampicin-containing anti-

TB treatment or INH-prophylaxis (Supplementary Table 5), as these have the highest risk for 

liver injury, or had a documented TB-related hospital admission (Supplementary Table 6) 

(13). We assumed that their TB treatment or prophylaxis period was up until 6 months from 

their first medicine claim for anti-TB medications or their first TB-related hospital admission 

(whichever came first).  

Patients were categorized as having alcohol-induced pathology if they had one or more 

ICD10 codes for alcohol-related admissions at any point during their follow up time 

(Supplementary Table 7). Unfortunately, we were unable to describe alcohol use in general 

as the database does not record this information. 

We cleaned and analyzed the anonymized data from the AfA database using Stata SE version 

15.0. We summarized age, CD4 count and viral load at ART initiation using medians and 

interquartile ranges (IQRs). Laboratory values were those closest to, and within 6 months 

before to two weeks after, ART initiation. We summarized categorical variables as 

frequencies (%). We used Kaplan Meier estimates to describe incidence of, and Cox 

regression to assess associations with, first liver injury episode (ALT ³ 120 IU/L and ALT ³ 200 

IU/L), as well as first hospital admission associated with liver injury (ALT ³ 120 IU/L and ALT ³ 

200 IU/L). Outcomes were expressed as incidences per 100 person years. We presented all 

hazard ratios with 95% confidence intervals, and p-values were considered significant at 

p<0.05. PLHIV were right censored if they died, stopped or switched their initial ART 

regimen, transferred out the cohort, or at database closure (5 September 2018).  

Those who stopped or switched their ART regimen were censored 7 days after the 

stop/switch date. This was to account for any PLHIV who experienced signs and symptoms of 

liver injury which may have caused the termination of their original regimen. 

The following variables identified from the literature were included a priori in the 

multivariable model: age, sex, CD4 count, viral load – all at ART initiation, along with 

antiretroviral regimen, exposure to alcohol, and anti-TB drug exposure 

(15,16,21,23,24,26,29,39–50). Anti-TB drug exposure was treated as a time-varying variable 
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in the analysis. We excluded PLHIV with missing ART regimens, CD4 count at initiation or 

viral load at initiation.   
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3. Results 
 

Table 1. Characteristics of the 92 757 ART-naïve PLHIV from the AfA cohort at ART initiation, 

according to whether or not they experienced liver injury as defined by ALT ³120 IU/L 

 

Abbreviations: ART – antiretroviral therapy. EFV – efavirenz. NVP – nevirapine.  PI – protease inhibitors. Age, 

CD4 count and viral load are all described as medians and interquartile ranges in brackets. Sex, ART regimen, 

alcohol-induced pathology since ART initiation, and anti-tuberculosis drug exposure at any time since ART 

initiation are described with frequencies (%). ART regimens comprised 2 NNRTIs  plus the drug  listed. 

 

 

 

 Liver injury          

n=2 126 

No liver injury      

n=90 631 

Total 

n=92 757 

Age  

   (years) 

 

38.22 (33.26 – 44.74) 

 

38.38 (32.79 – 45.30) 

 

38.37 (32.80– 45.29) 

Sex 

     Male 

     Female  

 

1 329 (62.51) 

797 (37.49) 

 

38 106 (42.05) 

52 525 (57.95) 

 

39 435 (42.51) 

53 322 (57.49) 

ART regimen 

    EFV-based 

    NVP-based 

    PI-based 

    Other regimen 

 

1 909 (89.79) 

90 (4.23) 

92 (4.33) 

35 (1.65) 

 

80 255 (88.55) 

3 984 (4.40) 

4 307 (4.75) 

2 085 (2.30) 

 

82 164 (88.58) 

4 074 (4.39) 

4 399 (4.74) 

2 120 (2.29) 

CD4 count  

     (cells/mm3) 

 

328 (158 – 520) 

 

334 (194 – 510) 

 

334 (193 – 510) 

Viral load (log10) 

     (copies/mL) 

 

1.60 (1.60 – 3.49) 

 

1.70 (1.60 – 4.28) 

 

1.70 (1.60 – 4.28) 

Alcohol-induced 

pathology  

 

103 (4.84) 

 

1 262 (0.88) 

 

1 365 (1.47) 

Anti-tuberculosis 

drug exposure 

 

110 (5.16) 

 

3 903 (3.64) 

 

4 013 (3.66) 
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Patient characteristics 

We included 94 507 PLHIV. We excluded PLHIV with missing data regarding ART regimens, 

CD4 count at ART initiation or viral load at ART initiation. Median age was 38 years and was 

similar amongst those that had liver injury as defined by ALT ³120 IU/L, and those who did 

not have liver injury (see Table 1). There were more females (57.43%) than males (42.57%) 

overall, but more males in the group that experienced liver injury. The median CD4 and viral 

loads at ART initiation were similar between PLHIV who had liver injury, than those who did 

not have liver injury.  

Included are additional tables summarizing characteristics according to the other liver injury 

outcomes: Supplementary Table 1. ALT ³200 IU/L, Supplementary Table 2. Hospitalizations 

associated with ALT ³120 IU/L, and Supplementary Table 3. Hospitalizations associated with 

ALT ³200 IU/L. There were no marked differences in patient characteristics at ART initiation 

when comparing PLHIV with and without all the above mentioned outcomes, except for sex. 

Males comprised the highest proportion of those with liver injury (Table 1 and 

Supplementary Table 1). However, females comprised a higher proportion of those with liver 

injury associated hospitalizations. (Supplementary Table 2 and Supplementary Table 3). 
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Table 2. Incidence per 100 person-years of liver injury defined as ALT ³120 IU/L, ALT ³200 

IU/L, and hospitalizations due to liver injury with ALT ³120 IU/L and ALT ³200 IU/L, according 

to antiretroviral regimen in PLHIV initiating ART 

Abbreviations: ALT – alanine aminotransferase. EFV – efavirenz. NVP – nevirapine.  PI – protease inhibitors. All 

outcomes have been described with incidence per 100 person-years (95% confidence intervals), in terms of 

antiretroviral regimens.  

 

Incidence of liver injury and related hospitalizations 

The incidence of ALT ³120 IU/L was 0.93 per 100 person-years, and the incidence of 

hospitalization with ALT ³120 IU/L was 0.06 per 100 person-years. Overall, those on a 

nevirapine-based regimen had the highest incidence of liver injury or being hospitalized due 

to liver injury, when compared to those on efavirenz or PI-based regimens (Table 2).  

 

 EFV-based 

regimen 

n=82 164 

NVP-based 

regimen 

n=4 074 

PI-based 

regimen 

n=4 399 

Other regimen 

 

n=2 120 

Total 

 

n=92 757 

ALT                 

³ 120 IU/L 

 

0.93 (0.89-

0.98) 

 

 

1.20 (0.98-

1.47) 

 

0.75 (0.61-0.92) 

 

0.89 (0.63-1.25) 

 

0.93 (0.89-0.97) 

ALT                 

³ 200 IU/L 

 

0.37 (0.35-

0.40) 

 

 

0.61 (0.46-

0.82) 

 

0.36 (0.27-0.49) 

 

0.50 (0.32-0.78) 

 

0.38 (0.36-0.41) 

Hospital 

admissions 

with an 

ALT  ³ 120 

IU/L 

 

0.06 (0.05-

0.07) 

 

 

0.11 (0.05-

0.21) 

 

0.07 (0.03-0.14) 

 

0.08 (0.03-0.24) 

 

0.06 (0.05-0.07) 

Hospital 

admissions 

with an 

ALT  ³ 200 

IU/L 

 

0.04 (0.03-

0.05) 

 

0.08 (0.04-

0.18) 

 

0.03 (0.01-0.09) 

 

0.08 (0.03-0.24) 

 

0.04 (0.03-0.05) 
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Table 3. Duration (in days) between ART initiation and sustaining a liver injury defined as ALT 

³120 IU/L, ALT ³200 IU/L, and hospitalizations due to liver injury with ALT ³120 IU/L and ALT  

³200 IU/L, according to antiretroviral regimen  

Abbreviations: ALT – alanine aminotransferase. EFV – efavirenz. NVP – nevirapine.  PI – protease inhibitors. All 

outcomes have been described with medians (interquartile range)  

Duration between ART initiation and liver injury 

Those that experienced liver injury, experienced it at a median of 7 months to a year after 

ART initiation (Table 3 and Figure 1). Those on a nevirapine-based regimen experienced liver 

injury the soonest, at a median duration of 4-6 months after ART initiation. 

