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Abstract
Objective: Purpose of this study was to assess the prevalence and risk factors associated with development of
hepatotoxicity and anemia following initiation of antiretroviral treatment (ART) containing stavudine (d4T) or zidovudine
(AZT) in the first year of treatment in the African setting.
Method: We evaluated aspartate aminotransferase and haemoglobin levels at baseline and at 1, 2, 3, 6, 9 and
12 months following ART initiation among 10,537 HIV-1 infected, ART-naïve, non-pregnant adults in Mozambique and
Malawi. The Cox proportional hazards model was used to assess risk factors for hepatotoxicity and anaemia in the first
year following ART initiation.
Results: The prevalence of ART-associated hepatotoxicity grades 1-2 declined in the first 3 months of ART from
13.5% to 10.8%, and grades 3-4 from 2.0% to 0.2% from month 1 to month 6. The prevalence of hepatotoxicity grades
1-2 peaked at month 6 due to the use of d4T (overall 14.2%; d4T-arm: 16.2%, AZT-arm: 5.8%). Anemia grades 1-2 and
3-4 declined from month 1 (13.3%, 3.2% respectively) to month 12 (3.0%, 0.5%, respectively).
Risk factors for hepatotoxicity grades 1-2 included d4T use, an elevated VL pre-ART and female sex, and for
anemia grade 1-2 and 3-4 AZT use, female sex and malaria. A high pre-ART VL was associated with the onset of
severe anaemia. Not being malnourished was protective against mild hepatotoxicity and anemia. The ART-related
mortality observed in the cohort was low (0.017%).
Conclusion: In African settings the risk of untreated HIV outweighs the risk of anemia and hepatotoxicity mediated
by ART. The prevalence of ART-mediated hepatotoxicity declines in the first 3 to 6 months of treatment, and that of
anemia declines in the first 12 months of ART. Patients with a poor health status at the start of ART are at highest risk
of developing ART-associated hepatotoxicity and anemia.
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term prognosis [4]. ART generally improves HIV-associated anemia
[3,4], but some ARVs may cause anemia. Zidovudine (AZT) is the ARV
with the highest myelosuppressive potential, causing anemia in 5% of
patients [12,13].

In an era of rapid expansion of antiretroviral treatment (ART)
availability in sub-Saharan Africa, the management of ART-mediated
toxicities is becoming increasingly important. ART-associated
hepatotoxicity and anemia is known causes of morbidity, mortality
and treatment interruption [1-4], but the association and timing for
development of hepatotoxicity, anemia, HIV-infection and ART in the
African population is not well characterized.

D4T, AZT and nevirapine (NVP) are still widely used in sub-Saharan
Africa, even though the current WHO Guidelines [14] recommend
TDF+3TC/FTC+EFV as preferred first-line combinations. Knowledge
regarding side effects of ART in the African setting is limited. In order
to evaluate hepatotoxicity and anemia as the most relevant d4T-, AZTand NVP-associated adverse effects; we analyzed the prevalence of
elevated liver-enzyme values (aspartate aminotransferase, AST) and

Adverse effects; Hepatotoxicity; Anemia; Malaria; Risk factors

Low-grade elevations of liver-enzymes may occur with every ART
combination. They are frequent, mostly asymptomatic and often resolve
spontaneously, but may be associated with severe and potentially
life-threatening clinical manifestations. In studies from sub-Saharan
Africa, the risk of ART-associated hepatotoxicity ranges from 1.0%
[5] to 17% [6] depending on the ART combination, the definition of
hepatotoxicity and characteristics of the study population. Stavudine
(d4T) and nevirapine (NVP) are the antiretroviral drugs (ARVs) with
the highest hepatotoxic potential [2,7-9].
Anemia is the most common hematologic abnormality in HIV
infected persons. There is a significant and graded association between
anemia and the progression to AIDS and death [4,10,11]. Anemia at the
beginning of ART is an important parameter for the short and longJ AIDS Clin Res
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decreased hemoglobin (HB) as well as risk factors associated with these
findings during the first year of ART in a huge cohort of patients from
Mozambique and Malawi.

was substituted by EFV or LPV/r.

