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Abstract
HIV-associated sensory neuropathy (HIV-SN) remains a common neurological complication
of HIV infection despite the introduction of effective antiretroviral therapies. Exposure to
neurotoxic antiretroviral drugs and increasing age have consistently been identified as risk
factors for HIV-SN, while co-morbid conditions with underlying predisposition to cause
peripheral neuropathy (e.g., diabetes mellitus, malnutrition, isoniazid exposure), ethnicity,
and increasing height also have been implicated. Genetic association studies have identified
genes affecting mitochondrial function and genes involved in the inflammatory response that
modify the risk for HIV-SN among patients exposed to neurotoxic antiretrovirals. However,
there is a lack of data on clinical, demographic and genetic risk factor for HIV-SN in the
modern era, with the rate of HIV-SN remaining unacceptably high despite the introduction of
safer medications. Thus, more work is required to identify the principal factors that increase
an individual’s risk for HIV-SN so that effective preventative or therapeutic strategies can be
implemented.
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Introduction
Sensory neuropathy (SN) is one of the most common problems affecting people infected with
HIV. It is a length-dependent, predominantly small-fibre neuropathy affecting the lower (and
occasionally the upper) limbs in a “stocking and glove” distribution, resulting in any or all of
numbness, disordered sensation and neuropathic pain. Both HIV and some HIV treatments
are known risk factors for HIV-SN [1-4]. However, these factors only partly explain why
some individuals with HIV develop SN and others do not. Like sensory neuropathies
associated with diabetes or chemotherapy [5-7], HIV-SN is emerging as a condition where
many factors contribute to an individual’s risk.
HIV infection has become a chronic, manageable disease and complications such as HIV-SN,
have become increasingly important management issues. Recent studies suggest symptomatic
SN prevalence rates of 20 to 57% among ambulatory patients with HIV [8-12], and we found
76% of South African patients with symptomatic HIV-SN suffer pain [13]. Indeed, the
prevalence of pain in patients with HIV-SN has been reported as high as 50 to 90%, which is
greater than that reported for other common types of peripheral neuropathy, such as diabetic
peripheral neuropathy (~40-50%) [9,11,13-15]. Despite this high rate of pain in HIV-SN,
recognition and treatment of painful HIV-SN, like other HIV-related pains [16], is often poor
[17]. Unfortunately analgesics used in other forms of neuropathic pain have proven
ineffective for painful HIV-SN [18]. This lack of effective treatment options demonstrates the
need to identify which patients with HIV are at risk for SN and why, so that targeted
prevention strategies and pathogenesis-based treatments can be developed. Here we review
the available demographic, clinical and genetic risk factor data for HIV-SN.
Demographic and clinical factors associated with HIV-SN risk
Any attempt to review the literature regarding risk factors associated with HIV-SN is
complicated by the lack of an accepted “gold standard” definition for this condition. Some
authors have defined HIV-SN on the basis of symptoms alone. Others have defined HIV-SN
on the basis of abnormal neurological signs. This latter approach, whilst being more
objective, is not ideal in our opinion. It is well documented that individuals with HIV
frequently have abnormal peripheral nerve function compared with healthy controls
[14,19,20], and high rates of asymptomatic neurological signs have also been documented in
cohorts with HIV [21], but such abnormalities lack clinical relevance without symptoms and
their prognostic implications are not clear. Therefore, for this review we have relied primarily
on studies requiring neuropathic symptoms as well as signs for the diagnosis of HIV-SN. The
presence of symptoms is strongly associated with objective signs of HIV-SN [22,23].
Nonetheless, in the context of HIV we find the combination of symptoms and signs is
associated with a greater degree of pathology and peripheral nerve dysfunction than isolated
symptoms [24] and so this is our preferred definition for HIV-SN for epidemiologic purposes.
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Risk factors for HIV-SN among those with untreated HIV infection
Data collected prior to the availability of antiretroviral therapy (ART) suggest that advancing
immune suppression was the main clinical factor associated with SN risk among those living
with untreated HIV-1. Symptomatic HIV-SN was uncommon (1.5%) in a large cohort of US
Air Force recruits with mainly early-stage HIV infection [25]. Conversely, a small study of
patients hospitalized with AIDS found 35% were affected [26]. When heterogeneous
outpatient populations were surveyed in the era before combination ART (cART) was
available, HIV-SN prevalence was around 13-14% [27-29]. The unifying finding was that of
an association between more advanced HIV disease (as shown by lower CD4 T-cell count
[25], longer duration of systemic illness [26], or AIDS illnesses [27,28]) and the risk of SN.
The association between SN and advanced HIV is consistent with in vitro and in vivo data
demonstrating direct and indirect damage to peripheral nerve fibres and dorsal root ganglion
cells by purified HIV proteins and in feline and simian lentivirus models of HIV infection
[30].
Much less is known about the neurological sequelae of HIV-2 infection. However, a recent
study of 22 adults with HIV-2 infection in rural Guinea-Bissau suggests SN is also a
substantial problem with this strain of the virus. HIV-SN prevalence was 45% and the factors
independently associated with SN risk in this cohort were older age, lower CD4 T-cell count
