
Objective: To describe the prevalence, incidence and
predictors of severe anaemia in previously untreated
symptomatic HIV-infected adults with CD4+ T-cells
<200 cells/mm3 initiating zidovudine-containing
regimens in Africa.
Design: DART is a randomized trial comparing two strate-
gies for HIV/AIDS management in Uganda and Zimbabwe.
Methods: We analysed the occurrence of anaemia at
weeks 4 and 12, and then every 12 weeks. We also eval-
uated sex, age, WHO stage, body mass index (BMI),
baseline laboratory measurements and first regimen as
predictors of developing grade 4 anaemia (<6.5 mg/dl) by
week 48 using logistic regression.
Results: To May 2005, 3,314 participants (65% women,
23% at WHO stage 4, median age=37 years, baseline
CD4+ T-cell=86 cells/mm3 and median baseline haemo-

globin=11.4 g/dl) had a median 72 weeks follow-up.
Prevalence of grade 4 anaemia was 0.7%, 2.0%, 0.5%
and <0.5% at weeks 4, 12, 24 and ≥36, respectively.
Overall, 219 (6.6%) participants developed grade 4
anaemia by week 48; women and those with lower
haemoglobin, CD4+ T-cell count and BMI at baseline
were at significantly higher risk (P<0.05), but not those
with lower neutrophils or receiving cotrimoxazole at
baseline.
Conclusions: We observed a higher incidence of grade 4
anaemia than in studies from industrialized countries,
which is likely to be due in part to population character-
istics and in part to a higher rate of concurrent
HIV-related clinical events. Clinical vigilance and haemo-
globin measurements 4, 8 and 12 weeks after starting
zidovudine could help to manage serious anaemia.
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Anaemia is common in patients with HIV infection,
particularly those with advanced disease. In patients
not receiving effective antiretroviral therapy (ART),
anaemia is associated with increased mortality, inde-
pendently of CD4+ T-cell count and viral load [1–7]. In
addition, symptoms such as fatigue substantially
impair quality of life [8,9].

Causes of HIV-related anaemia include impaired
haematopoiesis due to increased cytokine production,
decreased erythropoietin production, blood loss,
haemolysis, neoplasms, opportunistic infections with
Mycobacterium avium complex or parvovirus B-19, and
drugs such as zidovudine or cotrimoxazole [10,11]. 

Risk factors for HIV-related anaemia already identified
include low CD4+ T-cell counts, high viral load, female
sex and African-American ethnicity [2,12–15].
Estimates of HIV-related anaemia prevalence show
considerable variation [16], ranging from 1.3% to 95%
depending on the definition and clinical setting.

Much of the data on HIV-related anaemia are from
industrialized countries prior to the introduction of
triple drug ART. Increased incidence of anaemia after
initiation of zidovudine monotherapy was demon-
strated in early placebo-controlled trials [17,18]. In
contrast, the data available on the impact of effective
ART show a significant decrease in anaemia incidence
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and increase in haemoglobin during the first 12–18
months [3,14,19,20]. However, HIV-related anaemia
may be of particular concern in resource-limited
settings where unfavourable combinations of risk
factors predominate and resources for laboratory
investigations are limited [21]. Therefore, we describe
the prevalence, incidence and timing of severe
anaemia and associated risk factors in the
Development of Antiretroviral Therapy (DART) trial
in Uganda and Zimbabwe.

Patients and methods

Trial design and participants
DART is a randomized controlled trial evaluating two
ART management strategies suitable for the resource-
limited context of sub-Saharan Africa. The trial
enrolled 3,314 symptomatic (WHO stage 2, 3 or 4)
HIV-infected adults (≥18 years) with CD4+ T-cell
counts <200 cells/mm3, and without laboratory
contraindications to ART or acute infections initiating
ART in three clinical sites in Uganda (2 sites) and
Zimbabwe (1 site). All participants had not previously
received ART other than to prevent mother-to-child
HIV transmission. The first randomization compares
clinical monitoring only (CMO) with laboratory plus
clinical monitoring (LCM). A second randomization
compares repeated structured treatment interruptions
(STIs: 12 weeks on, 12 weeks off ART) with 
continuous ART in those achieving CD4+ T-cell counts 
≥300 cells/mm3 at 48 or 72 weeks on continuous
therapy. Individual informed consent was obtained
from every participant, and the trial received ethics
approval in Uganda, Zimbabwe and the UK.

