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1  | INTRODUC TION

More than 34 million people worldwide live with HIV/AIDS, ac-
cording to the Joint United Program on Human Immunodeficiency 
Virus Infection/Acquired Immunodeficiency Syndrome (HIV/AIDS) 

(UNAIDS, 2019). One-third of those diagnosed with HIV/AIDS are 
reported to have systemic neuropathies that can be caused by the 
virus itself, opportunistic infections, or as a side effect of some 
drugs used. The most effective treatment for HIV infection is an-
tiretroviral therapy. Nevertheless, the use of these medications, in 
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Abstract
Objectives: Significant pain from HIV-associated sensory neuropathy (HIV-SN) af-
fects 40% of HIV-infected individuals treated with antiretroviral therapy (ART). The 
most salient symptom of the neuropathy is pain, which frequently is moderate-to-
severe intensity, associated with reduced activities and physical function, sleep dis-
ruption, increased severity of depression, and anxiety. Yet, evidence for managing 
painful HIV-SN is poor. The purpose of this study was to verify by scientific evidence 
the neuropathy complication in HIV/AIDS patients to develop effective pain manage-
ment strategies.
Methods: Design: Systematic review. Data sources: PubMed (MEDLINE), Cochrane, 
www.contr olled-trials.com. Selection criteria: the filter “English” was used, time-
framed searched was 2009–2019, randomized controlled trials (RCT). Keywords were 
verified in MeSH “Peripheral Nervous System Disease” and “Antiretroviral Agents” or 
“Antiretroviral therapy.” Review method: the PRISMA flowchart was used.
Result: A systematic search following PRISMA guidelines was carried out, and 12 
specific articles/studies on the subject were selected. The results revealed that HIV 
therapy, aging, body mass index, height, and systemic conditions influence neuropa-
thy conditions in HIV/AIDS patients. The multistudies focused on pain management 
approaches such as administration of pain medication, drug combination to prevent 
side effects, or ART with minimal side effects.
Conclusion: Sensory neuropathy is a frequent complication of HIV infection and ART. 
An understanding of the mechanism and pathophysiology of neuropathy in HIV is 
urgently required to develop alternative treatment modalities and to evaluate pre-
ventive strategies.
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particular the use of nucleoside reverse transcriptase inhibitors, is 
associated with an increase in the incidence of severe peripheral 
neuropathy. This group includes medications zidovudine or azido-
thymidine, didanosine, zalcitabine (ddC), stavudine (d4T), lamivu-
dine, and abacavir. ddC was one of the first HIV/AIDS-approved 
antiretrovirals and is now considered to be the most neurotoxic 
(Garcia-Perez, Solà, Sumalla, & Serra, 2015) The introduction of 
combination antiretroviral therapy (cART) dramatically reduced 
the morbidity and mortality associated with HIV among patients 
who have access to treatment.(Mwesiga, Kaddumukasa, Mugenyi, 
& Nakasujja, 2019).

Peripheral neuropathic pain associated with HIV is challenging 
to manage with pharmacological therapy. Many current therapies 
are not effective in treating this pain. The limited scientific knowl-
edge of antiretroviral-mediated neuropathic pain may be one of 
the reasons for the shortage of effective care for this patient 
population. Systematic reviews of the natural consequence of 
antiretroviral therapy (ARV) in HIV/AIDS patients have been es-
tablished. Thus, while the widespread use and side effects of ARV 
have been identified in HIV/AIDS patients, insufficient research 
has been done in the analysis and therapy of HIV/AIDS neuropa-
thy patients. The purpose of this systemic review is therefore to 
examine scientific evidence on the complications of neuropathy 
of HIV/AIDS and determine the most effective pain management 
strategies.

2  | MATERIAL S METHODS

2.1 | Protocol development

The PRISMA (Preferred Reporting Items for Systematic Review and 
Meta-Analysis) checklist (Moher, Liberati, Tetzlaff, & Altman, 2009) 
was consulted and used as a guide for quality reporting of this sys-
tematic review.

2.2 | Focused question

Can ARV therapy in people with HIV/AIDS cause neuropathy and 
what is the most effective treatment for this condition?