and higher body mass index [31].
Risk factors for HIV-SN in the era of cART
The association between SN and advanced HIV disease lead to early optimism that effective
viral suppression and prevention of disease progression might also prevent the development
of SN. Anecdotal reports of clinical resolution of existing cases of HIV-SN with ART raised
the possibility that this might even be an effective way to treat HIV-SN [32,33]. However, it
is now clear that both the incidence and prevalence of HIV-SN have risen with the
introduction of ART, at least in part because of the neurotoxicity of some nucleoside analog
reverse transcriptase inhibitor (NRTI) medications, notably stavudine (d4T), didanosine (ddI)
and zalcitabine (ddC). This association with NRTI use is particularly well documented in the
Multicenter AIDS Cohort Study (MACS), where a large group of men with HIV in the US
have been prospectively studied for the development of neurological disease. Five-year
incidence data from the MACS demonstrated a significant rise in HIV-SN incidence between
1988-1992, a period during which modern cART was not yet available, but many patients
were exposed to mono- and dual-therapy with NRTIs, often including ddC or ddI [34].
Indeed, the only factors independently associated with HIV-SN in the MACS at the time
were AIDS and having ever been exposed to ART [27]. Since the introduction of cART, most
available data suggests the prevalence of HIV-SN has continued to rise.
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The clinical and demographic factors associated with HIV-SN can broadly be divided into
those that have been uniformly associated with an increased HIV-SN risk in diverse cohorts,
biologically plausible factors that have been associated with HIV-SN risk in at least one
cohort, and factors where data regarding any association with HIV-SN risk are inconsistent.
Table 1 summarizes findings from recent epidemiologic studies associated with HIV-SN
(defined using signs and symptoms) risk in cohorts with access to cART.
The most consistent associations with HIV-SN risk in the era of cART are exposure to
potentially neurotoxic NRTIs (stavudine, zalcitabine and didanosine) [9,11,35,36] and
increasing age [8,11,13,35,37-39]. These are expected findings. Age is a risk factor for many
neurological disorders, probably reflecting the limited regenerative capacity of the nervous
system following any insult, and SN was a dose limiting toxicity in early phase trials of all
three known neurotoxic NRTIs [40-42]. Zalcitabine is no longer in clinical use and the WHO
has recommended that stavudine use should be phased out in favour of less toxic agents [43].
So, although stavudine use remains common in some resource-limited settings, the
contribution of these drugs to HIV-SN rates should decrease in time. Nonetheless, as set out
below, we contend that HIV-SN will remain a common and clinically important problem in
the post-stavudine era.
Several other factors have been linked to HIV-SN risk in at least one study and in most cases
the authors have convincingly argued the biological plausibility of the described association
and/or supportive in vitro data exist. For example, it is not surprising that any underlying
predisposition to peripheral neuropathy, such as diabetes [35,39], malnutrition in children
[44], or isoniazid exposure [9,10,29] may increase HIV-SN risk in cART-treated cohorts.
Similarly, alcohol potentiates zalcitabine neurotoxicity in a rat model [45]. The finding that
increased height associates with SN risk [8,13] is consistent with what is seen in other
sensory neuropathies [7,46] and with the finding that epidermal nerve fibre density at the
distal leg correlates inversely with height in neuropathy-free adults with HIV [47].
Postulated risk factors for HIV-SN where the data are inconsistent include sex, use of
protease inhibitor medications, ethnicity, lower CD4 T-cell count and hepatitis C (HCV) coinfection. Most authors who have considered sex as a possible risk factor have not found this
to associate with HIV-SN risk [12,13,48,49], but female sex was independently associated
with a substantially increased risk of incident HIV-SN in one recent study [50]. A number of
studies have linked exposure to protease inhibitor medication to HIV-SN risk [11,51,52],
including a demonstration of indinavir potentiating the neurotoxicity of HIV in a transgenic
rat model using cultured DRG [52]. However, this association also remains far from clear. A
review of adults initiating cART in AIDS Clinical Trials Group (ACTG) studies found SN
risk was only increased by protease inhibitor use if the patient was also using at least one
neurotoxic NRTI [53]. Further, analysis of patients involved in the US-based CHARTER
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(CNS HIV Anti-Retroviral Treatment Effects Research) cohort found little, if any,
independent effect of protease inhibitor exposure on HIV-SN risk [54].
Another likely HIV-SN risk factor where the data are somewhat inconsistent is ethnicity.
Rates of HIV-SN reported in African cohorts are typically higher than those described in
elsewhere (Table 1), suggesting a possible association, and we find (using identical methods
at multiple international sites) that black patients have a substantially increased risk of HIVSN relative to whites, and “others” (mainly Chinese and Malays) are at lower risk [55].
However, when HIV-SN has been defined on the basis of signs alone the data are mixed.
African Americans were found to be at increased HIV-SN risk compared with other
Americans in one study [39], but another found Hispanic patients were at the greatest risk
[23]. Further, at least one group has found no independent association between ethnicity and
the risk of symptomatic HIV-SN [53].
Two studies reported that neither HCV seropositivity [56] nor active HCV replication [57]
