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Introduction: Hepatotoxicity is one of the risk factors associated with treatment non-adher
ence, which is the main risk factor for drug resistance. Therefore, this study aimed to determine 
the incidence and risk factors of hepatotoxicity during highly active antiretroviral therapy 
(HAART) among people living with HIV in Ethiopia.
Methods: A prospective cohort study was conducted between April 2007 and January 2011 
at Saint Peter Specialized Hospital, Akaki and Kality Health Centers, Addis Ababa, Ethiopia. 
A total of 316 HIV-infected adult individuals (70 participants were HIV and TB co-infected 
and 246 were infected with HIV alone) were included in this study. The study participants 
were followed for a total of 18 months with or without HAART. Socio-demographic data 
were collected using a structured questionnaire, and venous blood samples were collected for 
laboratory tests. Logistic regression and Poisson regression were used to determine the 
independent effect of each variable on hepatotoxicity at baseline and end of follow-up.
Results: Of 316 HIV-infected people, 72 (22.8%) participants had an elevated ALT/AST 
which was 100% mild-to moderate hepatotoxicity at baseline. Baseline CD4 T-cell count 
(p = 0.027) and HIV co-infection with TB (p < 0.001) were independently associated with 
hepatotoxicity at baseline. The overall incidence rate of hepatotoxicity in participants on 
HAART (21.8 per 100 person-years) was lower than participants who were HAART naïve 
(33.3 per 100 person-years) (p = 0.009).
Conclusion: High incidence of mild-to-moderate hepatotoxicity and low severe hepatotoxi
city were observed in HIV-infected individuals who were on HAART or were HAART naïve. 
HAART may minimize the occurrence of hepatotoxicity. Although HAART could minimize 
hepatotoxicity among HIV-infected people, to manage mild and moderate hepatotoxicity 
liver function test monitoring is required.
Keywords: hepatotoxicity, HAART

Introduction
An estimated 36.9 million people were living with human immunodeficiency virus 
(HIV)/AIDS at the end of 2017 with significant national and regional variation.1 In 
2017, about 53% of people living with HIV worldwide resided in the Sub-Saharan 
Africa region.1 After the introduction of highly active antiretroviral therapy 
(HAART), HIV-associated morbidity and mortality have been dramatically reduced 
and the burden of opportunistic infections (OIs) is considerably decreased.2
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Despite the excellent tolerability of ART regimens, 
HAART has been associated with adverse drug events 
including drug-induced liver injury (hepatotoxicity).3 

Hepatotoxicity is a potential risk factor of poor adherence 
to HAART, which is the main risk for drug-resistant viral 
strain development. Moreover, poor treatment adherence is 
the main risk of virologic and immunological 
failures which can cause a complex situation in medical 
decision making.4 Virologic and immunological failures 
might occur as a result of drug resistance, leading to 
treatment shifting from first line to second line regimens, 
which are more expensive and less likely to be accessed by 
patients in resource-limited countries.5 The WHO recom
mendation is to test and treat by monitoring ART using 
viral load tests.6 This increases a risk for developing 
toxicity due to lifelong treatment. Therefore, management 
of HAART-related toxicity becomes a major obstacle in 
the care and treatment of HIV/AIDS.

Previous studies demonstrated that adverse drug reac
tions, low CD4 count, chronic hepatitis B and C infections, 
anti-tuberculosis treatment and immune reconstitution 
inflammatory syndrome (IRIS) are the risk factors for hepa
totoxicity in individuals infected with HIV and on 
HAART.7–11 Moreover, evidence indicated that high baseline 
levels of alanine aminotransferase (ALT), cirrhosis, alcohol 
consumption, age and sex are the risk factors associated with 
hepatotoxicity in individuals infected with HIV and on 
HAART.7–11 However, there is contradictory evidence in 
the literature on the effect of adverse drug reactions or drug 
class.12 Moreover, studies also fail to demonstrate 
a consistent magnitude of severe hepatotoxicity occurring 
in HAART-experienced and naive individuals.13 Although 
many people living with HIV are on HAART in Ethiopia, 
there is limited evidence on the incidence and risk factors for 
hepatotoxicity in people living with HIV to support patients’ 
care and treatment management. Thus, this study aimed to 
determine the incidence and risk factors for hepatotoxicity in 
people living with HIV and on HAART in Ethiopia.

