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Background.  Distal sensory peripheral neuropathy (DSPN) is a complication of human immunodeficiency virus (HIV). We 
estimate DSPN prevalence in 7 resource-limited settings (RLSs) for combination antiretroviral therapy (cART)–naive people living 
with HIV (PLWH) compared with matched participants not living with HIV and in PLWH virally suppressed on 1 of 3 cART 
regimens.

Methods.  PLWH with a CD4+ count <300 cells/mm3 underwent standardized neurological examination and functional status 
assessments before and every 24 weeks after starting cART. Matched individuals not living with HIV underwent the same examin-
ations once.

Associations between covariates with DSPN at entry were assessed using the χ2 test, and virally suppressed PLWH were assessed 
using generalized estimating equations.

Results.  Before initiating cART, 21.3% of PLWH had DSPN compared with 8.5% of people not living with HIV (n = 2400; 
χ2(df = 1) = 96.5; P < .00001). PLWH with DSPN were more likely to report inability to work [χ2(df = 1) = 10.6; P = .001] and de-
pression [χ2(df = 1) = 8.9; P = .003] than PLWH without DSPN. Overall prevalence of DSPN among those virally suppressed on 
cART decreased: 20.3%, week 48; 15.3%, week 144; and 10.3%, week 192. Incident DSPN was seen in 127 PLWH. Longitudinally, 
DSPN was more likely in older individuals (P < .001) and PLWH with less education (P = .03). There was no significant associa-
tion between cART regimen and DSPN.

Conclusions.  Although the prevalence of DSPN decreased following cART initiation in PLWH, further research could identify 
strategies to prevent or ameliorate residual DSPN after initiating cART in RLSs.
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Peripheral nerve disorders occur during all stages of human 
immunodeficiency virus (HIV) infection and are an important 
source of morbidity [1–3]. Distal sensory peripheral neuropathy 

(DSPN) is characterized pathologically by symmetrical distal-
to-proximal axonal degeneration of sensory nerve fibers [4]. 
Worldwide DSPN prevalence in combination antiretroviral 
therapy (cART)–naive persons living with HIV (PLWH) varies 
widely, from as low as 11% to 56% [5, 6]. cART can improve 
CD4 count and reduce viral load, decreasing the associated risk 
of developing DSPN [3, 7]. However, it remains a common neu-
rological complication of HIV [8–10].

DSPN may be asymptomatic or symptomatic [11]. It can be 
difficult to differentiate between HIV-associated DSPN and 
antiretroviral toxic neuropathy caused by dideoxynucleoside 
reverse transcriptase inhibitors (“d-drugs”) [5, 12, 13]. As ef-
fective and inexpensive ART, d-drugs were commonly used in 
resource-limited settings (RLSs) in the past. Less neurotoxic 
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cART regimens are now more widely available. However, a 
study in Kenya showed a continued burden of DSPN (33.8%) 
among cART-experienced PLWH who were never exposed to 
d-drugs [14]. Exposure to protease inhibitors (amprenavir and 
lopinavir) has also been associated with a small risk of DSPN 
[15]. However, a review of PLWH initiating cART found that 
the risk of DSPN was only increased by protease inhibitor use 
if the regimen included at least 1 neurotoxic nucleoside reverse 
transcriptase inhibitor [9].

Additional risk factors for DSPN must be considered in 
the diagnosis, including older age [16], substance abuse [17], 
and diabetes mellitus [9]. The presence of risk factors in RLSs 
may differ from Western contexts due to differences in cART 
guidelines, nutrition, environmental exposures, use of neuro-
toxic medications, and endemic diseases [18]. A recent study in 
Zambia found higher rates of DSPN in PLWH and low dietary 
diversity, history of syphilis, certain drug use (ciprofloxacin and 
metronidazole), and history of tuberculosis (TB), while older 
age and lower level of education were associated with DSPN in 
HIV− participants [19]. TB is common among PLWH, and TB 
treatment can lead to neurotoxic pyridoxine deficiency [20, 21]. 
Micronutrient deficiencies may also be common in the context 
of HIV and can lead to mitochondrial toxicity, increasing the 
susceptibility for nerve damage among PLWH [22, 23].