was associated with HIV-SN risk. But recently reported data from a prospective multicenter
study of HIV-positive women (Women's Interagency HIV Study) reported HCV
seropositivity was an independent HIV-SN risk factor [39]. Similarly, although lower CD4 Tcell count has been associated with HIV-SN in a minority of recent reports [38,58], HIV-SN
has not typically been associated with a low CD4 T-cell count or high HIV viral load in the
cART era [8,9,13,39,59-61].
Risk factors for painful HIV-SN.
Pain affects the majority of individuals with symptomatic HIV-SN [9,11,13,14], and three
correlates of the intensity of the pain, and therefore the burden of disease [62], have been
identified. Analysis of participants with detectable viral loads in ACTG Protocol 291 showed
a weak positive correlation between disease severity (as shown by HIV viral load) and pain
intensity, irrespective of whether participants were on cART or not [63]. And, in a subset of
participants from the same study who had skin biopsies taken, patients’ global rating of pain
was inversely correlated with distal leg intraepidermal nerve fiber density [64]. This inverse
relationship between nerve fiber density and pain intensity recently was corroborated in
another cohort of patients (ACTG A5117 cohort) [65]. Thus, when pain is a feature of the
HIV-SN, the intensity of the pain increases with poor disease control and worsening nerve
fiber injury; factors that may be interrelated. Moreover, like other pains, psychosocial aspects
also contribute to the intensity of pain in HIV-SN. Maladaptive cognitive processes,
including pain catastrophizing [66], negative self-statements and negative social cognitions
[67], have been associated with increased pain intensity in patients with HIV-SN.
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Rates and risk factors for HIV-SN in the post-stavudine era.
As HIV management practices evolve, so too have some of the factors associated with HIVSN risk [11]. Treatment initiation is today being recommended earlier in the course of HIV
disease, particularly in well-resourced countries [68] and potentially neurotoxic antiretroviral
drugs, such as stavudine, are being phased out globally [43]. Despite this, we believe both the
prevalence of HIV-SN and the impact of HIV-SN pain are likely to remain high.
The relative lack of regenerative capacity in the peripheral nervous system, particularly in
those with HIV infection [69], means that patients with existing HIV-SN will remain affected
for life, and those with access to modern HIV treatments will enjoy near-normal life
expectancy [70,71]. Ongoing stavudine use in some resource-limited countries will result in
continuing high HIV-SN incidence rates for the foreseeable future. Some people will remain
at (potentially avoidable) risk for SN due to presenting with and/or initiating cART during
advanced HIV disease. But, most importantly, the “established” risk factors do not fully
explain why some individuals develop HIV-SN and others do not. In our own work, we find
that 27% of adults with HIV who have never been exposed to any known neurotoxic NRTIs
have symptomatic HIV-SN [56]. Similarly, 38% of the 741 patients involved in the
CHARTER study who have never been exposed to neurotoxic NRTIs have documented
neuropathic signs and one third of those with signs suffer neuropathic pain [21]. Also in
another, small study, the incidence of HIV-SN did not differ between patients never exposed
to neurotoxic NRTIs, patients with a history of neurotoxic NRTI use, and patients currently
on neurotoxic NRTI regimens [38]. Clearly there are important, but as yet imperfectly
defined, risk factors involved. As with other aspects of HIV disease and HIV treatment [72],
we contend that host genetic factors are an important component of HIV-SN risk and a
substantial proportion of people living with HIV will remain at high SN risk even in the
absence of exposure to neurotoxic medications. For example, even at the most basic level,
height, which has a strong genetic component [73-75], is a risk factor for HIV-SN.
Genetic factors associated with HIV-SN risk
Genetic studies of HIV-SN so far have not used genome wide association studies but
followed a candidate gene approach based on pathways suspected of being involved in the
pathogenesis of HIV-SN. Broadly, two candidate systems have been investigated to date:
genes involved in mitochondrial function [76-81], and genes involved in the inflammatory
response [82-84]. The pathways assessed have been rational targets based on the detrimental
effects neurotoxic NRTIs and/or HIV have on mitochondrial function and immune system
regulation potentially resulting in peripheral nerve fiber damage [2-4,30]. The genetic studies
that have been undertaken are summarized in Table 2.
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Genes involved in mitochondrial function
Neurotoxic NRTIs disrupt normal mitochondrial function [2,30,85], and polymorphisms in
mitochondrial DNA (mtDNA) are associated with increased risk for HIV-SN. In a series of
genetic association studies on the ACTG 384 cohort, Hulgan and colleagues [77,79]
identified that carriage of the mitochondrial haplotype T was an independent risk factor for
HIV-SN in patients of European descent who were on cART. In particular, a unique nonsynonymous single nucleotide polymorphism (SNP) marker for haplotype T
(MTND2*LHON4917G), in the gene encoding a subunit of Complex I of the mitochondrial
electron transport chain, accounted for this increased risk. The association was independent
of other non-genetic risk factors such as age, sex, neurotoxic NRTI exposure and markers of
disease severity, but exposure to neurotoxic NRTIs, such as combined stavudine and
didanosine use, enhanced the detrimental effect associated with the polymorphism.
Mitochondrial haplotype T is restricted to populations of European descent, unless there has