EFV-based 

regimen 

NVP-based 

regimen 

PI-based regimen Other 

regimen 

Total 

ALT 

³ 120 IU/L 

362 (155 – 911) 184 (58 – 529) 1 024 (304 – 1 515) 330 (65 – 934) 363 (152 – 931) 

ALT 

³ 200 IU/L 

276 (110 – 770) 174 (44 – 368) 970 (358 – 1 449) 129 (65 – 698) 283 (101 – 794) 

Hospital 

admissions 

with an 

ALT  ³ 120 

IU/L 

225 (51 – 495) 133 (40 – 196) 1 067 (133 – 1 412) 135 (1 – 868) 214 (51 – 542) 

Hospital 

admissions 

with an 

ALT  ³ 200 

IU/L 

216 (59 – 479) 163 (118 – 214) 1 067 (148 – 1 412) 135 (1 – 868) 214 (73 – 479) 
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Table 4. Associations between liver injury as defined by ALT ³ 120 IU/L, and hospital 
admissions with a liver injury as defined by ALT ³ 120 IU/L and risk factors.  

Abbreviations: ALT – alanine transferase. NVP – nevirapine. EFV – efavirenz. PI – protease inhibitors. ART – antiretroviral 
therapy. TB – tuberculosis. Reference variables – female and PI.  

Variable Univariate analysis Multivariate analysis 
HR (95% CI) p-value HR (95% CI) p-value

ALT ³ 120 IU/L 
     Age (per 10 year increase) 
     Male 
     Female  
     NVP-based regimen 
     EFV-based regimen 
     PI-based regimen   
     Other regimen 
     CD4 (per 50 cells/mm3 increase) 
     logVL (per 1 log increase) 
     Alcohol-induced pathology 
     Anti-TB drug exposure     

Hospital admissions with an 
ALT ³ 120 IU/L      
     Age (per 10 year increase) 
     Male 
     Female 
     NVP-based regimen 
     EFV-based regimen 
     PI-based regimen   
     Other regimen 
     CD4 (per 50 cells/mm3 increase) 
     logVL (per 1 log increase) 
     Alcohol-induced pathology      
     Anti-TB drug exposure 

1.05 (0.99 – 1.10) 
1.13 (1.04 – 1.24) 
1.00 (reference) 
1.65 (1.34 – 2.04) 
1.07 (0.93 – 1.23) 
1.00 (reference) 
1.17 (0.84 – 1.65) 
0.98 (0.97 – 0.99) 
1.03 (1.00 – 1.05) 
1.01 (0.83 – 1.24) 
16.25 (12.97- 20.40) 

1.09 (0.88 – 1.35) 
0.96 (0.68 – 1.35) 
1.00 (reference) 
1.72 (0.84 – 3.55) 
1.08 (0.66 – 1.76) 
1.00 (reference) 
1.61 (0.51 – 5.09) 
0.98 (0.95 – 1.01) 
1.01 (0.92 – 1.11) 
0.56 (0.26 – 1.21) 
6.18 (3.16 – 12.07) 

0.098 
0.006 

<0.001 
0.354 

0.353 
<0.001 
0.093 
0.893 
<0.001 

0.427 
0.827 

0.140 
0.766 

0.415 
0.140 
0.785 
0.140 
<0.001 

1.06 (1.00 – 1.12) 
1.12 (1.02 – 1.23) 
1.00 (reference) 
2.74 (2.04 – 3.69) 
1.63 (1.31 – 2.02) 
1.00 (reference) 
1.96 (1.32 – 2.91) 
0.99 (0.98 – 1.00) 
1.00 (0.97 – 1.03) 
1.10 (0.90 – 1.35) 
15.29 (12.14 – 19.27) 

1.20 (0.94 – 1.52) 
0.94 (0.63 – 1.40) 
1.00 (reference) 
3.48 (1.24 – 9.73) 
1.50 (0.70 – 3.20) 
1.00 (reference) 
3.30 (0.82 – 13.26) 
0.98 (0.94 – 1.02) 
1.00 (0.87 – 1.14) 
0.63 (0.28 – 1.39) 
6.27 (3.11 – 12.64) 

0.035 
0.017 

<0.001 
<0.001 

0.001 
0.014 
0.896 
0.347 
<0.001 

0.144 
0.746 

0.017 
0.299 

0.093 
0.403 
0.973 
0.253 
<0.001 
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Figure 1. Kaplan-Meier cumulative incidence plot for time to first ALT³120 IU/L since ART 

initiation

Abbreviations: ART – antiretroviral therapy. PLHIV – people living with HIV.

Predictors of liver injury  

Anti-TB drug exposure had the strongest association with all liver injury outcomes, in 

univariate and multivariate analyses (Table 4, Supplementary Table 8). Using an efavirenz-

based regimen and increasing age was significantly associated with ALT ³120 IU/L in 

multivariate analyses, whereas being male and being on a nevirapine-based regimen was 

significantly associated in both univariate and multivariate analyses with liver injury with ALT 

³120 IU/L. As CD4 count increased, the risk for ALT³120 IU/L decreased in both univariate 

and multivariate analyses. Being on a nevirapine-based regimen was associated with severe 

liver injury (ALT ³200 IU/L) in both univariate and multivariate analyses, as well as for 

hospitalizations for liver injury with ALT³120 IU/L in multivariate analyses. Efavirenz was 

significantly associated with liver injury as defined by ALT ³200 IU/L in multivariate analyses. 

An increase in CD4 count was associated with decreased risk of ALT ³200 IU/L in both 

univariate and multivariate analyses.



4. Discussion

This study aimed to estimate the burden and severity of liver injury in PLHIV on ART, in a 

large South African private sector cohort comprised of medical scheme beneficiaries. We 

estimated the incidence of liver injury as defined by ALT ³120 IU/L and ALT ³200 IU/L as 0.93 

and 0.38 per 100-person years respectively. The incidence of hospitalizations due to liver 

injury as defined by ALT³120 IU/L and  ALT³200 IU/L was 0.06 and 0.04 per 100 person-

years respectively. The use of anti-TB drugs was strongly associated with developing liver 

injury and associated hospitalizations, followed by use of a nevirapine- or efavirenz-based 

regimen showing strong associations as well.  