As a cause of chronic neuropathic pain, DSPN contributes 
to unemployment, depression, and frequent medical visits [24]. 
A study in Rwanda found a high rate of HIV-associated DSPN 
(40.5%), and those with DSPN had significantly poorer scores 
in the physical and psychological domains of the World Health 
Organization Quality of Life scale [25]. Impairments in quality 
of life and productivity are not necessarily linearly correlated 
with pain and have even been shown to occur with mild neu-
ropathic pain [3, 26]. This creates both clinical and economic 
incentives to improve prevention and treatment of DSPN.

The International Neurological Study (INS, AIDS Clinical 
Trials Group [ACTG] 5199) aimed to estimate the prevalence of 
DSPN before and after cART initiation. By determining the prev-
alence of DSPN in age-, sex-, country-, and education-matched 
HIV– individuals from the International Neurocognitive 
Normative Study (INNS, ACTG 5271) enrolled at the same sites 
as their HIV+ counterparts, we were able to better understand 
the risk of DSPN conferred by HIV itself. There were strict ex-
clusion criteria for both cohorts that ruled out additional causes 
of DSPN, such as significant illnesses and substance abuse. We 
used standardized diagnostic measures and analytical strategies 
to assess the impact of DSPN and covariates.

METHODS

Study Design

HIV+ participants were enrolled in a prospective, observational 
study that compared the neurological and neuropsychological ef-
fects of cART in cART-naive PLWH randomly assigned to 1 of the 

following regimens: lamivudine/zidovudine + efavirenz (EFV; arm 
A), emtricitabine (FTC) + atazanavir + didanosine enteric-coated 
(arm B), and FTC/tenofovir + EFV (arm C). HIV– normative com-
parison participants were enrolled at HIV voluntary counseling and 
testing clinics aligned with the sites that participated in INS [27]. 
INS participants were assessed every 24 weeks for 192 weeks from 
2006 to 2010. INNS participants were enrolled from 2011 to 2013 
and underwent the same examination once at the same study sites. 
Baseline and longitudinal results of the neurological examination, 
without the comparisons between PLWH and HIV– controls and 
association with covariates, were previously published [28, 29].

Inclusion and Exclusion Criteria

INS participants had to be aged ≥18 years, have documented 
HIV-1 infection with a CD4+ count <300 cells/mm3, and have 
no previous use of cART. Exclusion criteria included any ac-
tive severe psychiatric illness, drug abuse, serious illness within 
14 days of study entry, or any other condition that would com-
promise the person’s ability to participate in the study. INNS 
participants had to be aged ≥18  years and have tested HIV– 
within the last 30 days of their examination in addition to the 
same exclusion criteria as those enrolled in INS.

Neurological Examination

INS and INNS participants underwent a standardized peripheral 
neuropathy assessment designed to be implemented in RLSs. Site 
visits were conducted to provide training and quality assurance 
on a regular basis by a neuropsychologist and a neurologist from 
the University of North Carolina. Web-based and DVD training 
modules were also provided, and in-person training was available 
to site healthcare providers who attended an annual meeting in 
Washington, DC. DSPN was defined by at least 1 of the following 
bilateral findings: less than 10 seconds of vibratory sensation using 
a 128-Hz tuning fork placed on the top of the distal interphalangeal 
joint of each great toe; failure to feel cold sensation at the base of 
the great toes; decreased or absent ankle stretch reflexes.

Functional status was assessed by questions on work and psy-
chosocial factors at the beginning of the neurological examina-
tion. Functional status was interpreted from the responses to 
the ability to work and level of fatigue questions. Self-reported 
symptoms of depression and rated interest level in social ac-
tivity were used to assess depression.

Statistical Analyses

All significance testing was performed at the .05 level. All re-
ported P values are 2-sided. The associations between DSPN 
prevalence at entry with depression and functional status were 
assessed using χ2 analysis. The longitudinal analysis is restricted 
to PLWH who achieved virologic suppression on their first cART 
regimen, which allowed for drug substitution in the case of tox-
icity. Linear and logistic regression models using the generalized 
estimating equation with an autoregressive correlation struc-
ture were constructed to assess treatment effects as well as the 
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associations of other covariates with DSPN, including education. 
CD4 count at entry (screening) and current CD4 count were 
considered as continuous variables. Pretreatment HIV-1 RNA 
was dichotomized as <100 000 c/mL and ≥100 000 c/mL, and as 
detectable and undetectable using 400 c/mL as the lower detec-
tion limit after initiating ART, as determined by the parent study, 
ACTG A5175. The 95% confidence intervals (CIs) around the es-
timated odds ratios for the covariate effect on DSPN were used.