been population admixture, so the increased risk of HIV-SN in African populations suggested
by described prevalence rates (Table 1), and supported by studies involving patients of
multiple ethnicities [39,55], suggests other genetic factors must also be involved. In the only
study to investigate genetic risk factors for HIV-SN in individuals of African descent, Hulgan
and colleagues found a positive association between the African L1c mitochondrial haplotype
and HIV-SN in African American patients in the ACTG 384 cohort [78]. The association was
independent of other potential non-genetic risk factors for HIV-SN, and they found no
association between presence of HIV-SN and any of the European mitochondrial
haplogroups; all of which occurred in very low frequencies in the African American cohort.
This result indicates that population specific mutations in mtDNA genes may contribute to
increased HIV-SN risk across population groups exposed to cART, but larger studies are
required to determine whether these population-specific mutations contribute to the
differential risk of HIV-SN between ethnic groups. Also, it is unknown whether these
mutations will continue to contribute significantly to the development of HIV-SN in patients
exposed to newer, less neurotoxic, treatment regimens.
In addition to polymorphisms in mtDNA contributing to increased risk of HIV-SN,
polymorphisms in nuclear DNA (nDNA) that affect mitochondrial function also may
contribute. Neurotoxic NRTI’s disrupt transcription of key mitochondrial DNA genes by
inhibiting DNA polymerase γ, an enzyme encoded by nDNA, thus reducing the synthesis of
mitochondrial proteins essential for energy production and the regulation of reactive oxygen
species [85]. Mutations in the nDNA gene encoding DNA polymerase γ (POLG) have been
linked to several neurological diseases and metabolic complications of NRTI use [86], yet,
only one small study has investigated associations between polymorphisms in POLG and
HIV-SN in individuals receiving neurotoxic NRTIs [80]. The study only addressed one of
several known polymorphisms in POLG, the number of CAG repeats in exon 2, and found no
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association between the length of the sequence repeat and development of HIV-SN.
However, investigation of other polymorphisms in POLG is required before variations in this
gene can be excluded as contributing to increased risk of HIV-SN.
Another candidate nDNA gene is the hemochromatosis (HFE) gene, which encodes a protein
that regulates iron transport across membranes [87]. Iron is required for normal mitochondrial
function, and iron deficiency is associated with several neurological conditions [88].
Furthermore, HIV infection causes accumulation of iron in immune cells, which may
facilitate viral replication and the generation of reactive oxygen species [89], potentially
enhancing neuronal damage. However, some functional mutations in the HFE gene
counteract the potentially deleterious effects HIV has on macrophages [89]. Indeed,
Kallianpur and colleagues [81] demonstrated that HIV-infected individual’s heterozygote for
the common HFE C282Y functional mutation, but not the HFE H63D mutation, had reduced
risk for HIV-SN. This association was limited to those individuals who had been exposed to
stavudine and didanosine, and was independent of patient age, ethnicity, and diseases
severity.
Like the mtDNA polymorphism (MTND2*LHON4917G) indentified by the same research
group [77], the HFE C282Y mutation is not found in populations of African or Asian descent
[90], and thus the association between HFE C282Y and lower HIV-SN risk is limited to the
minority of HIV-infected individuals who are of European descent [91]. Also, the association
between carriage of the HFE C282Y mutation and lowered risk of HIV-SN has been
questioned. No association between carriage of the HFE C282Y or HFE H63D mutations and
SN risk was demonstrated in a small, case-control study of HIV-positive patients of European
descent (Italian) who had electromyographic evidence of peripheral nerve dysfunction [76].
The failure of the Italian study conducted by Costarelli and colleagues [76] to confirm the
association identified in the first study has been criticized based on the second study’s small
sample size, the failure to investigate the association between the HFE polymorphisms and
SN in patients exposed to combined stavudine and didanosine treatment (the susceptible
group identified in the first study), and the inclusion of patients with co-morbid conditions
associated with neuropathy (e.g., diabetes mellitus, alcohol abuse, intravenous drug use) that
may have acted as confounders [92]. However, equally, Costarelli and collagues have argued
that the broad definition of incident HIV-SN used in all genetic association studies on the
ACTG 384 cohort (i.e., the development on study of either signs or symptoms of neuropathy
[77-79,81]), could have lead to systematic misclassification of patients. Both arguments have
merit, and highlight the difficulties associated with the lack of a “gold standard” definition
for HIV-SN.
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Genes involved in the inflammatory response
In vivo and in vitro models of HIV-SN demonstrate that the neuronal damage caused by HIV
and neurotoxic NRTIs involves activation of the innate immune system in peripheral nerves
and the spinal cord dorsal horn. In particular, enhanced secretion of the pro-inflammatory
cytokine TNF-α plays an important role in the pathogenesis [30]. A role for TNF-α is
supported by a series of human genetic studies conducted by Cherry and colleagues [82-84].
In their first case-control study of HIV-positive patients of predominantly European descent
(98%) who had been exposed to neurotoxic NRTIs, Cherry and colleagues [83] showed that
