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Increased incidence of symptomatic peripheral neuropathy
among adults receiving stavudine- versus zidovudine-based
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Abstract The incidence of peripheral neuropathy (PN) among
adults initiating antiretroviral therapy (ART) containing stavu-
dine (d4T) versus zidovudine (ZDV) is not well described. We
compared 1-year incidence between d4T- and ZDV-based reg-
imens in adults initiating ART in a programmatic setting in
Kenya. Of 1,848 adults on ART, 1,579 (85 %) initiated d4T-
based and 269 (15 %) initiated ZDV-based regimens. One-year
incidence of symptomatic PN per 100 person-years was 21.9
(n0236) among d4T users and 6.9 (n07) among ZDV users
(P00.0002). D4T was associated with 2.7 greater risk of PN
than ZDV (adjusted hazard ratio, 2.7, P00.009). In settings

with continued d4T use, such as Africa, the effects of d4T on
PN compared to ZDV should be considered when choosing
ART regimens.
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Background

Fixed-dose combination generic pills containing antiretroviral
therapy (ART) are widely used in resource-limited settings to
treat HIV-infected individuals (Laurent et al. 2004). Inexpen-
sive and easy to administer, the typical fixed-dose combination
in many African countries contains stavudine (d4T), lamivu-
dine (3TC), and nevirapine and is formulated as a single pill
taken twice a day (Idigbe et al. 2005). Although the long-term
benefits of ART in reducing HIV-related morbidity and mor-
tality are well established, serious adverse effects are associated
with continuous ART use, and specific toxicities can often be
isolated to individual drugs within a combination (Dalakas
2001). A number of adverse effects associated with mitochon-
drial DNA toxicity, most commonly peripheral neuropathy
(PN), have been linked to d4T (Brinkman et al. 1998; Cote et
al. 2002; Moyle and Sadler 1998). D4T-associated PN is typ-
ically described as a sensory neuropathy affecting the lower
extremities symmetrically.While PN has been reported in 15 to
42 % of d4T users in developed countries (Cherry et al. 2009;
Moyle and Sadler 1998; Scarsella et al. 2002; Simpson and
Tagliati 1995), few studies have examined incidence of d4T-
associated PN in sub-Saharan Africa (Forna et al. 2007;
Hawkins et al. 2007; Karara et al. 2010). Studies in this setting
have been limited by small sample size and varying definitions
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of PN. As a result, reports of PN associated with d4T range
widely, from 4 to 57% (Forna et al. 2007; Hawkins et al. 2007;
Karara et al. 2010; Laurent et al. 2008; Sacktor et al. 2009;
Wadley et al. 2011). To our knowledge, none has compared the
incidence of PN among individuals on d4T versus ZDV, the
alternative recommended by the World Health Organization
(WHO) (WHO 2010).

Due to the toxic effects of d4T, WHO recommended the
first-line therapy be changed from d4T- to ZDV-based regi-
mens in 2009 (WHO November 2009). However, due to
increased cost and inadequate healthcare infrastructure, the
majority of HIV-infected adults in African settings continue
to receive first-line regimens containing d4T (WHO et al.
2009). Continued monitoring and management of d4T-
related toxicities, particularly PN, is critical as the transition
to ZDV-based regimens may take years, and the availability
of second-line regimens is limited in sub-Saharan Africa
(Hawkins et al. 2007). The aim of this study is to compare
the 1-year incidence rate and evaluate predictors of symp-
tomatic PN among adults initiating d4T- versus ZDV-based
regimens at a HIV treatment clinic in Kenya.

Patients and methods

We conducted a retrospective cohort study of HIV-infected
adults initiating ART at the Coptic Hope Center for Infec-
tious Diseases in Nairobi, Kenya between January 2005 and
March 2008. HIV-infected adults were included in this study
if they were at least 16 years old, had no prior history
of ART use, and following enrollment initiated one of
four first-line regimens: d4T/3TC/efavirenz, d4T/3TC/nevir-
apine, ZDV/3TC/nevirapine, or ZDV/3TC/efavirenz.

The Coptic Hope Center provides comprehensive HIV care
and free ART to HIV-infected individuals meeting ART eligi-
bility requirements according to Kenyan guidelines, as de-
scribed elsewhere (Chung et al. 2009). During this time
period, patients were eligible to initiate ART if CD4 count
<250 cells/mm3 and/or WHO stage IV disease. The Univer-
sity of Washington and Kenyatta National Hospital Institu-
tional Review Boards approved this study.