RESULTS

Participant Demographics

A total of 860 HIV+ participants were enrolled into INS in 
Brazil (n  =  161), India (n  =  184), Malawi (n  =  133), Peru 
(n  =  62), South Africa (n  =  167), Thailand (n  =  73), and 

Zimbabwe (n = 80). Median (interquartile range) pre-cART 
CD4 was 173 (98, 232)  cells/mm3 and median plasma log-
10 HIV-1 RNA was 5.0 c/mL (4.5, 5.5). A  total of 289 par-
ticipants were randomized to arm A, 293 to arm B, and 278 
to arm C. Median follow-up on study was 168 weeks (range: 
24-192 weeks). Arm B was discontinued by the Data and 
Safety Monitoring Board in May 2008 because it was virolog-
ically inferior to the other regimens. Arm B participants were 
withdrawn from the DSPN study, which caused a significant 
drop-off of participants from the visit at week 72 onward.

The 2400 INNS controls were enrolled from the same sites, 
with a similar distribution by country. They were matched for 
age (median age of 34 years in INS, 35 years in INNS), sex (53% 
female in INS, 50% female in INNS), and education (median of 
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Figure 1.  A, Proportion of people living with human immunodeficiency virus (HIV). B, people living with HIV with and without distal sensory peripheral neuropathy (DSPN) 
who have functional complaints and depression at study entry. Gray bars are people with no DSPN, and black bars are people with DSPN.
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10 years). For additional information on demographics, please 
refer to previous publications [27–30].

Pre-cART

Before beginning cART, 21.3% of PLWH met examina-
tion criteria for DSPN compared with 8.5% of HIV– people 
[χ 2(df  =  1)  =  96.5; P  =  .008]. PLWH with prevalent DSPN 
were more likely to report loss of functional ability to work 
[χ 2(df = 1) = 10.6; P = .001], unemployment [χ 2(df = 1) = 7.0; 
P = .0005], and low energy levels [χ 2(df = 1) = 12.1; P = .0005] 
than the PLWH without DSPN before beginning cART (Figure 
1A). Of those with DSPN who noted loss of energy, 38.2% de-
scribed moderate to severe severity. This compared with 12.3% 
of PLWH without DSPN reporting moderate to severe en-
ergy loss [χ 2(df = 1) = 17.1; P = .002]. PLWH with DSPN were 
also more likely to report feeling depressed [χ 2(df = 1) = 8.9; 
P = .003] and to have a loss of social interest [χ 2(df = 1) = 14.6; 
P = .0001] than PLWH without DSPN.

Figure 1B shows similar comparisons of depression and func-
tional status symptoms between HIV– people with and without 
DSPN. Small numbers of individuals with DSPN precluded 
most statistical analysis. More individuals without DSPN were 
unemployed. However, the statistical significance of this associ-
ation was far weaker than that seen in the PLWH group.

After cART

The overall prevalence of DSPN among PLWH decreased after 
virologic suppression on cART was achieved: 20.3% at week 48, 
17.5% at week 96, 15.3% week at 144, and 10.3% at week 192 
(Table 1). Of the 178 PLWH with DSPN pre-cART, 102 (57%) 
cases resolved by their last visit (Figure 2). Incident DSPN was 
seen in 127 participants during the course of the study (Figure 
3A). There was no statistically significant difference between 
the prevalence of DSPN by arm (Figure 3B).

Longitudinally, DSPN was more likely in older individuals 
and was less likely with increased time on cART and in those 
with a higher level of education (Table 2). Gender, cART reg-
imen, pretreatment HIV-1 RNA, and screening CD4 or CD4 
count during the course of the study did not influence the like-
lihood of DSPN.

DISCUSSION

This multinational study shows that there was substantial prev-
alence of DSPN in cART-naive PLWH in RLSs. The inclusion 
of age-, sex-, education-, and community-matched HIV– par-
ticipants gave us the opportunity to better understand the risk 
of DSPN conferred by HIV itself. We found that cART-naive 
PLWH with DSPN were more likely to experience depression 
and loss of productivity than PLWH without DSPN. A  key 
finding in our study is that the overall prevalence of DSPN 
among PLWH decreased substantially over the course of the 
study. Specifically, more than half of the PLWH diagnosed with 
DSPN at enrollment did not have clinical evidence of DSPN 
by their last visit. There were 127 participants who developed 
incident DSPN following cART initiation, most of whom were 
diagnosed at week 24 and week 48. PLWH who were older were 
more likely to have DSPN, and those who had a higher level of 
education and more time with viral suppression on cART were 
less likely to have DSPN. Longitudinally, DSPN was not related 
to cART regimen.