Materials and Methods
Study Design and Study Population
A prospective cohort study was conducted between 
April 2007 and January 2011 in Saint Peter Specialized 
Hospital, Akaki and Kality Health Centers, Addis Ababa, 
Ethiopia. A total of 316 HIV-infected individuals (70 HIV- 
TB co-infected (HIV+TB+) and 246 HIV-only infected 
(HIV+TB-) adult participants were included from 

a previous study.14 At recruitment, all participants were 
interviewed using a structured questionnaire to collect 
demographic and clinical characteristics. Demographic 
and clinical characteristics for this study were extracted 
from the previous study’s database. Pregnant women, indi
viduals who had co-morbidity with diabetes mellitus or 
chronic bronchitis, individuals receiving steroid therapy 
and receiving TB and/or HAART treatment at recruitment 
or previously, and individuals who had a history of alcohol 
or drug abuse were excluded. In addition, four individuals 
co-infected with Hepatitis B virus (HBV) and Hepatitis 
C virus (HCV) were excluded after enzyme linked immu
nosorbent assay was done. All active TB cases confirmed 
at enrollment were treated according to the national TB 
treatment guidelines.15 All participants were followed for 
18 months with or without HAART. Of 316 study partici
pants, 166 (52.5%) started HAART at the beginning of the 
study and were on HAART until the end of the follow-up. 
However, 76 (24.1%) were naïve for HAART up to the 
end of the follow-up. Furthermore, 74 (23.4%) participants 
were lost to follow-up or their HAART status was not 
known. In this study, baseline was defined as participants 
who were enrolled at month zero of the study.

CD4 count was determined by flow cytometry using 
a FACS Calibur Flow cytometer (Becton Dickinson, San 
Jose, USA) while plasma HIV RNA viral load was deter
mined using the NucliSensEasyQ NASBA diagnostic kit 
(OrganonTeknica, the Netherlands: detection range 
50–3,000,000 copies/mL). Aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), alkaline phospha
tase (ALP) levels were measured at baseline and end of the 
follow-up using a Cobas® 6000(Roche Diagnostics 
Corporation, USA) automated immunochemistry analyser. 
However, of the 316 total participants, liver function 
tests of 74 participants were not performed at the end of 
follow-up due to either small volume of sample or partici
pants being lost to follow-up.

Hepatotoxicity has five grades: grades 0, I, II, III and 
IV. Grade 0 is an increase in aminotransferase level <1.25 
times the upper limit of normal range (ULN), and grade 
I is an increase in aminotransferase level 1.25–2.5 times 
the ULN range for those who had normal aminotransferase 
levels at baseline.16 Grade II is an increase in aminotrans
ferase level 2.6–5.0 times ULN range, while grade III is an 
increase in aminotransferase level 5.1–10.0 times ULN 
range, and grade IV is an increase in aminotransferase 
level >10 times ULN range for those who had normal 
aminotransferase levels at baseline.16 The ULN ranges in 
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the laboratory of the Ethiopian Public Health Institute are 
41, 38 and 104 U/L (international units per liter) for ALT, 
AST and ALP respectively. For patients with abnormal 
aminotransferase levels or ALP at baseline, hepatotoxicity 
was defined as a two-fold increase from baseline levels.16 

Hepatotoxicity was defined as elevation of the aminotrans
ferases above the ULN range, but ALP was not considered 
in the definition of hepatotoxicity because it is non-specific 
to liver injury.

