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Background. Distal sensory polyneuropathy (DSP) is a common complication of
HIV disease. Its effects on quality of life (QOL) and function have not been well
described.

Objective. The study objectives were: (1) to compare QOL and lower extremity
function in people with HIV-related DSP and people with HIV disease who do not
have DSP, (2) to determine the extent to which function predicts QOL, (3) to evaluate
the agreement of 2 function scales, and (4) to describe the use of pain management
resources.

Design. This was a cross-sectional survey study with predictive modeling and
measurement tool concordant validation.

Methods. A demographic questionnaire, the Medical Outcomes Study HIV Health
Survey, the Lower Extremity Functional Scale (LEFS), the Lower Limb Functional
Index (LLFI), and a review of medical records were used. General linear modeling
was used to assess group differences in QOL and the relationship between function
and QOL. Bland-Altman procedures were used to assess the agreement of the LEFS
and the LLFI.

Results. Usable data for analyses were available for 82 of the 94 participants
enrolled. The 67% of participants who reported DSP symptoms tended to be older,
had HIV disease longer, and were more likely to receive disability benefits. Partici-
pants without DSP had better LLFI, LEFS, and physical health summary scores. In
multivariate models, lower limb function predicted physical and mental health sum-
mary scores. The LLFI identified participants with a lower level of function more
often than the LEFS. Participants with DSP were more likely to use medical treatment,
physical therapy, and complementary or alternative treatments.

Limitations. A sample of convenience was used; the sample size resulted in a low
power for the mental health summary score of the Medical Outcomes Study HIV
Health Survey.

Conclusions. Quality of life and function were more impaired in participants
with HIV disease and DSP. The LLFI was more likely to capture limitations in function
than the LEFS. Participants with DSP reported more frequent use of pain management
resources.
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More than 1.1 million people
in the United States have
HIV disease.1 Although life

expectancies have dramatically
increased since the introduction of
antiretroviral therapy (ART), numer-
ous comorbidities, including periph-
eral neuropathies, have emerged.2

Bauer et al3 reported adverse gait
changes and impaired balance and
peripheral sensory function in peo-
ple with HIV disease. O’Brien et al4

validated that physical symptoms,
physical impairments, and difficul-
ties in performing functional activi-
ties are dimensions of episodic dis-
ability in adults with HIV disease.
This disease has been found to
adversely affect quality of life
(QOL).5,6

Side effects of ART are common and
have been associated with reduced
self-assessed health status, productiv-
ity loss, functional impairments, and
increased health care resource use.7

Distal sensory polyneuropathy (DSP)
is the most common neurological
problem in patients with HIV dis-
ease.8,9 Studies of patients with HIV
disease have shown neuropathy
prevalences ranging from 38% to
53%.7,8,10,11 Antiretroviral therapy,
the standard of care in patients with
HIV disease, has been found to
increase the intensity and frequency
of neuropathic symptoms.11 Risk fac-
tors for HIV-related DSP include
advancing age, current ART, past
dideoxynucleoside drug use, longer
duration of HIV infection, and sub-
stance abuse.8,12–14

Although the specific pathophysi-
ology is not fully understood, DSP
is believed to develop because of
peripheral nerve damage related to
HIV infection.2,15 Macrophages
infected with HIV have been found
in the dorsal root ganglion, and an
HIV envelope protein (gp120) has
been related to neuronal injury.15,16

Advanced HIV disease and a low
CD4-positive cell count have been
correlated with lower conduction
velocities in peripheral nerves.17,18

In addition, some nucleotide reverse
transcriptase inhibitors, nonnucleo-
side reverse transcriptase inhibi-
tors, and protease inhibitors used
in ART can have neurotoxic side
effects, which are probably related
to a dysfunction of mitochondrial
oxidative metabolism. In particular,
the nucleotide reverse transcrip-
tase inhibitor dideoxynucleoside
drugs (such as zidovudine [azidothy-
midine], didanosine [dideoxyinos-
ine], and zalcitabine [dideoxycyti-
dine]) have been implicated in toxic
peripheral neuropathy. The duration
of exposure to neurotoxic drugs has
been correlated with reduced intra-
dermal nerve fiber density and
increased fiber fragmentation.15,17

Spontaneous pain, paresthesia, and
sensory loss are common symp-
toms of DSP. Clinicians and pati-
ents report that the pain often does
not respond fully to pharmacolog-
ical interventions, which typically
include anticonvulsants, antidepres-
sants, opioids, and topical medica-
tions.19–21 Neuropathic pain has
been associated with disability in
daily activities, unemployment, and
reduced QOL.8 Pharmacological
approaches, physical therapy, com-
plementary therapies, and self-care
behaviors that may improve QOL
and control the symptoms of DSP
are important to consider in the
management of peripheral neuropa-
thy.22 Little research has been done
on rehabilitation approaches to the

management of HIV-related DSP. Fur-
thermore, outcome tools for patients
with HIV-related DSP have not been
well established.

