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Liver disease has emerged as the most common non-AIDS-related cause of death in HIV patients. However, there is limited data
regarding this condition including our setting in Ethiopia. Hence, liver enzyme abnormalities among highly active antiretroviral
therapy (HAART) experienced and HAART naı̈ve patients were assessed in this study. A total of 164 HAART experienced and 164
HAART näıve patients were studied. Blood specimen was collected to determine alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), CD4 count, and viral hepatitis. �e prevalence of liver enzyme abnormality was 20.1% and 22.0% among
HAART experienced and HAART näıve patients, respectively. �e HAART experienced patients had higher mean ALT than
HAART näıve patients (� = 0.002). Viral hepatitis (AOR = 6.02; 95% CI = 1.87–19.39), opportunistic infections (AOR = 2.91;
95% CI = 1.04–8.19), current CD4 count <200 cells/mm3 (AOR = 2.16; 95% CI = 1.06–4.39), and male sex (AOR = 1.83; 95% CI =
1.001–3.33) were associated with elevated ALT and/or AST. In conclusion, liver enzyme abnormalities were high in both HAART
experienced and HAART naı̈ve HIV-1 infected patients. Hence, monitoring and management of liver enzyme abnormalities in
HIV-1 infected patients are important in our setting.

1. Introduction

Liver disease has emerged as the most common non-AIDS-
related cause of death amongHIV infected patients, account-
ing for 14–18% of all deaths [1, 2]. Nearly half of deaths
among hospitalized HIV infected patients in the HAART era
have been attributed to liver disease [3, 4]. It ranges from
asymptomatic mild elevations of liver enzymes to cirrhosis
and end stage liver disease with all its complications (e.g.,
ascites, esophageal varices, and hepatic encephalopathy).
Liver cirrhosis is a more serious consequence with an esti-
mate overall prevalence of 8.3% in HIV infected persons [5].

Liver disease is oen re�ected by biochemical abnor-
malities of liver function. Many authors agree that elevated
serum activity of the two commonly used liver enzymes
(alanine aminotransferase [ALT] and aspartate aminotrans-
ferase [AST]) that are involved in breakdown of amino
acids re�ects liver cell injury [6–8]. Opportunistic infections,
AIDS related neoplasms [9, 10], concomitant infection with
chronic hepatitis C virus (HCV), chronic hepatitis B virus
(HBV),medication-related hepatotoxicity, alcohol abuse, and
nonalcoholic fatty liver disease are some of the factors
accounting for liver enzyme abnormalities in people infected
with HIV [11–14]. However, the risk factors and the burden of
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liver diseasemight be di�erent in di�erent geographical areas
including our setting in Ethiopia.

Managing liver disease is an important component of the
care of HIV infected individuals. However, there is limited
study that evaluated the burden and causes of liver enzyme
abnormality among HIV patients in the clinical settings in
Ethiopia. �e aim of this study was to (1) determine the
prevalence of liver enzyme abnormalities and (2) identify
factors associated with liver enzyme elevations among HIV-1
infected patients.

2. Material and Methods

2.1. Study Setting and Study Subjects. �is comparative cross-
sectional study design was conducted to assess liver enzymes
abnormalities in HIV-1 infected patients at Debre Tabor
Hospital from February to April 2013. Debre Tabor Hospital
provides health services to more than 2.3 million people
for inpatients with 88 beds and outpatients. Antiretroviral
therapy (ART) service for both HAART experienced and
HAART näıve HIV-1 patients has been given in the hospital
since 2006. A total of 5453 HIV infected patients had
followed their health outcome at this hospital. HAART expe-
rienced patients with 1a (d4T+3TC+NVP), 1b (d4T+3TC+
EFV), 1c (AZT+3TC+ NVP), 1d (AZT+3TC+EFV), 1e
(TDF+3TC+EFV), and 1f (TDF+3TC+NVP) regimen and
HAART näıve HIV infected patients were study subjects. In
this study, 164 HAART experienced and 164 HAART näıve
patients were included using 30% prevalence of liver enzyme
abnormality among HIV infected patients in a similar setting
[15], 95% con�dence interval, odds ratio of 2, and 80%
power. Study subjects were selected consecutively in each
group. Patients who had no su�cient blood specimen to
determine liver enzymes (ALT and/or AST) level and history
of taking some drugs other than HAART and prophylaxis
were excluded from this study.

