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Background. Balance and gait problems have been detected among patients with
HIV/AIDS. The extent to which these problems are exacerbated by either frailty or
obesity has not been examined.

Objective. The purpose of this study was to compare participants who differed in
body mass and the presence or absence of HIV/AIDS.

Design. This was a cross-sectional study.

Methods. Quantitative measurements were obtained from 86 participants who
were HIV–type 1 (HIV-1) seronegative and 121 participants who were seropositive
divided into subgroups based on their body mass index (BMI �21, 21–29, or �29
kg/m2).

Results. Participants who were seropositive were impaired relative to sero-
negative controls on several indices, including the limit of stability, sway amplitude
and sway strategy, gait initiation time, and gait speed during a fast pace condition.
Participants who were obese also exhibited impairments, which were evident during
assessments of the limit of stability, nonpreferred leg stance time, sway strategy,
normal and fast gait speed, fast gait initiation time, and 360-degree turn time.
Importantly, the analysis revealed that participants with both attributes were more
impaired than those with either or neither attribute: patients who were obese and
seropositive were more impaired in fast gait initiation time and cadence, non-
preferred leg stance time, 360-degree turn time, and sway strategy scores.

Limitations. The validity of BMI as a measure of body mass can be challenged. In
addition, the validity of chair rise time and 360-degree turn time as estimates of
lower-extremity strength (force-generating capacity) can be argued.

Conclusions. The present findings have an obvious and unfortunate implication:
as more patients who are HIV-1 seropositive join the seronegative community in
becoming obese, the effects of obesity and their disease may summate and their risk
for balance and gait problems may increase.
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Patients living with HIV–type 1
(HIV-1) are more likely to
exhibit balance and gait impair-

ments than those without infection.
More than 57% of patients who are
HIV-1 seropositive and have symp-
toms of AIDS and 25% of their peers
who are asymptomatic1–3 show clin-
ical evidence of an impairment in
motor function. Quantitative assess-
ments have confirmed these clinical
judgments. At least 4 studies2,4–6

have demonstrated statistically sig-
nificant differences between sero-
positive and seronegative groups in
either stance stability or the limit of
stability (LOS).

Several factors are likely to contrib-
ute to the functional impairments
shown by patients who are seropos-
itive. The most obvious factor is the
disease itself. HIV/AIDS with or with-
out accompanying immunosuppres-
sion has been associated with
peripheral neuropathy1 and myop-
athy,7,8 as well as decrements in
cerebral white matter,9,10 which may
additively or synergistically affect
motor behavior. Human immunode-
ficiency virus–related fluctuations in
pain, fatigue, nausea, and vertigo11

also may contribute.

A second factor contributing to func-
tional impairment is antiretroviral
treatment (ART). Many ART agents
of the nucleoside reverse transcrip-
tase inhibitor (NRTI)12 or protease
inhibitor (PI)13 class are associated
with mitochondrial toxicity and,
therefore, can disrupt muscle struc-

ture and function. In addition, NRTI
treatment, especially in combination
with zidovudine,14 has been associ-
ated with a distal sensory neuropa-
thy that may affect proprioception
and coordination of movement.

A third potential contributor is body
mass—a factor that varies markedly
with both the severity of HIV disease
and its treatment.15 From studies of
patients who were seronegative, we
know that patients who are under-
weight and weak16 have functional
impairments. We also know that an
excessive body mass is detrimental
to balance,17 as well as to gait initia-
tion and speed,18 in patients who are
seronegative. Unfortunately, at the
present time, we do not know
whether an abnormally underweight
or obese body mass is relevant to
motor function in patients who are
seropositive. We might hypothesize
that an underweight body mass is
associated with the greatest level of
impairment because it implies dimin-
ished strength (force-generating
capacity) as well as severe disease.
We also might hypothesize that an
obese body mass is detrimental
because it presents a greater chal-
lenge to lower-extremity strength,
especially among patients already
compromised by a disease.

The goal of the present study was to
test these hypotheses. The study
compared 121 volunteers who were
seropositive and 86 volunteers who
were seronegative and who were
assigned to subgroups defined by an
underweight (body mass index
[BMI] �21 kg/m2) versus normal-to-
overweight (BMI�21–29 kg/m2) ver-
sus obese (BMI �29 kg/m2) body
mass. The 6 groups were equivalent
on many relevant background vari-
ables, including age and substance
abuse.

Method
Participants
One hundred twenty-one partici-
pants who were HIV-1 seropositive
were recruited via advertisements
posted within outpatient infectious
disease clinics in the greater Hart-
ford, Connecticut, region. Eighty-six
participants who were seronegative
were recruited principally via word-
of-mouth advertising provided by the
patients who were seropositive.