Objective signs on neurological
examination or neurophysiological
testing are typically noted in patients
who have symptomatic HIV-related
DSP.23 The most commonly used
screening tools include the Total
Neuropathy Score and the Brief
Peripheral Neuropathy Screen.24

Both tools assess the presence of
symptoms and include neurological
testing.24 The Single Question Neu-
ropathy Scale has been found to be
both sensitive (95.7%) and specific
(80.0%) for DSP.25 These screening
tools do not measure QOL or func-
tion.26 The measurement of function
and QOL is necessary to characterize
DSP and determine changes in
response to treatment.

The Medical Outcomes Study HIV
Health Survey (MOS-HIV) is a widely
used tool that was constructed to
measure health-related QOL in
patients with HIV disease.27 It con-
sists of 35 questions that assess 10
dimensions of health-related QOL.
Individual domain scores are used to
calculate physical and mental health
summary scores. Summary scores
range from 0 to 100, with higher
scores indicating better health.28

Physical and mental health summary
scores on the MOS-HIV have been
found to be reliable and valid mea-
sures of health-related QOL in
patients with HIV disease and have
been used extensively in published
studies.27–30

The use of self-report tools for the
measurement of function needs to
be explored in patients with HIV
disease, particularly in the context
of lower extremity function in pati-
ents with HIV-related DSP. We are
not aware of any earlier studies in
which such tools were used in peo-
ple with HIV disease. Self-report out-
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come tools are widely used in both
clinical and research settings and
represent a time- and cost-effective
alternative to the direct measure-
ment of function and physical per-
formance. Data from valid and reli-
able self-report outcome tools are
considered objective, although they
capture subjective phenomena.31

In patients with musculoskeletal dis-
orders, the Lower Extremity Func-
tional Scale (LEFS) is reliable, and its
construct validity is supported by
comparison with the Medical Out-
comes Study 36-Item Health Survey
Questionnaire.32 The Lower Limb
Functional Index (LLFI), another self-
report outcome tool, was developed
for use in patients with musculo-
skeletal disorders.33 Gabel et al33

found that the LLFI and the LEFS had
a single-factor structure, comparable
reliability and scale width, and high
criterion validity. The level of per-
formance was higher for the LLFI
than for the LEFS. The LLFI had bet-
ter responsiveness to change, a
lower minimal detectable change
score (MDC), better internal consis-
tency, a lower response error, better
readability, and faster completion
and scoring times.33 Although the
LLFI was shown to have sound clini-
metric properties, our clinical expe-
rience suggests that the LEFS is a
more widely used assessment tool.
Therefore, we chose to use both the
LLFI and the LEFS in the present
study.

The present study had 4 purposes:
(1) to compare QOL and self-
reported lower limb function in peo-
ple with HIV-related DSP and people
with HIV disease who do not have
DSP, (2) to determine the degree
to which self-reported lower limb
function predicts QOL, (3) to evalu-
ate agreement (concordant validity)
between the LEFS and the LLFI in
this population, and (4) to describe
the use of health care resources for
pain management in people with

HIV-related DSP and people with
HIV disease who do not have DSP.
Our 4 hypotheses were that QOL
and self-reported lower limb func-
tion scores would reflect lower lev-
els of QOL and function in people
with DSP than in people without
DSP, that function scores would pre-
dict QOL, that the LEFS and the LLFI
would similarly capture the extent of
self-reported lower extremity func-
tional limitations in this population,
and that people with lower extrem-
ity DSP would show greater use of
health care services for pain manage-
ment than people without lower
extremity DSP.

Method
All participants signed an informed
consent document. All participants
were patients at an infectious disease
practice in southern New Jersey.
The practice primarily serves 4 coun-
ties and has approximately 1,200
patients with HIV disease. Patients
consecutively arriving at this ambu-
latory clinic were approached by 2

authors (A.M.S. and M.E.S.) in the
waiting area on Mondays (the day
of the week on which most patients
with HIV disease were scheduled)
during the summer of 2012, thus
making the sample one of conve-
nience. If participants were unable
to complete the survey before their
doctor visit, a researcher would fol-
low up afterward to ensure its com-
pletion; only 4 patients declined to
participate because of other commit-
ments. During the weeks allotted for
data collection, we obtained data on
approximately 8% of the total case-
load. Inclusion criteria were: a his-
tory of HIV disease, ambulatory sta-
tus, and ability to read and write
English. Exclusion criteria included
the presence of active opportunistic
infections or uncontrolled psychiat-
ric disorders; however, no patients
approached for this study needed to
be excluded for those reasons.

Participants completed a demo-
graphic questionnaire, the MOS-HIV,
the LEFS, and the LLFI. The fol-

The Bottom Line

What do we already know about this topic?

Distal sensory polyneuropathy (DSP) is a common comorbidity in indi-
viduals with HIV disease. The impact of DSP on quality of life (QOL) and
function in individuals with HIV needs to be elucidated.

What new information does this study offer?

