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Background. Peripheral neuropathy (PN) is common among patients receiving antiretroviral therapy (ART) in
resource-limited settings. We report the incidence of and risk factors for PN among human immunodeficiency virus
(HIV)-infected Kenyan adults initiating ART.

Methods. An inception cohort was formed of adults initiating ART. They were screened for PN at baseline and
every 3 months for 1 year. We used the validated Brief Peripheral Neuropathy Screen (BPNS) that includes
symptoms and signs (vibration perception and ankle reflexes) of PN.

Results. Twenty-two (11%) of 199 patients had PN at baseline screening. One hundred fifty patients without
evidence of PN at baseline were followed for a median of 366 days (interquartile range, 351-399). The incidence of
PN was 11.9 per 100 person-years (95% confidence interval [CI], 6.9-19.1) and was higher in women than men
(17.7 vs 1.9 per 100 person-years; rate ratio, 9.6; 95% CI, 1.27-72, P = .03). In stratified analyses, female sex
remained statistically significant after adjustment for each of the following variables: age, CD4 cell count, body mass
index, ART regimen, and tuberculosis treatment. Stratifying hemoglobin levels decreased the hazard ratio from 9.6
to 7.40 (P = .05), with higher levels corresponding to a lower risk of PN.

Conclusions. HIV-infected Kenyan women were almost 10 times more likely than men to develop PN in the
first year of ART. The risk decreased slightly at higher hemoglobin levels. Preventing or treating anemia in women
before ART initiation and implementing BPNS during the first year of ART, the period of highest risk, could

ameliorate the risk of PN.

Peripheral neuropathy (PN) is a common complaint
among human immunodeficiency virus (HIV)-infected
patients receiving antiretroviral therapy (ART) in resource-
limited settings [1-7]. In sub-Saharan Africa it is the most
common side effect leading to a change in regimen among
patients receiving stavudine (D4T). Although DAT expo-
sure is a known risk factor for PN among HIV-infected
individuals receiving ART, other known risk factors may
also contribute, including nutritional deficiencies; toxic

Received 10 January 2011; accepted 24 May 2011.

#S. A. M. and A. A. contributed equally to this work.

Correspondence: Sapna A. Mehta, MD, Department of Medicine, New York
University School of Medicine, Greenberg Hall, SC1-132, 545 First Ave, New York,
NY 10016 (sapna.mehta@nyumc.org).

Clinical Infectious Diseases 2011;53(5):490-496

© The Author 2011. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.

1058-4838/2011/535-0015814.00

DOI: 10.1093/cid/cir432

effects of anti—tuberculosis (TB) medications, such as iso-
niazid and ethambutol; alcoholism; diabetes; and HIV in-
fection itself [8]. Several studies have reported the risk of
PN in patients receiving ART in resource-limited settings
and show a wide range of estimates, from as low as 1.73%
to as high as 38% [2-5, 9—11]. These differences probably
reflect the use of varying definitions of PN and lack of use
of a validated screening tool for PN. We conducted a pro-
spective, longitudinal study using a validated PN screening
tool to more accurately estimate prevalence, incidence, and
risk factors for developing PN among HIV-infected pa-
tients beginning ART in Kenya [12].

METHODS

Study Site and Patient Population
Bomu Medical Centre is located in Mombasa, Kenya.
It is a nongovernmental general outpatient clinic that
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serves the urban poor community. The HIV care and treatment
program started in 2004 and is funded via the President’s
Emergency Plan for AIDS Relief through a cooperative agree-
ment between the Centers for Disease Control and Prevention
and New York University School of Medicine. As of 2011, the
clinic cares for ~7000 adult patients receiving ART and has
provided care for 14000 patients since 2004. HIV testing,
treatment and prophylactic medications, and laboratory moni-
toring are provided to patients free of charge. CD4 cell counts
are conducted at baseline and every 6 months using a FacsCount
instrument at Bomu Medical Centre. The laboratory is enrolled
in an external quality control program through the National
External Quality Assessment Service. Viral load monitoring and
genotyping are not routinely conducted because of limited
funding.