Interested individuals were invited
to telephone a member of the
research staff for eligibility screen-
ing. Those who passed the tele-
phone screen were asked to visit the
health center on a subsequent day
for further screening. At the begin-
ning of this in-person visit, they
reviewed and signed institutional
review board–approved consent and
HIPAA forms and a medical records
release.

Participants were required to pro-
vide blood, urine, and breath sam-
ples for evaluation. From the blood
sample, HIV-1 serostatus and viral
load were determined. In addition,
clinical blood chemistries, CD4 lym-
phocyte count and percent, VDRL,
hepatitis B virus, hepatitis C virus,
toxoplasmosis and cytomegalovirus
antibody titers, renal and liver func-
tion, serum protein, albumin, and
G-6-PD were examined. Urine
(Ontrak*) and breath samples were
tested for evidence of recent drug or
alcohol use, respectively.

A structured psychiatric interview,
the Computerized Diagnostic Inter-
view Schedule for DSM-IV,19 was
administered for the purpose of
detecting psychiatric disorders. Par-
ticipants completed additional
questionnaires or brief interviews
assessing medical history, medica-
tion use, family history, demograph-
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ics, psychiatric symptoms, alcohol
and drug use, and cognitive status.
The list of questionnaires and inter-
views included the Addiction Sever-
ity Index,20 Michigan Alcoholism
Screening Test,21 Drug Abuse
Screening Test,22 and Beck Depres-
sion Inventory–version II.23

Participants were excluded for preg-
nancy, seizures, mental retardation,
or a history of either neurosurgery or
head injury with loss of conscious-
ness for more than 10 minutes. In
addition, they were required to have
no acute illness and no major neuro-
logical disorders (eg, epilepsy, sei-
zure disorder), psychiatric disorders
(eg, DSM-IV–defined schizophrenia
or bipolar disorder), or medical dis-
orders (eg, chronic obstructive pul-
monary disease, diabetes, cirrhosis,
hepatic encephalopathy, ocular dis-
orders). A positive urine toxicology
test for cocaine, opiates, methadone,
amphetamine, or marijuana and a
positive breath test for alcohol also
were reasons for exclusion.

Procedure
Estimates of body mass, mobility (gait
speed, cadence, chair rise time, 360°
turn time), balance (Sensory Organiza-
tion Test [SOT], single-leg stance time,
LOS), and sensory function (vibratory
threshold) were derived from a stan-
dard assessment battery administered
in a single session by 1 of 2 highly
trained technicians. All but 2 measures
were administered 2 or more times
during the session. Their reliability
was tested with intraclass correlation
coefficients.

Body mass. Body mass was calcu-
lated from measurements of height
and weight obtained on the same day
as all other tests.

SOT. A computerized SOT of bal-
ance (Equi-Test System†) was used,

consisting of 3 conditions (SOT4,
SOT5, and SOT6). All of the condi-
tions provided inaccurate somato-
sensory information in which the
support platform was programmed
to track changes in each partici-
pant’s center of gravity (ie, sway-
referenced). The differences across
conditions related to the amount of
visual information available to the
participant regarding posture and
sway. In the first condition (SOT4),
visual input was normal. In the sec-
ond condition (SOT5), the partici-
pant’s eyes were closed (ie, visual
input was absent). In the third con-
dition (SOT6), the participant’s eyes
were open, but the visual horizon
was sway-referenced (ie, visual input
was inaccurate). Three 20-second tri-
als were completed for each condi-
tion. The dependent variables calcu-
lated for each condition were the
equilibrium quotient (EQ) and the
sway strategy score (ie, the ratio of
high-frequency ankle versus low-
frequency hip corrections to
balance).

LOS. Another index of balance,
the LOS, was calculated by the Equi-
Test System. The system computed
the maximum shift in the center of
gravity, until loss of balance, during
2 forward lean (heels down) trials
averaged with that measured during
2 backward lean (toes down) trials.
The index was divided by foot length
to correct for individual differences
in the support surface.

Single-leg stance time. Single-leg
stance time was measured with a
stopwatch while participants stood
for as long as possible on one leg
with the arms crossed over the
chest. Four trials were conducted,
alternating between preferred and
nonpreferred legs. The single best
time was retained for preferred and
nonpreferred leg trials.