Method

AST and HB values were graded according to the table for grading
the severity of adult and pediatric adverse events of the AIDS Clinical
Trials Group [15]. Mild and moderate hepatotoxicity (grade 1-2) was
defined as AST 1.1-5.0 U/l × Upper limit of normal (ULN), and severe
and potentially life threatening hepatotoxicity (grade 3-4) as AST >5.1
U/l × ULN. ULN for females was 35 U/l and for males 50 U/l. Mild
and moderate anemia (grade 1-2) was HB 7.5-10.0 g/dl, and severe and
potentially life threatening anemia (grade 3-4) was HB <7.5 g/dl.

Study design
Multicenter retrospective observational cohort study.

Study population
The inclusion criteria included infection with HIV-1, age 15 years
or older, being ART-naïve with the indication to start ART according
to clinical, immunological and/or virological criteria, and informed
consent to participate in the program. Patients who did not complete
the first year of ART because they died or were lost-to-follow up were
excluded from the analysis as well as patients with elevated AST and Hb
levels at the baseline visit. All patients from four AIDS-treatment sites
of the DREAM Program in Mozambique (one urban site in Maputo,
three sites in the outskirts of Maputo, Matola and Beira) and three in
Malawi (one urban site in Blantyre, two rural sites outside Lilongwe and
Balaka) who fulfilled the inclusion criteria were enrolled in the study.
The DREAM Program is run by the Community of Sant’Egidio in
ten African countries. It offers a comprehensive, free-of-charge package
of ART, prevention of mother-to-child transmission (PMTCT),
laboratory diagnostics including CD4 count and plasma HIV RNA viral
load (VL), food integration and other services. Agreements with the
Ministries of Health regulate the implementation of AIDS treatment
sites including operational research.
Hepatitis B (HBV) and C (HCV) infectionas well as Tuberculosis
(TB) co-infection were not assessed in this specific analysis. Therefore,
HIV patients with HBV, HCV and TB co-infection and on TB-treatment
are included in the cohort.
In the final analysis we included only patients without any abnormal
AST and HB values before ART initiation, in order to evaluate ARTassociated hepatotoxicity and anemia.

Method
Data for all patients, who started ART from 01.01.2006 to 31.08.2011
in Mozambique and until 31.12.2009 in Malawi, were reviewed. The
follow-up period was until 12 months after the initiation of ART. ART
was started in patients with a WHO stage 3 or 4, or a CD4 count<350
cells/µl, or a CD4 count between 350 and 500 cells/µl and VL>5 log10
c/ml.
Initial first-line ART regimens consisted of d4T- and AZT-based
combinations; 95% of the patients received NVP as the NNRTI of choice.
At the time of study initiation, the national guidelines of Mozambique
and Malawi recommended as the first line regimen d4T+3TC+NVP. In
June 2010, d4T was substituted in Mozambique by AZT as a first line
regimen. In the case of severe peripheral neuropathy, d4T was replaced
by AZT. In the case of hepatotoxicities or severe skin reactions NVP

Variables collected and outcome definitions

Baseline CD4 count, VL, BMI, AST and HB were measured before
starting ART. AST and HB were measured at 1, 2, 3, 6, 9 and 12 months
after start of ART. Prevalence of hepatotoxicity grades 1-2 and 3-4
and of anemia grades 1-2 and 3-4 were analyzed both in the complete
cohort and in the two arms with d4T-based and AZT-based regimens.
These potential risk factors were assessed by univariate and multivariate
analysis: type of NRTI (d4T vs. AZT), type of NNRTI (NVP- vs. EFV),
CD4 count before ART stratified in CD4 ≤ 250, CD4 251-399 and CD4
≥ 400, VL before ART (VL ≤ 5 log10copies/µl vs. VL>5 log10 copies/µl),
nutritional status before ART (BMI), sex and cumulative malaria events.
Patients with a BMI below 18.5 were considered as malnourished.
Cumulative malaria was defined as at least one malaria attack after the
start of ART which was confirmed by a rapid diagnostic test.