Patients receiving ART returned for routine three monthly
clinic visits, during which time regular physical examinations
were performed by clinical officers. Information on ART reg-
imen, occurrence of side effects related to ART, and
neuropathy-related symptoms were collected using standard-
ized questionnaires. Diagnosis of PNwas based on any patient-
reported symptom of PN, in conjunction with clinical judgment
of the clinical officer. More specifically, PN symptoms includ-
ed report of pain, tingling, or numbness in the extremities.

Patients were excluded from analyses based on the fol-
lowing: (1) preexisting PN, (2) anti-tuberculosis therapy at
enrollment or follow-up, (3) incomplete data on ART, and

(4) pregnancy at ART initiation or follow-up. Comparisons
between d4T- and ZDV-based regimens and baseline char-
acteristics were made using Pearson χ2 and Mann–Whitney
U tests. One-year incidence rate of PN was calculated by
dividing the number of patients reporting first occurrence of
PN in each regimen group by the total person-years of
observation contributed by all patients in that regimen.

Kaplan–Meier curves were used to compare time to occur-
rence of first PN between regimens; log-rank test assessed
differences in curves. Multivariate Cox regression models
were adjusted for height, CD4 count at ART, and covariates
univariately associated with PN. Patients who were lost or died
during follow-up were censored at the last known visit date.
Statistical analyses were conducted using SPSS 18 (Chicago,
IL) and STATA 11.0 (College Station, TX).

Results

Of 1,848 patients with no prior ARTuse, 1,579 (85%) received
a regimen containing d4T, 3TC, and a non-nucleoside reverse
transcriptase inhibitor (NNRTI), and 269 (15%) received ZDV,
3TC, and an NNRTI. Median age at ART initiation was
37 years [interquartile range (IQR), 31–43], median CD4 count
was 121 cells/μl (IQR, 59–179), and median weight was 60 kg
(IQR, 53–68). Sixty-four percent of patients were female, 49%
were married, and 36 % had not completed primary education.
Baseline characteristics of patients in d4T- and ZDV-based
regimens were comparable, except for weight, with d4T users
having lower weight at ART initiation than ZDVusers [median
weight (kilograms), 60 versus 62, P00.01]. There were no
significant differences in age, CD4 count, height, sex, or edu-
cation between regimens.

Development of symptomatic PN within 1 year was com-
pared between d4Tand ZDVusers. Adults receiving d4Twere
followed for a median of 349 days, while those receiving ZDV
were followed for a median of 108 days. One-year incidence
of PNwas 21.9 [95 % confidence interval (CI), 19.3–24.9] per
100 person-years among d4T users, as compared to 6.9 (95 %
CI, 3.3–14.5) per 100 person-years in ZDVusers. Further, d4T
users had higher risk of peripheral neuropathy than ZDVusers
(P00.002, log-rank test) (Fig. 1).

Additional analysis was performed to evaluate the relation-
ship between d4T- and ZDV-based regimens and PN (Table 1).
After adjustment, 1-year risk of PNwas 2.7 times higher in d4T
users than ZDVusers [adjusted hazard ratio (aHR), 2.72; 95 %
CI, 1.28–5.80; P00.009]. Additionally, female sex (aHR, 1.64;
P00.003), taller stature (aHR, 1.02 per centimeter; P00.05),
and older age (aHR, 1.72 per 10 years; P<0.001) at ARTwere
predictors of PN. Among d4T users, there was no statistically
significant association between PN and d4T dose (40 mg ver-
sus 30 mg; data not shown).
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Discussion

In this cohort of antiretroviral-naïve adults initiating ART at
a HIV treatment clinic in Kenya, we found a significantly
higher 1-year incidence of symptomatic PN among users of
d4T as compared to ZDV. Adults receiving d4T-based regi-
mens were nearly three times more likely to develop PN
during 1-year follow-up than adults receiving ZDV. Further,
taller stature, female sex, and older age at treatment initia-
tion were more likely to report symptoms of PN.