out of a series of polymorphisms in immune-related genes, polymorphisms in the central
major histocompatibility complex (MHC) region of chromosome 6, including a
polymorphism in intron 10 of BAT1 (a marker for 8.1 haplotype (HLA-A1, B8, DR3) and
the promoter region of TNFA gene (TNFA-1031*2) were independently associated with
increased risk for HIV-SN. In addition, a polymorphism in the 3’ untranslated region of
IL12B (chromosome 5), the gene encoding the pro-inflammatory cytokine IL12β, was
associated with reduced risk for HIV-SN. These associations only applied to patients who
developed HIV-SN within 6 months of starting cART, and not after, potentially
demonstrating the importance of these mutations in changing the risk for early development
of HIV-SN.
Although the initial study by Cherry and colleagues was performed using patients of
predominantly European descent, they went on to demonstrate that carriage of TNFA-1031*2
was independently associated with increased risk of HIV-SN in an HIV-positive Indonesian
population (patients of either Chinese or Malay descent), all of whom who had been exposed
to stavudine [82]. Neither BAT1 (intron 10) nor IL12B (3” UTR)*2 were associated with
altered SN risk in this Indonesian cohort. Moreover, further analysis of a larger cohort of
HIV-positive individuals of Chinese or Malay descent demonstrated that a 6-SNP haplotype
block (FVa 6,7,8) covering a 45kb region encompassing 3 SNPS from the BAT1 intron and
promoter regions, 1 SNP from the NFKIBL promoter region, and 2 SNPs (including TNFA1031*2) from the TNFA promoter region on chromosome 6, was independently associated
with the presence of SN in patients of Chinese and Malay descent [84]. Thus, this region of
chromosome 6 appears to contain mutations, or a single mutation, that increases risk of HIVSN across the three ethnic groups studied so far, highlighting the potential importance
immune dysregulation has in mediating HIV-SN. This region of Chromosome 6 does,
however, still need to be investigated in an African population.
Genetic risk factors for painful HIV-SN.
There is strong evidence for a genetic component for susceptibility to, and intensity of pain,
including neuropathic pain [93]. It is possible therefore that genetic factors will contribute to
the development and intensity of pain in patients with HIV-SN. Unfortunately, there is a
dearth of genetic data on pain in HIV-SN. Of the data available, polymorphisms in the GTP
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Cyclohydrolase 1 (GCH1) gene, which encodes a key enzyme required for the synthesis of
pro-nociceptive molecules, and which have been associated with reduced pain in Caucasians
with radicular pain [94], were not associated with pain in African individuals with HIV-SN
[95]. Further work on the genetic aspects of pain in HIV-SN is required, particularly
considering the lack of effective treatment for painful symptoms of the neuropathy [18].
Conclusion
HIV-SN remains common despite removal of neurotoxic NRTIs from cART regimens. As
the life expectancy of people with HIV increases the prevalence of HIV-SN will also increase
if current incidence rates of HIV-SN persist, making management of HIV-SN a major clinical
issue. Yet, relatively little work has been done in the era of modern cART to understand what
is driving the ongoing high rates of HIV-SN. More work in this area is urgently needed.
Large cohort studies using standardized methods to define symptomatic HIV-SN in patients
who have never been exposed to neurotoxic NRTI are required to understand better the
current clinical and demographic risk factors. These studies should involve African
populations, which are disproportionately affected by HIV, and apparently are more
susceptible to HIV-SN. And, the studies should include the collection of DNA libraries that
will allow work to unravel the genetic associations with HIV-SN risk. Candidate gene studies
should be informed by the significant progress animal models of HIV-SN have had in
identifying pathways that may contribute to the development of HIV-SN [30,96,97], but
genome wide association studies also need to be considered for a condition that probably is
polygenic. Understanding why an individual develops HIV-SN will be the first critical step
towards finding ways of preventing and/or treating this devastating and common condition.
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Figure 1. Summary of the processes associated with the development of hypernociception in
in vivo and in vitro models of pain induced by HIV (virus) and some dideoxynucleoside
reverse transcriptase inhibitors (ddX) used to treat the infection. In addition to the processes
shown in the figure, both the virus and some ddX drugs cause axonal and intra-epidermal
nerve fiber degeneration, and apoptosis of dorsal root ganglion cells.
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Table 1: Risk factors associated with HIV-SN (defined using signs +/- symptoms) in recent epidemiological studies of cohorts with access to
combination antiretroviral therapy.
Author
HIV-SN
Patients and
Study design
SN rate
Associations with HIV-SN
and year
definition setting
Anziska
Signs
973 female HIV
Cross-sectional
36%
Older age1
et al.,
infected adults
Hepatitis C seropositivity1
2011 [39]
from the Women's
African American1
Interagency HIV
Diabetes mellitus
Study (WIHS)
Hispanic (associated with reduced risk)
screened for SN
*Evans
Symptoms 2141 adults
Annual
Cumulative incidence:
Older age1
et al.,
and signs
initiating cART in
neurological
8.6% over 3 years
Diabetes mellitis1
2011 [53]
ACTG trials
screening
nART2 (e.g., stavudine)1
Use of protease inhibitors (if also on
nART)1
*Mehta
Symptoms 199 patients
Prospective
Incidence density:
Female sex1
et al.,
and signs
initiating cART in
(SN screening
11.9 cases per 100 person years
2011 [50]
Kenya (63%
every 3 months for
exposed to
1 year)
stavudine)
!