Statistical analysis
SPSS v.Win 19.0 (SPSS Inc., Chicago, Illinois, USA) was used
for statistical data analysis. Relative risk (RR) ninety-five percent
confidence intervals and p-values were calculated. To assess risk factors
for hepatotoxicity and anemia in the d4T- and AZT-arms, data were
dichotomized according to pre-ART CD4 cell counts, VL, BMI and
HB in order to generate relative risk values for each stratum. Risk
factors were identified by univariate and multivariate analyses (Cox
proportional hazards model).

Results
Medical files of all 11,753 adult, ART naïve, non-pregnant patients,
initiating ART were reviewed. Twelve months after ART initiation,
744 (6.3%) of patients had died and 442 (3.8%) were lost to followup. The 1186 patients (10.1%) who did not complete the first year of
ART, and 30 (0.3%) who did not receive d4T- or AZT-based regimens
were excluded. From the remaining 10,537 patients, 6804 (64.4%) were
female and 3733 (35.4%) male. From 10,434 patients with available
CD4 counts, 6469 (62.0%) had a CD4 ≤ 250, 3193 (30.6%) a CD4 251399, and 772 (7.4%) a CD4 ≥ 400. 8231 (78.1%) received a d4T-based
and 2306 (21.9%) an AZT-based combination. Only 6 (0.06%) patients
did not take lamivudine (3TC) as the second line NRTI (1 didanosine,
5 abacavir). 10,043 (95.3%) received NVP as the NNRTI of choice and
254 (2.4%) EFV; 240 patients (2.3%) did not take a NNRTI as a third
component (191 abacavir, 23 indinavir, 22 lopinavir/r, 4 nelfinavir).

Pre-ART values

d4T-based arm

AZT-based arm

Missing values

T test (CI 95%)

P

Age in years (n)

36.22 (8231)

34.41 (2306)

-

1.81 (1.33-2.28)

<0.001

93.85 (82.83-104.86)

<0.001

CD4 cells/µl (n)

239.38 (8151)

333.23 (2283)

103

VL log10 c/ml (n)

4.93 (7798)

4.71 (2203)

536

BMI (n)

20.71 (8201)

22.22 (2297)

39

1.51 (1.31-1.71)

<0.001

HB g/dl (n)

10.91 (8173)

11.32 (2283)

81

0.41 (0.19-0.62)

<0.001

>0.001

Table 1: Pre-ART characteristics by treatment arm.
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Baseline CD4 count, BMI and Hb values were significantly different
between patients receiving AZT-based and d4T-based ART regimens
(Table 1). Overall, patients in the AZT-arm were younger and in better
health than those in the d4T-arm. However, baseline differences did not
seem to affect further analysis.
The baseline prevalence of hepatotoxicity grades 1-2 and 3-4 and
of anemia grades 1-2 and 3-4 were 18.1% (1515/8381), 0.5% (38/8381),
28.5% (2599/9131) and 6.7% (610/9131), respectively.

ART-associated hepatotoxicity during the first year of ART
The rates of ART-associated hepatotoxicity 1-2 declined from 13.5% to
10.8% in the total cohort in the first 3 months of ART, peaked in month 6
Prevalence of
hepatotoxicity 3-4

(14.2%) and remained stable in month 9 (9.6%) and 12 (10.0%) (Table 2,
Figures 1 and 2). The prevalence of hepatotoxicity grades 1-2 during the
first year of ART was higher in the d4T- than the AZT-arm. The differences
between grades 1-2 liver toxicity among the two arms was 5.5% after the
first month, reached a maximum difference of 10.4% after 6 months and
then diminished to a minimum value of 3.1% after 12 months. At 6 months
the prevalence of hepatotoxicity peaked in the d4T-arm (16.2%), whilst in
the AZT-arm it reached its lowest level at 5.8%.
The rate of hepatotoxicity grades 3-4 in the total cohort decreased
from 2.0% after the first month to 0.2% after month 6. In the d4T-arm
it dropped from 1.9% to 0.6% in the first two months, and in the AZTarm it decreased from 2.3% to 0.5% until month 3. Then hepatotoxicity