The incidence of liver injury in our study was significantly lower than the incidence reported 

in South Africa before universal ART implementation, in relatively small cohorts, where 0.26 

– 17% of PLHIV on ART developed DILI as defined by ALT ³200 IU/L (4–6). Previous studies

done in Uganda and Ethiopia have also shown higher incidences of liver injury than in our

study, with 4-15% of PLHIV developing grade 1-4 ALT elevations (Grade 1 (mild): 1.25-<2 x

upper limit of normal (ULN), Grade 2 (moderate): 2.5 – 5.0 x ULN, Grade 3 (severe): 5.0 –

10.0 x ULN, Grade 4 (potentially life threatening): ³ 10.0 ULN) (51–53) . Those on concurrent

TB-ART therapy were 10-16 fold more likely to develop grade 1-4 ALT elevations (51,52).

Importantly, however, our study spans the first two years of universal ART implementation 

in South Africa. PLHIV in studies prior to 2015 generally had median CD4 counts of £200 

cells/mm3, where one study showed 17.6% of its cohort had CD4<50 cells/mm3 (49,50). In 

contrast, PLHIV in our study had a median baseline CD4 count of 334 cells/mm3 (95% 

confidence intervals: 193 – 510) which may help explain our lower incidence of liver injury. 

Unlike some previous studies, we found higher CD4 at ART initiation to be associated with a 

lower risk of liver injury. PLHIV in our study may have been on regimens that are less 

hepatotoxic after 2015, when compared to those prior ie efavirenz became recommended 

over nevirapine. Additionally we found that those on nevirapine had a shorter median time 
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to developing liver injury compared to those on efavirenz, a similar finding in the above 

studies (51,52).  

Previous hospital surveys have shown that, up to half of ADR-related admissions can be 

attributed to being on ART or anti-TB drugs (2,33–35). Our work is novel because it 

estimated the incidence of liver injury-related hospitalizations, in a unique cohort of PLHIV 

that had accurate ICD10 data available. This allowed us to better understand the burden of 

liver injury in the study cohort, and understand its severity through estimating the incidence 

of resulting hospitalizations.  

We found that exposure to anti-TB drugs was the strongest predictor for developing liver 

injury, and being hospitalized with liver injury. This finding is not surprising given the known 

hepatotoxic potential of first-line anti-TB drugs (12,13). DILI can complicate TB therapy in 5-

33% of all patients, affecting 9-30% of PLHIV in South Africa on ART (13). Other countries 

such as China, Brazil, Ethiopia and Cameroon have shown similar results (24,26,48,49,54). 

HIV/TB co-infection, and therefore risk of ART- and anti-TB DILI, is likely to remain a 

significant health burden in our setting, especially if we do not prioritize identifying and 

investigating safer anti-TB regimens. 

As shown previously, use of nevirapine and efavirenz were also associated with an increased 

risk of developing liver injury. We were unfortunately unable to assess the risk of 

dolutegravir on developing liver injury due to limited data in our dataset. Being male was 

associated with an increased risk of liver injury (ALT³120 IU/L: HR 1.13 (95% CI: 1.04-1.24) 

and ALT³200 IU/L: HR 1.14 (0.99-1.30)), however sex was not statistically significantly 

associated with hospitalisations associated with liver injury (ALT³120 IU/L: HR 0.96 (0.68-

1.35) and ALT³200 IU/L: HR 0.92 (0.61-1.39)). This may be due to the small event rate of 

hospitalisations that occur in our study, however this would need to be further evaluated in 

future studies. 

This work has several limitations. We aimed to include PLHIV who were antiretroviral-naïve 

at the time of first recorded ART initiation within the AfA program. However, previous 

antiretroviral use may not have been recorded in the database, so it is possible that we were 
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unable to identify accurately people who were receiving ART for the first time. We excluded 

those whose viral load was suppressed at the time of first documented ART initiation, as we 

assumed this indicated previous ART exposure. Additionally, data regarding some previously 

identified potential risk factors were not available in the database, namely co-infection with 

viral hepatitis, and treatment with cotrimoxazole; however it is estimated that <1% of the 

South African population has chronic HCV, and there is a 6.7% of HBV surface antigen 

seroprevalence in the South African population, which is rather low (55,56). We did not 

assess the effect of dolutegravir on liver injury, as the dataset used originated prior to formal 

rollout of dolutegravir in South Africa. Additionally, no data were available on alcohol use, as 

it was not captured in the database. We were only able to describe alcohol-induced 

pathology, that resulted in hospital admissions; for this reason we may have underestimated 

alcohol-induced pathology, as some alcohol-related pathology might not have resulted in 

admissions. Owing to the fact that we only used data collected via private healthcare 

interfaces, we may have underestimated exposure to anti-TB drugs as some TB diagnoses 

and/or medication prescriptions may have occurred through the public sector programs 

(and thus were not captured in our database). Lastly, the participants in this study were 

medically-insured private sector patients. These results may thus not be generalizable to the 

greater South African population of PLHIV due to potential differences in baseline 

characteristics, socioeconomic status, and other potential risk factors. 

Despite these limitations, this study has bridged a gap in the literature with regards to the 

incidence of liver injury-related hospitalizations in PLHIV in South Africa, a setting with a high 

burden of HIV/TB co-infection. As a result, our study has contributed to understanding the 

burden of and risk factors for liver injury in our setting. Future studies could estimate the 

incidence and risk factors for liver injury associated with newer regimens such as 

dolutegravir, as well as be conducted in large cohorts in our public sector to be more 

generalizable to our population.  
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5. Conclusion

In our study, three findings are of particular note: there is a generally lower incidence of liver 

injury in this large cohort compared to previous studies conducted prior to universal ART 

implementation when nevirapine was still widely used; only a small proportion of liver 

injuries resulted in hospitalizations; and, finally, there is a significant association between 

liver injury and hospitalizations in PLHIV with anti-TB drug exposure. Our study thus 

demonstrates the urgent need for safer TB drugs, especially for PLHIV on ART. 
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1. Supplementary Table 1. Characteristics of 92 757 ART-naïve PLHIV from the
AfA cohort at ART initiation, according to whether or not they experienced
liver injury as defined by ALT ³200 IU/L

Abbreviations: EFV – efavirenz. NVP – nevirapine.  PI – protease inhibitors. ART – antiretroviral therapy. 
Variables: Age, CD4 count and viral load have all been described as medians and interquartile ranges in 
brackets. Sex, ART regimen, alcohol use since ART initiation, and antituberculosis drug exposure since ART 
initiation have been described with frequencies (%). 

Severe liver injury 
n=875 

No severe liver injury      
n=91 882 

Total 
n=92 757 

Age 
   (years) 38.12 (33.02 – 44.49) 38.38 (32.80 – 45.30) 38.38 (32.80 – 45.29) 
Sex 

     Male 
     Female 

497 (56.80) 
378 (43.20) 

38 938 (42.38) 
52 944 (57.62) 

39 435 (42.51) 
53 322 (57.49) 

ART regimen 
    EFV 
    NVP 
    PI 
    Other regimen 

763 (87.20) 
46 (5.26) 
46 (5.26) 
20 (2.29) 

81 401 (88.59) 
4 028 (4.38) 
4 353 (4.74) 
2 100 (2.29) 

82 164 (88.58) 
4 074 (4.39) 
4 399 (4.74) 
2 120 (2.29) 

CD4 count 

     (cells/mm3) 323 (151 – 508) 334 (194 – 510) 334 (193– 510) 
Viral load (log10) 

     (copies/mL) 1.60 (1.60 – 3.80) 1.70 (1.60 – 4.28) 1.70 (1.60 – 4.28) 
Alcohol-induced 

pathology 50 (5.71) 1 315 (1.43) 1 365 (1.47) 
Antituberculosis 

drug exposure 118 (13.49) 3 961 (4.31) 4 079 (4.40) 
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2. Supplementary Table 2. Characteristics of 92 757 ART-naïve PLHIV from the
AfA cohort at ART initiation, according to whether or not they experienced
hospitalizations due to liver injury as defined by ALT ³120 IU/L

Abbreviations: EFV – efavirenz. NVP – nevirapine.  PI – protease inhibitors. ART – antiretroviral therapy. 
Variables: Age, CD4 count and viral load have all been described as medians and interquartile ranges in 
brackets. Sex, ART regimen, alcohol use since ART initiation, and antituberculosis drug exposure since ART 
initiation have been described with frequencies (%). 