Gait speed and cadence. To pro-
duce a measure of “normal” gait

speed, participants were asked to
walk 8 m at their usual pace. In a
second condition, estimating “fast”
gait speed, participants were asked
to walk 8 m as quickly as possible
without running. The times required
to complete the first 0.5 m (initiation
time) and the full 8 m during the 2
conditions were recorded with pho-
tocells and automatic timers posi-
tioned along the path. Cadence,
defined as the time to complete 5
footfalls using the leading foot, was
derived for both normal and fast
pace conditions. Two trials were
conducted and averaged.

360-degree turn time. Partici-
pants were instructed to complete a
360-degree turn as quickly as possi-
ble. Stopwatch readings for right and
left pivot turns were averaged.

Chair rise time. Participants were
instructed to alternate rapidly
between standing and sitting 5 times
without pauses and with arms
crossed. Stopwatch readings were
averaged over 2 trials.

Peripheral nerve vibrotactile
threshold. Participants were
instructed to rest the great toe of the
right foot upon a buzzer-like device
(Bio-Thesiometer‡) which delivered
a 120-Hz vibration of programmable
amplitude. The sensory threshold for
detecting the presence or absence of
vibration was recorded. Thresholds
were measured during an ascending
and descending series and averaged.

Data Analysis
Group differences in background
characteristics were evaluated using
2-factor analyses of variance for con-
tinuous measures and the Pearson
chi-square test for categorical mea-
sures. Differences in balance and gait
performance indexes were tested
with 3-factor (serostatus � body

† NeuroCom International Inc, 9570 SE Lawn-
field Rd, Clackamas, OR 97015.

‡ Bio-Medical Instrument Co, 15764 Munn Rd,
Newbury, OH 44065.
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mass rank � sex) univariate analyses
of covariance. Age, number of alco-
hol and drug abuse problems, and
depression symptoms were entered
as covariates. All of the study par-
ticipants provided complete data.
Therefore, no listwise deletion or
data imputation methods were
needed.

Role of the Funding Source
This study was supported by grant
R01MH61346 funded jointly by the
National Institute of Mental Health
and the National Institute on Drug
Abuse. Additional support was pro-
vided by grants P60AA03510 and
M01RR06192 funded by the National
Institute on Alcohol Abuse and Alco-
holism and the National Center for
Research Resources, respectively.

Results
The analysis of background charac-
teristics (Tab. 1) revealed small dif-
ferences between the HIV seronega-
tive and HIV seropositive groups in
sex composition (�2�16.7, P�.05)
and Beck Depression Inventory
scores (F�5.9, P�.05). There were
otherwise no significant differences
by group.

Against these similarities in the back-
ground characteristics of the groups,
other analyses revealed differences
across groups on specific measures
of balance and gait (Tabs. 2 and 3).
The balance and gait differences
were variably associated with HIV
serostatus, body mass rank, or the
interaction. For example, the pres-
ence of HIV was associated with a
reduced LOS (F�18.0, P�.001),
lower EQ scores on the SOT5 subtest
(F�15.3, P�.001) and the SOT6 sub-
test (F�5.7, P�.02), a lower sway
strategy score on the SOT5 subtest
(F�6.1, P�.01), delayed normal gait
initiation time (F�6.4, P�.03), and
reduced fast gait speed (F�9.8,
P�.002). The BMI rank likewise was
associated with many statistically sig-
nificant effects, involving: LOS
(F�12.3, P�.001); nonpreferred leg
stance time (F�6.5, P�.002); sway
strategy scores during the SOT4 sub-
test (F�15.5, P�.001), the SOT5
subtest (F�32.2, P�.001), and the
SOT6 subtest (F�11.0, P�.001); nor-
mal gait speed (F�4.3, P�.02) and
fast gait speed (F�4.1, P�.02); fast
gait initiation time (F�3.3, P�.04);
and 360-degree turn time (F�10.3,

P�.001). Post hoc, pair-wise tests
revealed that the overall effect of
BMI rank was principally attributable
to significant differences between
the obese and normal-to-overweight
groups on these measures.

The analysis also revealed a synergis-
tic interaction of serostatus and BMI
rank affecting multiple measures.
Participants who were seropositive
with an obese body mass were
impaired relative to those with an
underweight body mass and the
other participant groups in nonpre-
ferred leg stance time (F�3.2,
P�.04), fast gait cadence time
(F�3.1, P�.05) and fast gait initia-
tion time (F�3.1, P�.05), 360-
degree turn time (F�3.7, P�.03),
and 2 sway strategy scores (ie, dur-
ing the SOT4 subtest [F�3.9, P�.01]
and the SOT5 subtest [F�3.1,
P�.05]). This interpretation was
confirmed by the results of Scheffé
post hoc tests of the effects of HIV
serostatus in the obese versus under-
weight subgroups. Three examples
of the interaction are shown in the
Figure.