The principle objective of DART is to evaluate
different ART management strategies, it is not
primarily investigating different drug regimens.
Therefore, all participants initiated triple combination
ART with co-formulated zidovudine and lamivudine
(as Combivir®) plus tenofovir, nevirapine or abacavir
in line with WHO guidelines at the time [22], with
only 600 participants being randomized between drug
regimens (to either abacavir or nevirapine in a double-
blind 24 week substudy in Uganda). The other partic-
ipants received tenofovir or open-label nevirapine,
based on drug availability at the time and concomitant
medications (for example, for tuberculosis).

Laboratory measurements
All DART participants attend the study clinic every 4
weeks when a nurse administers a symptom checklist
and adherence questionnaire, and dispenses a repeat
ART prescription, referring the participant to a doctor
if there is cause for concern. Participants are also asked
to return to the clinic for extra visits if they feel unwell.

All participants routinely see a doctor and have a full
blood count, tests of liver and kidney function, and
lymphocyte subsets measured at weeks 4 and 12, and
then every 12 weeks. Laboratory results for LCM
participants are returned to the treating clinicians, but
those for CMO participants are not returned unless
there is a grade 4 toxicity or requested for a clinical
reason (authorized by the site Project Leader).
Laboratory tests may also be requested outside the
scheduled timepoints for clinical reasons. New or
recurrent WHO stage 3 and 4 HIV events [23] are
reported at the time of diagnosis; all other clinical
events are reported at follow-up visits. All WHO stage
4 events are reviewed against criteria for presumptive/
definitive diagnosis by an Endpoint Review
Committee, which also reviews the cause of death.
Data on transfusions before or during the trial are not
routinely collected.

Anaemia is graded according to the ACTG criteria
[24], namely grade 1: haemoglobin 8.0–<9.5 g/dl, grade
2: 7.0–<8.0 g/dl, grade 3: 6.5–<7.0 g/dl, and grade 4:
<6.5 g/dl. Eligibility criteria for enrolment into DART
included haemoglobin ≥8.0 g/dl. Mean corpuscular
volume (MCV) is classified as microcytic if <80 fl,
normocytic if 80-99 fl, and macrocytic if ≥100 fl [25].

Statistical analysis
This analysis considers data to 15 May 2005.
Prevalence of anaemia of different grades was estimated
at scheduled visits where all participants should have
had haemoglobin measured. Where multiple specimens
were available, the closest value to each visit week
within equally spaced windows was used. Incidence of
anaemia was estimated by defining a new episode when
the grade deteriorated from baseline (ART initiation),
or following resolution of a preceding episode to grade
at baseline or better. Here we focussed on grade 4
anaemia episodes, defined as the period between the
first grade 4 measurement and resolution, estimating
the end of episode as the mid-point between the last
measurement before and measurement at resolution.
Clinical events and laboratory abnormalities were
considered concomitant to the anaemia episode if diag-
nosed between 14 days (7 days for laboratory abnor-
malities) before its start and 14 days (7 days for
laboratory abnormalities) after its resolution.

As our aim was to describe anaemia after the start of
zidovudine-based ART, primary analyses considered
the first 48 weeks following ART initiation, which is
the period before patients could be randomized to STIs.
Differences in continuous variables (for example,
MCV) between subgroups at scheduled timepoints
were compared by applying the Kruskal–Wallis test.
We used univariable and multivariable (backwards
elimination; exit probability 0.1) logistic regression
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models to identify baseline factors associated with ever
developing grade 4 anaemia, investigating sex, age,
WHO stage of HIV disease, body mass index (BMI),
CD4+ T-cell count, haematological parameters, baseline
receipt of cotrimoxazole, and first ART regimen.
Goodness of fit of the regression models was assessed
by applying the Hosmer–Lemeshow test. Where there
was evidence of significant non-linearity in a contin-
uous variable (checked by fractional polynomial regres-
sion [26]), we modeled this as two linear associations,
choosing the slope changepoint at the maximum of the
(profile) likelihood. Finally, time dependent Cox
proportional hazard models were used to assess the
impact of current cotrimoxazole use on the development
of anaemia.