Patients attending the Bomu Medical Centre HIV clinic were
eligible for inclusion in this study if they were =15 years of age
and starting ART between November 2007 and May 2008. The
ART initiation eligibility criteria at that time included a CD4
cell count of <200 cells/mm® or World Health Organization
(WHO) stage 3 or 4 HIV infection at any CD4 cell count.
First-line therapy includes zidovudine (AZT) or weight-based
dose of DAT with lamivudine and nevirapine or efavirenz.
Patients were enrolled into the study consecutively as they were
found to be eligible to start ART, and no patient refused
to participate. Clinical officers or physicians performed
PN screening, in English or Kiswabhili, at baseline (the visit when
ART was initiated) and every 3 months thereafter for 1 year.
Screening data were collected concurrently for this study. The
Institutional Review Board for New York University School of
Medicine and the Ethics Review Committee of the Kenyatta
National Hospital, Nairobi, Kenya, approved this study.

Measures

The Brief Peripheral Neuropathy Screen (BPNS) assesses
subjective and objective findings consistent with PN and was
developed and validated by the National Institutes of Health—
funded AIDS Clinical Trials Group [12]. The BPNS was
validated using physiologic (quantitative sensory threshold
testing) and pathologic (epidermal nerve fiber density) testing
as the reference standards [12]. In this screen, patients were
asked to rate presence and severity of symptoms in feet and/or
legs, using a scale of 1 (mild) to 10 (severe) for each leg sepa-
rately. Symptoms included pain, aching, or burning; a sensa-
tion of “pins and needles”; and numbness. The highest of the 3
scores was converted to a subjective PN grade, as follows:
symptoms absent, grade 0; score of 1-3, grade 1; score of 4-6,
grade 2; and score of 7-10, grade 3. Objective findings included
in the BPNS were loss of vibration perception and abnormal
ankle deep tendon reflexes. Vibration perception was evaluated
using a 128-Hz tuning fork, maximally struck and applied at

200 ART-naive patients
screened
1 excluded for incomplete
baseline screen

22 (11%) patients with 177 (89%) patients without
baseline PN baseline PN

12 month
follow-up

27 patients with incomplete initiation

follow-up screen of ART

21 (78%) transferred; 3 (11%)
died; 3 (11%) LTFU

150 patients with at least 1
follow-up screen
17 (11%) patients with 133 (89%) patients
incident PN remained PN-free

Figure 1. Study flow diagram. ART, antiretroviral therapy; LTFU, lost to
follow-up; PN, peripheral neuropathy.

the great toe distal interphalangeal joint of each foot. Patients
were not blinded during the vibration perception test. Vibra-
tion sense was defined as normal for vibration felt for >10
seconds, as mild loss for vibration felt for 6-10 seconds, as
moderate loss for vibration felt for =5 seconds, and as severe
loss for no feeling of vibration. Ankle reflexes were defined as
absent, hypoactive, normal, hyperactive, or clonus. Results of
the screen were recorded onto a 1-page standardized form. We
have provided elsewhere the details of provider training and
BPNS implementation at our clinic [13].

Data on patient demographic, clinical, and laboratory risk
factors were extracted from the medical chart. Clinical staging
was performed as part of routine care by clinicians and based on
WHO guidelines [14]. Based on the BPNS validation study [12],
we defined PN as present when someone had both subjective
neuropathy (grade, >0) and =1 abnormal finding bilaterally on
physical examination. Body mass index (BMI) was calculated
using the following formula: weight (kg)/[height (m)]?. Anti-TB
medication regimens included both isoniazid and ethambutol
for all patients in the study, according to national guidelines
(National NLTP Guideline [2005], http://
www.gfmer.ch/Guidelines/Tuberculosis/Tuberculosis.htm);

available at

therefore, we refer to isoniazid and ethambutol exposure as
“TB treatment.”