The relatively high prevalence of DSPN in untreated 
PLWH in this study is similar to what has been seen in pre-
vious studies [18, 31]. Previous work has shown that PLWH 

Table 1.  Prevalence of Distal Sensory Peripheral Neuropathy over the Course of the 192-Week Study 

Neurological dysfunction due to neuropathy over time

Number of participants (percentage)

Week 0 24 48 72 96 120 144 168 192

No DSPN 656 (78.7) 648 (80.0) 609 (79.7) 568 (81.1) 491 (82.5) 449 (83.5) 447 (84.7) 353 (86.7) 184 (89.8)

DSPN diagnosed 178 (21.3) 162 (20.0) 155 (20.3) 133 (18.9) 104 (17.5) 89 (16.5) 81 (15.3) 54 (13.3) 21 (10.2)

Total no. evaluated 834 810 764 701 595 538 528 407 205

Missinga 26 6 8 4 6 3 2 0 0

Total 860 816 772 706 601 541 530 407 205

Abbreviation: DSPN, distal sensory peripheral neuropathy.

 aMissing = participants who did not attend the scheduled visit or did not undergo the complete clinical examination at that visit.

102 89

76

38

0

20

40

60

80

100

120

140

160

180

200

DSPN diagnosed pre-cART Incident DSPN, on cART

Nu
m

be
r o

f P
ar

�c
ip

an
ts

Resolved by the last study visit DSPN present at last study visit
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with symptomatic DSPN have increased depressive symptoms 
and higher self-reported lower limb dysfunction than PLWH 
without DSPN [32]. Our study differs from previous studies 
in not specifying whether DSPN was symptomatic. In contrast 
to the HIV+ participants, we did not find a significant associ-
ation between depression and DSPN in the HIV– participants. 
Although this is most likely due to a low prevalence of DSPN, it 
may also highlight features unique to DSPN in HIV.

Previous studies have established older age as a risk factor for 
neuropathy [9, 16, 18]; however, the relationship with the level 
of education is still open to interpretation. A study in Zambia 
found an association between neuropathy and lower level 
of education in both PLWH and HIV– participants. The re-
searchers argued that education is a marker of early childhood 

deprivation, which could increase the risk of adult-onset dis-
eases and altered development [19]. Conducting this study in 
RLSs, we wanted to understand how disparities in wealth, edu-
cation, and access to healthcare contributed to health outcomes. 
Education level is a useful indicator of literacy proficiency and 
may also influence the ability to access social resources and crit-
ical reasoning of health status. Other studies have shown that 
low socioeconomic status and education attainment negatively 
impact cART adherence and thus can lead to poor clinical out-
comes [33].

Limitations of this study should be considered in interpreting 
our results. We used a screening examination to diagnose 
DSPN that has high specificity but low sensitivity [34]. As such, 
we may have underestimated the prevalence and incidence of 
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DSPN in our cohort. Participants were enrolled in a clinical trial 
and, as such, were likely to comply with study procedures and 
adhere to cART over an extended period. This was confirmed 
with the high number of participants who maintained virologic 
suppression for a median over about 3 years. Furthermore, most 
of the sites are in urban areas and may not be representative of 
the regions in which many HIV+ individuals in RLSs receive 
their care. While we excluded PLWH and controls who had 
drug use and severe illnesses that might increase the likelihood 
of DSPN, we did not assess common non-HIV–related causes 
of DSPN, such as diabetes or nutritional deficiencies. Thus, we 
cannot comment on the role of these factors in influencing the 
risk of prevalent or incident DSPN in PLWH or HIV– people. 
However, in previous work from this study, PLWH diagnosed 
with incident pulmonary TB did not have an increased risk of 
DSPN [30]. The normative group was enrolled after the PLWH 
to ensure that their demographics were matched, but we do not 
think that this substantially influenced comparisons between 
the 2 groups. However, the normative group was not followed 
longitudinally, and we cannot comment on any longitudinal 
change in HIV– DSPN. We focused on virologically suppressed 
participants, and we cannot comment on the influence of lack 
of virological suppression on risks or progression of DSPN in 
PLWH. Individuals in arm B, which contained didanosine, 
were withdrawn from the study because of increased virological 
failure. Because we did not find a relationship between treat-
ment regimen and prevalent or incident DSPN, we do not think 
that this biased our results or conclusions. The antiretroviral 