Results

Between January 2003 and October 2004, 3,314
eligible participants were randomized in DART (Table 1).
Four hundred and six (12%) participants had anaemia
at baseline, including 6 (0.2%) with ≥grade 2 anaemia,
among them one grade 4 (5.8 g/dl). The enrolment of
these six patients represented a protocol violation. The
median follow-up after ART initiation to 15 May
2005 was 72 weeks (interquartile range [IQR]=48–84;
range: 1–120).

Prevalence of anaemia over time
Median haemoglobin was lowest at week 4, but then
increased by a median 0.6 g/dl 24 weeks after ART
initiation, and continued rising thereafter (Figure 1).
Prevalence of grade 4 anaemia was 0.7%, 2.0%,
0.5% and <0.5% at weeks 4, 12, 24, ≥36, respec-
tively. As expected, following the initiation of zidovu-
dine, MCV increased by week 24 (to median 101 fl
compared with 86 fl at baseline) with no change
thereafter (Figure 1) with 6% and 54% of patients
having macrocytic MCV at baseline and week 24,
respectively. However, patients with grade 4 anaemia
at weeks 4 and 12 had significantly lower concurrent
MCV than those without anaemia at these timepoints
(both P<0.001; Figure 1).

Characteristics and timing of anaemia
Overall, 852 (25.7%) participants developed a new
episode of anaemia of ≥grade 1 after starting ART (789
[23.8%] by 48 weeks), among them 242 (7.3%) with a
new grade 4 anaemia (219 [6.6%] by 48 weeks; Table 2).
Sixteen participants had more than one grade 4 episode
(13 participants with two episodes and three with three
episodes). The first grade 4 episode was detected a
median of 12 weeks after ART initiation (IQR=9–24;
range=2–96) and had a median duration of 35 days
(IQR=13–49). Only 23/242 participants had their first

grade 4 anaemia >48 weeks after initiating ART. All 23
had measurements as scheduled before 48 weeks; the
greatest previous anaemia grade was 3 in one partici-
pant, 2 in two participants, and no anaemia or grade 1
in the remaining participants.

Subsequent analyses were restricted to the first 48
weeks after initiating zidovudine-containing ART.
The majority of the 219 participants with new grade
4 anaemia within this period had haemoglobin
within normal range at baseline (168/219; 77%).
One hundred and thirty-five participants (62%)
presented grade 4 anaemia at a scheduled DART
doctor/nurse visit (every 4 weeks), and 84 (38%) at
an unscheduled visit. As expected, patients who
developed grade 1–3 anaemia were more likely to
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Table 1. Baseline characteristics of DART trial participants
(n=3,314)

Country
Uganda 2,315 (70%)
Zimbabwe 999 (30%)

Female 2,154 (65%)
Age, years 36.7 (31.9–42.2)

WHO stage
2 670 (20%)
3 1,865 (56%)
4 778 (23%)

CD4+ T –cell count, cells/mm3 86 (31–139)
0–49 1,107 (33%)
50–99 785 (24%)
100–149 759 (23%)
150–199 663 (20%)

BMI, kg/m2 21.1 (19.1–23.6)

Haemoglobin, g/dl 11.4 (10.3–12.7)
>9.5 2,908 (88%)
8.0–<9.5 (grade 1) 400 (12%)
7.0–<8.0 (grade 2) 3* (0.1%)
6.5–<7.0 (grade 3) 2* (0.1%)
<6.5 (grade 4) 1* (0.0%)

MCV, fl 86 (80–91)
Neutrophils, ×109/l 1.5 (1.1–2.1)
Platelets, ×109/l 204 (157–260)

Cotrimoxazole use
No 1,241 (37%)
Started before randomization 1,654 (50%)
Started at randomization 419 (13%)

Initiated ART with
Combivir/tenofovir 2,467 (74%)
Combivir/abacavir 300 (9%)
Combivir/nevirapine 547 (17%)

*Minor protocol violation: eligibility criteria included haemoglobin 8.0 g/dl
Values are n (%) or median (interquartile range) unless otherwise specified.
ART, antiretroviral therapy; BMI, body mass index; MCV, mean corpuscular
volume; WHO, World Health Organization.
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subsequently develop grade 4 anaemia – 2.3% of
participants without anaemia at week 4, but 11.5%,
15.3% and 18.8% of participants with anaemia
grade 1, 2, and 3, respectively, had grade 4 anaemia
by week 12 (P<0.001). Overall, as relatively few
patients developed anaemia of any grade, most of the
patients with grade 4 anaemia had previously not
had anaemia – 50% of participants with grade 4
anaemia at week 12 had no anaemia at week 4, and
40% had anaemia grade 1 at week 4 (similar results
were seen comparing weeks 12 and 24).