Statistical Analysis
All statistical analyses were performed using STATA ver
sion 12.0 (College Station, Texas, USA). Categorical vari
ables were compared by Fisher’s exact test or the 
Chi-square test. Non-categorical variables were compared 
by Mann–Whitney U-test. Potential risk factors with 
a p-value of ≤ 0.2 and biologically/clinically important 
were included in the multivariate analysis. Logistic regres
sion model was used to determine factors associated with 
hepatotoxicity. All comparisons were two-tailed and 
a p-value < 0.05 was considered as significant.

Results
Baseline Characteristics of the 
Participants
Among the 316 HIV-infected participants, 192 (61%) were 
female. The median age at baseline was 32 years, with an 
age range of 15–65 years, and the median CD4 T-cell 
count was 203 cells/μL.

There was no significant difference in baseline concen
tration of ALT and AST between the patients who 
completed follow-up or were lost to follow-up. However, 
the baseline concentration of ALP was significantly higher 
in those patients who completed the follow-up compared 
to those lost to follow-up (Table 1).

Baseline Proportion of Hepatotoxicity
Overall proportion of hepatotoxicity was 22.8% with 
12.34% grade I and 10.44% grade II. Of 70 HIV+TB+ 
participants, 34 (48.6%) had evidence of hepatotoxicity 
(impaired liver function tests [LFTs]) with 100% mild-to- 
moderate toxicity (Grades I and II). Of 70 HIV+TB+ 
participants, 20 (28.6%) had elevated ALP without amino
transferases (ALT and/or AST) elevation.

Of 246 HIV+TB-, 38 (15.4%) participants had evidence of 
mild-to-moderate hepatotoxicity (Table 2). HIV+TB+ partici
pants had a high proportion of hepatotoxicity compared with 

those HIV+TB- (p < 0.001). However, there was no significant 
difference between participants eligible (21.7%) and ineligible 
(29%) for HAART at baseline (p = 0.219).

Multiple Risk Factors for Hepatotoxicity 
at Baseline
Baseline CD4 T-cell count (OR = 1.57; 95% confidence inter
val [CI] (1.05–2.35), p = 0.027) and being TB/HIV co-infected 
(OR = 4.74; 95% CI (2.53–8.88), p < 0.001) were indepen
dently associated with hepatotoxicity prevalence (Table 3).

Incidence of Hepatotoxicity After the 
Initiation of HAART
The mean length of follow-up period was 665 days (SD: 
132 days). Of 316 study participants, 166 (52.5%) started 

Table 1 Baseline Characteristics of the Study Participants

Characteristics Patients Who 
Completed Follow- 
Up (N=242)

Patients 
Who were 
Lost to 
Follow-Up 
(N=74)

P-value

Females, number (%) 150 (62) 42 (56.8) 0.516

Median age in years 33 (28–38) 30 (27–38) 0.2745

Median BMI, Kg/m2 20 (18.5–22) 21 (19–22) 0.2015

TB infected, 

number (%)

70 (28.9) 0 (0%) <0.001

Median baseline 

CD4 cells/μL

170 (73–310) 240 (176–474) 0.0009

Median log10VL, 

copies/mL

4.32 (3.34–4.79) 4.23 

(3.04–4.83)

0.7735

Median ALT, U/L 25 (17–39) 26 (16–38) 0.6148

Median AST, U/L 27 (19–43) 26 (20–34) 0.3415

Median ALP, U/L 169 (121–234) 139 (111–184) 0.0010

Note: Data at baseline indicate medians (interquartile range) unless stated other
wise, and significant differences between the groups were determined using 
Wilcoxon Mann–Whitney test for the continuous variables and chi-square test 
for categorical variables. 
Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; AST, aspar
tate aminotransferase; ALP, alkaline phosphatase.