2.2. Operational De�nitions

Abnormal Liver Enzymes. ALT or AST enzyme level >1.25
times upper limit normal value (ULN).

Severe Hepatotoxicity. ALT or AST enzyme level >5.1–10X
ULN (grade 3) and >10X ULN (grade 4) [16].

Good Adherence. HIV-1 patients had taken ≥95% of the
prescribed dosage regimen.

2.3. Data Collection Procedure and Quality Control. Demo-
graphic and clinical data were collected using a structured
questionnaire. From each participant, 3–5mL of venous
blood specimen was collected in a plain vacutainer tube and
centrifuged at 300 rpm for 10 minute to get sera for liver
enzyme determination and viral hepatitis screening. In addi-
tion, around 3mL of venous blood was collected in a vacu-
tainer tube with Ethylenediaminetetraacetic Acid (EDTA)
anticoagulant to measure CD4 count using BD FACS count
machine (BECTON DICKINSON, USA). Liver enzyme
biomarkers (ALT and AST) were determined using 5010

photometer (ROBERT RIELE GmbH & Co. KG, Germany).
Upper limit normal values were de�ned as ALT = 34 IU/L
and AST = 31 IU/L for women and ALT = 45 IU/L and
AST = 35 IU/L for men. Liver enzyme abnormalities were
graded as follows: 1.25–2.5X the upper limit of normal (ULN)
(grade 1), 2.6–5XULN (grade 2), 5.1–10XULN (grade 3), and
>10XULN (grade 4) [16]. Viral hepatitis (HBVandHCV)was
screened using commercially available test kits for HBsAg
(Ameritech-China, Ltd., USA) and for anti-HCV (Wondfo
Biotech Co., Ltd., Guanfzhou, China).

To assure the quality of the data, the questionnaire was
pretested. Two-day training was given to data collectors.
Every day, the collected data were reviewed and checked for
completeness. Standardized operating procedures andmanu-
facturer’s instructions were strictly followed for all laboratory
procedures. Controls (Humatrol N and Humatrol P) were
used for liver function tests in each test procedure. ELISA
con�rmed positive and negative samples were used in each
test procedure for HBV and HCV testing kits performance
checkup.

2.4. Data Processing and Analysis. �e collected data were
double-entered into EPI info version 7.0 to ensure data
quality. �e data were analyzed using SPSS version 20.
Descriptive and summary statistics were calculated. ALT and
AST enzyme levels were determined. �e Mann Whitney �
test and the independent �-test were used to compare non-
parametric and parametric variables, respectively. Variables
with � value ≤ 0.2 in the bivariate analysis were entered into
multivariate analysis in backward LR method. � value < 0.05
in the multivariate analysis was taken as signi�cant factor for
elevated liver enzyme.

2.5. Ethical Consideration. Ethical clearance was obtained
from University of Gondar School of Biomedical and Labo-
ratory Sciences Ethical Review Committee. O�cial permis-
sion was obtained from Debre Tabor Hospital. Each study
participant was informed about the purpose of the study and
written informed consent was obtained from them. Results
were kept con�dential and abnormal results were reported
to the physicians and professional nurses working at Debre
Tabor Hospital HIV Clinic for management.

3. Results

3.1. Sociodemographic Characteristics. A total of 164 HAART
experienced and 164 HAART näıve HIV infected patients
participated in this study. �e mean ages of the HAART
experienced and HAART näıve groups were 36.29 ± 10.27
and 34.41±10.73 years, respectively. Ninety (54.9%) HAART
experienced and 111 (67.7%) HAART naı̈ve patients were
females. Most of the subjects were illiterate and married in

60 (36.6%) and 74 (45.1%) of HAART experienced groups,
respectively (Table 1).

2.3. Data Collection Procedure and Quality Control. �e

HAART experienced group had 135 (±91.35) cells/mm3mean
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Table 1: Sociodemographic characteristics of study participants,
2013.