Management of anaemia
After the first episode of grade 4 anaemia, stavudine
was immediately substituted for zidovudine in
100/219 (46%) participants. In a further 82 (37%)
participants, all ART was stopped: ART was restarted
in 80/82 participants after a median of 9 days with
stavudine substituted for zidovudine in 73 partici-
pants; the remaining 7 restarted with zidovudine.
Sixteen (7%) participants died before stopping or
substituting zidovudine, and for 21 (10%) no substi-
tution or interruption was recorded before anaemia
resolution. Overall, 353 of 3,314 (11%) trial partici-
pants substituted stavudine for zidovudine. Anaemia
(of any grade with or without neutropenia) accounted
for 225 (64%) of these substitutions, neutropenia
accounted for the rest.

Concomitant clinical and laboratory events
During the first grade 4 anaemia episode, 56/219
(26%) participants had one or more of the following:
concurrent bacterial infection (6%), malaria (11%) or
a WHO stage 4 HIV event (12%). These events
occurred more frequently in participants presenting at
non-scheduled visits (39% versus 17%, P<0.001). A
further 89 (41%) participants had either concomitant
neutropenia grade 3/4 (31%), thrombocytopenia
grade 3/4 (2%) or both neutropenia and thrombocy-
topenia grade 3/4 (8%). One hundred and one (46%)
participants had none of the events above concurrent
with their first episode of grade 4 anaemia.

Mortality
Forty-eight of 219 participants with grade 4 anaemia
before 48 weeks subsequently died a median 17
weeks after randomization (26 before and 22 after
complete resolution of the anaemia), compared with
154 of those without grade 4 anaemia (P<0.001). All
26 who died before complete anaemia resolution had
other HIV-related illnesses considered among the
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Figure 1. Haemoglobin (A), prevalence of anaemia (B) and
mean corpuscular volume (C) at routine trial visits

Table 2. Incidence of anaemia up to 48 weeks after initiation
of zidovudine-containing ART

n Cumulative n
Most severe episode (% of 3,314) (% of 3,314)

Grade 4 (<6.5 g/dl) 219 (6.6%) 219 (6.6%)
Grade 3 (6.5–<7.0 g/dl) 40 (1.2%) 259 (7.8%)
Grade 2 (7.0–<8.0 g/dl) 134 (4.0%) 393 (11.8%)
Grade 1 (8.0–<9.5 g/dl) 396 (12.0%) 789 (23.8%)

Description of the most severe episode experienced by each participant up to
and including 48 weeks, based on all haemoglobin measurements at scheduled
and non-scheduled visits.

Median corpuscular volume measured per fl, the actual numbers of partici-
pants are in parenthesis. ART, antiretroviral therapy; IQR, interquartile range.

A

B

C
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main causes of death by the Endpoint Review
Committee (ERC). These included sepsis/pneu-
monia/bacterial meningitis (n=15, 3 with pancy-
topenia), tuberculosis (n=2), cryptococcal meningitis/
fungaemia (n=2), and one case each of HIV-related
cerebral disease, cryptosporidial diarrhoea, hepato-
cellular carcinoma (hepatitis B), Kaposi’s sarcoma,
malaria and transverse myelitis. One further patient
died from unknown causes after refusing transfusion
on religious grounds. In two of these 26 patients,
severe anaemia related to zidovudine treatment was
considered to have contributed significantly to their
death by the ERC. Both patients also had
neutropenia and probable sepsis, and died 4–8 weeks
after starting ART. Eleven of the 26 who died before
complete anaemia resolution had concomitant grade
4 neutropenia, with four participants also having
pancytopenia (three in association with sepsis). Of
the 22 participants who died after resolution of grade
4 anaemia, nine deaths were considered primarily
HIV-related and three primarily drug-related (of
note, two were due to lactic acidosis after substi-
tuting stavudine for zidovudine). For the remaining
10 participants, we were uncertain whether their
deaths were primarily HIV- or drug-related.

