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Summary

Liver enzyme elevations among patients on antiretroviral therapy (ART) were determined by

prospectively evaluating aspartate aminotransferase (AST) data in a cohort of patients in Kampala

over 36 months. A proportion of patients had hepatitis B virus (HBV) status determined.

Hepatotoxicity was graded I to IV according to the AIDS Clinical Trial Group criteria. Of 546

patients, 377 (69%) were women; overall median baseline CD4+ T-cell was 97/μL (interquartile

range [IQR] 20–164). Hepatitis B surface antigen (HBsAg) was detected in 42 (9%) of 470

persons. ART included lamivudine, with either nevirapine and d4T (74%) or efavirenz and AZT

(26%). Median (IQR) AST level at baseline was 35 (27, 53 IU/L). Over 36 months, only eight

patients had grade III AST elevation. Neither HBsAg nor ART regimen influenced AST levels.

Male gender and CD4+ change from baseline were correlated with AST elevation. Patients with

HIV/HBV co-infection were not at an increased risk of AST elevation, which occurred

uncommonly in this setting.
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INTRODUCTION

Aspartate aminotranferase (AST) elevations are common in patients infected with the human

immunodeficiency virus (HIV) and are associated with antiretroviral therapy (ART),

especially nevirapine and high doses of ritonavir, and with chronic viral hepatitis.1,2

Explanations for AST elevations associated with chronic hepatitis B virus (HBV) or

hepatitis C virus (HCV) are multifactorial, including immune reconstitution, emergence of

HBV resistance while on HBV-active ART, HBV reactivation after withdrawal of HBV-

active ART and direct hepatotoxicity.3–5

Early nevirapine hepatotoxicity has been described, especially in female patients who were

initiated on ART with low body mass index, and the authors of the study specifically

recommended discouraging the use of nevirapine in such patients.6 However, nevirapine
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hepatotoxicity occurs at higher HIV CD4+ counts than those at which patients in sub-

Saharan Africa begin ART, and safe use of nevirapine-based regimens has been suggested in

patients where CD4 count is low irrespective of HBV and HCV co-infections.7

In resource-rich countries, studies have demonstrated the rapid progression of liver disease

in HIV-infected patients co-infected with HBV or HCV.3,8 In many sub-Saharan African

countries both HIV and HBV are highly endemic. However, the natural history of chronic

viral hepatitis and the association of ART with AST elevations have not been carefully

examined in this setting. Therefore, we determined the frequency of AST elevation over 36

months following initiation of ART among HIV-infected patients attending our clinic in

urban Kampala, Uganda.

PATIENTS AND METHODS

We prospectively studied AST elevations in a cohort of patients starting ART for the first

time at the Infectious Diseases Clinic (IDC) in Kampala, Uganda. The IDC is a Center of

Excellence for HIV Care and Research. From 2002, when the Infectious Diseases Institute

started providing expanded HIV care, more than 23,000 adults have been registered in the

clinic, of whom more than 6000 are on ART. In the period from April 2004 to April 2005,

559 clinic patients starting ART were consecutively recruited in an observational cohort

study involving standardized follow-up during treatment including measurement of AST,

which was selected as the proxy for liver enzymes due to available resources. Details of the

cohort have been described elsewhere.9 Recruitment in the cohort was dependent on the

need to initiate ART following the WHO guideline of CD4+ T-cells of 200/μL or less.

Basic demographic information (gender, age), as well as specific ART regimens, were

recorded at enrollment into the cohort with updates of ART regimen changes noted during

follow-up. Liver enzyme testing was performed at baseline and repeated every six months.

However, in addition to these cohort-specific protocols, patients were examined monthly,

asked about medication adherence and potential side-effects, and if indicated, clinicians

could request additional liver enzyme testing in case of suspected hepatotoxicity.

The cohort protocol included measurement of aspartate aminotransferase (AST) and the

levels were determined by Cobas Integra 400 using Roche reagents on fresh serum samples

in a College of American Pathologists certified laboratory. In this assay, the upper limit of

normal was 40 IU/L and values above were considered `elevated' and graded I to IV

according to the AIDS Clinical Trial Group guidelines.1 Liver enzyme elevation was defined

as any level of AST above 40 IU/L. Patients with grade III or IV AST elevation were not

started on ART until AST levels declined.