Individuals with HIV disease and DSP report lower physical quality of life
and poorer lower extremity function than those without DSP. Self-
reported lower extremity function (using the Lower Limb Functional
Index or the Lower Extremity Function Scale) contributes to the variance
in physical quality of life.

If you’re a patient or a caregiver, what might these
findings mean for you?

Although it is commonly known that people with HIV-related DSP expe-
rience symptoms such as pain and numbness, the potential impact on
quality of life and lower extremity function should be kept in mind when
developing the plan of care.
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lowing data were obtained from the
demographic questionnaire: partici-
pant characteristics (age, race, sex,
employment status, and disability
benefit status), whether they had
DSP symptoms (through the use of
the Single Question Neuropathy
Scale), and whether they accessed
health care services to manage DSP.

The MOS-HIV, a self-report tool for
measuring health-related QOL in
people with HIV disease, was scored
in accordance with the instructions
in the user’s manual. Values for miss-
ing responses on the MOS-HIV tool
were imputed in accordance with
the instructions. Individual domain
scores were used to compute physi-
cal and mental health summary
scores with the formulas in the
user’s manual. Because of the com-
plexity of scoring the MOS-HIV, we
verified the data input and all calcu-
lations for accuracy.

The LEFS, a self-report outcome tool
for measuring lower extremity func-
tion, includes a list of 20 activities.
Respondents are instructed to rate
the difficulty of the activities on a
scale from 0 to 4, with 0 indicating
extreme difficulty performing or
inability to perform and 4 indicating
no difficulty. The range of the LEFS is
0 to 80 (raw score) or 0% to 100%
(percentage score), with 80 raw
points or 100% reflecting no diffi-
culty with function.32 The scaled
score for the LEFS was calculated by
summing the raw points and then
dividing the sum by 80 to convert
the raw score to a percentage scaled
score.32,33

The LLFI, another self-report out-
come tool for measuring lower
extremity function, consists of 24
statements. Respondents are
instructed to mark a statement if
they believe that it describes their
status with regard to function. For a
statement that partially describes
their status, respondents are

instructed to use a half mark. The
range of the LLFI is 0% to 100%, with
100% indicating full function.33 The
score for the LLFI was calculated as
100 � (raw points � 4).33 Therefore,
both LEFS and LLFI data were
expressed as percentages with the
same range and direction (0%�max-
imally impaired function; 100%�full
function).

In addition, a retrospective chart
review was performed by 2 authors
(A.M.S. and M.E.S.). The medical
records were reviewed for the most
recent laboratory values related to
HIV disease clinical status (CD4
count, expressed as cells per cubic
millimeter of blood; viral load,
expressed as copies of virus per
microliter of blood; and CD4:CD8
ratio) and the number of years posi-
tive for HIV disease. An additional
post hoc review of the charts was
conducted in April 2014 to deter-
mine whether a diagnosis of diabetes
was ascribed to the participants dur-
ing the summer of 2012.

Data Analysis
Participants (n�12) for whom impu-
tation of missing scores on the MOS-
HIV was not possible were dropped
from subsequent analyses but were
compared statistically with partici-
pants retained in the analyses (n�
82). Chi-square or t tests were used
for equivalency testing as appropri-
ate (when assumptions were vio-
lated, the Fisher exact test or the
Mann-Whitney U test was used).
Descriptive statistics were calculated
for values from retained participants.
Chi-square tests of independence
were used to assess the association
between the presence of foot neu-
ropathy and the treatment modality.
For comparison, the LEFS was scaled
to a 100-point score (as described
earlier), and this measure was used
for all analyses. Tests of normality
confirmed that LEFS and LLFI scores
were not normally distributed (there
was a ceiling effect, with a non-

normal distribution of participants
reporting high scores). Therefore,
nonparametric Mann-Whitney tests
were used to assess group differ-
ences for these variables.

General linear modeling was used to
estimate differences in physical and
mental health summary scores par-
ticipants with DSP and participants
without foot DSP, with adjustment
for potential confounders. Only par-
ticipants for whom complete data
were available (for the variables
included in the models) were
included in the models. Because of
the lack of a between-group differ-
ence in mental health summary
scores, we conducted a post hoc
power analysis of the mental health
summary score and determined that
the actual power for this variable
was 1 � ��.6. A sample size of 148
would have been able to significantly
detect an effect size of 0.47 in the
mental health summary. Further-
more, a post hoc analysis of the abil-
ity of foot DSP to predict the mental
health summary score yielded a
value of 32.1% (1 � ��.32); we
would have needed a sample size of
235 to detect an effect that small.

To determine the ability of the LEFS
and the LLFI to predict QOL for par-
ticipants, we created separate mod-
els for predicting physical and men-
tal health summary scores from the
LLFI and the LEFS after controlling
for confounders. On the basis of the
available data, we limited the models
to 6 parameters to obtain stable
parameter estimates.