Table 2 Baseline Proportion of Hepatotoxicity Among the Study 
Population

Hepatotoxicity 
Grading

HIV+TB+F (%) HIV+TB-F (%) P-value

Normal 36 (51.4) 208 (84.6) <0.0001
Grade 1 18 (25.7) 22 (8.9) 0.0001

Grade 2 16 (22.9) 16 (6.5) 0.0000

Grade 3 0 (0.0) 0 (0.0) 1.0000
Grade 4 0 (0.0) 0 (0.0) 1.0000

Abbreviation: F, frequency.
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HAART at the beginning of the study and were on 
HAART up to the end of follow-up. However, 76 
(24.1%) were naïve for HAART up to the end of follow- 
up, whereas 74 (23.4%) were lost to follow-up or their 

HAART status was not known. At the end of follow-up, 
the ALT, AST and ALP concentrations of the study parti
cipants (both on HAART and HAART naïve) were signif
icantly increased from baseline (Table 4).

At the end of follow-up, there was no significant dif
ference in the concentrations of ALT, AST and ALP 
between those participants on HAART and HAART 
naïve (p = 0.0509, 0.0971 and 0.7481, respectively). 
Moreover, there was no significant difference in the con
centration of ALT (p = 0.082), AST (p = 0.683) and ALP 
(p = 0.501) between HIV+TB+ and HIV+TB- participants 
who were HAART naïve. However the concentrations of 
AST (p = 0.001) and ALP (p = 0.028) were significantly 
different between HIV+TB+ and HIV+TB- participants 
who were on HAART.

At the end of follow-up, 112 (46.3%) participants had 
greater than 1.25 times ULN range of ALT and/or AST 
levels. However, 20 (17.9%) participants had been with 
abnormal ALT and/or AST at baseline and they were not 
two-fold or greater increased from baseline levels at end of 
follow-up. These patients were not classified as incidence 
of hepatotoxicity according to the definition. Thirty-two 
(13%) of the participants had an elevated ALP without an 
elevated aminotransferase. Overall 92 (38%) participants 
including those with two-fold or greater increase from 
baseline levels developed hepatotoxicity. Of those who 
developed hepatotoxicity 34.7% had mild-to-moderate 
hepatotoxicity, and 3.3% had severe hepatotoxicity 
(Table 5). There was a statistically significant difference 
in the incidence of hepatotoxicity between the participants 
on HAART and those not on HAART (p = 0.009) 
(Table 5).

Risk Factors for Hepatotoxicity
All variables included in the Poisson regression model 
were not significantly associated with hepatotoxicity 
(Table 6). However, after pooling participants on 
HAART and naïve, having a high baseline ALP 

Table 3 Associated Factors/Predictors of Hepatotoxicity 
Proportion at Baseline

Risk Factor Normal, 
(N = 244)

Hepatotoxicity 
(N = 72)

P-value

Gender

Male 88 36 0.033
Female 156 36

BMI (kg/m2)

Underweight 46 22 0.033
Normal 162 46

Overweight 34 4

Baseline CD4 

(count/mL)

200 and below 110 48 0.003
201–350 64 12

>350 64 10

Groups

1 (TB-HIV co- 

infected)

36 34 <0.001

2 (HIV infected 

only)

208 38

Log10 (Viral load)

Below 3 42 10 0.871
3–3.99 52 16

4–4.99 96 30

≥5 40 14

Eligible for HAART 

at baseline?
Yes 130 36 0.304
No 54 22
Unknown 60 14

Baseline ALP
Normal 86 24 0.731

Elevation of ALP 156 48

Table 4 Characteristics of the Study Participants at End of Follow-Up Compared with Baseline

Characteristics HAART Received Group HAART Naïve Group

Baseline Follow-Up P-value Baseline Follow-Up P-value

Median CD4 cells/μL 125.5 (66–212) 286 (194–395) <0.0001 337 (279–457) 385 (226–485) 0.9090

Median VL log10, copies/mL 4.5 (3.8–4.9) 1.7 (1.7–1.7) <0.0001 3.4 (2.4–4.4) 4.2 (3.4–4.4) 0.0383

Median ALT, U/L 25 (17–39) 36 (24–52) 0.0003 25 (15–51) 45 (27–87) 0.0064
Median AST, U/L 29 (21–45) 38 (28–57) 0.0023 22 (18–41) 49.5 (31–68) 0.0080

Median ALP, U/L 171 (124–242) 213 (178–203) 0.0003 155 (108–227) 221 (153–293) 0.0066
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concentration (incidence rate ratio (IRR) = 0.6; 95% CI 
(0.4–0.9), p = 0.017) was significantly associated with 
hepatotoxicity.