Baseline predictors of anaemia
Women and participants with lower haemoglobin,
CD4+ T-cell count and BMI at baseline were all signifi-
cantly more likely to develop grade 4 anaemia after
initiation of zidovudine-containing ART (Table 3).
Baseline age, neutrophil count, WHO HIV stage and
taking cotrimoxazole at trial entry were not additional
predictors. However, the risk of developing new grade
4 anaemia did not increase linearly over the range of
baseline BMI, with little change in risk in those with
higher BMI (P=0.006 for difference in risk above and
below 22.5 kg/m2 – chosen by profile likelihood, see
Patients and methods). Furthermore, whereas there was
no significant linear association over the whole range of
baseline MCV, risk of anaemia appeared to increase
substantially with increasing values of baseline MCV
>92.5 fl (P=0.001 for difference in risk above and below
92.5 fl; odds ratio [OR]=1.98, 95% confidence interval
[CI]=1.35–2.90, per 10 fl increase over 92.5 fl).

In an attempt to disentangle anaemia relating to
potential drug toxicity from underlying HIV disease,
we also considered predictors of grade 4 anaemia that
occurred without any concomitant clinical event
(n=163), or grade 4 anaemia without any concomitant
clinical event and detected only at a routine visit

Antiviral Therapy 11:6 745
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Table 3. Baseline predictors of developing grade 4 anaemia by 48 weeks

Univariable model Multivariable model
Factor OR 95% CI P-value OR 95% CI P-value

Uganda versus Zimbabwe 1.28 0.93–1.74 0.13 – – –
Female 1.70 1.24–2.33 0.001 1.58 1.13–2.21 0.007
Age (per 10 years) 0.95 0.79–1.13 0.54 – – –
WHO stage

2 0.72 0.48–1.08 – – – –
3 1.00 – 0.02 – – –
4 1.34 0.98–1.83 – – – –

CD4+ T-cell count, 0.58 0.45–0.74 <0.001 0.62 0.49–0.80 <0.001
per 100 cells/mm3

BMI, per unit 0.91 0.87–0.95 <0.001 0.93 0.90–0.98 0.002
Haemoglobin, per g/dl 0.74 0.68–0.81 <0.001 0.79 0.72–0.87 <0.001
MCV, per fl 1.00 0.98–1.01 0.63 – – –
Neutrophils, per 103 cells/mm3 1.02 0.89–1.17 0.79 – – –
Platelets, per 106 cells/mm3 4.51 1.03–19.83 0.046 – – –
Cotrimoxazole use

No 1.00 – 0.21 – – –
Started before randomization 0.87 0.64–1.17 – – – –
Started at randomization 1.24 0.82–1.87 – – – –

Initiated ART with
Combivir/tenofovir 1.00 – 0.98 – – –
Combivir/nevirapine 0.96 0.66–1.40 – – – –
Combivir/abacavir 1.00 0.62–1.62 – – – –

Final multivariable model shown is based on backwards selection (P<0.1) from all factors in the Table. There were no significant interactions. Hosmer–Lemeshow 
goodness-of-fit test: P=0.49. ART, antiviral therapy; BMI, body mass index; CI, confidence interval; MCV, mean corpuscular volume; WHO, World Health Organization.
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(n=112) via sensitivity analyses. Predictors were mainly
unchanged, but there was an additional effect of age at
ART initiation, showing an increasing risk with older
age (in both models: OR=1.3 per 10 years, P=0.03).
However, whereas the influence of baseline CD4+ T-cell
count remained nearly unchanged in the first sensitivity
analysis, it was attenuated in the second (OR=0.72 per
100 cells/mm3, 95% CI=0.52–1.02; P=0.06). Of note,
in the second sensitivity analysis there was also a trend
towards higher risk of anaemia associated with initi-
ating cotrimoxazole at randomization (OR=1.91, 95%
CI=1.09–3.36; P=0.03). In addition, grade 3/4
neutropenia occurred in 46% of grade 4 anaemia with
concomitant clinical event versus 38% of anaemia
without clinical event and detected at a scheduled visit
(probably drug related).

In a final sensitivity analysis, we examined 
predictors of developing anaemia of any grade (n=789).
The only differences in risk factors were a stronger
effect for baseline haemoglobin (OR=0.63, 95%
CI=0.60–0.68, P<0.001), a smaller effect of baseline
CD4+ T-cell count (OR=0.71, 95% CI=0.61–0.83,
P<0.001), and additional small influences of age
(OR=1.19 per 10 years, 95% CI=1.06–1.33, P=0.004)
and baseline neutrophil count (OR=1.14 per 109 cells/l,
95% CI=1.05–1.24, P=0.002).