Assumptions of normality of errors,
linearity, homoscedasticity, and
influential cases were assessed for all
models. All assumptions were found
to be tenable. Scores on the physical
and mental subscales of the MOS-HIV
were assessed for normality. The dis-
tribution of the mental subscale was
determined to be normal with the
Shapiro-Wilk test and visual inspec-
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tion of the histogram and box plot.
There was some departure from nor-
mality for the physical subscale,
with a slight increase in the number
of participants with the maximum
score for physical QOL. However, an
adequate sample size and inspection
of residuals for the physical QOL
model provided confidence that this
departure did not distort the model.

Covariates were identified by first
using Pearson correlation to identify
potential confounders associated
with measures of both physical QOL
and mental QOL. Covariates were
considered for inclusion in models
if their relationship with the mea-
sure of QOL was significant at a P
value of less than .1.34 Relationships
among potential covariates were
then tested with Pearson correlation
to screen for collinearity; when con-
founders were related, with an r
value of greater than .6, only the
covariate that had the strongest rela-
tionship with the outcome variable
was chosen for inclusion in the
model.

Analysis of the level of agreement
between the LEFS (adjusted to a 100-
point scale) and the 100-point LLFI
was carried out with Bland-Altman
analysis.35 The difference between
the 2 scores was calculated by sub-
tracting the LLFI score from the LEFS
score. A positive score indicated that
the LEFS “overestimated” the LLFI
(ie, the LLFI indicated that the par-
ticipant had a lower level of function
than the LEFS), and a negative score
indicated that the LEFS “underesti-
mated” the LLFI (ie, the LEFS indi-
cated that the participant had a
lower level of function than the
LLFI). The band of clinically relevant
agreement of 11.25 points (corre-
sponding to a 9-point difference
when the LEFS was scaled to 80
points) was used to determine the
upper and lower limits of agreement.
In other words, the LEFS and the
LLFI were considered to agree with

each other (to be clinically equiva-
lent) when the scores for the partic-
ipant were within �11.25 points of
each other. This value (11.25%) rep-
resented the minimally clinically
important difference of the LEFS.32

We used the minimally clinically
important difference of the LEFS
because it was more clinically rele-
vant and more conservative than an
arbitrary band of agreement (such as
10%) or the MDC of the LLFI
(6.6%).33

The significance of the difference
between the 2 tests was calculated

with a 1-sample t test (ie, the mean
difference between the 2 tests was
significantly different from 0). Sub-
grouping according to DSP diagnosis
(dichotomous: yes or no) was used.
Additional analysis of the residuals
was carried out both for the sample
as a whole and for DSP diagnosis
groups separately to assess the mag-
nitude of the differences when the
2 tests were not in agreement. The
interquartile range for participants
with DSP and participants without
DSP was used to assess the relative
accuracy of the tests. We used IBM

Table 1.
Sample Demographic and Clinical Characteristics (n�82)a

Characteristic No DSP DSP P b

Demographic

Sex .034

Men 22 (81.5) 30 (54.5)

Women 5 (18.5) 24 (43.6)

Transgender 0 (0.0) 1 (1.8)

Race .877

Caucasian 14 (51.9) 26 (47.3)

African American 13 (48.1) 28 (50.9)

Other 0 (0.0) 1 (1.8)

Ethnicity .165

Hispanic 6 (22.2) 5 (9.1)

Non-Hispanic 21 (77.8) 50 (90.9)

Age, y, X (SD) 42.1 (13.7) 49.5 (8.2) .011

Employed 8 (29.6) 6 (10.9) .058

Receiving disability benefitsc 8 (32.0) 33 (63.5) .014

Clinical

Years with HIV disease, X (SD)d 11.8 (6.9) 15.4 (7.6) .039

Absolute CD4 count, cells/mm3,
X (SD)c

526.2 (300.1) 534.1 (263.0) .845

CD4:CD8 ratio, X (SD)e 0.6 (0.3) 0.7 (0.4) .683

Viral loadc .006

Undetectable, �20 copies/mL 12 (48.0) 28 (53.8)

Low, 20–100,000 copies/mL 8 (32.0) 24 (46.2)

High, �100,000 copies/mL 5 (20.0) 0 (0.0)

a Values are reported as number (percentage) of participants unless otherwise indicated. DSP�distal
sensory polyneuropathy.
b Group differences were tested with chi-square tests of association for categorical variables and
independent t tests for continuous variables.
c n�77; data for 5 participants were missing.
d n�79; data for 3 participants were missing.
e n�74; data for 8 participants were missing.
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SPSS version 21 (IBM Corp, Armonk,
New York) for all analyses.

Role of the Funding Source
Funding for this study was provided
by The Richard Stockton College of
New Jersey Provost Research and
Development Funding.

