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Drug Side Effects and Retention on HIV Treatment: a Prospective Cohort Study
Assessing the Implementation of Tenofovir in South Africa and Zambia
Background
Results
In 2004, the World Health Organization (WHO)
recommended stavudine in first-line ART in low- and
middle-income countries for treatment of HIV1. By
2007, clinical trials showed tenofovir-based
regimens, which had been used in high-income
countries for years, were comparable in terms of
efficacy and had a better toxicity profile than
stavudine-based2,3 or zidovudine-based regimens2.
As such, in 2010, the WHO recommended use of
tenofovir in first-line antiretroviral therapy (ART) in
low- and middle-income countries, citing the
potential harms that could result if side effects from
stavudine lead HIV patients to default therapy,
including adverse patient outcomes and potential
for development of drug resistant strains4. We used
the national guideline change in 2010 in South Africa
and Zambia, to assess the impact of a policy to
initiate tenofovir on ART outcomes.

Methods
We conducted a prospective cohort study of ARTnaïve, non-pregnant, HIV patients >16 years old
who initiated first-line ART in South Africa or
Zambia (IeDEA-SA cohort). Patients were included
if they initiated ART within (+/-) 12 months of the
national guideline changes recommending use of
tenofovir over stavudine. 1 April 2010 in South
Africa and 1 July 2007 in Zambia. All patients had
the potential for 24-months of follow-up.
We assessed the association between the policy
change on death, loss to follow-up (defined as not
attending the clinic in at least 6-months), singledrug substitution (changing NRTI within first-line
ART), immunological and virological failure (two
consecutive viral loads >400 copies/mL) in the first
24-months on ART using a quasi-experimental
pretest-posttest design (regression discontinuity5).
The design elicits the causal effects of interventions
by assigning a cut-off (2010 WHO policy change)
above or below which an intervention is assigned.
The timing of national guideline changes in South
Africa and Zambia provided an opportunity for us
to compare patients on either side of the policy
change to assess the effects of the guideline
change on ART outcomes on a risk difference scale
using linear regression.

19,017 South African and 44,432 Zambian patients
were included in the analysis. Predicted
probabilities of observed clinical and demographic
characteristics at ART initiation were comparable
just above and below the date of policy change in
both countries. Meaning that the patient
population remained the same as the policy
changed. The number of eligible patients initiating
ART was also consistent in South Africa and Zambia
just before and after the change in the policy, also
indicating that there was no major shift in the
patient population during the study.
The probability of initiation onto tenofovir
increased substantially in both countries for
patients initiating after the guideline changes
compared to before. Compliance with guideline
change was better in South Africa (risk difference
(RD): 81.4% 95% CI: 73.3, 89.4%) (Fig 1) than
Zambia (RD: 41.5%; 95% CI: 37.6, 45.4%) (Fig 2).
Figure 1.The probability of receiving tenofovir in
South Africa

Figure 2. The probability of receiving tenofovir in
Zambia

Using linear regression estimates showed just over
a 10 percentage point decrease in the risk of single
drug-substitutions in the first 24-months on ART in
South Africa (RD: -11.7%; 95% CI:-13.4, -10.0%) (Fig
3) and a small, non-significant, decrease in Zambia
(RD: -1.4%; 95% CI:-12.3, -0.6%) (Fig 4).
Figure 3. The proportion of single-drug
substitution in South Africa

Figure 4. The proportion of single-drug
substitution in Zambia

Policy Relevance
With its recommendations that all patients initiate
tenofovir, WHO anticipated improved adherence
and reduced lost to follow-up4, with implications for
long health outcomes such as CD4 recovery, viral
suppression and survival. We show that the
guideline change replacing stavudine with tenofovir
in first-line ART improved retention in care and
reduced single-drug substitutions.
There may have also been reductions in toxicities
related to stavudine and other aspects of morbidity
that were not observed in our study, which may not
have led to single-drug substitutions, but may have
reduced quality of life for patients on ART or led to
long run adverse clinical outcomes that we do not
observe. Taken as a whole, our results indicate that
innovations to reduce side effects may improve
clinical effectiveness in addition to patient quality of
life in some populations. Understanding these
benefits and how they vary is critical to maximizing
population impact of investments in these new
drugs.
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We also found that the association of initiating
tenofovir on attrition in Zambia which resulted
in a 4.3 percentage point (95% CI: -8.5, -0.3)
reduction, from a baseline of 12.4% (95% CI: 9.9,
14.7), representing a relative reduction of
26.1%. In South Africa, the association was a
1.1 percentage point (95% CI: -0.7, 0.5)
reduction in attrition from a baseline of 19.8%,
representing a relative reduction of 6.0%. There
was no difference in death, immunological
response or virological failure at the date of policy
change.
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