2.3 | Search study for identification of studies

The PubMed (MEDLINE) database of the U.S National Library 
Medicine, Cochrane, and www.contr olled-trials.com were used. 
Electronic search and a literature search were accomplished on 
articles from the inception of the respective database to June 
28, 2019, by using combination of MeSH and free text words 
“Peripheral Nervous System Disease” and “Antiretroviral Agents” 
or “Antiretroviral therapy.” The search was restricted to English lan-
guage and published between 2009 and 2019.

2.4 | Selection criteria

Initially, studies were excluded based on assessment of relevance of 
title and abstract conducted by three authors independently. The 
remaining studies were evaluated in their entirety by the same au-
thors, and those studies which met the following criteria were in-
cluded: randomized controlled trial (RCT); HIV/AIDS patient with 
ARV treatment; and neuropathy.

2.5 | Data synthesis

Data were independently collected, and the following items were 
extracted: study design, characteristics of the population (sample, 
age, country of study), duration of the intervention, medications 
used, and clinical outcomes.

3  | RESULTS

3.1 | Identified trials and outcomes

A total of 576 relevant studies were found in these databases, and 4 
additional records were identified through other resources. A total 
534 references were excluded based on the randomized controlled 
trial and duplicate files, and 38 were selected for full-text analysis, 
of which 12 trials were selected for this review (Dinat, Marinda, 
Moch, Rice, & Kamerman, 2015; Ellis, Toperoff, & Vaida, 2009; 
Evans et al., 2011, 2012; Harrison et al., 2013; Jaquet et al., 2013; 
Lee et al., 2015; Leger et al., 2014; Phanuphak, Ananworanich, 
Teeratakulpisarn, Jadwattanakul, & Kerr, 2012; Shikuma et al., 2015; 
Simpson et al., 2014; Yeh, Evans, Gulick, & Clifford, 2010).

3.2 | Peripheral neuropathy in HIV patients treated 
with ARV

There were six trials comparing the effects of ARV treatment in 
HIV patients. Jaquet et al. (2013) assessed Health-Related Quality 
of Life (HRQOL) in HIV-positive participants started on highly ac-
tive antiretroviral therapy (HAART) and followed up for several 
months. During the 12-month follow-up, they reported 31% hav-
ing peripheral neuropathy. Leger et al. (2014) designed a study to 
compare antiretroviral drug regimens as initial treatment for HIV-1 
infection. They included 254 patients, of which 90 patients (35.4%) 
had peripheral neuropathy. Yeh et al. (2010) evaluated the effect of 
vicriviroc (VCV), which was considered to be potentially more neu-
roprotective than other antiretrovirals, but this study on the con-
trary showed that most participants had neuropathy in both placebo 
and VCV treatments. Evans et al. (2011) estimated neuropathic sign/
symptom rate with initiation of combination antiretroviral therapy 
(cART). They found 32.1% of participants had peripheral neuropa-
thy at 3-year follow-up, out of 2,141 participants. In Thailand, 20.4% 
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participants on zidovudine (AZT) treatment and 4.2% participants 
on tenofovir (TDF) treatment had peripheral neuropathy by week 
24 (Phanuphak et al., 2012). Lee et al. (2015) showed prevalence of 
peripheral neuropathy initially increased and remained stable in 31% 
of this population (996 participants).

3.3 | Additional factors may underline neuropathy 
in HIV patients treated with ARV

There were two trials of the other predisposing factors that may 
affect peripheral neuropathy in HIV patients with ARV treatment. 
Shikuma et al. (2015) described epidermal nerve fiber density (ENFD) 
as a validated predictor of HIV-SN risk, they found large individual 
variation in change in ENFD with the first-time ART initiation, and 
this result is caused by various body composition measurements and 
blood pressure in their samples.

Evans et al. (2012) evaluated neurologic outcomes in ACTG 
Longitudinal Linked Randomized Trials (ALLRT) participants with 
cART regimen therapy. They found that the likelihood of develop-
ing symptomatic sensory neuropathy is increased in those with as-
ymptomatic dysfunction and non-insulin diabetic therapy appears to 
reduce the odds of converting to symptomatic sensory neuropathy.