Characteristics
HAART status

On HAART (%) HAART naive (%)

Sex

Male 74 (45.1) 53 (32.3)

Female 90 (54.9) 111 (67.7)

Age in years

<25 12 (7.3) 32 (19.5)

25–34 59 (36.0) 58 (35.4)

35–44 59 (36.0) 43 (26.2)

>44 34 (20.7) 31 (18.9)

Education

Illiterate 60 (36.6) 77 (47.0)

Elementary 52 (31.7) 41 (25.0)

High school 29 (17.7) 21 (12.8)

College & above 23 (14.0) 25 (15.2)

Marital status

Single 32 (19.5) 30 (18.3)

Married 74 (45.1) 72 (43.9)

Divorced 29 (17.7) 39 (23.8)

Widowed 29 (17.7) 23 (14.0)

Residence

Rural 32 (19.5) 50 (30.5)

Urban 132 (80.5) 114 (69.5)

HAART: highly active antiretroviral therapy.

(±SD) baseline CD4 count and 41.38 (±21.58) months’ mean
(±SD) treatment duration.More than half of the patients were
on 1a (52 [31.7%]) and 1c (40 [24.4%]) regimens. Majority of
patients, 162 (98.8%), had good adherence to the regimens.
In the HAART näıve group, 97 (51.1%) were under WHO
clinical stage I and 12 (7.3%) were positive for HBV infection
(Table 2). �e HAART experienced group had signi�cantly
higher mean CD4 count compared to HAART naı̈ve patients

(HAART experienced: 356.88 cells/mm3; HAART naı̈ve:
283.63 cells/mm3) (� < 0.0001).

3.3. Liver Enzyme Abnormalities. �irty-three (20.1%)
HAART experienced and 36 (22.0%) HAART näıve patients
had elevated liver enzyme abnormalities in at least one
biomarker (AST and/or ALT). ALT, AST, and both ALT
and AST were elevated in 22 (13.4%), 25 (15.2%), and 14
(8.5%) of HAART experienced groups, respectively. In the
HAART näıve groups, elevated ALT, AST, and both ALT
and AST were found in 18 (11.0%), 29 (17.7%), and 10 (6.1%),
respectively. Eleven (6.4%) HAART experienced and 3 (1.8%)
HAART näıve patients had toxicity grade 2 or 3 in either
abnormal ALT or AST. Hepatotoxicity grade 1 was found in
11 (6.7%) HAART experienced and 17 (10.4%) HAART näıve
patients had grade 1 hepatotoxicity in ALT level (Table 2).
�e HAART experienced groups had signi�cantly higher
mean ALT level compared to HAART näıve groups (HAART
experienced: 35 IU/L; HAART näıve: 24 IU/L; � = 0.002).

Table 2: Clinical and immunological pro�le of HIV-1 patients at
Debre Tabor Hospital, 2013.

Variables
HAART status

On HAART (%) HAART naive (%)

WHO stage

Stage I 34 (20.7) 97 (59.1)

Stage II 40 (24.4) 44 (26.8)

Stage III 64 (39.0) 19 (11.6)

Stage IV 26 (15.9) 4 (2.4)

OIs

No 150 (91.5) 134 (81.7)

Yes 14 (8.5) 30 (18.3)

BMI (kg/m2)

<18.5 39 (23.8) 40 (24.4)

18.5–25 113 (68.9) 116 (70.7)

>25 12 (7.3) 8 (4.9)

HBV

Negative 156 (95.1) 152 (92.7)

Positive 8 (4.9) 12 (7.3)

HCV

Negative 163 (99.4) 162 (98.8)

Positive 1 (0.6) 2 (1.2)

Regimen

1a 52 (31.7) —

1b 28 (17.1) —

1c 40 (24.4) —

1d 10 (6.1) —

1e 18 (11.0) —

1f 16 (9.8) —

Hepatotoxicity

Grade 1 11 (6.7) 17 (10.4)

Grade 2 6 (3.7) 0

Grade 3 5 (3.0) 1 (0.6)

WHO: World Health Organization; OI: opportunistic infection; BMI: body
mass index; HBV: hepatitis B virus; HCV: hepatitis C virus; HAART:
highly active antiretroviral therapy; 1a: d4T+3TC+NVP; 1b: d4T+3TC+
EFV; 1c: AZT+3TC+ NVP; 1d: AZT+3TC+EFV; 1e: TDF+3TC+EFV; 1f:
TDF+3TC+NVP.