Discussion
HAART is important to decrease HIV/AIDS related mor
bidity and mortality among people living with HIV.2 

Nonetheless, the use of HAART is often complicated by 
adverse drug reactions. This study shown the overall pre
valence of hepatotoxicity at baseline was 22.8% and this 
was 100% with mild-to-moderate toxicity. At the end of 
follow-up (1.5 years) the incidence rate of hepatotoxicity 
was 21.8 per 100 person-years with 20.9 per 100 person- 
years of mild-to-moderate hepatotoxicity and 0.8 per 
100 person-years of severe hepatotoxicity among partici
pants on HAART. The incidence rate of hepatotoxicity of 
those HAART naïve (33.3 per 100 person-years) was 
higher than the rate of hepatotoxicity in those who 
received HAART. Age, gender, baseline CD4 T-cell 
count, HAART plus Anti TB treatment, baseline toxicity, 
baseline viral load and BMI were not significantly asso
ciated with hepatotoxicity.

The baseline prevalence of hepatotoxicity was consis
tent with studies in Ethiopia, Cameroon and South 
Africa.17–19 However, the current study result is contra
dictory with a similar study reported in Nigeria.13 The 
high prevalence of toxicity in Nigeria might have resulted 
from including a high number of participants who were 
using traditional/herbal medicines, which were excluded 
from the current study. A study reported from Uganda also 
showed lower hepatotoxicity than the current studyat the 
baseline among patients initiating HAART.20 This differ
ence is probably due to most of the study participants in 

the previous study receiving cotrimoxazole prophylaxis, 
which was excluded from our study at enrollment.21

In this study, the finding of high hepatotoxicity preva
lence at baseline was associated with lower CD4 T-cell 
count. This is consistent with previous study findings 
reported from Nigeria and Ethiopia.13,18 In contrast to 
our finding, previous investigators have reported lower 
hepatotoxicity at baseline,22,23 which might be related to 
the fact that involvement of the immune system during 
infection could result in damage to liver cells (hepatocel
lular) by autoimmune diseases. In contrast, enhanced 
immunity could also decrease opportunistic infections at 
the beginning of HIV infection, contributing to the reduc
tion of liver enzymes.

High hepatotoxicity at baseline was associated with TB 
diseases. The mechanism and the direction of development 
of liver enzyme elevation and TB diseases is not clear. 
Patients with liver cirrhosis are at a higher risk of devel
oping both pulmonary and extra-pulmonary tuberculosis,24 

with dysfunction in most of the reticuloendothelial cells 
that are central to clearing bacteria. On the other hand, 
liver disease can also occur due to tuberculosis.25 Our 
results showed the CD4 T-cell count in HIV patients co- 
infected with TB was significantly lower than HIV mono 
infection at baseline (data not shown). This was similar 
with the previous study. This is most probably due to 
T-cell expression associated genes being lower in HIV- 
TB co-infected patients than in HIV mono infected 
patients.26 Moreover, TB disease aggravates the HIV- 
related cell depletion mechanism and HIV-infection 
progression,27 which might contribute to the autoimmune 
diseases that lead to increase in liver enzymes.