A subset of patients who had available samples were evaluated for hepatitis B surface

antigen (HBsAg) status using commercially available Abbott Murex EIA kits (HBsAg

version 3, Murex Biotech Ltd, Darford, UK) according to the manufacturer's manual of

operation. This HBsAg test was performed more than a year after cohort enrolment.

The study was approved by the Scientific Review Committee of the Infectious Disease

Institute, Makerere University Faculty of Medicine Research and Ethics committee, and

Uganda National Council for Science and Technology.

STATISTICAL METHODS

The comparison of baseline characteristics between the patients with and without AST

elevations was performed using the t-test for continuous variables.
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To determine the difference in severity of AST elevation, we used the amount by which

AST exceeded 40 IU/L as a response variable (`AST40'). To analyse factors associated with

elevated AST values from ART start to 36 months, we utilized multilevel mixed effects

linear regression modeling with AST40 as the dependent variable and CD4, age (in 5-year

increments), ART regimen, gender, HBsAg, HIV RNA log copies viral loads, WHO staging

and previous AST as independent variables. This multivariate analysis was performed on all

patients who had an HBsAg test result. Previous AST was noted to mean AST level at the

previous six-month visit. We included all factors with P values ≤0.2 in the model. A P value

<0.05 was considered significant. All statistical analyses were performed using STATA 9.2

(College Station, TX, USA).

RESULTS

Patient characteristics

Of the 559 patients, 546 (97.7%) had complete baseline data available, 377 (69%) were

women, the median age was 35 years (interquartile range [IQR], 30–41) and the median

CD4+ T-cell count at ART initiation was 97 cells/μL (IQR 20–164). Most of the patients

(88.7%) had WHO stages 3 and 4 disease. All patients were started on lamivudine-

containing ART with either nevirapine (74%) or efavirenz (26%) in addition to d4T or AZT.

Liver enzymes

At baseline, 217/546 (40%) of the patients had an elevated AST level. However, only eight

(1.0%) of these patients had grade III (6 patients) or IV elevations (2 patients) and these two

patients reported symptoms of liver disease (both with jaundice) at the baseline visit. All

these patients started ART after AST normalization within three months of the initial

enrolment.

As shown in Figure 1a the proportion of patients with abnormal AST progressively declined

with only 12% of the active patients with elevated AST at month 30. By 36 months on ART,

there were eight new instances of grade III AST elevation including two that occurred in

patients who were on antituberculosis treatment. Although three of these patients were

symptomatic, they improved with ART discontinuation.

At the time of ART initiation the same proportion of men and women had elevated AST

levels (40%) and declines were noted in both men and women on ART. However, the AST

decline on ART was attenuated in men, and 24 months after starting ART, the proportion of

men with elevated AST was greater than in women (at month 24, men versus women: 22%

versus 6%, P< 0.0001; at month 30: 24% versus 7%, P< 0.0001) (Figure 1b).

Hepatitis B surface antigen

Four hundred and seventy patients (84.1%) were evaluated retrospectively for HBsAg, of

whom 42 (9%) tested positive. Figure 2 shows the proportion of patients with elevated AST

at baseline and during the follow-up visits by HBsAg baseline result. No significant

differences were detected in the proportion of persons with elevated AST according to

HBsAg status at baseline or while on ART.

Correlates of increasing AST level

At univariate analysis, factors that were associated with mean AST level at baseline were

male gender (P = 0.001), HBsAg positive (P = 0.018), a CD4+ T-cell count <100 cells/μL

(P = 0.005) and WHO stage 3–4 (P = 0.001). However, in a multivariable model, only

gender remained statistically correlated with AST level (Table 1). While on ART, current

Ocama et al. Page 3

Int J STD AIDS. Author manuscript; available in PMC 2013 July 25.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



CD4 count (P< 0.001), current WHO stages 3 or 4 (P = 0.03) and HIV viral load log10

copies ≥5 (P< 0.0001) were all associated with AST level.

In a multivariate model that adjusted for age, baseline AST, previous visit AST, HBsAg

status, baseline and current CD4+ T-cell count, baseline and current WHO stage, baseline

and current HIV viral loads as well as baseline and current regimens, factors that remained

significantly associated with AST elevations included the male gender, β = 1.63 (95%

confidence interval [CI] 0.16–3.33, P = 0.03), CD4 change from baseline, β −0.005 (95% CI

0.009 to −0.001, P = 0.005). Gender difference in AST elevation was not accounted for by

loss to follow-up since this was equal across both genders.