Table 1.
Background Characteristics by Participant Groupa

Characteristic

HIV�

BMI <21 kg/m2

(n�21)

HIV�

BMI <21 kg/m2

(n�35)

HIV�

BMI�21–29
kg/m2

(n�30)

HIV�

BMI�21–29
kg/m2

(n�61)

HIV�

BMI >29 kg/m2

(n�35)

HIV�

BMI >29 kg/m2

(n�25)

Age (y) 38.5 (1.3) 39.4 (1.0) 38.0 (1.1) 40.9 (0.8) 36.6 (1.0) 37.6 (1.2)

% male 50 45.7 67.7 69.5 31.4 47.8

Alcohol problems, MAST score 2.4 (1.2) 4.5 (1.0) 5.5 (1.0) 4.9 (0.7) 2.6 (0.9) 5.8 (1.1)

Drug problems, DAST-10 score 3.3 (0.6) 3.7 (0.5) 2.5 (0.6) 2.9 (0.4) 2.6 (0.5) 3.7 (0.6)

Depression symptoms, BDI-II scoreb 12.0 (2.3) 14.0 (1.8) 10.8 (2.0) 15.0 (1.4) 12.5 (1.8) 17.2 (2.1)

% receiving psychiatric medication 23.5 30.0 44.4

% no ART/NNRTI-based ART/
PI-based ART

38.2/26.5/35.3 31.7/26.7/
41.7

37.0/18.5/44.4

Log10 viral load 3.06 (0.34) 2.19 (0.26) 2.08 (0.39)

CD4 count (cells/mm3) 280 (52) 422 (40) 361 (64)

a All values expressed and mean (standard error) unless otherwise indicated. HIV��HIV seronegative, HIV��HIV seropositive, BMI�body mass index,
MAST�Michigan Alcoholism Screening Test, DAST-10�Drug Abuse Screening Test, BDI-II�Beck Depression Inventory–version II, ART�antiretroviral
treatment, NNRTI�non-nucleoside reverse transcriptase inhibitor, PI�protease inhibitor. Main and interactive effects of sex were not statistically significant
and, therefore, are not reported.
b HIV serostatus main effect.
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Although the 3 seropositive groups
with BMIs �21, 21 to 29, or �29
kg/m2 did not significantly differ in
HIV disease severity, as reflected in
CD4 count, or in the frequency of
use of non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) and PIs
(Tab. 1), questions remain about the
potential contribution of these vari-
ables to balance and gait. To further
address the questions, we conducted
additional analyses in the HIV sero-
positive groups only. The first set of
analyses statistically removed the
variance associated with BMI and
tested the significance of the residual
(partial) correlations between CD4
count and the balance, gait, and
strength measures. The second set of
analyses assigned the participants

who were seropositive to subgroups
based on the presence versus
absence of either PI or NNRTI ther-
apy. It used BMI as a covariate as well
as the other covariates mentioned
above.

The results of the first analysis
revealed statistically significant cor-
relations between CD4 count and 3
of the balance and gait measures.
The SOT5 strategy score (r�.25,
P�.01) improved, with a higher CD4
count. The vibrotactile threshold
(r��.22, P�.03) and 360-degree
turn time (r��.23, P�.02) also
improved.

The second analysis revealed P val-
ues for NNRTI treatment across bal-

ance and gait measures that ranged
from .10 to .96. For the effect of PI
treatment on balance and gait, the P
values also failed to reach the .05
threshold (P�.07–.84). The analysis
of treatment effects, therefore,
revealed no statistically significant
results.

Discussion
The present study revealed a syner-
gism in the statistical effects of HIV/
AIDS and body mass on several mea-
sures of balance and gait, including
nonpreferred leg stance time, fast
gait cadence and initiation time, 360-
degree turn time, and sway strategy
scores during the SOT4 and SOT5
subtests. The direction of the syner-
gism is counterintuitive in that it was
not the group of patients with HIV/
AIDS who were underweight or frail
that was most impaired. Instead,
patients with HIV/AIDS who were
obese showed the greatest degree of
impairment. The implication of this
finding is important: as patients with
HIV/AIDS join the healthier seroneg-
ative community in the national
trend toward an obese body mass,
their risk for significant balance and
gait problems may increase.