!
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*Menezes Symptoms 9040 adults
Retrospective chart Cumulative incidence:
Stavudine use (vs. other ART regimens)
et al.,
noted in
initiating cART at
review
17% (median follow-up 19
2011 [48] the
a university
months)
medical
affiliated HIV care
Incidence density:
record
clinic in South
Stavudine exposed
Africa
12.1 cases per 100 person years
Other ART regimens
7.9 cases per 100 person years
Maritz
Symptoms 598 adults
Cross-sectional
30%
Older age1
et al.,
and signs
attending a
cART use1
2010 [9]
community based
TB treatment1
HIV care clinic
*Nakamot Symptoms 61 adults from the
Retrospective
Incidence density:
Older age1
o et al.,
and signs
Hawaii Aging with convenience
No history of nART
Nadir CD4 T-cell count1
2010 [38]
HIV Cohort who
sample
21 cases per 100 person years
were
History of nART
on HAART and
17 cases per 100 person years
without SN at
Current nART
enrolment
25 cases per 100 person years
Shurie &
Symptoms 318 patients
Cross-sectional
25.5%
Use of cART (vs. untreated)
Deribew,
and signs
attending a
Use of stavudine (vs. zidovudine)
2010 [10]
hospital-based HIV
Use of 40mg stavudine (vs. 30mg)
care clinic in
Older age
Ethiopia
Recent TB treatment with isoniazid
!