Hospitalization with 
liver injury 
n=145 

Hospitalization with 
no liver injury        
n=92 612 

Total 

n=92 757 
Age 
   (years) 40.28 (35.13 – 46.81) 38.37 (32.80 – 45.29) 38.37 (32.80 – 45.29) 
Sex 

     Male 
     Female 

72 (49.66) 
73 (50.34) 

39 363 (42.50) 
53 249 (57.50) 

39 435 (42.51) 
53 322 (57.49) 

ART regimen 
    EFV 
    NVP 
    PI 
    Other regimen 

125 (86.21) 
8 (5.52) 
9 (6.21) 
3 (2.07) 

82 039 (88.58) 
4 066 (4.39) 
4 390 (4.74) 
2 117 (2.29) 

82 164 (88.58) 
4 074 (4.39) 
4 399 (4.74) 
2 120 (2.29) 

CD4 count 

     (cells/mm3) 259 (98 – 460) 334 (194 – 510) 334 (193 – 510) 
Viral load (log10) 

     (copies/mL) 1.70 (1.60 – 4.76) 1.70 (1.60 – 4.28) 1.70 (1.60 – 4.28) 
Alcohol-induced 

pathology 7 (4.83) 1 358 (1.47) 1 365 (1.47) 
Antituberculosis 

drug exposure 30 (20.69) 4 049 (4.37) 4 079 (4.40) 



Page | 69 

3. Supplementary Table 3. Characteristics of 92 757 ART-naïve PLHIV from the
AfA cohort at ART initiation, according to whether or not they experienced
hospitalizations due to liver injury as defined by ALT ³200 IU/L

Abbreviations: EFV – efavirenz. NVP – nevirapine.  PI – protease inhibitors. ART – antiretroviral therapy. 
Variables: Age, CD4 count and viral load have all been described as medians and interquartile ranges in 
brackets. Sex, ART regimen, alcohol use since ART initiation, and antituberculosis drug exposure since ART 
initiation have been described with frequencies (%). 

Hospitalisation with 
severe Liver injury         
n=101 

Hospitalisation with 
no severe liver injury 
n=92 656 

Total 

n=92 757 
Age 
   (years) 39.73 (33.44 – 47.61) 38.37 (32.80 – 45.29) 38.37 (32.80 – 45.29) 
Sex 

     Male 
     Female 

49 (48.51) 
52 (51.49) 

39 386 (42.51) 
53 270 (57.49) 

39 435 (42.51) 
53 322 (57.49) 

ART regimen 
    EFV 
    NVP 
    PI 
    Other regimen 

87 (86.14) 
6 (5.94) 
5 (4.95) 
3 (2.97) 

82 077 (88.58) 
4 068 (4.39) 
4 394 (4.74) 
2 117 (2.28) 

82 164 (88.58) 
4 074 (4.39) 
4 399 (4.74) 
2 120 (2.29) 

CD4 count 

     (cells/mm3) 287 (126 – 471) 334 (193 – 510) 334 (193 – 510) 
Viral load (log10) 

     (copies/mL) 1.68 (1.60 – 4.64) 1.70 (1.60 – 4.28) 1.70 (1.60 – 4.28) 
Alcohol-induced 

pathology 5 (4.95) 1 360 (1.47) 1 365 (1.47) 
Antituberculosis 

drug exposure 23 (22.77) 4 056 (4.38) 4 079 (4.40) 
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4. Supplementary Table 4. ICD10 codes used to define acute liver-injury related
hospital admissions (72,73)

1 Frequency refers to the number of ICD10 codes related to liver injury recorded in the database, not the 

number of PLHIV who were hospitalized with the specified ICD10 codes 

Diagnoses and clinical signs with associated elevated ALT ICD10 Code Frequency1 
N=1 779 

Acute and subacute hepatic failure 
Central haemorrhagic necrosis of liver 
Granulomatous hepatitis, not elsewhere (74) 
Hepatic failure, unspecified with/without coma 
Hepatomegaly with splenomegaly, not elsewhere classified  
Hepatomegaly, not elsewhere classified 
Hepatorenal syndrome 
Inflammatory liver disease, unspecified 
Liver disease, unspecified 
Liver transplant status 
Nonspecific reactive hepatitis 
Nonspecific elevation of transaminase and lactic acid dehydrogenase 
Other specified diseases of liver 
Other specified inflammatory liver diseases 
Toxic liver disease 
Toxic liver disease with acute hepatitis 
Toxic liver disease with cholestasis 
Toxic liver disease with fibrosis and cirrhosis of liver 
Toxic liver disease with hepatic necrosis 
Toxic liver disease with hepatitis, not elsewhere classified 
Toxic liver disease with other disorders of liver 
Toxic liver disease, unspecified 
Unspecified jaundice, excludes neonatal 

K72.0 
K76.2 
K75.3 
K72.90/91 
R16.2 
R16.0 
K76.7  
K75.9 
K76.9 
Z94.4 
K75.2  
R74.0  
K76.8 
K75.8 
K71  
K71.2  
K71.0 
K71.7 
K71.1 
K71.6 
K71.8  
K71.9 
R17 

87 
0 
10 
241 
38 
127 
7 
395 
295 
0 
10 
0 
110 
33 
0 
57 
12 
0 
39 
47 
11 
48 
212 
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5. Supplementary Table 5. Anti-tuberculosis drug exposure

2 Frequency refers to the number of ICD10 codes related to admissions with alcohol-induced pathology 
recorded in the database, not the number of PLHIV who were hospitalized with the specified ICD10 codes 

6. Supplementary Table 6. Anti-tuberculosis drug exposure

3 Frequency refers to the number of drug claims recorded in the database, not the number of PLHIV who 
received the drug 

Diagnoses  ICD10 Code Frequency2 
N=1 369 

Acute pancreatitis 
Possible alcohol related pathology  
Alcohol-induced chronic pancreatitis  
Alcoholic cardiomyopathy 
Alcoholic gastritis 
Alcoholic liver disease (including fatty liver, fibrosis, hepatitis, cirrhosis) 
Alcoholic myopathy 
Alcoholic polyneuropathy 
Degeneration of the nervous system due to alcohol eg cerebellar ataxia 
Hospitalisation for alcoholic rehabilitation  
Mental and behavioural disorders due to alcohol use 

K70.1 
K85.9 
K86.0 
I42.6 
K29.2 
K70.0, K70.4, K70.9 
G72.1 
G62.1 
G31.2 
Z50.2 
F10.0 – F10.9 

9 
530 
3 
3 
13 
9 
0 
0 
2 
18 
782 

Active drugs Frequency3 
N = 11 809 

Rifampicin, Isoniazid, Ethambutol, Pyrazinamide 
Isoniazid 
Rifampicin, Isoniazid 
Rifampicin 

9 909 
60  
1 669 
171 



Page | 72 

7. Supplementary Table 7. ICD10 codes used to define alcohol-induced pathology

1 Frequency refers to the number of ICD10 codes related to liver injury recorded in the database, not the 

number of PLHIV who were hospitalized with the specified ICD10 codes 

Diagnoses and clinical signs with associated elevated ALT ICD10 Code Frequency1 
N=1 779 