Month

Prevalence of
hepatotoxicity 1-2

Prevalence of hepatotoxicity 1-2

Prevalence of hepatotoxicity 3-4

Total

Total

d4T-based arm

AZT-based arm

d4T-based arm

AZT-based arm

Month 1

13.5% (613/4544)

2.0% (119/5893)

14.6% (530/3634)

9.1% (83/910)

1.9% (93/4776)

2.3% (26/1117)

Month 2

11.1% (390/3510)

0.8% (35/4583)

12.0% (338/2805)

7.4% (52/705)

0.6% (24/3718)

1.3% (11/865)

Month 3

10.8% (475/4396)

0.5% (30/5733)

11.8% (420/3567)

6.6% (55/829)

0.5% (25/4710)

0.5% (5/1023)

Month 6

14.2% (580/4084)

0.2% (9/5268)

16.2% (534/3287)

5.8% (46/797)

0.2% (7/4296)

0.2% (2/972)

Month 9

9.6% (187/1951)

0.3% (7/2485)

11.5% (147/1280)

6.0% (40/671)

0.2% (4/1668)

0.4% (3/817)

Month 12

10.0% (242/2422)

0.4% (12/3124)

10.7% (202/1893)

7.6% (40/529)

0.4% (9/2473)

0.5% (3/651)

Table 2: Prevalence of ART-associated hepatotoxicity grades 1-2 and 3-4.

Figure 1: Prevalence of ART-associated hepatotoxicity grades 1-2.

Figure 2: Prevalence of ART-associated hepatotoxicity grades 3-4.
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levels remained below 1% in both arms until month 12. A higher
prevalence of liver toxicity grades 3-4 in the d4T- versus the AZT-arm
was not observed.

Risk factors for hepatotoxicity using d4T- and AZT-based
regimens
In the univariate analysis for d4T, a baseline CD4 count below 250/
µl, a pre-ART VL>5 log10 c/ml and female gender were associated with
Variable

a significant risk for hepatotoxicity grades 1-2 (Table 3). Multivariate
analysis confirmed these risk factors except for the CD4 count. Not
being malnourished (BMI>18.5) before ART was a protective risk
factor against mild to moderate liver toxicity both in the univariate and
multivariate analysis. The univariate and multivariate analysis did not
find any significant associations for development of grades 3-4 liver
toxicity.

Univariate analysis

Multivariate analysis

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hepatotoxicity 1-2

Hepatotoxicity 3-4

Hepatotoxicity 1-2

Hepatotoxicity 3-4

NRTI (d4T- vs. AZT)

1.78 (1.56-2.02)

Non-significant

1.83 (1.54-2.16)

Non-significant

Pre-ART CD4+ cell count (< 250/µl vs >250/µl)

1.25 (1.05-1.49)

Non-significant

Non-significant

Non-significant

Pre-ART VL (>5.0 Log vs <5.0 Log)

1.22 (1.01-1.36)

Non-significant

1.22 (1.08-1.39)

Non-significant

Pre-ART BMI (<18.5 vs. >18.6)

0.78 (0.69-0.88)

Non-significant

0.79 (0.70-0.89)

Non-significant

gender (female vs. male)

1.18 (1.12-1.24)

Non-significant

1.47 (1.30-1.66)

Non-significant

Table 3: Cox proportional hazards analysis of factors associated with increased ART-associated hepatotoxicity grades 1-2 and 3-4.