Data Analysis
Data management and statistical analysis were performed using
SPSS for Windows (version 12.0) and R (version 2.12.0)
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Table 1. Baseline Characteristics in Study Group

Peripheral neuropathy

Baseline characteristic Total (n = 150) Present (n = 17; 11%) Absent, (n = 133; 89%)
Female sex, no. (%) 98 (65.3) 16 (94.1) 82 (61.7)
Age, median (range; IQR), years 35 (19-61; 31-41) 34 (32-42) 35 (31-41)
Baseline CD4 count, median (IQR), cells/uL 142 (64-208) 170 (116-242) 136 (565-204)
Baseline weight, median (IQR), kg 57 (49.1-63.7) 59.4 (63.7-69.1) 57.0 (48.3-63.6)
Baseline height, median (IQR), cm 164 (158-170) 163.5 (158.5-167.5) 164 (157.3-170)
Baseline BMI, median (IQR), kg/m? 20.7 (18.3-24.4) 22.4 (20.3-25.3) 20.4 (18.1-24)
WHO clinical stage of HIV infection, no. (%)
Stage 1 21 (14.0) 3(17.6) 18 (13.5)
Stage 2 42 (28.0) 4 (23.5) 38 (28.6)
Stage 3 83 (565.3) 10 (58.8) 73 (54.9)
Stage 4 4 (2.6) 0 (0) 4 (3.0)
Initial NRTI backbone, no. (%)
Zidovudine 53 (35) 4 (23.5) 49 (36.8)
Weight-based stavudine 94 (63) 13 (76.5) 81 (60.9)
Tenofovir or abacavir 3(2) 0 (0) 3(2.3)
Duration of observation during ART, median (IQR), days 366 (351-399) 293 (160-369) 370 (355-402)
TB treatment® completed before study entry, no. (%) 6 (4.0) 1(6.8) 5 (3.8)
TB treatment? received during study period, no. (%) 26 (17.3) 3(18.6) 23 (17.3)
History of diabetes, no. (%) 0 (0)
Baseline hemoglobin, median (IQR), g/dL 9.8 (8.5-11.5) 9.1 (8.4-9.9) 10.0 (8.5-11.6)

NOTE. ART, antiretroviral therapy; BMI, body mass index; HIV, human immunodeficiency virus; IQR,

transcriptase inhibitor; TB, tuberculosis; WHO, World Health Organization.
@ All TB treatment regimens included both isoniazid and ethambutol.

software [15]. The Mann—Whitney U test was used to compare
continuous variables, and Pearson’s % test was used to compare
differences in categorical variables. Differences were considered
statistically significant at P < .05. The R package, EPITools was
used to compute rate ratios and confidence intervals (CIs) for
incidence densities [16]. To examine risk factors for the preva-
lence of PN at baseline, we performed a series of univariate
logistic regressions. Two variables, WHO stage and age, each had
odds ratios for the presence of PN at baseline associated with
P values of =.20. These variables were included in a multivariate
logistic regression analysis to assess their interaction.

We compared incidence rates of PN using R’s EPITools
package [16]. We assessed the influence of each of the following
potential risk factors on the incidence of PN: sex, WHO clinical
stage, tertile of age, tertile of baseline CD4 count, tertile of he-
moglobin, tertile of BMI, initial nucleoside reverse-transcriptase
inhibitor (NRTI) backbone, and prior exposure to anti-TB
medications. After identifying sex as the only significant risk
factor for incident PN, we performed a series of multivariate
analyses, using Cox regression and stratified Kaplan—Meier
analysis to assess the impact of each of the other factors listed
above on hazard ratios and neuropathy-free survival times of
men and women. We limited ourselves to models that adjusted
the effect of sex on only 1 variable at a time, because with only 17

interquartile range; NRTI, nucleoside reverse-

incident cases of PN, a Cox regression model with 2 independent
variables would only have 8.5 events per predictor, less than the
recommended cutoff of >10 events per predictor to ensure valid
results in a proportional hazards regression model [17].

RESULTS

Prevalence of and Risk Factors for PN Among ART-Naive HIV-
Infected Adults

Initially, 200 consecutive patients eligible to initiate ART were
enrolled; 1 patient was excluded from the study because of in-
complete documentation of the baseline screen. At baseline, be-
fore ART initiation, 22 (11%) of 199 patients had PN. In
univariate analyses, the presence of PN at baseline in this ART-
naive cohort was not associated with age, sex, weight, height, BMI,
CD4 count, hemoglobin, history of TB treatment, or pregnancy.
There was a graded relationship between the presence of baseline
PN and WHO stage of HIV infection. Relative to stage 4 disease,
the odds ratios were 0.7 (95% CI,.1-1.3) for stage 3 disease, 0.3
(95% CI,.04-7.5) for stage 2 disease, and 0 for stage 1 disease (no
cases of PN among 24 patients in stage 1). The omnibus test of the
stage factor showed a trend toward statistical significance
(P = .052). In multivariate analysis, the graded relationship be-
tween baseline PN and clinical stage remained of borderline
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significance after adjustment for age (P = .068). Patients with PN
at baseline were significantly less likely to be started on a D4T-
based regimen than those without PN (6% vs 17%; P = .016).
Incidence of and Risk Factors for PN of HIV-Infected Patients
During First Year of ART