Results
Ninety-four participants were
enrolled in the study. Usable MOS-
HIV data for analyses were avail-
able for 82 (87%) of the 94 partici-
pants. Bivariate tests of equivalence
between participants with valid
MOS-HIV scores and those without
valid MOS-HIV scores indicated no
statistically significant differences in
demographics or laboratory values,
except for absolute CD4 counts
(P�.021). Although participants for

whom usable MOS-HIV data were
not available (n�12) had lower
mean CD4-positive cell counts than
those for whom usable MOS-HIV
data were available (n�82), the clin-
ical meaningfulness of the between-
group difference (127 cells/mm3)
was negligible. Of the 82 partici-
pants for whom usable data were
available, 3 had a diagnosis of diabe-
tes. These 3 participants also had
foot DSP. We were unable to deter-
mine the diabetes status for 2 partic-
ipants whose data were included in
the models.

The demographic and clinical char-
acteristics of the 82 participants are
shown in Table 1. There were fairly
even distributions of both hand
neuropathy and foot neuropathy
(30.5%, n�25), only foot neurop-

athy (35.4%, n�29), and no neu-
ropathy (32.9%, n�27) among the
participants. Only 1 participant
reported neuropathy only in the
hands (1.2%). Of the 82 participants,
67.1% reported DSP in their feet,
hands, or both. There was a larger
proportion of women in the group
with DSP (43.6%) than in the group
without DSP (18.5%) (P�.034).
Compared with participants with-
out DSP, participants with DSP
tended to be older (by 7.4 years,
P�.011), had been diagnosed with
HIV disease longer (by 3.6 years,
P�.039), and were more likely to be
receiving disability benefits (63.5%
versus 32.0%, P�.014).

Clinical status, in terms of absolute
CD4-positive cell counts and the
CD4:CD8 ratio, in participants with

Table 2.
Regression Models Predicting Quality of Life (QOL) from the LEFS and the LLFI (n�77)a

Variable

Normalized Physical QOL Normalized Mental QOL

Model 1 Model 2 Model 3 Model 4

LEFS 0.39 (�0.001) 0.318 (�0.001)

LLFI 0.28 (�0.001) 0.27 (�0.001)

Employed 7.55 (0.008) 5.92 (0.021) 4.00 (0.310) 2.42 (0.548)

HIV disability �0.25 (0.906) �0.12 (0.549) 1.10 (0.719) �0.41 (0.896)

Foot DSP �2.24 (0.343) �3.93 (0.059) 4.86 (0.144) 2.14 (0.502)

Age, y �0.01 (0.884) 0.04 (0.611)

Physical therapy treatment �0.66 (0.786) �1.41 (0.516)

Model significance �.001 �.001 �.001 �.001

Model R2 .675 .749 .310 .309

a Values are reported as regression coefficients (P values) unless otherwise indicated. Five participants for whom HIV disability data were missing were
dropped from the models. For the categorical variables (HIV disability, foot DSP, and physical therapy treatment), the presence of the characteristic was
coded as 1; absence of the coefficient was coded as 0. LEFS�Lower Extremity Functional Scale, LLFI�Lower Limb Functional Index, DSP�distal sensory
polyneuropathy.

Table 3.
LLFI and LEFS Scores by Foot DSP Diagnosis (n�82)a

Measure

Participants Without Foot DSP Participants With Foot DSP

P bn X (Range) SD Median n X (Range) SD Median

LLFI 28 76.2 (30–100) 27.1 93 54 43.4 (0–100) 24.1 42 .001

LEFS (raw
score)c

27 62.2 (14–80) 22.4 76 53 40.9 (2–80) 19.7 39 �.001

a LLFI�Lower Limb Functional Index, LEFS�Lower Extremity Functional Scale, DSP�distal sensory polyneuropathy.
b Determined with the Mann-Whitney test; significance tests were within tools.
c n�80; data for 2 participants were missing.
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DSP was not different from that in
participants without DSP; this result
was expected because all partici-
pants were receiving ART. There
was a statistically significant differ-
ence in categorized viral load, attrib-
utable to 5 participants who did not
have DSP but had a high (�100,000
copies/mL) viral load. There were
no significant differences in demo-
graphic or clinical variables between
participants included in the models
in Table 2 and those not included in
the models.

Participants diagnosed with foot
neuropathy (either foot neuropathy
alone or combined with hand neu-
ropathy) had significantly lower LLFI
and LEFS scores than those without
foot neuropathy (Tab. 3). The mean
between-group raw difference in
LLFI scores was 32.8 points; this
value exceeds the MDC of 6.6 points
that has been reported for the LLFI.33

Similarly, those without foot neurop-
athy had significantly (P�.001)
higher LEFS scores (X�62.2,
SD�22.4) than those with foot neu-
ropathy (X�40.9, SD�19.7). The
mean between-group raw difference
in LEFS scores was 21.3 points; this
value exceeds the MDC range of 6.5
to 9.9 points that has been reported
in the literature.32,33,36–38