3.4. Factors for Liver Enzyme Abnormalities. Viral hepatitis
(HBV and/or HCV), opportunistic infections, being male,

and current CD4 count <200 cells/mm3 were signi�cantly
associated with elevated liver enzymes. Accordingly, HIV-
1 patients with HBV and/or HCV infections were about 6
(AOR = 6.02; 95% CI = 1.87–19.39) times more likely to
have elevated ALT/AST levels. �ose patients with history
of opportunistic infections were 2.91 (AOR = 2.91; 95%
CI = 1.04–8.19) times more likely to have raised ALT/AST.
Moreover, male HIV-1 patients had about 2 (AOR = 1.83; 95%
CI = 1.001–3.33) times more elevated liver enzyme compared
to females. �ose patients with current CD4 count <200
cells/mm3 were 2.16 (AOR = 2.16; 95% CI = 1.06–4.39) times
more likely to have raised liver enzymes as compared to those

patients with CD4 count >350 cells/mm3 (Table 3).
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Table 3: Multiple logistic regression analysis of factors for ALT and/or AST enzyme abnormalities in HIV-1 infected patients at Debre Tabor
Hospital, 2013.

Variables
Liver enzyme

COR (95% CI) AOR (95% CI)
Normal (%) Abnormal (%)

Education level

Illiterate 130 (42.8) 7 (29.2) 0.59 (0.17–2.12) 0.52 (0.14–1.97)

Elementary 82 (27.0) 11 (45.8) 1.48 (0.44–4.91) 1.54 (0.44–5.41)

High school 48 (15.8) 2 (8.3) 0.46 (0.08–2.63) 0.34 (0.06–2.078)

College & above 44 (14.5) 4 (16.7) 1 1

Marital status

Single 53 (17.4) 9 (37.5) 1 —

Married 136 (44.7) 10 (41.7) 0.43 (0.17–1.13) —

Divorced 66 (21.7) 2 (8.3) 0.18 (0.04–0.86) —

Widowed 49 (16.1) 3 (12.5) 0.36 (0.09–1.41) —

Sex

Male 100 (36.5) 27 (50.0) 1.74 (0.98–3.13) 1.83 (1.001–3.33)∗

Female 174 (63.5) 27 (50.0) 1 1

CD4 count/cells/mm3

<200 73 (26.6) 24 (44.4) 2.10 (1.04–4.22) 2.16 (1.06–4.39)∗

200–350 99 (36.1) 14 (25.9) 0.90 (0.42–1.95) 0.91 (0.42–1.98)

>350 102 (37.2) 16 (29.6) 1 1

OIs

No 266 (87.5) 18 (75.0) 1 1

Yes 38 (12.5) 6 (25.0) 2.33 (0.87–6.25) 2.91 (1.04–8.19)∗

HAART status

No 154 (50.7) 10 (41.7) 1 —

Yes 150 (49.3) 14 (58.3) 1.44 (0.62–3.34) —

HBV or HCV

Positive 17 (5.6) 5 (20.8) 4.44 (1.48–13.35) 6.02 (1.87–19.39)∗

Negative 287 (94.4) 19 (79.2) 1 1
∗Signi�cantly associated; OI: opportunistic infection; HBV: hepatitis B virus; HCV: hepatitis C virus; HAART: highly active antiretroviral therapy; AOR:
adjusted odds ratio; COR: crude odds ratio; CI: con�dence interval.

4. Discussion

�e prevalence of liver enzyme abnormalities in this study
was 20.1% in HAART experienced and 22.0% in HAART
näıve HIV patients. �is �nding is similar to other studies
conducted on HIV infected patients in Cameroon (22.6%),
South Africa (23%), and Brazil (19.7%) [17–19]. However, it
was higher compared to the 11% prevalence in the general
population of Australia [20]. �e elevated liver enzyme in
HIV infected patients might be due to direct in�ammation
of hepatocytes byHIV through apoptosis,mitochondrial dys-
function, and permeability alteration inmitochondrial mem-
brane that stimulate an in�ammatory response [12, 21–23].