Month

Prevalence of anemia Prevalence of anemia
1-2
3-4

Prevalence of anemia 1-2

Prevalence of anemia 3-4

Total

Total

d4T-based arm

AZT-based arm

d4T-based arm

AZT-based arm

Month 1

13.3% (631/4737)

3.2% (226/7021)

12.1% (456/3766)

18.0% (175/971)

3.2% (180/5551)

3.1% (46/1470)

Month 2

9.3% (310/3334)

2.1% (102/4808)

7.5% (200/2675)

16.7% (110/659)

1.8% (69/3834)

3.4% (33/974)

Month 3

7.0% (299/4265)

1.5% (92/6194)

5.8% (202/3459)

12.0% (97/806)

1.1% (53/4981)

3.2% (39/1213)

Month 6

4.8% (193/3993)

0.8% (48/5715)

4.3% (138/3188)

6.8% (55/805)

0.6% (27/4539)

1.8% (21/1176)

Month 9

4.0% (129/3233)

0.7% (33/4595)

3.5% (89/2555)

5.9% (40/678)

0.7% (24/3601)

0.9% (9/994)

Month 12

3.0% (73/2454)

0.5% (19/3511)

2.3% (44/1941)

5.7% (29/513)

0.5% (14/2760)

0.7% (5/751)

Table 4: Prevalence of ART-associated anemia grades 1-2 and 3-4.

Figure 3: Prevalence of ART-associated anemia grades 1-2.

Figure 4: Prevalence of ART-associated anemia grades 3-4.
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ART-associated anemia during the first year of ART
The prevalence of ART-related mild and moderate anemia in
the cohort was 13.3% after 1 month and decreased continuously to a
prevalence of 3.0% after one year (Table 4, Figures 3 and 4). During the
first year of ART, the prevalence of anemia grades 1-2 was persistently
higher in patients who received AZT as compared to d4T. The highest
difference in prevalence of anemia grades 1-2 of 9.2% after 2 months
of ART initiation between the AZT- and d4T-arms decreased to 2.4%
after 9 months.
The rate of severe and potentially life threatening anemia in the
cohort decreased from 3.2% in month 1 to 0.5% after 12 months; it
remained below 1% from month 6 to 12. Anemia grades 3-4 was more
frequent in the AZT- than in the d4T-arm in all months, except a
marginal difference after month 1 (AZT-arm: 3.1%, d4T-arm: 3.2%).
The difference of anemia grades 3-4 between the AZT- and d4T-arms
was 2.1% in month 3, and decreased to a minimum difference of 0.2%
in months 9 and 12. In contrast to the continuously declining curve of
anemia grades 1-2 in the AZT-arm, the prevalence of AZT-associated
anemia grades 3-4 was quite stable during the first 3 months (month 1:
3.1%, month 2: 3.4%, month 3: 3.2%).This suggests that anemia grades
3-4 (but not anemia grades 1-2) induced by AZT in the first three
months was stronger than the anemia reverting effect of ART.

Risk factors for anemia with d4T- and AZT-based regimens
In an univariate and multivariate analysis, AZT and cumulative
malaria were the strongest risk factors for anemia grades 1-2 and 3-4
(Table 5). Female gender was a predictor only for mild and moderate
anemia, and a pre-ART VL>5 log10 c/ml was a risk factor for severe and
life threatening anemia. A good nutritional status (BMI>18.5) before
ART protected against anemia of any grade. Interestingly no CD4
stratum (CD4 ≤ 250, CD4 251-399, CD4 ≥ 400) was a significant risk
factor for anemia.

ART-toxicity related deaths
Two deaths among 744 patients who died were clearly associated with
antiretroviral toxicity: A 45 years old male patient on AZT+3TC+NVP
died of megaloblastic anemia after 3.5 months of ART. Another male
patient, age 32 years, who received d4T+3TC+NVP, died of acute
hepatitis after nearly 2 months of ART. ART-associated mortality was
very low at 0.017% (2/11,753).

Cumulative malaria
Because anemia is a common complication of all types of
malaria, we assessed cumulative malaria as a risk factor of anemia in
the multivariate analysis. Malaria-related anemia was significantly
associated with increased morbidity and mortality, especially in
children and pregnant women [16,17]. The prevalence of malaria was

5.5% after 1 month of ART, decreased quickly in the second (1.7%) and
third months of therapy (1.5%), peaked in month 6 (2.9%) and 9 (2.4%)
and decreased again to 1.6% after month 12. Cumulative Malaria was
the strongest risk factor for severe and life threatening anemia in the
multivariate analysis, and the second strongest risk factor after AZT in
the univariate analysis: At least one malaria attack after the initiation
of ART quadrupled the risk for anemia grades 3-4 during the first year
of ART.