With regard to the MOS-HIV scores
for 74 participants (Tab. 4), those
without foot neuropathy had signifi-
cantly higher physical health sum-
mary scores (X�47.9, SD�23.2)

than those with foot neuropathy
(X�32.7, SD�19.2) (P�.001). Par-
ticipants did not differ in mental
health summary scores (P�.134)
after we controlled for confounders.
The models of the ability of the LLFI
and the LEFS to predict physical QOL
and mental QOL were statistically
adjusted by inclusion of potential

confounders in the model. This pro-
cess resulted in parameter estimates
of the relationships between the
LEFS and LLFI and the QOL variables
after we controlled for the effects
of the covariates. Lower limb func-
tion scores were highly predictive
of both physical QOL and mental
QOL after we controlled for con-

Table 4.
Physical and Mental Health Summary Scores by Foot DSP Diagnosis (n�74)a

Summary
Score

Participants Without Foot DSP Participants With Foot DSP

P bn X SD n X SD

Physical healthc 24 47.9 23.2 50 32.7 19.2 �.001

Mental healthc 24 47.8 28.0 50 38.3 23.2 .134

a For 8 of the 82 participants for whom Medical Outcomes Study HIV Health Survey data were complete, the data for years with HIV disease or years
receiving disability were missing; therefore, data from 74 participants were included in the analysis. DSP�distal sensory polyneuropathy.
b Determined with general linear models adjusted for sex, age, years with HIV disease, HIV disability, and interactions; significance tests were within
summary scores.
c Normalized.

Figure.
Agreement between the scaled Lower Extremity Functional Scale (LEFS) and the Lower
Limb Functional Index (LLFI) (n�80). Points represent the values obtained by subtract-
ing the LLFI score from the scaled LEFS score (thus, a positive score meant that the LEFS
indicated that the participant had a higher level of function than the LLFI). Dashed lines
represent upper and lower levels of agreement. The solid line represents the mean
difference between the scaled LEFS and the LLFI. DSP�distal sensory polyneuropathy.
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founders (Tab. 2). The models pre-
dicted between 68% and 75% of
the variance in physical QOL and
approximately 31% of the variance
in mental health QOL (physical
QOL: R2�.675 for the LLFI and R2�
.749 for the LEFS; mental QOL:
R2�.310 for the LLFI and R2�
.309 for the LEFS) (P�.001 for all
models).

The distribution of the difference
between the LEFS and the LLFI is
shown in the Figure. The mean dif-
ference between the scaled LEFS and
the LLFI was 6.2 points (SD�1.8,
95% confidence interval�2.6–9.9);
this value was significantly different
from 0 (P�.001), indicating that, on
average, the LEFS overestimated the
LLFI by about 6 points when both
were scaled to 100 (Figure, solid
line). We found that the LEFS
approximated the LLFI within the
band of clinical agreement in 58.8%
of participants (n�47), underesti-
mated the LLFI (ie, indicated a lower
level of function) in only 10% of par-
ticipants (n�8), but overestimated
the LLFI in 31.3% of participants
(n�25). These data indicated that
the LLFI was likely to classify 90% of
participants as having a level of phys-

ical function equal to or lower than
that indicated by the LEFS. In short,
the LLFI was more likely to identify
participants as having a lower level
of self-reported function than the
LEFS.

A similar pattern was found when
the LEFS and the LLFI were further
analyzed with subgrouping of par-
ticipants (those with DSP and those
without DSP). Although the LEFS
overestimated the LLFI 15.4% (n�4)
of the time in participants without
DSP, the LEFS overestimated the LLFI
38.9% of the time in participants
with DSP. Therefore, the LEFS not
only was more likely to indicate a
higher level of lower limb function
in all participants with HIV but also
was more likely to overestimate
lower limb function in participants
with HIV disease and DSP. In other
words, the LLFI was more likely to
indicate impairments in lower
extremity function in participants
with HIV-related DSP than the LEFS.

Analysis of the magnitude of dis-
agreement between the LEFS and the
LLFI (eFigure, available at ptjournal.
apta.org) revealed a wider degree
of disagreement for participants with

DSP than for participants without
DSP—with an interquartile range for
participants with DSP (19.3) approx-
imately 3.7 times greater than the
interquartile range for participants
without DSP (5.3). These data indi-
cate not only that clinicians can
expect the LEFS to overestimate the
LLFI but also that the degree of over-
estimation is likely to be even less
predictable in patients with DSP
than in those without DSP.

Participants with DSP were signifi-
cantly more likely to use medical
treatment (P�.001), physical ther-
apy (P�.002), and complementary
or alternative medical (CAM) treat-
ment (P�.001) than participants
without DSP (Tab. 5). Although 80%
of participants with DSP (n�44)
were likely to seek medical treat-
ment for pain management, only
11% of participants without DSP
were likely to do so (n�3). Similarly,
although 29.1% of participants with
DSP (n�16) used physical therapy
for pain management, none of the
participants without DSP reported
using physical therapy services.
Approximately half of participants
with DSP (47.3%, n�26) reported
using some form of CAM treatment

Table 5.
Differences in Pain Treatments Between Participants With DSP and Participants Without DSP (n�82)a

Treatment

Participants
Without DSP

Participants
With DSP Total

P bn % n % n %

Medical �.001

No 24 88.9 11 20.0 35 42.7

Yes 3 11.1 44 80.0 47 57.3

Physical therapy .002

No 27 100 39 70.9 66 80.5

Yes 0 0.0 16 29.1 16 19.5

CAM �.001

No 26 96.3 29 52.7 55 67.1

Yes 1 3.7 26 47.3 27 32.9

Total 27 100 55 100 82 100

a DSP�distal sensory polyneuropathy, CAM�complementary or alternative medical.
b Determined with the chi-square test of independence.
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for pain management, whereas only
3.7% of participants without DSP
(n�1) did so.