Acute and subacute hepatic failure 
Central haemorrhagic necrosis of liver 
Granulomatous hepatitis, not elsewhere (74) 
Hepatic failure, unspecified with/without coma 
Hepatomegaly with splenomegaly, not elsewhere classified  
Hepatomegaly, not elsewhere classified 
Hepatorenal syndrome 
Inflammatory liver disease, unspecified 
Liver disease, unspecified 
Liver transplant status 
Nonspecific reactive hepatitis 
Nonspecific elevation of transaminase and lactic acid dehydrogenase 
Other specified diseases of liver 
Other specified inflammatory liver diseases 
Toxic liver disease 
Toxic liver disease with acute hepatitis 
Toxic liver disease with cholestasis 
Toxic liver disease with fibrosis and cirrhosis of liver 
Toxic liver disease with hepatic necrosis 
Toxic liver disease with hepatitis, not elsewhere classified 
Toxic liver disease with other disorders of liver 
Toxic liver disease, unspecified 
Unspecified jaundice, excludes neonatal 

K72.0 
K76.2 
K75.3 
K72.90/91 
R16.2 
R16.0 
K76.7  
K75.9 
K76.9 
Z94.4 
K75.2  
R74.0  
K76.8 
K75.8 
K71  
K71.2  
K71.0 
K71.7 
K71.1 
K71.6 
K71.8  
K71.9 
R17 

87 
0 
10 
241 
38 
127 
7 
395 
295 
0 
10 
0 
110 
33 
0 
57 
12 
0 
39 
47 
11 
48 
212 
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8. Supplementary Table 8. ICD10 codes used to define tuberculosis-related hospital admissions

Diagnoses  ICD10 Code Frequency4 
N = 21 620 

Acute miliary tuberculosis of a single specified site 
Acute miliary tuberculosis of multiple sites 
Acute miliary tuberculosis, unspecified 
Chylous effusion 
Meningeal tuberculoma 
Miliary tuberculosis, unspecified 
Other miliary tuberculosis 
Other respiratory tuberculosis, confirmed bacteriologically and histologically 
Respiratory tuberculosis unspecified, without mention of bacteriological, molecular or histological confirmation 
Other tuberculosis of nervous system 
Tuberculous pleurisy, without mention of bacteriological or histological confirmation 
Primary respiratory tuberculosis, confirmed bacteriologically and histologically 
Respiratory tuberculosis unspecified, confirmed bacteriologically and histologically 
Respiratory tuberculosis unspecified, without mention of bacteriological or histological confirmation 
Tuberculosis complicating pregnancy, childbirth and the puerperium 
Tuberculosis of adrenal glands 
Tuberculosis of bones and joints 
Tuberculosis of ear 
Tuberculosis of eye 
Tuberculosis of genitourinary system 
Tuberculosis of intestines, peritoneum and mesenteric glands 
Tuberculosis of intrathoracic lymph nodes, without mention of bacteriological, molecular or histological confirmation 
Tuberculosis of intrathoracic lymph nodes, confirmed bacteriologically and histologically 
Tuberculosis of larynx, trachea and bronchus, confirmed bacteriologically and histologically 
Tuberculosis of larynx, trachea and bronchus, without mention of bacteriological or histological confirmation 
Tuberculosis of lung, confirmed by sputum microscopy with or without culture 
Tuberculosis of lung, bacteriological, molecular and histological examination not done 
Tuberculosis of lung, bacteriologically and histologically negative 
Tuberculosis of lung, confirmed by culture only  
Tuberculosis of lung, confirmed by unspecified means  
Tuberculosis of lung, confirmed histologically  

A19.0 
A19.1 
A19.9 
J94.0 
A17.1 
A19.9 
A19.8 
A15.8 
A16.9 
A17.89 
A16.5 
A15.7 
A15.9 
A16.9 
O98.0 
A18.7 
A18.0 
A18.6 
A18.5 
A18.1 
A18.3 
A16.3  
A15.4 
A15.5 
A16.4 
A15.0 
A16.1 
A16.0 
A15.1 
A15.3 
A15.2 

33 
64 
122 
8 
23 
783 
84 
206 
298 
176 
166 
288 
999 
3 567 
38 
11 
612 
2 
8 
89 
1 147 
112 
66 
12 
22 
1 591 
119 
129 
184 
2 076 
582 
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4 Frequency refers to the number of ICD10 codes related to tuberculosis-related hospitalisations recorded in the database, not the number of PLHIV who were hospitalized 

with the specified ICD10 codes 

Tuberculosis of lung, without mention of bacteriological, molecular or histological confirmation 
Tuberculosis of nervous system 
Tuberculosis of nervous system, unspecified 
Tuberculosis of other organs 
Tuberculosis of other specified organs 
Tuberculosis of skin and subcutaneous tissue 
Tuberculous disorders of intestines, peritoneum and mesenteric glands 
Tuberculous meningitis 
Tuberculous peripheral lymphadenopathy 
Tuberculous pleurisy, confirmed bacteriologically and histologically 
Tuberculous pleurisy, without mention of bacteriological or histological confirmation 

A16.2 
A17+ 
A17.9+ 
A18 
A18.8 
A18.4 
K93.0* 
A17.0+ 
A18.2 
A15.6 
A16.5 

5 314 
2 
70 
3 
359 
32 
478 
968 
517 
70 
194 
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9. Supplementary Table 9. Univariate and multivariate Cox proportional regression
analysis to show the risk factors for developing liver injury as defined by ALT ³ 200
IU/L, and hospital admissions with a liver injury  as defined by ALT ³ 200 IU/L . HR =
hazard ratio.

Abbreviations: ALT – alanine transferase. NVP – nevirapine. EFV – efavirenz. PI – protease inhibitors. ART – antiretroviral 
therapy. Reference variables – female and PI.

Variable Univariate analysis Multivariate analysis 
HR (95% CI) p-value HR (95% CI) p-value

ALT ³ 200 IU/L 
     Age (per 10yr increase) 
     Male 
     Female   
     NVP-based regimen 
     EFV-based regimen 
     PI-based regimen 
     Other regimen 
     CD4 (per 50 cells/mm3 increase) 
     logVL (per 1 log increase) 
     Alcohol use 
     Antituberculosis drug exposure 

Hospital admissions with an ALT ³ 
200 IU/L 
     Age (per 10yr increase) 
     Male 
     Female 
     NVP-based regimen 
     EFV-based regimen 
     PI-based regimen 
     Other regimen 
     CD4 (per 50 cells/mm3 increase) 
     logVL (per 1 log increase) 
     Alcohol use 
     Antituberculosis drug exposure 

0.98 (0.91 – 1.07) 
1.14 (0.99 – 1.30) 
1.00 (reference) 
1.72 (1.27 – 2.32) 
1.10 (0.90 – 1.35) 
1.00 (reference) 
1.29 (0.82 – 2.04) 
0.97 (0.96 – 0.99) 
1.07 (1.02 – 1.12) 
0.96 (0.72 – 1.29) 
13.55 (10.09 – 18.20) 

1.15 (0.90 – 1.46) 
0.92 (0.61 – 1.39) 
1.00 (reference) 
1.31 (0.57 – 3.01) 
1.22 (0.68 – 2.21) 
1.00 (reference) 
1.58 (0.50 – 5.03) 
0.96 (0.93 – 1.00) 
1.02 (0.91 - 1.15) 
0.77 (0.31 – 1.90) 
6.12 (2.90 – 12.91) 