Adverse drug reactions due to HAART are common. Its
severity may range from mild to life-threatening conditions.
�ey usually occur within the �rst 6–12 weeks but metabolic
toxicities happen following prolonged use of antiretroviral
therapy. Severe hepatotoxicity is a life-threatening condition
(silent killer) that could a�ect patients on HAART. Patients
with grade 3 hepatotoxicity should be immediately linked

to ART physicians to substitute o�ending drug without
stopping the HAART whereas HAART experienced patients
with grade 4 hepatotoxicity should immediately discontinue
all antiretroviral drugs and reintroduce modi�ed regimen
when the patient stabilized aer supportive therapy [16].
In this study, 5 (3.1%) HAART experienced HIV infected
patients had severe hepatotoxicity (Grade 3). Hence, regular
monitoring of liver enzyme abnormalities is essential to
manage such patients on HAART.

In the present study, HAART experienced HIV-1 patients
had higher mean ALT (� value: 0.002). A recent study con-
ducted by Owiredu et al. [24] has reported higher ALT level
on HAART experienced HIV patients. �e possible reason
might be due to class-speci�c e�ects of drugs and cause direct
mitochondrial toxicity of the liver as well as other organs that
may lead to liver failure and lactic acidosis [25, 26].

In this study, current CD4 count <200 cells/mm3 was
associated with elevated liver enzyme. Contradicting data
were reported by di�erent investigators [27, 28] which might
be related to the fact that enhancement of immunity could
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be deleterious in diseases that involve immune-mediated
mechanisms, such as autoimmune diseases or chronic viral
hepatitis, or to the fact that enhanced immunity could also
on the other handdecrease the opportunistic infection during
HIV infection contributing to the reduction of liver enzymes.

In this study, we found signi�cantly higher prevalence
of elevated liver enzyme in HIV-1 patients coinfected with
viral hepatitis (HBV and HCV). Previous studies also found
signi�cant association of viral hepatitis with hepatotoxicity

[8, 29–31]. Viral cytopathic e�ect [32], raised HBV DNA
viral load [33, 34], and mutation in the HBV precore and
overlapping core genes (oen associated with higher HBV
DNA concentrations) [35] might contribute to elevated liver
enzymes in those coinfected patients.

In this study, we found three times more elevated liver
enzyme in male HIV-1 patients. Studies conducted in Italy

[36], US community [37], and�ailand [38] reported similar
association.

Immune abnormalities contribute to an increased risk
of opportunistic infection among HIV infected patients.
Although HIV infection is most closely associated with
altered cell-mediated immunity, a number of additional
immune de�ciencies may occur in association with HIV
infection. It usually includes a poor antibody response due to
B cell dysfunction and defects in chemotaxis, phagocytosis,
and intracellular killing by monocytes, macrophages, and
neutrophils. Impairment of local defenses, manifested by
a depression of speci�c IgA at the mucosal surfaces, also
contributes to increased opportunistic infections [39]. In this
study patients with history of opportunistic infections had
signi�cantly higher prevalence of elevated liver enzyme. Pre-
vious �ndings reported elevated liver enzyme inHIV patients
with opportunistic infections [9, 40, 41]. �is might be due
to the fact that opportunistic infections such as viruses from
the herpesviridae family (HSV, CMV), parasites (Toxoplasma

gondii), mycobacteria (M. tuberculosis, M. avium complex),
and fungi (Cryptococcus,Histoplasma) can all a�ect liver and
manifest mostly as elevated liver enzymes [11].

Limitations. Patients with elevated liver enzyme were not
con�rmed by ultrasound whether their liver was really
abnormal or not, a number of disease conditions were not
fully addressed about whether they elevate liver enzyme, and
HIVnegative controlswere not used due to budget constraint.

5. Conclusions

We found higher liver enzyme abnormalities in bothHAART
experienced and HAART näıve HIV-1 infected patients.
�e risk of developing liver enzyme abnormality was high
among those with HBV and/or HCV infections, those with
opportunistic infections, male patients, and those with low
CD4 count. �erefore, monitoring and management of liver
enzyme abnormalities in HIV infected patients are essential
in our setting.
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