The overall incidence of hepatotoxicity was consistent 
with previous studies reported from elsewhere.16 The inci
dence rate of severe hepatotoxicity in the present study 
differed from previous studies.28–30 The possible reason 
for the difference could be that HIV co-infection might be 
contributing to the higher liver enzyme elevation29 and 
low exposure to opportunistic infection could be contribut
ing to the lower liver enzyme elevation (Sub Saharan vs 
America and Europe).28,30

In the present study, the incidence of hepatotoxicity in 
participants on HAART was lower than participants who 
were HAART naïve. Lucien et al. demonstrated that 
HAART was found to be associated with low levels of 
hepatotoxicity, regardless of drug class or combination,17 

which is similar with our finding. The probable reason is 
not clear, but it might be related to the fact that HAART is 

Table 5 Incidence of Hepatotoxicity Between the HAART 
Received and Naïve at the End of Follow-Up

Hepatotoxicity 
Grading

Total HAART 
Received 
Group

HAART 
Naïve 
Group

P-value

F (%) F (%) F (%)

Normal 15 (62) 112 (67.5) 38 (50.0) 0.0046

Grade 1 62 (25.6) 36 (21.7) 26 (34.2) 0.0194
Grade 2 22 (9.1) 16 (9.6) 6 (7.9) 0.3345

Grade 3 2 (0.8) 0 (0.0) 2 (2.6) 0.0185

Grade 4 6 (2.5) 2 (1.2) 4 (5.3) 0.0287

F = Frequency
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important to restore the immune system and 
decreases opportunistic infection during HIV infection, 
which contributes to the reduction of liver enzymes levels. 
Our result showed that CD4 T-cell count in participants on 
HAART was significantly increased from baseline to the 
end of follow-up. Whereas, CD4 T-cell count in partici
pants who were HAART naïve was not significantly 
increased from baseline to the end of follow-up. 
However, CD4 T-cell count and other independent vari
ables such as age, gender, baseline, HAART plus Anti TB 
treatment, baseline toxicity, baseline viral load and BMI 
were not significantly associated with hepatotoxicity. This 
indicated the presence of other internal factors which are 
related to the presence of hepatotoxicity.

This study design was a prospective cohort study, so may 
have some limitations. Almost one fourth of the study parti
cipants were lost to follow-up, and this may have an impact 

on the result. However, there was no significant difference in 
proportion of hepatotoxicity between those participants lost 
to follow-up and those not lost to follow-up at baseline.

In conclusion, the overall prevalence of hepatotoxicity 
at baseline was 22.8% and this was 100% with mild-to- 
moderate hepatotoxicity. HIV co-infection with TB and 
low CD4 T-cell count were independent predictors of 
high prevalence of hepatotoxicity at baseline. At the end 
of follow-up (1.5 years), high incidence of mild-to-mod
erate toxicity and low severe hepatotoxicity were observed 
in HIV-infected participants on HAART or HAART naïve. 
HAART may be reducing the incidence of hepatotoxicity. 
Age, gender, baseline CD4 T-cell count, HAART plus Anti 
TB treatment, baseline toxicity, baseline viral load and 
BMI were not significantly associated with hepatotoxicity. 
Monitoring and management of the liver function test in 
people living with HIV is recommended.

Table 6 Risk Factors/Predictors of Hepatotoxicity Incidence

Risk Factor HAART Received P-value HAART Naïve P-value

Normal Hepatotoxicity Normal Hepatotoxicity

Gender

Male 44 22 0.858 10 16 0.147
Female 68 32 28 22

BMI (kg/m2)

Underweight 26 24 0.023 4 6 0.221
Normal 70 26 32 26
Overweight 7 4 2 6

Baseline CD4 (count/mL)
200 and below 76 40 0.269 8 8 1.000
201–350 28 8 12 12
>350 8 6 18 18

Concurrent anti-TB therapy
Yes 24 18 0.098 14 14 1.000
No 88 36 24 24

Log10 (Viral load)

Below 3 8 6 0.554 12 12 0.525
3–3.99 26 8 14 10

4–4.99 60 30 6 8

≥5 18 10 4 8

Baseline toxicity?

Yes 84 46 0.136 26 28 0.613
No 28 8 12 10

Baseline ALP elevation

Yes 26 22 0.012 10 18 0.057
No 86 30 28 20
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