Generating an explanation for the
greater level of functional impair-
ment among patients with HIV/AIDS
who are obese is a challenge. We can
start by discounting several possibil-
ities. For example, from the absence
of statistically significant effects in
the ART subanalysis, we can argue
that neither PI nor NNRTI use
account for the differences. We also
can discount disease severity as an
explanation because it was not the
obese group that showed the lowest
CD4 count (ie, the most severe or
acute form of the disease). Of
course, we cannot dismiss these
explanations with certainty, as a
more-sensitive measure of adiposity,
derived from a dual-energy x-ray
absorptiometry scan or hydrodensi-
tometry,24 might reveal associations

Table 3.
Estimates (�p

2�SSeffect/[SSeffect�SSerror]) of the Magnitude of Main and Interaction
Effects for Each Variatea

Measure Serostatus �p
2� BMI Rank �p

2�

Serostatus �

BMI Rank �p
2�

Balance

Limit of stability .087b .101b .012

Nonpreferred leg stance time .022 .077b .031b

Preferred leg stance time .022 .039 .029

SOT4 EQ .000 .005 .014

SOT5 EQ .072b .003 .009

SOT6 EQ .031b .027 .007

SOT4 sway strategy score .025 .150b .054b

SOT5 sway strategy score .035b .247b .009b

SOT6 sway strategy score .008 .099b .023

Gait

Normal gait speed .017 .045b .013

Normal gait cadence .002 .022 .020

Normal gait initiation time .040b .031b .009

Fast gait speed .061b .045b .015

Fast gait cadence .015 .023 .038b

Fast gait initiation time .099b .034b .032b

Other

360° turn time .000 .098b .035b

Chair rise time .017 .002 .001

Vibrotactile threshold .081b .004 .003

a SS�sum of squares, BMI�body mass index, SOT�Sensory Organization Test, EQ�equilibrium
quotient.
b P�.05.
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with ART and disease severity that
BMI does not capture.

In the absence of a compelling expla-
nation defended by a group differ-
ence in either ART or disease sever-
ity, we searched for alternative
explanations for the present results.
One possibility is the known delete-
rious effect of HIV/AIDS on
strength25,26 and the greater chal-
lenge to strength brought by an
obese body mass. That is, it might be
argued that the ratio of strength to
body mass is compromised in
patients with HIV/AIDS, leading to
an impairment in their balance and
gait. To the extent that nonpreferred
leg stance time, fast gait cadence and
initiation time, sway strategy scores,
and 360-degree turn time reflect indi-
vidual differences in strength, the
explanation is compelling. Unfortu-
nately, at the present time, we have
no explanation for the absence of a
group difference in chair rise time,
which is heavily influenced by
strength.

An alternative explanation is an
adverse and synergistic effect of obe-
sity and HIV/AIDS on brain regions
contributing to mobility and balance.
Indeed, recent literature shows that
both of these conditions are associ-
ated with changes in brain white
matter integrity.27–30 It is notable the
predominant locus of the change is
in frontal regions that indirectly
contribute to mobility and bal-
ance.31,32 It would be valuable in a
future study to collect structural
magnetic resonance imaging data
and to test for interactive effects of
HIV serostatus and obesity on fron-
tal white matter, balance, and gait
simultaneously.

Additional explanations for the syn-
ergism are possible, but whatever
the underlying explanation, the
broader concern raised by the results
remains: obesity is a factor affecting
the mobility and balance of patients
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Stance time, fast gait initiation time, and 360-degree turn time in seconds as a function
of serostatus and body mass index (BMI). Note the significantly greater effects of
HIV/AIDS among participants with a BMI �29 kg/m2. HIV��HIV seronegative,
HIV��HIV seropositive. *P�.05.
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with HIV/AIDS. This concern is new
because, at the outbreak of the HIV
epidemic, obesity was not expected
to be a medical problem for these
patients. Yet, obesity rates in the
seropositive community are now
climbing33,34 for at least 3 reasons.
First, antiretroviral treatment
directly and indirectly adds body
mass. Second, patients are living lon-
ger and, therefore, can experience
the normal increase in BMI that
comes with aging. Third, patients
with HIV/AIDS are more impulsive
than their peers who are HIV sero-
negative. They, therefore, are more
likely than others to engage in risk-
taking or impulsive behaviors,35

including loss of control over food
intake.36

The clinical implications of our find-
ings are numerous. A direct implica-
tion is the likely need for increased
diet, exercise,37 and perhaps balance
therapy among patients with HIV/
AIDS who are obese, with the goal of
reducing the physical risks from bal-
ance and gait deficits. Diet and exer-
cise therapy also may be needed for
reducing other risks, including pos-
sible synergistic effects of HIV/AIDS
and obesity on risk for cardiovascu-
lar disease and stroke, metabolic syn-
drome, and type II diabetes.
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