0.686 
0.065 

<0.001 
0.336 

0.268 
<0.001 
0.003 
0.799 
<0.001 

0.262 
0.704 

0.528 
0.505 

0.437 
0.065 
0.696 
0.568 
<0.001 

1.00 (0.92 – 1.09) 
1.12 (0.97 – 1.29) 
1.00 (reference) 
3.01 (1.97 – 4.61) 
1.74 (1.28 – 2.37) 
1.00 (reference) 
2.39 (1.38 – 4.13) 
0.98 (0.97 – 1.00) 
1.02 (0.97 – 1.07) 
1.07 (0.79 – 1.44) 
12.63 (9.31 – 17.12) 

1.24 (0.94 – 1.63) 
0.95 (0.57 – 1.57) 
1.00 (reference) 
3.56 (0.93 – 13.65) 
1.97 (0.69 – 5.58) 
1.00 (reference) 
4.47 (0.95 – 21.07) 
0.97 (0.92 – 1.02) 
0.99 (0.84 – 1.17) 
0.82 (0.32 – 2.10) 
5.68 (2.58 – 12.48) 

0.973 
0.127 

<0.001 
<0.001 

0.002 
0.047 
0.469 
0.668 
<0.001 

0.121 
0.840 

0.064 
0.204 

0.059 
0.243 
0.937 
0.674 
<0.001 
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A. Letter of Approval from Human Research Ethics 
Committee 
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B. Letter of Renewal from Human Research Ethics
Committee – approved till 30th December 2022
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C. Letter of Approval from Human Research Ethics
Committee – approval till 30th December 2024



Page | 80 

D. Letter of Approval from Human Research Ethics
Committee for AfA data collection (renewed
annually)
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E. Instructions for Authors from
Pharmacoepidemiology and Drug Safety

1. Submission
Equality, Diversity and Inclusivity Policy

Pharmacoepidemiology and Drug Safety  is committed to fostering inclusive science that reflects 
the disciplinary, human, and geographic diversity of our field and community. Submissions are 
welcomed from researchers of all ethnicities, races, colours, religions, sexes, sexual orientations, 
gender identities, national origins, disabilities, ages, and other individual status. 
New submissions should be made via  submission.wiley.com/journal/PDS. For technical help 
with the submission system, please review our FAQs or contact submissionhelp@wiley.com. 
This journal does not charge submission fees or page charges. 
Article Preparation Support

Wiley Editing Services offers expert help with English Language Editing, as well as translation, 
manuscript formatting, figure illustration, figure formatting and graphical abstract design – so 
you can submit your manuscript with confidence. 
Also, check out our resources for Preparing Your Article for general guidance about writing and 
preparing your manuscript. 
Free format submission

Pharmacoepidemiology and Drug Safety now offers free format submission for a simplified and 
streamlined submission process. 
Before you submit, you will need: 

• Your manuscript: this can be a single file including text, figures, and tables, or separate
files—whichever you prefer. All required sections should be contained in your
manuscript, including abstract, introduction, methods, results, and conclusions. Figures
and tables should have legends. References may be submitted in any style or format, as
long as it is consistent throughout the manuscript. If the manuscript, figures or tables are
difficult for you to read, they will also be difficult for the editors and reviewers. If your
manuscript is difficult to read, the editorial office may send it back to you for revision.

• The title page of the manuscript, including statements relating to our ethics and integrity
policies (see information on these policies below in Section 1):

• funding statement
• conflict of interest disclosure (see below)
• ethics approval statement
• patient consent statement
• permission to reproduce material from other sources
• Your co-author details, including affiliation and email address.
• An ORCID ID, freely available at https://orcid.org.

If you are invited to revise your manuscript after peer review, the journal will also request the 
revised manuscript to be formatted according to journal requirements as described below. 
Preprint policy

Pharmacoepidemiology & Drug Safety accepts articles previously published on preprint servers. 
The journal will consider for review articles previously available as preprints; the author must 
have retained copyright. You may also post the submitted version of a manuscript to a preprint 
server at any time. You are requested to update any pre-publication versions with a link to the 
final published article. 
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Please find the Wiley preprint policy here. 
Conflict of interest disclosure

This applies for all manuscripts and for all authors. 
Authors must use the Pharmacoepidemiology and Drug Safety COI form – found here – upon initial 
submission. The corresponding/submitting author must collate all conflicts of interest for each 
author into one document and submit this on behalf of all authors.’ 
Open Access

PDS is a subscription journal that offers open access. You'll have the option to choose to make 
your article open access after acceptance, which will be subject to an APC. You can read more 
about APCs and whether you may be eligible for waivers or discounts, though your institution, 
funder, or country waiver. 
Data Sharing and Data Availability

This journal encourages data sharing. Review Wiley’s Data Sharing policy where you will be able 
to see and select the data availability statement that is right for your submission. 
Data Citation

Please review Wiley’s Data Citation policy. 
Funding

You should list all funding sources in the Acknowledgements section. You are responsible for the 
accuracy of their funder designation. If in doubt, please check the Open Funder Registry for the 
correct nomenclature. 
Authorship

The list of authors should accurately illustrate who contributed to the work and how. All those 
listed as authors should qualify for authorship according to the following criteria: 

• Have made substantial contributions to conception and design, or acquisition of data, or
analysis and interpretation of data;

• Been involved in drafting the manuscript or revising it critically for important intellectual
content;

• Given final approval of the version to be published. Each author should have participated
sufficiently in the work to take public responsibility for appropriate portions of the
content; and

• 4) Agreed to be accountable for all aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are appropriately investigated and
resolved.

Contributions from anyone who does not meet the criteria for authorship should be listed, with 
permission from the contributor, in an Acknowledgments section (for example, to recognize 
contributions from people who provided technical help, collation of data, writing assistance, 
acquisition of funding, or a department chairperson who provided general support). Prior to 
submitting the article all authors should agree on the order in which their names will be listed in 
the manuscript. 
ORCID

This journal requires ORCID. Please refer to Wiley’s resources on ORCID. 
Reproduction of Copyright Material

If excerpts from copyrighted works owned by third parties are included, credit must be shown in 
the contribution. It is your responsibility to also obtain written permission for reproduction from 
the copyright owners. For more information visit Wiley’s Copyright Terms & Conditions FAQ. 
The corresponding author is responsible for obtaining written permission to reproduce the 
material "in print and other media" from the publisher of the original source, and for supplying 
Wiley with that permission upon submission. 
Main Text File
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The main text file should be in Word and include the following: 

• A short informative title containing the major key words. The title should not contain
abbreviations (see Wiley's best practice SEO tips);

• A short running title of less than 50 characters;
• The full names of the authors with institutional affiliations where the work was

conducted, with a footnote for the author’s present address if different from where the
work was conducted;

• A statement about prior postings and presentations, name(s) of any sponsor(s) of the
research contained in the paper, along with grant number(s);

• Abstract structured (Purpose/Methods/Results/Conclusions)
• Up to seven keywords;
• Five key points (up to five bullet points, of around 100 words only, explaining the

importance of the paper’s findings. These points will be published with article in a box
entitled ‘Key Points’

• The Plain Language Summary (PLS) should convey the same information as the Abstract
for a lay audience. It should summarize your scientific study, its results, and their broader
relevance without using jargon so that it is understandable by scientists from outside of
your discipline, as well as science journalists and science educators. The PLS should be a
single paragraph no more than 200 words long

• Main body: formatted as Introduction, Methods, Results, Discussion,
• Ethics Statement
• Acknowledgements (Contributions from anyone who does not meet the criteria for

authorship should be listed, with permission from the contributor; financial and material
support should also be mentioned. Thanks to anonymous reviewers are not appropriate);

• References;
• Tables (each table complete with title and footnotes);
• Figures: legends must be added beneath each individual image during upload AND as a

complete list in the text.