3.4 | Management strategies of neuropathic pain 
associated with HIV neuropathy

Four trials that studied the efficacy of pain treatment in HIV neurop-
athy patients were included in this review. One of these studies tri-
aled amitriptyline for analgesia in painful HIV-SN (Dinat et al., 2015). 
This study showed that there were no significant differences in 
mean pain scores for ARV user receiving amitriptyline or placebo 
over six-week treatment.

Existing analgesic and adjunct treatment appear inadequate to 
treat neuropathic pain in HIV. Ellis et al. (2009) trialed smoked medic-
inal cannabis in the treatment of this condition. Smoked cannabis at 
maximum tolerable dose significantly reduced neuropathic pain inten-
sity in 30% of HIV patients. Simpson et al. (2014) assessed the efficacy 
and safety of pregabalin in the treatment of HIV-associated neuro-
pathic pain. Evaluation of the numeric rating scale (NRS) revealed that 
there was no difference between pregabalin and placebo groups.

4  | DISCUSSION

The most common neurologic complication of HIV infection is pe-
ripheral neuropathy but this has been widely under-detected and un-
dertreated. The principal symptom of neuropathy may be allodynia 
or hyperalgesia. Studies have reported neuropathy prevalences 
ranging 30%–60% (Dubey, Raghuvanshi, Sharma, & Saxena, 2013; 
Ferrari et al., 2006). This increase has been linked to the use of ART 
regimens containing particular nucleoside reverse transcriptase 

inhibitors, notably stavudine. Despite the World Health Organization 
(WHO) recommending that the use of stavudine is phased out, sta-
vudine-based treatment programs continue to be introduced and 
expanded in many countries because of lack of cost-effective alter-
natives. Therefore, stavudine-related toxicities are expected to in-
crease (Beadles, Jahn, Weigel, & Clutterbuck, 2009; Wadley, Cherry, 
Price, & Kamerman, 2011).

There are two major mechanisms proposed for HIV-SN: neuro-
toxicity induced either by the HIV-1 envelope glycoprotein gp120 
or by certain ART drugs. gp120 neurotoxicity is thought to result 
from its binding to CCR5 (C–C chemokine receptor type 5), CXCR4 
(C–X–C chemokine receptor type 4), or both. The HIV indirectly in-
fects neurons through infection of the supporting monocytes and 
Schwann cells, from the direct toxic effect of viral proteins such as 
gp120, Tat, and Nef protein on peripheral neurons, or a combination 
of both. Several viral products have been found to be neurotoxic 
(Kamerman et al., 2012; Mangus et al., 2014; Schütz & Robinson-
Papp, 2013; Widyadharma et al., 2018) Mitochondrial dysfunction 
is a proposed mechanism for neurotoxicity of antiretrovirals. In 
vitro studies showed inhibition of mitochondrial DNA synthesis by 
the nucleoside analogues when phosphorylated to their active tri-
phosphate form through the inhibition of DNA polymerase-gamma, 
leading to mitochondrial toxicity with resultant mitochondrial DNA 
depletion (Adam & Ellis, 2019; Roda & Hoke, 2019).

This systematic review found evidence that the first-line ther-
apies (amitriptyline, pregabalin, methadone) recommended in man-
agement of neuropathic pain show no superiority to placebo in 
management of pain in HIV patients. There is evidence that capsa-
icin, smoked cannabis, and rhNGF can be effective in 30% of pa-
tients. But efficacy of capsaicin is only used topically, rhNGF is not 
available medically, and the use of smoked cannabis as daily ther-
apy cannot be recommended because of the side effects (Phillips, 
Cherry, Cox, Marshall, & Rice, 2010). The reviewed literature sug-
gests that HIV-SN is a frequent complication of HIV infection and 
ART. Understanding the mechanism and pathophysiology of neurop-
athy in HIV is urgently required to help develop alternative treat-
ment modalities and to generate preventative strategies.

One of the limitations of this systematic review was that it was 
difficult to draw firm conclusions due to small number of RCTs in-
cluded. It is also possible that some clinical trials were missed, al-
though this is unlikely, as the databases searched are known to be 
comprehensive regarding clinical trials. Moreover, in the present 
systematic review, electronic literature search was supplemented 
by reviewing references from a variety of sources to retrieve any 
missing trials.
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