A total of 177 patients without evidence of PN at baseline were
eligible for longitudinal study, but 27 patients did not undergo
follow-up PN screening and therefore were excluded from the
analysis. Among the 27 patients without a follow-up screen, 21
patients transferred to another facility, 3 died, and 3 were un-
available for follow-up before the second PN screen. There were
no statistically significant differences in terms of sex, age, or
WHO stage between the 27 excluded patients and the 150 pa-
tients who were followed up for a total of 52022 days (median,
366 days) and included in the final analysis (Figure 1). Among
the 150 patients followed up for incident PN, 19 of 94 (20.2%)
who initially received a D4T-based regimen changed to a different
ART backbone within 1 year, in contrast to 6 of 53 (11.3%) who
initially received an AZT-based regimen (P = .25).

Among the 150 patients without PN at baseline, the median age
was 35 years (range, 19-61 years; interquartile range [IQR],
31-41 years) and 98 patients (65.3%) were women (Table 1). This
was similar to the age and sex characteristics of the entire HIV
clinic population (median age 33 years, 60% women). At baseline,
the median weight was 57 kg (IQR, 49.1-63.7 kg), and the median
hemoglobin level was 9.8 g/dL (IQR, 8.5-11.5). The median CD4
count was 142 cells/uL (IQR, 64-208); the CD4 count was
=50 cells/pL in 34 patients (23%); 51-100 cells/uL in 18 (12%),
101-200 cells/pL in 54 (36%), and >200 cells/pL in 44 (29%).
Eighty-seven patients (58%) had WHO stage 3 or 4 HIV infection.
Thirty-two patients (21.3%) had a history of treatment for TB;
6 patients completed TB treatment before study entry, 15 started
TB treatment before study entry and continued it during the study
period, and 11 started treatment after study entry. None of the
patients had diabetes. Four patients were pregnant at the time of
ART initiation. Ninety-four patients (63%) began ART with
a D4T-based regimen, 53 (35%) with an AZT-based regimen, and
3 (2%) with a tenofovir- or abacavir-based regimen. Compared
with men, women were younger (median 34 vs 39 years,
P = .001), more anemic (median hemoglobin level, 9.3 vs 11 g/dL;
P < .0001), and had slightly higher BMIs than men (median
BMI, 21 vs 20 kg/m% P = .05). These findings did not change
after pregnant women were excluded from the analysis (data not
shown).

Seventeen (11.3%) of 150 patients developed PN during the
study period. The crude incidence rate for PN was 11.9 per
100 person-years (95% CI, 6.9-19.1) (Figure 2). In univariate
analysis, women were 9.6 times more likely to develop PN than
men (95% CI, 1.27-72; P = .03) (Table 2) and neuropathy-free
survival was significantly shorter in women (Figure 3). There
were no significant associations between incidence of PN and
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Figure 2. Neuropathy-free survival among 150 patients beginning
antiretroviral therapy in Mombasa, Kenya.

age, initial NRTT backbone, exposure to isoniazid or ethambu-
tol, or baseline values for CD4 count, weight, height, BMI, and
WHO clinical stage. However, a nonsignificant increased risk for
PN was observed at low hemoglobin levels (P = .07). Similar
results were obtained when these potential risk factors were
analyzed by comparing incidence rates rather than the overall
proportion or patients with PN (data not shown). The number
of follow-up visits for men and women were similar, and the
rates of patients unavailable for follow-up were similar for men
and women. In stratified analyses, female sex remained a sig-
nificant risk factor for PN after adjustment for the aforemen-
tioned variables, although hemoglobin levels decreased the
hazard ratio from 9.6 to 7.40 and the P value to .05 (Table 2).