PN as a common adverse effect of treatment with d4T is well
documented (Ellis et al. 2010; Forna et al. 2007; Karara et al.
2010; Moyle and Sadler 1998; Sacktor et al. 2009). Less
established is the magnitude of difference in incidence of
symptomatic PN between d4Tand ZDVusers presented herein
(21.9 versus 6.9 per 100 person-years, respectively). Fifteen
percent (236/1,579) of patients on d4T developed PN within 1-
year of treatment, a finding in agreement with studies in Kenya
and Uganda (Forna et al. 2007; Karara et al. 2010), however,
higher than the 4% reported in Cameroon (Laurent et al. 2008).

In recent years, evidence suggests fewer severe adverse
effects associated with ZDV-based regimens (WHONovember
2009). Fewer drug-related adverse effects lead to better treat-
ment adherence, greater retention in care, and reductions in
drug substitutions, ultimately allowing the preservation of first-

line regimens. In light of these findings and growing concern
related to d4T toxicity,WHO recommended the replacement of
d4T with ZDV as first-line therapy (WHO 2010). While the
change in first-line therapy has occurred quickly in Western
countries, the transition in resource-limited settings has been
slow due to increased costs, lack of widespread availability of
ZDV, and poor healthcare infrastructure (WHO et al. 2009).

Consistent with other studies, we found that older age
(Cherry et al. 2009; Forna et al. 2007; Lichtenstein et al.
2005, 2008; Wadley et al. 2011), taller stature (Cherry et al.
2009; Wadley et al. 2011), and female sex (Castelnuovo et
al. 2011) were associated with 1-year risk of symptomatic
PN. Neurologic disorders are known to increase with age,
and thus, increases in rates of neurologic disorders observed
in recent studies are in line with an aging HIV-infected
population (Cherry et al. 2009; Watters et al. 2004). The
relationship between taller stature and PN remains unclear.
It is plausible that taller individuals with longer nerve fibers
would have more exposed axon surface vulnerable to toxins
(Cheng et al. 2006). Similar to a study in Uganda, our study
showed that women were almost twice as likely to develop
symptoms of PN than men (Castelnuovo et al. 2011). While
the mechanism for this association is unknown, women may
be at higher risk of mitochondrial toxicity, (Dlamini et al.
2011; Wester et al. 2007), and it has been suggested that

Fig. 1 Kaplan–Meier curve
illustrating the probability of
remaining free of peripheral
neuropathy (PN) 1-year
following the initiation of
ART regimen containing
d4T or ZDV

Table 1 Multivariate Cox pro-
portional hazards regression
model evaluating the association
between baseline characteristics
and peripheral neuropathy

Adjusted hazard ratio 95 % confidence interval P value

d4T regimen (reference: ZDV) 2.72 (1.28–5.80) 0.009

Age (per 10 years) 1.72 (1.52–1.95) <0.001

Female (reference: male) 1.64 (1.18–2.29) 0.003

Height (cm) 1.02 (1.00–1.04) 0.05

Baseline weight (per 10 kg) 1.08 (0.97–1.21) 0.18

Baseline CD4 count (cells/μl) 1.00 (0.99–1.00) 0.24
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women may not tolerate PN as well as men (Castelnuovo et
al. 2011).

Our study has several strengths and limitations. Patients in
this large cohort were followed longitudinally with detailed
data on sociodemographic characteristics and health out-
comes, including monitoring for ART-associated side effects.
As this was a programmatic cohort, these findings are likely to
be generalizable to ART users in African settings. Further,
while underlying nutrient deficiencies may increase the like-
lihood of PN in this setting, our findings are comparable to
those in ART-treated HIV-infected adults in developed set-
tings. Diagnosis of PN was based on patient-reported
symptoms and clinical judgment rather than clinical syn-
drome including physical and neurological exam. This may
result in an attenuation or overestimation of our findings.
Increasing awareness of d4T-associated side effects may
have falsely led to more diagnoses of symptomatic PN
among d4T users. However, our results are comparable to
a Ugandan study reporting PN symptoms in 36 % of adults
initiating stavudine-based regimens (Sacktor et al. 2009).

In summary, our findings show that incident PN risk was
significantly higher among adults initiating d4T as com-
pared to ZDV. This study underscores the lower 1-year risk
of PN associated with ZDV, and reinforces recommenda-
tions to transition first-line therapy from d4T- to ZDV-based
regimens. In African settings, where the transition from d4T
to ZDV is an ongoing process, HIV treatment programs
should consistently and intensively monitor for signs and
symptoms of drug toxicity and consider the effects of d4T
on PN compared to ZDV.
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