Discussion
Our data from the African setting unveiled a complex
interdependency between hepatotoxicity and anemia-inducing factors
(e.g. HIV, type of NRTI, malaria) and -reducing factors such as increasing
virologic suppression due to ART and a general improvement in health
as a result of medical services. It is often problematic to compare the
prevalence data and risk factors of liver toxicity and anemia from
different studies because of varying definitions, grading and variability
of transaminase or HB-determinations. Hepatotoxicity and anemia
are multifactorial events, thus the study populations may differ in coinfections (TB, HBV, HCV), life styles (e.g. alcohol abuse), concomitant
drug administration as well as in demographic and socio-economic
variables.
The rate of pre-ART liver toxicity of any grade in our cohort was
18.6%. That is higher than in industrialized countries, where 13.2% [18]
to 15% [19] of HIV positive patients (but not co-infected with HBV or
HCV) show elevated transaminases. In African studies, the prevalence
of pre-ART grade 1-4 liver toxicity ranges from 6.3% to 42% [5,20-23],
and grades 3-4 toxicity from 0.6% to 12.66% [5,21,24] whilst in our
cohort it was 0.5%.
The rate of pre-ART anemia grades 1-4 in our cohort was 35.2%.
Data from developed countries demonstrates considerable ranges
from 1.3% to 95% [3,4], and from African cohorts other studies have
demonstrated rates of 52.6% to 77.4% [25-27]. Our baseline pre-ART
anemia levels were lower than that observed in other African cohorts.

ART-associated hepatotoxicity and anemia during the first
year of ART
In order to analyze only ART-associated hepatotoxicity and
anemia we excluded from further analysis all patients with abnormal
transaminase and HB levels before the start of ART. Nevertheless,
after the first month of ART we observed an elevated prevalence of
hepatotoxicity grades 1-2 (13.5%; d4T-arm: 14.6%; AZT-arm: 9.1%),
hepatotoxicity grades 3-4 (2.0%; d4T: 1.9%; AZT: 2.3%), anemia grades
1-2 (13.3%; d4T: 12.1%; AZT: 18.0%) and anemia grades 3-4 (3.2%;
d4T: 3.2%; AZT: 3.1%). The prevalence of ART-induced liver toxicity
grades 3-4 after one month in the cohort was four times higher than in
ART-naïve patients (0.5% vs. 2.0%). Other African studies report even

Univariate analysis

Multivariate analysis

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Anemia 1-2

Anemia 3-4

Anemia 1-2

Anemia 3-4

NRTI (d4T- vs. AZT)

1.71 (1.50-1.96)

2.72 (1.86-3.99)

2.00 (1.66-2.41)

3.70 (2.06-6.65)

Pre-ART CD4+ cell count

Non-significant

Non-significant

Non-significant

Non-significant

Pre-ART VL (>5.0 Log vs <5.0 Log)

Non-significant

1.85 (1.21-2.83)

Non-significant

1.86 (1.09-3.16)

Pre-ART BMI (<18.5 vs. >18.6)

0.75 (0.64-0.89)

0.43 (0.26-0.70)

0.71 (0.59-0.86)

0.43 (0.25-0.73)

Sex (female vs. male)

1.46 (1.40-1.56)

Non-significant

2.22 (1.84-2.68)

Non-significant

Malaria

1.29 (1.07-1.54)

2.21 (1.40-3.52)

1.28 (1.01-1.63)

4.05 (2.30-7.12)