Lastly, current use of cotrimoxazole was not
associated with increased risk of grade 4 anaemia,
overall (OR=0.82, 95% CI=0.63–1.08, P=0.16,
effect of other predictors virtually unchanged) or for
the other subgroups defined above.

Discussion

In this large cohort of HIV-infected adults with
symptomatic disease and low CD4+ T-cell count
commencing zidovudine-containing triple-drug ART in
Africa, we observed a substantial overall increase in
haemoglobin maintained beyond 48 weeks, which is
similar to studies from industrialized countries
[14,19,20]. However, in spite of this we observed a
higher rate of anaemia compared with studies from
industrialized countries. Whereas effective ART is
likely to decrease HIV-related anaemia, zidovudine
increases the risk of anaemia because of its myelosup-
pressive potential [17,18]. A recent meta-analysis of
data from randomized trials confirms that anaemia is
more common with zidovudine- than stavudine-based
triple-drug ART [27]. Nevertheless, those studies from
industrialized countries, which included non-random-
ized control groups not receiving triple-drug ART,
found higher anaemia prevalence than in those taking
effective ART.

Another meta-analysis of clinical trials, which
included 6,797 ART-naive patients predominantly

from US and Europe, recently reported a 
cumulative incidence of grade 2–4 anaemia (<8 g/dl)
after ≥24 months of triple-drug ART for 1.8% of indi-
viduals taking zidovudine as a separate drug, 1.2% of
those taking zidovudine within a coformulation
(Combivir®/Trizivir®) and 1.1% of those taking ART
without zidovudine [28]. Baseline haemoglobin and
being from geographical areas outside Europe or the
Americas were additional risk factors, as was male
gender (although after allowing for normal differ-
ences in haemoglobin between men and women, there
was no difference in risk between an average man and
woman, in contrast to our findings). Other studies in
industrialized countries have also identified advanced
HIV disease, African origin, female sex, low BMI, and
older age as risk factors for anaemia [11]. As our
population had low CD4+ T-cell counts and was
mostly female, it is not surprizing that, despite initial
exclusion of patients with anaemia, a substantially
higher incidence of 11.8% grade 2–4 anaemia (<8
g/dl) was observed by 48 weeks in our study
compared to this meta-analysis and other studies. It is
likely that lower normal ranges in Africa than in
Western populations [29] could also contribute to the
higher incidence, as well as low BMI, general malnu-
trition and the occurrence of other diseases, such as
malaria and helminthiasis. The highest prevalence of
anaemia in DART was 4–12 weeks after commencing
ART, thus coinciding with the time when zidovudine-
related anaemia has been reported to be most
common. However, interestingly, over a quarter of
patients with grade 4 anaemia in our study had new
concomitant HIV-related illness at the time of
anaemia, suggesting that the incident anaemia is likely
to be related not just to drug-related toxicity, but also
to non-drug related clinical events. The same may be
true for neutropenia; however, we have not consid-
ered neutropenia in more detail here as there are diffi-
culties in defining normal ranges for African
populations [29] and there is the additional
confounder of cotrimoxazole prophylaxis. Of the 26
patients who died before grade 4 anaemia was
resolved, all had acute illnesses, particularly sepsis,
although zidovudine-related anaemia was considered
to have contributed to death in at least two partici-
pants. Compared with the analysis of all grade 4
anaemia, sensitivity analyses suggested a smaller
effect of baseline CD4+ T-cell count in predicting
patients at higher risk of likely drug-induced toxicity
(defined as anaemia identified without concomitant
clinical events at a routine blood test) and also
suggested that older participants were more likely to
develop such drug-related anaemia.