Reference Style

This journal uses AMA reference style. Review your reference style guidelines prior to 
submission. 
Figures and Supporting Information

Figures, supporting information, and appendices should be supplied as separate files. You should 
review the basic figure requirements for manuscripts for peer review, as well as the more 
detailed post-acceptance figure requirements. View Wiley’s FAQs on supporting information. 
Graphical Abstracts

Pharmacoepidemiology & Drug Safety offers authors the option to submit a graphical abstract at 
either original submission or revision. 
Graphical Abstracts must include the article title, the authors' names (with the corresponding 
author indicated by an asterisk), no more than 80 words or 3 sentences of 
text summarizing the key findings presented in the paper and a figure that best represents the 
scope of the paper. 
Graphical Abstracts should be submitted to ScholarOne using the file designation ‘Graphical 
Abstract’. 
The image supplied should fit within the dimensions of 50mm x 60mm and be fully legible at this 
size 
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2. Article Types

Article Type Description Word Limit Abstract / Structure Other Requirements

Original Articles Reports of new research 
findings or conceptual 
analyses that make a 
significant contribution to 
knowledge 

3,000 limit (excluding 
abstract, tables, figures, 
and references), 
Structure: Purpose, 
Methods, Results, and 
Conclusions 

Yes, structured, no more 
than 250 words 

Five Key Points 
Plain Language Summary 
Ethics / IRB Statement 
Conflicts of Interest 
Statement 

Commentaries Commentaries are 
evidence-based opinion 
pieces that cover a variety 
of topics of current 
interest in 
pharmacoepidemiology 
and pharmacovigilance, 
and the intersection 
between these disciplines 
and society. 

1,500 limit (commissioned 
and submitted); no more 
than 15 references 

No abstract Five Key Points 

Review Articles Critical reviews of the 
literature, including 
systematic reviews and 
meta-analyses. Hot topics, 
controversies, and 
pharmacoepidemiologic 
methods are welcome. 

3,000 limit (excluding 
abstract, figures, tables 
and references); no more 
than 150 references 

Yes, unstructured Five Key Points 

Brief Reports
Preliminary findings of 
research in progress or a 
case report of particular 
interest 

1,500 limit, Structure: 
Purpose, Methods, 
Results, and Conclusions; 
No more than 1 table, 1 
figure, 15 references. In 

Yes, structured (Purpose, 
Methods, Results, 
Conclusions 

Five Key Points 
Ethics / IRB Statement 
Conflicts of Interest 
Statement 
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highly unusual situations, 
case reports 
(Pharmacoepidemiol Drug 
Saf 2007; 16 :473), will be 
considered for publication 
as Brief Reports 

Letters to the Editor May be in response to 
issues arising from 
recently published 
articles, or short, free-
standing opinion pieces. 

1,000 limit, unstructured No abstract 

Real-World Data Sources for 

Pharmacoepidemiologic Research 
Dedicated to describing 
available real-world data 
sources for 
pharmacoepidemiologic 
studies. See “Profiling 
Real-World Data Sources 
for 
Pharmacoepidemiologic 
Research: A Call for 
Papers” for more 
information. 

3000 limit (excluding 
abstract, tables, figures, 
and references); 
unstructured. 

Yes, unstructured, no 
more than 250 words 

Five Key Points 
See FAQs here for the 
core contents to cover. 
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If you are submitting to the Core Concepts in Pharmacoepidemiology Review Series, please 
make sure to select the “Core Concepts in Pharmacoepidemiology Review Series” 
manuscript type when submitting in ReX. 
All manuscript types are subject to peer review. Reviews of books and other media may be 
submitted only at the invitation of the Editors. However, suggestions are welcome. 
All manuscript types are subject to peer review. Reviews of books and other media may be 
submitted only at the invitation of the Editors. However, suggestions are welcome. 
Research Protocols

Pharmacoepidemiology and Drug Safety does not ordinarily publish study protocols without 
results. Rather, we strongly recommend that investigators post their research protocols in a 
publicly available archive such as ClinicalTrials.gov (http://clinicaltrials.gov/) or ENCePP 
(http://www.encepp.eu/encepp/studiesDatabase.jsp) and ask that they describe that 
posting in their manuscripts submitted to Pharmacoepidemiology and Drug Safety. 
However, in unusual circumstances, Pharmacoepidemiology and Drug Safety will consider 
publishing descriptions of the design and rationale of pharmacoepidemiologic studies, 
before study results are available. Characteristics of such descriptions that support 
consideration for publication include 

• the study is of unusually high public health importance and interest to the
readership of Pharmacoepidemiology and Drug Safety

• the study is of a scale that is likely to lead to multiple different subsequent results-
oriented publications, each then able to refer to this original methods paper, rather
than having to repeat the methods in detail

• the rationale for important aspects of the research design is discussed in more
depth than could be accommodated in a paper reporting the results, and in more
detail than would usually be included in the protocol that would be posted on
ClinicalTrials.gov or the ENCePP database.

• the description will serve as an instructive teaching example
• Data describing the study population recruited can be included, if available, in the

Results section of the publication. Please select ‘Research Protocol’ as the category
for submission of the manuscript.

General style points

Abbreviations: In general, terms should not be abbreviated unless they are used repeatedly and 
the abbreviation is helpful to the reader. Initially use the word in full, followed by the 
abbreviation in parentheses. Thereafter use the abbreviation only. 

Units of measurement: Measurements should be given in SI or SI-derived units 
(see http://www.bipm.fr) 

Trade names: Chemical substances should be referred to by the generic name only. Trade 
names should not be used. Drugs should be referred to by their generic names. If 
proprietary drugs have been used in the study, refer to these by their generic name, 
mentioning the proprietary name, and the name and location of the manufacturer, in 
parentheses. 
Genetic Nomenclature: Sequence variants should be described in the text and tables using both 
DNA and protein designations whenever appropriate. Sequence variant nomenclature must 
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follow the current HGVS guidelines; see http://varnomen.hgvs.org/, where examples of 
acceptable nomenclature are provided. 
Nucleotide sequence data can be submitted in electronic form to any of the three major 
collaborative databases: DDBJ, EMBL or GenBank. It is only necessary to submit to one 
database as data are exchanged between DDBJ, EMBL and GenBank on a daily basis. The 
suggested wording for referring to accession-number information is ‘These sequence data 
have been submitted to the DDBJ/EMBL/GenBank databases under accession number 
U12345’. Addresses are as follows: 

• DNA Data Bank of Japan (DDBJ) http://www.ddbj.nig.ac.jp
• EMBL Nucleotide Sequence Submissions http://www.ebi.ac.uk
• GenBank http://www.ncbi.nlm.nih.gov