!
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Wadley
Symptoms 395 South African Cross-sectional
57%
(All had used stavudine)
et al.,
and signs
HIV patients who
Older age1
2010 [95]
had all been on
Increasing height1
cART >6 months
Beadles
Symptoms 3341 patients
Retrospective chart 35%
(All had used stavudine)
et al.,
noted in
prescribed
review
No associations were tested
2009 [17] the
stavudine-based
medical
cART in Malawi
record
Cherry
Symptoms 294 patients
Cross-sectional
32%
Increasing age1
et al.,
and signs
screened for SN at
Increasing height1
2009 [8]
HIV clinics in
Stavudine use1
Australia, Malaysia
Zalcitabine use1
and Indonesia
Indinavir use1
*Saktor
Symptoms 102 patients
Prospective cohort Cumulative incidence:
(All had used stavudine)
et al.,
starting stavudine38% over 6 months
None identified
2009
based cART in
[49]
Uganda
Wright
Symptoms 658 patients
Cross-sectional
19.7%
Age >35 years1
et al.,
and signs
screened for SN at
Past use of stavudine, zalcitabine or
2008 [12]
10 HIV clinics in
didanosine1
the Asia Pacific
Prior AIDS1
region
Neurocognitive impairment1
!

!
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*Forna
Symptoms 1029 adults
Prospective study
Cumulative incidence:
(all received stavudine)
et al.,
or signs
initiating
(weekly
36% (median follow-up 11
Age ≥ 35 years (HR 1.86, 95% CI 1.44,
2007
stavudine-based
evaluation)
months)
2.40)1
[29]
cART in a homeIncidence density:
TB treatment predicted severe SN
based program in
3.73 cases per 100 person
Uganda
months
*Hawkins Symptoms 1286 adults
Review of
Cumulative incidence:
Risks for SN not stated
et al.,
noted in
initiating cART at
prospectively
20.7% (median duration of
Older age and lower baseline CD4 T-cell
2007 [37] the
a hospital clinic in
collected clinical
cART 350 days)
count predicted cART toxicity overall,
medical
Kenya
data
with SN being the commonest clinical
record
toxicity observed.
*Jamisse
Symptoms 146 pregnant
Prospective study
Cumulative incidence:
None identified
et al.,
women initiating
(at least monthly
18% (median follow- 39 weeks)
2007 [59]
nevirapine-based
evaluation)
cART in
Mozambique
Smyth
Symptoms 100 patients
Cross-sectional
42%
Stavudine use1
et al.,
and signs
attending an
Increasing age1
2007 [11]
Australian HIV
Indinavir (protease inhibitor) use1
care clinic in 2006
* These studies looked at incident HIV-SN, all others looked at prevalent HIV-SN
1
Factors independently associated with SN following multivariate analysis
2
nART: Neurotoxic antiretroviral therapy (e.g., stavudine, didanosine, zalcitabine)
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Table 2. Genetic risk factors associated with HIV-SN
Author
Patients and setting
and year
Hulgan
244 SN free, HIV patients initiating
et al.,
cART in ACTG 384 (SN rate: 28% over
2005 [79] a median follow-up of 2.3 years)2
Canter
250 HIV patients initiating cART in
et al.,
ACTG 384
2008 [77] (SN rate: 28% over a median follow-up
of 2.3 years)2
Canter
et al.,
2010 [78]
Kallianpur
et al.,
2006 [81]