Discussion
To our knowledge, this is the first
study to compare QOL and self-
reported lower limb function in
people with HIV-related DSP and
people with HIV disease but not DSP
and the first to explore the use of
self-report tools to measure lower
extremity function in patients with
HIV disease. We found a prevalence
of DSP (67.1%) that was higher than
those in other epidemiological
reports.7,8,10,11 The prevalence of
DSP in our sample may have been
inflated because we used a conve-
nience sample, as most or all of
the participants in the ambulatory
clinic were receiving treatment for
various side effects of HIV disease.
Furthermore, most of the partici-
pants in our sample were unem-
ployed (83%), and 57% were receiv-
ing disability benefits.

We identified DSP with the Single
Question Neuropathy Scale, which
has a specificity of 80% and, thus,
may have yielded false-positive
results, inflating our prevalence esti-
mate.26 When possible, confirmation
of a self-report diagnosis of DSP
was performed by review of the par-
ticipant’s chart; however, we did
not use neurophysiological or clini-
cal testing to confirm the diag-
nosis. Many participants did not
have a documented record of neuro-
physiological testing because such
testing is not standard practice (on
the basis of our clinical experience).
Several more elaborate screening
tools for evaluating neuropathy are
available.39 Evans et al40 suggested
that a combination of deep tendon
reflexes, pin sensitivity, and quanti-
tative sensory cooling detection has
85% sensitivity and 80% specificity
for identifying HIV-related sensory
neuropathy.

Even if the prevalence in the pres-
ent study was inflated, it is becom-
ing increasingly clear that DSP is
a common comorbidity in people
with HIV disease, affecting well
over one-third. This prevalence may
either increase or decrease, depend-
ing on trends in infection rates, anti-
retroviral treatment, and side effects
of antiretroviral drugs.

Although the participants in the
present study (with DSP and with-
out DSP) were largely similar with
regard to demographic and clinical
characteristics, they were quite dif-
ferent with respect to self-reported
lower limb function, QOL, and
modality of pain treatment. Partici-
pants with HIV disease and DSP
had significantly lower self-reported
lower limb function and physical
QOL. Our findings align with previ-
ous reports that QOL and function
may be impaired in people with HIV
disease.7,21 The participants with
DSP in the present study had greater
functional loss than we anticipated,
with scores on the respective lower
extremity functional scales reflecting
less than 50% of normal or full func-
tion. Even participants without DSP
had functional loss, but not as
much as those with DSP. We did not
explore the reasons for functional
loss in participants without DSP, but
we suspect that such a loss of func-
tion is related to the presence of
other comorbidities or side effects
of ART. The functional scale scores
for groups of participants surpassed
the MDC, indicating more clinically
meaningful lower extremity func-
tional limitations in participants with
foot DSP than in those without foot
DSP. However, because the MDC for
both scales was developed in studies
of patients with musculoskeletal
problems, our conclusion should be
interpreted with caution.

Our findings suggest that in people
with HIV disease (especially those
with DSP), the LLFI tool is more

likely to identify self-reported limi-
tations in function. In most cases,
DSP is a progressive disease. Addi-
tional research is needed to deter-
mine whether the tools used in the
present study would be responsive
to changes in self-reported function
over time and whether they would
be appropriate for use in studies of
treatment effectiveness. Although
our findings support the concordant
validity of the LEFS and the LLFI in
patients with HIV disease, neither
the LLFI nor the LEFS was previously
tested specifically in people with
neurological dysfunction or people
with HIV disease; therefore, more
complete validation of the use of
these tools in patients with HIV dis-
ease is needed.

With regard to QOL, we found a sig-
nificantly lower physical health sum-
mary score in participants with DSP,
as measured with the MOS-HIV. Our
inability to detect a significant differ-
ence in the mental health summary
score may have been due to the fact
that the participants in the present
study were seeking medical care for
their HIV disease and had a sense of
self-efficacy and an enhanced locus
of control. Additionally, the lack of
significance for the mental health
summary score may have been due
to a type II error because our analysis
was underpowered for this variable.
Time and budgetary restraints lim-
ited us to using a sample of conve-
nience in an ambulatory clinic. Fur-
thermore, additional tools may be
needed to capture specific psycho-
logical issues not included in the
MOS-HIV.