Peer Review and the Editorial Process

This journal operates under a single-blind peer review model.  All manuscripts submitted 
to the journal are initially evaluated by the Editor-in-Chief; articles found appropriate for the 
journal will then be sent to the Regional Editor responsible for handling submission from 
the corresponding author’s region. The Regional Editor will then evaluate the manuscript 
and assign to an Associate Editor to handle. All submissions that pass through the initial 
evaluation are sent to at least two suitably qualified experts for review. The Associate 
Editors provide insight, guidance, and advice to the Regional Editors and recommend 
decisions based on the reviewers’ comments. The Regional Editors have the final decision 
on each manuscript. 
In-house submissions, i.e. papers authored by Regional or Associate Editors or Editorial 
Board members, will be sent to Regional and Associate Editors unaffiliated with the author 
or institution, and monitored carefully to ensure there is no peer review bias. 
Wiley's policy on the confidentiality of the review process is available here. 
A fast-track review and publication process is in place for particularly time-sensitive findings 
of urgent public health importance. The Editor-in-Chief should be contacted (via the editorial 
office) to request this process. 
Authors can propose reviewers who have special competence to review their work. Authors 
may also ask that, owing to a possible conflict of interest, named members of the Editorial 
Board or other individuals should not be selected to review a particular submission. The 
Regional Editors will pay close attention to such requests, but reserve the right to make the 
final choice of reviewers. 
Guidelines on Publishing and Research Ethics in Journal Articles

Authors are expected to follow the Guidelines for Good Pharmacoepidemiology Practice 
(GPP) as described in Pharmacoepidemiol Drug Saf. DOI: 10.1002/pds.3891 (Volume 25, 
Issue 1, January 2016, Pages: 2–10). Pharmacoepidemiology and Drug Safety also 
recommends that authors use STROBE as a guideline for the reporting of observational 
studies; RECORD when using observational routinely-collected health data; 
and CONSORT as a guideline for the reporting of randomized controlled clinical trials. 
The journal requires that you include in the manuscript details IRB approvals, ethical 
treatment of human and animal research participants, and gathering of informed consent, 
as appropriate. You will be expected to declare all conflicts of interest, or none, on 
submission. Please review Wiley’s policies surrounding human studies, animal studies, 
clinical trial registration, biosecurity, and research reporting guidelines. 
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Pharmacoepidemiology & Drug Safety follows the core practices of the Committee on 
Publication Ethics (COPE) and handles cases of research and publication misconduct 
accordingly (https://publicationethics.org/core-practices). If you have concerns related to 
the research integrity of any article published or submitted to Pharmacoepidemiology and 
Drug Safety, please email the Editorial Office (PDS@wiley.com) in the first instance who will 
share details of your concern with the Journals Publishing Manager at Wiley. 
This journal uses iThenticate’s CrossCheck software to detect instances of overlapping and 
similar text in submitted manuscripts. Read Wiley’s Top 10 Publishing Ethics Tips for 
Authors and Wiley’s Publication Ethics Guidelines. 

3. After Acceptance
First Look

After your paper is accepted, your files will be assessed by the editorial office to ensure they 
are ready for production. You may be contacted if any updates or final files are required. 
Otherwise, your paper will be sent to the production team. 
Wiley Author Services

When an accepted article is received by Wiley’s production team, the corresponding author 
will receive an email asking them to login or register with Wiley Author Services. You will 
be asked to sign a publication license at this point as well as pay for any applicable APCs. 
Copyright & Licensing

You may choose to publish under the terms of the journal’s standard copyright agreement, 
or Open Access under the terms of a Creative Commons (CC) Licence. 
Standard re-use and licensing rights vary by journal. Note that certain funders mandate a 
particular type of CC license be used. This journal uses the CC-BY, CC-BY-NC and CC-BY-NC-
ND Creative Commons License. 
Self-Archiving Definitions and Policies: Note that the journal’s standard copyright agreement 
allows for self-archiving of different versions of the article under specific conditions. 
Accepted articles

Pharmacoepidemiology & Drug Safety offers Wiley’s Accepted Articles service for all 
manuscripts. This service ensures that accepted ‘in press’ manuscripts are published online 
very soon after acceptance, prior to copy-editing or typesetting. Accepted Articles are 
published online a few days after final acceptance, appear in PDF format only, are given a 
Digital Object Identifier (DOI), which allows them to be cited and tracked, and are indexed by 
PubMed. After publication of the final version article (the article of record), the DOI remains 
valid and can continue to be used to cite and access the article. 
Accepted Articles will be indexed by PubMed; submitting authors should therefore carefully 
check the names and affiliations of all authors provided in the cover page of the manuscript 
so it is correct for indexing. Subsequently the final copyedited and proofed articles will 
appear in an issue on Wiley Online Library; the link to the article in PubMed will 
automatically be updated. 
Early View

The journal offers rapid publication via Wiley’s Early View service. Early View (Online 
Version of Record) articles are published on Wiley Online Library before inclusion in an 
issue. Once your article is published on Early View no further changes to your article are 
possible. Your Early View article is fully citable and carries an online publication date and 
DOI for citations. 
Proofs
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Authors will receive an e-mail notification with a link and instructions for accessing HTML 
page proofs online/with their proofs included as a pdf. Authors should also make sure that 
any renumbered tables, figures, or references match text citations and that figure legends 
correspond with text citations and actual figures. Proofs must be returned within 48 hours 
of receipt of the email. 
Article Promotion Support

Wiley Editing Services offers professional video, design, and writing services to create 
shareable video abstracts, infographics, conference posters, lay summaries, and research 
news stories for your research – so you can help your research get the attention it deserves. 
Cover Image Submissions

This journal accepts artwork submissions for Cover Images. This is an optional service you 
can use to help increase article exposure and showcase your research. For more 
information, including artwork guidelines, pricing, and submission details, please visit 
the Journal Cover Image page. 
Wiley Editing Services offers a professional cover image design service that creates eye-
catching images, ready to be showcased on the journal cover. 
Author Name Change Policy

In cases where authors wish to change their name following publication, Wiley will update 
and republish the paper and redeliver the updated metadata to indexing services. Our 
editorial and production teams will use discretion in recognising that name changes may be 
of a sensitive and private nature for various reasons including (but not limited to) alignment 
with gender identity, or as a result of marriage, divorce, or religious conversion. Accordingly, 
to protect the author’s privacy, we will not publish a correction notice to the paper, and we 
will not notify co-authors of the change. Authors should contact the journal’s Editorial Office 
with their name change request. 
Correction to authorship

In accordance with Wiley’s Best Practice Guidelines on Research Integrity and 
Publishing Ethics and the Committee on Publication Ethics’ 
guidance, Pharmacoepidemiology & Drug Safety will allow authors to correct authorship on 
a submitted, accepted, or published article if a valid reason exists to do so. All authors – 
including those to be added or removed – must agree to any proposed change. To request a 
change to the author list, please complete the Request for Changes to a Journal Article 
Author List Form and contact either the journal’s editorial or production office, depending 
on the status of the article. Authorship changes will not be considered without a fully 
completed Author Change form. (Correcting authorship is different from changing an 
author’s name; the relevant policy for that can be found in Wiley’s Best Practice 
Guidelines under “Author name changes after publication”.) 

4. Manuscript Transfer Programme
This journal works with the American Society for Pharmacology and Experimental 
Therapeutics (ASPET), the British Pharmacological Society (BPS) and Wiley’s Open Access 
Journal, Pharmacology Research & Perspectives, to enable rapid publication of good-quality 
research that is unable to be accepted for publication by our journal. Authors may be 
offered the option of having the paper, along with any related peer reviews, automatically 
transferred for consideration by the Editors of Pharmacology Research & Perspectives. 
Authors will not need to reformat or rewrite their manuscript at this stage, and publication 
decisions will be made a short time after the transfer takes place. The Editors 
of Pharmacology Research & Perspectives will accept submissions that report well-
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conducted research that reaches the standard acceptable for publication. Pharmacology 
Research & Perspectives is a Wiley Open Access journal and article publication fees apply. 
It has an impact factor of 2.052. For more information please see here.   
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