DISCUSSION

This study shows that in HIV-infected patients in Uganda there is a low frequency of

clinically significant AST elevation during the first three years of ART. Symptomatic

monitoring for ART-related liver toxicity during this period may therefore provide a more

cost-effective approach than routine laboratory testing of AST levels in this setting.

The finding of a low frequency of AST elevations in persons on ART is consistent with

some but not all prior reports. Weidle et al.10 in 2008 reported an overall fall in liver

enzymes in patients in rural Uganda, and hepatitis B status did not influence the liver

enzyme pattern even though the HBsAg prevalence was 23%. Likewise, a study comparing

laboratory and clinical monitoring and clinically driven monitoring of patients on ART in

Uganda and Zimbabwe followed for a median of five years showed no difference in grade

IV or ART-modifying toxicity.11Also a South African study in which there was a high

HBsAg prevalence, found a low proportion of liver enzyme elevations attributable to

ART.10 Interestingly, in studies from resource-rich countries the risk of grade III–IV liver

enzyme elevation appears higher.1,12 For example, a study from Spain by Núnñez et al.

demonstrated that close to 10% of patients who started ART developed significant

hepatotoxicity, with risk factors being hepatitis C infection, older age group and alcohol.12

There are a number of factors that must be considered when comparing studies from sub-

Saharan Africa and those from resource-rich countries. HIV-infected persons in the

resource-rich countries are more likely to have chronic HCV infection, which itself is

associated with grade III–IV liver enzyme elevation.1 In contrast, co-infection with HBV

occurs in 9–17% of HIV-infected persons in sub-Saharan Africa.13 The types of

antiretroviral drugs also differ, with sub-Saharan Africa having a greater prevalence of

nevirapine-based ART and concurrent treatment for tuberculosis than in the West.14–16

In our study, two of the eight patients who developed grade III AST elevation were on

treatment for tuberculosis as well. Resource-rich countries may also differ from sub-Saharan

African settings in the CD4+ lymphocyte counts at which ART is started and increased

frequency of laboratory monitoring, and the latter would be expected to increase detection of

liver enzyme elevations.

In resource-rich countries, the development of resistance to lamivudine in chronic HBV/HIV

co-infection occurs predictably in up to 90% of patients by approximately four years of

therapy.17,18 In addition, withdrawal of lamivudine has been shown to lead to HBV flares.19

Nonetheless, despite the fact that all the patients in our study were initiated on lamivudine-

containing ART along with nevirapine (74%) and efavirenz (26%) and 9% had chronic

hepatitis B, we found few instances of hepatotoxicity, as was also seen in other studies.10,20

In our study, it is possible that these patients started ART at CD4+ cell counts that were too

low to induce nevirapine-hypersensitivity reaction, which has been reported to occur at

higher CD4+ cell count. Also, the monitoring of AST in this study protocol was less
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frequent (6-monthly) and might have missed some subclinical transient elevations that could

have occurred during the early ART initiation period. Another possible explanation for low

AST elevations overall, and no increased risk associated with HBsAg status, is that the stage

of hepatitis B might have been inactive in most patients. Recently, there are data that suggest

marked differences in the proportion of persons with inactive chronic hepatitis B worldwide,

explained largely by HBV genotype.21 Indeed, there was little evidence that AST levels

were more frequently elevated at baseline in the HBsAg-positive patients. Since persons

with inactive chronic hepatitis B typically have HBV DNA levels <2000 IU/mL, we would

also not anticipate seeing lamivudine resistance/breakthrough. Further studies including

evaluation of HBV genotyping, hepatitis B antigen serologies and DNA quantification,

which are not currently available in Uganda, are necessary to confirm this hypothesis.

In this study, AST levels decreased with initiation of ART. In most studies of liver enzymes

following ART, the focus is on the risk of hepatotoxicity and thus on the individuals whose

liver enzymes increase. However, it is also interesting to consider why liver enzymes decline

with initiation of ART. Our data do not provide a conclusive answer. Nonetheless, it is

possible that HIV replication in Kupffer cells and possibly other liver cells might stimulate

local inflammation. The SMART study has suggested that indeed HIV itself may also be

harmful for the liver.22 Reductions in liver enzyme elevations following ART would then be

expected as would the correlation of these reductions with HIV RNA suppression (and the

inverse correlation with CD4+ T-cell count restoration).