Table 5: Cox proportional hazards analysis of factors associated with ART-associated anemia grades 1-2 and 3-4.
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higher rates of early hepatotoxicity grades 3-4 ranging between 1.3%
and 14% (3 to 6 months after the initiation of ART) [5,6,23,28].
The relatively high but brief increase in transaminase levels after the
start of ART in patients who had no abnormal values before treatment
shows the immediate livertoxic and anemic effect of d4T- and AZTcontaining regimens. These ART-associated toxicities are affected by
other parameters such as HIV itself other diseases and drug-associated
hepatotoxicities or anemia, probably combined with considerable intraindividual variability.
There is a declining trend of ART-associated hepatotoxicity and
anemia over the first year of ART. This trend is more evident for
anemia. The decline in liver toxicity prevalence starts immediately
after one month of ART, but the decline in hepatotoxicity grades 1-2 is
soon interrupted probably because of the strong hepatotoxic effect of
d4T after 6 months of therapy. This is likely due to the mitochondrial
liver toxicity of NRTIs, especially d4T, typically occurring at or after 6
months of ART [8,9]. Whether hepatotoxicity grades 1-2 continues to
decline after 9 to 12 months would be best answered by studies with
longer follow up, even if the clinical relevance is questionable. Liver
toxicity grades 3-4 declines to a minimum after 6 months of ART.
Data from patients in Malawi from comparable age and sex who did
not take ART because they did not meet initiation criteria showed an
average prevalence of 4.8% for hepatotoxicity grades 1-2 and 0.8% for
hepatotoxicity grades 3-4 (data not shown). These percentages are similar
to our hepatotoxicity rates in the AZT-arm after three months of ART,
which suggests that AZT does not contribute much to hepatotoxicity.
Studies analyzing early liver toxicity in cohorts from Uganda [23]
and Nigeria [28] as well as long-term liver toxicity (24-36 months
after start of ART) from Uganda [22,29] confirm a general decline of
transaminases elevations during the course of ART. A South African
study showed an increase of hepatotoxicity grades 1-2 in the first
3 months of ART from 9% to 15% and of hepatotoxicity grades 3-4
from 0.5% to 2% [5], however, in this trial, patients with pre-ART
hepatotoxicity were not excluded. Studies from Uganda confirm a longterm stabilization of liver enzyme elevations at a prevalence of 13% after
24 months [29] and 12% after 30 months post treatment initiation [22].
Studies from developed countries [3,4] and from Africa [26,30-33]
show that HIV-associated anemia can be reversed by ART, but even
after 12 months a portion of patients remain anemic. Our data confirms
the immediate and lasting reduction of ART-associated anemia grades
1-4 through the first year of ART. Anemia reducing factors due to HIV
treatment outbalance inducing factors by far. Most likely the fraction of
AZT-associated anemia which exceeds the anemia found in the d4Tarm is the only truly ART-attributable anemia.

Risk factors for hepatotoxicity and anemia
In our cohort, the strongest risk factor for ART-associated
hepatotoxicity grades 1-2 during the first year of ART was d4T, but the
use of d4T was not associated with hepatotoxicity grades 3-4. Increased
pre-ART VL and female gender were risk factors for mild to moderate
liver toxicities as well. A good nutritional status at the start of ART
was protective against hepatotoxicty grades 1-2. We could not find
significant risk factors for hepatotoxicity grades 3-4.
The association between hepatotoxicity and gender is conflicting in
other African studies: a South African cohort confirmed female gender
as a risk factor [6], while two Ugandan studies identified male gender
as a risk factor [22,29].Two other South African studies did not find any
association between sex and hepatotoxicity [5,21].
J AIDS Clin Res
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Cohort studies from South Africa [6] and Uganda [29] confirm
our findings that a good nutritional status protects against early
hepatotoxicity, while in developed countries being overweight is
associated with elevated transaminases [18,34]. Probably a normal
body weight limits ART-associated hepatotoxicity.
Interestingly, in our cohort the pre-ART CD4 count was of minor
importance as a risk factor for liver toxicity: only in the univariate
analysis a low pre-ART CD4 count was associated with hepatotoxicity
grades 1-2. There are concerns that elevated CD4 counts may be
associated with NVP-induced liver toxicities, but data are conflicting
[6,35]. Because of that WHO treatment guidelines from 2013 [14]
suggest that NVP should be used with caution in women with higher
CD4 counts and in pregnant women. Data from a Malawian cohort of
HIV-infected, NVP-treated pregnant women in the DREAM Program
[36] show that baseline levels of CD4 >250 cells/µl were indeed
correlated with early moderate or severe (grade ≥ 2) ALT elevations.
But because of the relatively low overall incidence of moderate to severe
liver toxicity (9%) in the long-term follow-up the authors suggest that
the use of NVP in this context is relatively safe [37].
AZT and cumulative malaria are the strongest risk factors for
anemia of any grade in the first year of ART. As for hepatotoxicity grades
1-2, a good nutritional condition protects against anemia. Patients with
a poor health status at the initiation of ART (high VL, malnutrition,
malaria) are especially at risk of developing ART-associated toxicities
like anemia, in particular severe and life threatening anemia, and
hepatotoxicity grades 1-2.
The few African studies which identified risk factors for anemia in
patients on ART are conflicting because of different study conditions
and populations. In a cohort from Rwanda [33], risk factors in uniand multivariate analysis were AZT, a low BMI, lack of ART, a CD4
count below 200 and TB. A cohort from Côte d’Ivoire [30] analyzing
age, VL, CD4 count, ALT/AST, pre-ART anemia 1-2, WHO stage and
BMI found a pre-ART HB between 8 and 10.5g/dl as the only risk factor
for anemia grades 3-4. A Tanzanian cohort identified AZT as risk factor
compared to d4T [26]. The studies did not exclude patients with preART anemia.