agents used in this study are less relevant to current regimens 
in both resource-rich and resource-limited settings, but we be-
lieve that our key finding that the overall prevalence of DSPN 
decreases in virally suppressed individuals remains important, 
and it is another reason to encourage cART adherence.

It is currently unknown whether early initiation of cART 
could prevent or alter the course of HIV-associated DSPN. 
DSPN has been observed in acute [35] and primary [2] HIV 
infection before cART initiation. Symptomatic DSPN in pri-
mary HIV infection was associated with elevated inflammatory 
markers compared with the asymptomatic DSPN [2]. Thus, it 
could be argued that although it would be difficult to prevent 
DSPN in acute HIV infection, early cART initiation might de-
crease its severity by decreasing systemic inflammation. We 
found that although the overall prevalence decreased following 
the initiation of cART, more than one-third of the virally sup-
pressed participants still had DSPN at their last visit, suggesting 
that the remaining cases of neuropathy are a legacy effect of 
early, irreversible, HIV-induced nerve damage.

DSPN, particularly when it is asymptomatic, can be easily 
missed in clinical practice. Our work and the work of others 
has shown that it is prevalent and interferes with daily activities. 
Although viral suppression with cART decreases the prevalence 
of DSPN, the sizable number of individuals with persistent 
DSPN warrants further investigation and better treatment op-
tions. By creating a normative database across RLSs, we were 
able to uniquely estimate the burden of HIV-associated DSPN 
and establish covariates, some of which are socioeconomic 

Table 2.  Longitudinal Associations Between Distal Sensory Peripheral Neuropathy and Covariates 

Analysis of generalized estimating equation parameter estimates 

Parameter  Estimate Standard Error 95% Confidence Limits Z Pr > |Z|

Intercept (reference group)  Comparison 0.36 0.04 0.28 0.43 9.39 <0.0001

Countrya Brazil −0.29 0.02 −0.33 −0.24 −12.44 <0.0001

Country India −0.37 0.02 −0.41 −0.33 −17.92 <0.0001

Country Malawi −0.34 0.02 −0.38 −0.31 −17.2 <0.0001

Country Peru −0.37 0.02 −0.40 −0.33 −18.14 <0.0001

Country South Africa −0.33 0.02 −0.38 −0.29 −14.57 <0.0001

Country Zimbabwe −0.22 0.03 −0.27 −0.17 −8.28 <0.0001

Age Every 10 years 0.02 0.01 0.009 0.033 3.35 0.0008

Sex (women = r) Men −0.001 0.01 −0.02 0.02 −0.13 0.89

Education Every 4 years of education −0.01 0.004 −0.02 −0.0009 −2.18 0.03

Baseline DSPN  … 0.12 0.06 −0.003 0.23 1.91 0.06

Baseline RNA (Detected or undetected) −0.002 0.005 −0.01 0.007 −0.48 0.63

Screening CD4 count  … −0.002 0.003 −0.008 0.004 −0.61 0.54

Time on study (Prevalence of DSPN every  
24 weeks on study)

−0.007 0.001 −0.009 −0.004 −5.28 <0.0001

Treatment (ART regimen A) ART regimen B 0.008 0.01 −0.01 0.03 0.7 0.49

Treatment (ART regimen A) ART regimen C 0.01 0.01 −0.01 0.03 0.97 0.33

Negative estimates indicate that the covariate confers a decreased risk of DSPN, and positive estimates indicate an increased risk of DSPN. Statistically significant correlations are in bold 
and shaded. 

Abbreviations: ART, antiretroviral therapy; DSPN, distal sensory peripheral neuropathy. 

 aParticipants from Thailand as the reference group.
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surrogates. It is our hope that we have laid the framework to 
generate additional research on DSPN in RLSs and, in partic-
ular, to identify reversible risk factors. We need better strategies 
to prevent or to ameliorate residual DSPN in order to improve 
the function and daily lives of PLWH in RLSs.
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