Recent research suggested that
both catastrophizing and depressive
symptoms are important factors to
consider in the management of pain
from HIV neuropathy and adherence
to ART.41 In a study in which the
World Health Organization Quality
of Life Scale Brief Version was used,
people with DSP had significantly
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lower scores in the physical and psy-
chological domains than those with-
out DSP.10

Although both the LLFI and the
LEFS contributed significantly to the
prediction of physical QOL, the LEFS
was marginally better, explaining
75% of the variance in physical QOL
(compared with 68% for the LLFI).
The significant relationships that we
found between lower limb function
and QOL suggest that future studies
should explore whether the manage-
ment of symptoms associated with
HIV-related DSP can lead to improve-
ments in health-related QOL and
function in people with HIV disease.
This notion highlights the need for
health care professionals to be able
to accurately identify levels of func-
tional impairments in people with
HIV disease.

Not surprisingly, we found that the
use of health care resources, includ-
ing CAM treatment, was more prev-
alent in participants with DSP than in
those without DSP. The presence of
neuropathy in people with HIV dis-
ease has been associated with self-
care behaviors, including the use of
CAM treatment, to attempt to ame-
liorate symptoms.11 In a study of
African American women with HIV
disease, 94% of the women used at
least 1 type of CAM treatment.42

The rates of prevalence of health
care use in the present study should
be interpreted with caution because
the participants may have defined
physical therapy or CAM treatment
inconsistently. We did not assess bar-
riers to or facilitators for accessing
services needed to manage DSP-
related pain and function. Further-
more, certain nutritional supple-
ments, a common form of CAM
treatment, may interact with or jeop-
ardize the efficacy of particular ART
drugs.43 There is a paucity of evi-
dence regarding the effectiveness
of physical therapy or CAM inter-

ventions in people with HIV-related
DSP.

Because 3 participants in the group
with DSP had diabetes (compared
with none in the group without
DSP), it is possible that diabetes was
a confounder; diabetes is a well-
known risk factor in the develop-
ment of DSP. However, this notion
cannot be determined with certainty
because of the small number of par-
ticipants with diabetes. The 3 partic-
ipants with diabetes did not unduly
affect the model parameters, nor
were they multivariate outliers. Dia-
betes status did not affect the out-
come of the models, and participants
with diabetes did not appear to be
unusual in any way in the analyses.

The limitations of the present study
include the use of a modestly sized
sample of convenience and no gold
standard with which to measure
lower extremity function. Although
the proportion of participants for
whom usable data were not available
(n�12) had statistically lower CD4-
positive cell counts than those for
whom usable data were available
(n�82), the clinical meaningfulness
of this difference (127 cells/mm3)
was negligible. Epidemiological evi-
dence suggests that a lower CD4-
positive cell count nadir is not a risk
factor for DSP in treated people.44,45

Therefore, we are not concerned
that this difference skewed our
results.

We did not measure neurophysiolog-
ical nerve fiber involvement or other
pathophysiological tissue changes;
rather, we focused on the impact
of DSP on self-reported QOL and
function. Although the clinical diag-
nosis of DSP is important for appro-
priate medical treatment, this is
the first study (to our knowledge) to
use specific lower extremity func-
tional measures to ascertain differ-
ences between participants with
HIV-related DSP and those with HIV

disease but not DSP. Our measures of
QOL and function relied on self-
report surveys, which may be biased
toward socially desirable responses.
Furthermore, self-report data may be
biased when provided by people
with certain psychiatric disorders, a
history of drug abuse, or secondary
gain.46

Future research should focus on
the direct measurement of lower
extremity function, including the
direct measurement of gait parame-
ters, so that the effects of HIV dis-
ease and HIV-related DSP on lower
extremity function can be more fully
elucidated. In addition, because the
present study was conducted in a
single location in the northeastern
United States, the findings may not
be generalizable to other geographi-
cal areas. Finally, the landscape of
HIV services is rapidly changing
because of ongoing shifts in the
health care system, suggesting that
the findings of the present study will
require replication over time.

Conclusions
Although the use of ART has dra-
matically improved life expectancies
in patients with HIV disease, many
people have symptoms associated
with DSP. Therefore, it is important
to monitor the impact of DSP on
function and QOL in people with
HIV-related DSP. Using the LEFS,
the LLFI, and the MOS-HIV, we
found that self-reported function and
physical health summary scores
(an aspect of QOL) reflected lower
levels of function and QOL (as antic-
ipated) in participants with HIV-
related DSP. Scores on the LLFI
or the LEFS were found to predict
physical health summary scores.
Although we found that both the
LLFI and the LEFS identified func-
tional limitations in this popula-
tion (concordant validity), additional
research is needed to determine and
further validate optimal functional
measurement tools in people with
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HIV disease. Outcome tools, such
as the recently developed HIV Dis-
ability Questionnaire, will prove
valuable in monitoring episodic dis-
ability throughout the trajectory of
HIV disease and can be used to mea-
sure clinical outcomes.47 The find-
ing in the present study of greater
use of health care resources for
pain management in participants
with HIV-related DSP further empha-
sizes the need for tools that can be
used to measure QOL and functional
changes in response to treatment.
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