Although several studies have described toxicity of
zidovudine-containing as well as non-zidovudine-
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containing ART in resource-limited settings, detailed
accounts of the development of grade 4 anaemia are
rare. Moh et al. reported a 2% incidence of grade 4
anaemia (<6.5 g/dl) by 6 months among 498 patients
in West Africa starting zidovudine-containing
triple-drug ART, which is lower than in our study
[21]. However, HIV disease was considerably less
advanced in their population with two-thirds having
baseline CD4+ T-cell counts >200 cells/mm3

compared with none of the DART participants,
although in other respects their patient population
was similar (low baseline haemoglobin, median 11.3
g/dl; 72% women). Furthermore, since pre-enrol-
ment transfusion data were not routinely collected, it
is theoretically possible that enrolment of some
recently transfused patients may have led to an over-
estimation of incidence in our study. Similarly to our
findings, Moh et al. found low baseline haemoglobin
to be the key risk factor for developing anaemia.
However, in contrast to our study they observed no
association between baseline CD4+ T-cell counts or
sex, and development of anaemia –  possible expla-
nations include different variation in risk of grade 4
anaemia at CD4+ T-cell counts >200 cells/mm3 or
lower power with only 500 patients. Eighty percent
of patients in the study of Moh et al. had already
received cotrimoxazole at baseline and most of the
remainder started cotrimoxazole within the first 2
months of ART, so this study was not able to assess
any additional effect of cotrimoxazole. In contrast,
fewer patients were receiving cotrimoxazole at trial
entry in our study (depending on when they had been
diagnosed). Although a non-randomized comparison,
so selection bias cannot be excluded, we did not find
evidence that concurrent use of cotrimoxazole
increased the overall risk of anaemia, nor that risk
was different in patients who started cotrimoxazole
before randomization, at randomization or after
randomization (or never). However, in one of the 
sensitivity analyses there was a trend towards an 
increased risk of anaemia not likely to be related to 
clinical events in participants who had initiated 
cotrimoxazole with ART.

Since haemoglobin <8.0 g/dl at screening was an
exclusion criterion for DART (although at screening,
a few patients were noted to have received recent
blood transfusions and a few with haemoglobin <8.0
g/dl were enrolled in error), we are not able to draw
any conclusion about the risks of zidovudine-based
therapy in a population with haemoglobin <8.0 g/dl
(or with other laboratory contraindications to ART
or acute infections). Nevertheless, many of these
people may urgently require treatment and are from
areas where non-zidovudine based therapy may not
be available.

The highest prevalence of anaemia occurred at week
12, which was also the median time for
detection of grade 4 anaemia. According to the trial
protocol, we performed routine haemoglobin tests at 4
and 12 weeks after starting ART, but not at week 8.
All grade 4 anaemia results were returned to
clinicians, whether the patient was randomized to
CMO or LCM, and additional haemoglobin tests
could be performed if clinically indicated. In fact, 38%
of those developing grade 4 anaemia were identified
through an additional haemoglobin test at a non-
scheduled timepoint, about a third of which were
between weeks 4 and 12. As many patients had
advanced HIV disease before starting ART, differenti-
ating symptoms of anaemia developing after ART
from symptoms persisting from HIV-related illnesses
present prior to starting ART was difficult for both
patients and physicians. Thus, patients may not have
presented very promptly with symptoms of anaemia.
In view of the fact that previous post-baseline haemo-
globin measurements were not able to identify the
majority of those with grade 4 anaemia, this study
suggests that even in resource-limited settings, an addi-
tional measurement of haemoglobin 8 weeks after
starting zidovudine-based ART could help to manage
serious anaemia, as well as at 4 and 12 weeks – partic-
ularly as these can be done at low cost without
involving advanced technology (using the WHO
fingerprick card) [30].

In conclusion, we observed overall increases in
haemoglobin following initiation of zidovudine-based
ART in this population of adults with advanced HIV
disease and low CD4+ T-cell counts. However, against
this background of overall haemoglobin increase, we
also observed a higher incidence of grade 4 anaemia
than in studies from industrialized countries, likely
due in part to population characteristics, and in part
to a higher rate of concurrent HIV-related clinical
events. Nevertheless, anaemia is a clinically detectable
and reversible toxicity of an otherwise successful ART
regimen. Clinicians initiating participants on zidovu-
dine-containing regimens in resource-limited settings
need to be alert to clinical signs of anaemia because a
non-negligible minority of participants are likely to
develop it. Education and counselling of participants
who are used to feeling unwell about the symptoms of
anaemia and clinical vigilance by healthcare workers
is vital. In addition, if possible, we recommend that a
haemoglobin test should be performed at 4, 8, and 12
weeks in patients initiating zidovudine-containing
ART in resource-limited settings. Further, the risks of
anaemia and of other toxicities after starting non-
zidovudine-containing ART in advanced HIV disease,
particular those which may be non-reversible, need to
be better quantified in future studies.
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