Nevirapine versus efavirenz
NVP causes early hepatotoxicity (within 1 to 8 weeks) due to
hypersensitivity reactions and late idiosyncratic hepatotoxicity (2 to
6 months) [1]. NVP is associated with a higher rate of hepatotoxicity
compared to EFV [6,34,37,38]. Our objective to evaluate NVP
compared to EFV as a risk factor could not be achieved because the
number of patients who received EFV was too small to reach statistical
significance, despite of the large sample size. A repeat analysis excluding
patients who received EFV did not change the results.

Limitations of the study
This study has some limitations: TB, concomitant TB-treatment
[21], HCV and HBV [39] may cause liver enzymes elevations in HIV
infected persons, but we could not evaluate their influence on liver
toxicity because this data was not registered in the software for TB and
due to the lack of diagnostic means for hepatitis viruses.
In a Malawian cohort of HIV-infected pregnant women, 28 out of
309 women (9.1%) were co-infected with either HBV (8.7%, n=27) or
HCV (0.3%, n=1). During 2 years of follow-up 40.4% developed liver
toxicity of any grade, 9.1% had moderate to severe liver toxicity (grade
≥ 2) and 1.9% had grade 3 liver toxicity [36].
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In a multivariate model either HBV or HCV infection were
significantly associated with the development of mild liver toxicity. The
only predictor of moderate or severe hepatotoxicity (grade≥2) was a
baseline CD4 cell count >250/µl. Nearly half of the cases (46.4%) of
grade ≥ 2 toxicity developed within the first 18 weeks of treatment.
The presence of HBV or HCV infection did not seem to have a major
impact on the emergence of moderate to severe liver toxicities.
We had a proportion of patients with incomplete monitoring of
AST, HB, CD4, VL and BMI. The reason that not all data points were
available for analysis is that data collection was done under real world
conditions, including patient with insufficient retention, and noncollection of specific measures during clinic visits.

Conclusion
This observational study shows that in sub-Saharan Africa, the
presence of hepatotoxicity grades 1-2 is a significant adverse effect of the
use of d4T, and anemia of any grade is associated with AZT use during
the first year of ART. Patients with poor health status at the initiation
of ART as in the case of malnutrition, an increased VL and/ or malaria
have an increased risk of developing ART related side effects, especially
anemia. African risk factors like malaria and malnutrition have to
be treated also in order to reduce side effects. Baseline CD4 is of less
importance in this context. ART-associated mortality was low. Less toxic
NRTIs and modern protease-, integrase- and entry inhibitors should be
made available in Africa in order to reduce this toxicity profile.
There is a need to standardize the definitions of hepatotoxicity
and anemia in order to improve comparability of results. Frequent,
regular routine monitoring of liver enzymes and HB screening before
and during ART are recommended in order to identify HIV patients at
highest risk of disease progression and death.
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