Among 17 patients with PN, 13 (76.5%) reported mild (grade 1)
symptoms, and 4 were more severely affected. Sixteen (94.1 %)
had abnormal bilateral vibratory sensation, and 5 (29.4%) had
abnormal bilateral ankle reflexes. Among the 16 patients with
abnormal bilateral vibratory sensation, 13 had grade 1 loss, 1 had
grade 2 loss, and 2 had grade 3 loss. Among the 5 patients with
abnormal bilateral ankle reflexes, 4 (80%) had hypoactive or ab-
sent ankle reflexes. Four patients had both abnormal bilateral
vibratory sensation and ankle reflexes. BPNS results were abnor-
mal in 4 patients (23.5%) at the month 3 visit, in 3 (17.6%) at
month 6, in 5 (29.4%) at month 9, and in 5 (29.4%) at month 12.

DISCUSSION

This study is novel in its use of a validated PN screen to measure
the incidence of PN in an incipient cohort of patients initiating
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Table 2. Univariate and Multivariate Analysis of Risk Factors for Peripheral Neuropathy Among 150 Patients With Human
Immunodeficiency Virus Infection Beginning Antiretroviral Therapy

Univariate analysis,

Multivariate analysis,?

Factor HR (95% Cl) P aHR (95% Cl) P
Sex

Male (n = 52) 1 NA

Female (n = 98) 9.6 (1.27-72) .03 NA
Age, years

19-32 (n = 58) 1 1

33-39 (n = 44) 1.40 (.45-4.34) .56 1.99 (.64-6.22) .23

40-61 (n = 48) 1.08 (.33-3.55) .90 1.72 (51-5.72) .38
Female sex adjusted for age 11.30 (1.47-86.76) .02
CD4 cell count, cells/uL

2-98 (n = 50) 1

99-196 (n = 51) 2.20 (.57-8.52) .25 2.23 (.58-8.63) .25

197-338 (n = 49) 2.21 (.57-8.55) .25 2.00 (.62-7.73) .32
Female sex adjusted for CD4 cell count 9.47 (1.25-71.61) .03
Hemoglobin, g/dL

5.5-8.9 (n = 53) 1

9.0-10.6 (n = 48) 0.86 (.31-2.38) 77 0.86 (.31-2.39) 77

10.7-16.9 (n = 49) 0.24 (.05-1.14) .07 0.41 (.08-1.99) .26
Female sex, adjusted for hemoglobin 7.40 (.94-58.03) .05
BMI, kg/m?

13.4-19.3 (n = 50) 1

19.4-22.7 (n = 50) 2.10 (.53-8.41) .29 1.69 (.42-6.78) .36

22.8-35.3 (n = 50) 2.562 (.67-9.50) 7 1.85 (.49-7.03) .37
Female sex adjusted for BMI 8.67 (1.14-66.06) .04
Initial NRTI backbone

Zidovudine (n = 53) 1

Weight-based stavudine (n = 94) 1.91 (.62-5.88) .25 1.39 (.45-4.33) .56

Tenofovir or abacavir (n = 3) 0 (0 to infinity) 0 (0 to infinity)
Female sex adjusted for NRTI 8.41 (1.10-64.38) .04
TB treatment®

No history of TB treatment (n = 118) 1

TB treatment completed before study entry (n = 6) 3.04 (.38-24.1) .29 2.70 (.34-21.4) .34

TB treatment received during study period (n = 26) 1.17 (.33-4.11) .80 1.43 (.40-5.04) .58
Female sex adjusted for any TB treatment 9.73 (1.28-73.8) .03

NOTE. aHR, adjusted hazard ratio; BMI, body mass index; Cl, confidence interval; HR, hazard ratio; NA, not applicable; NRTI, nucleoside reverse-transcriptase

inhibitor; TB, tuberculosis.

@ Each panel represents a Cox regression analysis including the variables of sex and the additional variable indicated.

o All TB treatments included both isoniazid and ethambutol.

ART in a resource-limited setting. Patients diagnosed with PN at
baseline were significantly less likely to start on D4T-based
regimens, suggesting that the screening tool helped clinicians
make beneficial treatment decisions. Using the PN screening
tool, we report for the first time that women were ~10 times
more likely than men to develop PN during the first year after
ART was initiated.