Our study has several limitations. First AST levels were measured only six-monthly and

therefore we may have missed transient AST elevations especially in the first 12 weeks of

ART. It is likely, however, that these AST elevations were not clinically relevant because

patients were seen monthly by dedicated cohort physicians who asked subjects about

symptoms and ordered additional liver tests if clinically indicated. In fact, in resource-

limited settings where regular testing is costly, our study, as is the recently published DART

study, is reassuring that frequent testing for liver enzymes is not needed.11

Hepatitis B viral loads were not performed in our study. Therefore, we do not know whether

the low levels of increased AST in HBV-infected patients were related to low HBV viral

load levels. A recent study performed in Uganda, however, indeed suggests that this could

be a possible explanation.23 Finally, 23 patients were lost to follow-up: 13 in the first, eight

in the second and two in the third year. We do not know how many of them died. A previous

publication from the same cohort reported high mortality especially within the first 12

months of follow-up. Tuberculosis and cryptococcal meningitis were the main causes of

death; no patient died because of clinically evident liver disease.24

Our study also found that male gender was associated with AST elevations. It is possible

that the male predominance could be due to other factors that may include alcohol

consumption. In addition, in this study, only AST was used to measure liver enzymes, and

we cannot exclude the possibility that additional cases of ALT-related grade III–IV toxicity

would have been detected by inclusion of ALT testing. However, although the choice of

AST was purely practical, it is interesting that in following HIV/HCV co-infected subjects,

co-author DT found that AST is more strongly correlated than ALT with liver fibrosis25 and

liver fibrosis progression.26 In addition, there is very tight correlation between the two

markers and liver enzyme elevations after ART.1 We therefore do not expect there would

have been many with grade III–IV ALT elevation and not AST elevation.27 In addition, the

overall AST levels declined and there were no other symptomatic cases aside from the three

detected by AST testing.
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In conclusion, in this setting, the risk of clinically significant ART-related hepatotoxicity

was low, even among HIV/HBV co-infected persons.
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Figure 1.
(a) Proportion of patients with AST elevation in the first 36 months of ART. (b) Proportion

of patients with AST elevation in the first 36 months of ART by gender. AST = aspartate

aminotransferase; ART= antiretroviral therapy
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Figure 2.
Graph comparing liver enzymes among 470 patients who were tested for hepatitis B virus.

The figure shows no significant difference in the liver enzymes among HIV/HBV co-

infected compared with those with HIV mono-infection over the 36 months of antiretroviral

therapy. ART= antiretroviral therapy
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Table 1

Correlates of elevated AST levels at baseline and while on antiretroviral therapy by multivariate analysis

Variable β (95% CI) P value

Baseline

 Age (5-year increase) 0.07(−0.33–0.47)

 Baseline AST 0.02 (−0.00–0.04)

 Male sex 1.63 (0.16–3.11) 0.030

 Hepatitis B status 0.26 (−2.20–2.73)

 Baseline CD4 <100 cell/μL 0.53 (−0.86,1.92)

 Baseline WHO

  1 and 2 0

  3 and 4 0.93 (−0.38–2.24)

Baseline ART regimen

 NVP 1st line 0

 EFV −1.76 (−3.99–0.46)

 Baseline HIV RNA log copies/mL

  <5 0

  ≥5 −0.04 (−1.75–1.68)

 CD4 change from baseline 0

− 0.005 (−0.009–0.001) 0.005

Current ART regimen

 NVP – first line 0

 EFV – first line 1.62 (1.34–2.57)

 Second line* −1.81 (−10.45–6.82)

 Others
†

 Current WHO stage

  1–2 Ref

  3–4 −0.60 (−1.87–0.66)

 Current HIV RNA log copies/mL

  <5 0

  ≥5 0.52 (−2.57–3.62)

AST = aspartate aminotransferase; NVP = nevirapine; EFV = efavirenz; ART = antiretroviral therapy; CI = confidence interval

*
Second-line regimens consisted of lopinavir/ritonavir (Kaletra) plus either didanosine/zidovudine, zidovudine/lamivudine, tenofovir/emtricitabine

or lamivudine/efavirenz

†
Other regimens included two who were off therapy for sometime, one on abacavir lamivudine and efavirenz, and one on zidovudine, didanosine

and Alluvia (lopinavir/ritonavir)
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