Costarelli
et al.,
2007 [76]
!

Ethnic descent of
cohort
European

Polymorphism(s)
investigated
European mitochondrial
haplogroups

Independent genetic
associations with HIV-SN1
Increased risk:
Mitochondrial haplotype T

European

MTND1*LHON4216C
MTND2*LHON4917G
(both non-synonymous
SNPs)

156 HIV patients initiating cART in
ACTG 384
(SN rate: 33% over a median follow-up
~2 years)2
509 HIV patients initiating cART in
ACTG 384
(SN rate: 29% - median duration of
follow-up not stated)2

African American

African and non-African
mitochondrial haplogroups

Increased risk:
MTND2*LHON4917G
(The association with 4216C was
dependent on the presence
4917G)
Increased risk:
Mitochondrial haplotype L1c

European (n=248)
African American
(n=156)
Hispanic (n=89)
Other (n=13)

HFE C282Y3
HFE H63D3
(there were no homozygotes
for either polymorphism)

Case-control study (n=57 HIV patients
per group)5,4

European (Italian)

HFE C282Y
HFE H63D

!

Reduced risk:
HFE C282Y
(All of cohort ever exposed to
stavudine + didanosine, n = 309)
HFE C282Y
(Europeans ever exposed to
stavudine + didanosine, n = 147)
No genetic associations detected
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Cherry
Case-control study
European (n = 71)
Immune related genes,
Increased risk:
et al.,
(n = 36 HIV patients on cART: 16 NRTI- African (n = 1)
particularly from the central TNFA-1031*2
2008 [83] SN patients - SN after <6 months nART;
MHC, including markers of BAT1 (intron 10)
20 NRTI-SN free patients – no SN after
the 8.1 haplotype (HLA-A1, Reduced risk:
>6 months nART)
B8, DR3)
IL12B (3’ UTR)*2
Affandi
et al.,
2008 [82]

96 patients who had ever used stavudine
(SN rate: 34%)

Malay

TNFA-308*2
Increased risk:
BAT1 (intron 10)
TNFA-1031*2
TNFA-1031*2
IL1A + 4845*2
IL12B (3’ UTR)*2
Chew
Case-control study
Malay
5-SNP TNF haploblocks
Increased risk:
et al.,
128 Malay HIV patients (n = 42 with SN) Chinese
SNPS: 3 in BAT1 intron
5-SNP TNF haploblock FVa
2011 [84] 148 Chinese HIV patients (n = 38 with
European
promoter (rs9281526,
6,7,8, which includes minor
SN)
(all analysed as separate rs2523506, rs2844509), 1 in alleles for rs2523506 (BAT1
74 European HIV patients (n = 34 with
populations)
NFKIBL (rs2230365), 2 in
promoter) and rs1799964 (TNFASN)
TNFA promoter (rs1799964 1031*2) in Chinese and Malay
- TNFA-1031*2,
population
rs1800629)
1
Factors independently associated with SN following multivariate analysis
2
SN defined according to the presence of signs or symptoms of peripheral neuropathy
3
Carriers occurred at lower frequencies in the non-European participants (e.g., HFE C283Y: 0.03% in Blacks vs 16% Whites; HFE H63D: 7% in
Blacks vs 30% in Whites)
4
All cases had electromyographic evidence of peripheral neuropathy
5
Cases matched for age, sex, alcohol abuse, hepatitis C and B seropositivity, diabetes mellitus

Spinal cord dorsal horn

Dorsal root ganglion
Virus
Virus-activated Schwann
cells and infiltrating
macrophages secrete pronociceptive chemokines and
cytokines

Axon and peripheral nerve terminal
Virus
Virus-activated macrophages infiltrate nerve trunk
and secrete pro-nociceptive cytokines

Virus-mediated depolarization of nerve fibre
membrane
Virus-mediated release of pro-nociceptive peptides
from nerve terminals

Virus
Microgliosis and
astrocytosis

Virus-mediated sensitization of TRPV1 and BK
receptors

ddX
Drug-activated Schwann cells
secrete pro-nociceptive
chemokines

ddX
Astrocytosis and secretion
of pro-nociceptive cytokines

DRG neurons secrete pronociceptive cytokines and
express receptors for pronociceptive chemokines

ddX
Activation of pro-nociceptive caspase-dependent
pathways following drug-dependent disruption of
mitochondria function