Previous studies in HIV-infected patients receiving ART in
sub-Saharan Africa have not found an increase in risk of PN
among women, although none used an incipient cohort to study
the incidence of PN, the BPNS tool, or the same definition of PN

as we did in the current work [2-5, 9-11]. Furthermore, studies
conducted in resource-rich countries on PN among HIV-
infected patients receiving ART have low female enrollment,
limiting their power to evaluate sex differences [18-20]. A recent
cross-sectional study conducted in 2 Asian countries and in
Australia that did use the BPNS for the diagnosis of PN in HIV-
infected patients receiving ART did not find a sex difference
[21]. In fact, they found that women were less likely to have PN
in Indonesia and Malaysia and equally likely in Australia.
Differences in study design (cross-sectional vs longitudinal) and
racial characteristics of the cohort may account for this
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Figure 3. Neuropathy-free survival stratified by sex among 150 patients
beginning antiretroviral therapy in Mombasa, Kenya. F, female; M, male.

discrepancy. Studies from resource-rich settings have shown
that women tolerate NRTI-containing regimens less well than
men [22, 23]. A recent study found that women discontinued
ART for PN more often than men [22-24]. The reason for
greater adverse events in women has not been clearly shown;
however, suggested mechanisms for sex differences have in-
cluded differences in weight or BMI and hormonal changes that
may affect drug distribution and metabolism [25]. In our study,
women were more likely to be younger, more anemic and have
slightly higher BMI than men. Although we did not identify
anemia as an independent risk factor for PN overall, there was
a trend toward a higher risk of PN in adults with hemoglobin
levels of 5.5-8.9 g/dL than in those with levels of 10.7-16.9 g/dL.
Furthermore, the hazard ratio for developing PN among women
decreased from 9.6 to 7.4 when hemoglobin levels were con-
trolled for. It is possible that anemia may be a marker for other
risk factors unmeasured in this study, such as general micro-
nutrient deficiencies. Larger studies using the BPNS should be
conducted in resource-limited settings to better identify modi-
fiable risk factors for PN in HIV-infected men and women, such
as iron, vitamin B12, and other deficiencies.

We did not find the expected association between de-
velopment of PN and initiation of ART with a D4T-based
regimen. Furthermore, patients in our study developed PN
despite our use of the recommended weight-based dosing for
DAT. This result supports continued vigilance in routine mon-
itoring for the development of PN among ART-treated patients,
even with the revised 2010 WHO guidelines for ART, which no
longer recommend DA4T as first-line therapy [26].

The use of the BPNS in routine care may help to identify PN
earlier and prevent disability. As we have reported elsewhere,
clinical and medical officers in our busy urban clinic in Kenya
easily integrated the BPNS into patient visits [13]. Use of the
screening tool by trained clinicians added 5 min to patient visits.
Our experience suggests that the BPNS can be a useful tool for
routine care of HIV-infected patients in resource-limited set-
tings, although the optimal frequency of testing is unclear.
However, previous work has shown that if PN does occur in
HIV-infected patients, it does so within the first year after the
start of ART, and if PN did not develop during the first year, it
was less likely to occur in subsequent years [27]. Therefore, in
resource-limited settings, it may be sufficient to limit screening
for PN to the first year of ART.

Limitations of our study include a small sample size that
reduced our statistical power to detect weaker associations. In
addition, several known risk factors for PN were not assessed,
including alcohol use, micronutrient status, hepatitis C status,
syphilis, thyroid disorders, and renal dysfunction. Because we
did not have data on adherence to ART, we cannot determine
the impact of higher rates of PN among women on non-
adherence to a medication regimen. Selection bias is a concern
and may partially explain our finding that women developed PN
more frequently than men. However, it is unlikely to explain this
finding completely. Because enrollment occurred among con-
secutive eligible patients beginning ART, the demographic
makeup of the study cohort was similar to the HIV cohort of
patients at the clinic as a whole (60% female), and the 27
patients excluded from analysis due to lack of follow-up screens
were similar in sex and age to the analyzed population.

CONCLUSIONS

Using a validated neuropathy screen, we found that 11% of
Kenyan patients initiating ART developed PN during the first
year of treatment. Women were ~10 times more likely to de-
velop PN, and this risk increased in women who were anemic.
The risk of PN could be reduced by implementing the BPNS
during the first year of ART to ensure early diagnosis during the
period of highest risk and implementing measures to prevent or
treat anemia, especially in women, before ART initiation.
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