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Abstract

Background: Gait speed predicts functional declifigqbility, and death and is considered a bionrarke
biological aging. Changes in gait speed in persgisg with HIV may provide an important method of
gauging health and longevity in an under assesspdl@tion. The objective of this study was to aast and
guantify the rate of gait speed decline in HIV it (HIV+) men compared to HIV uninfected (HIV-gm
Methods: The study was nested in the Multicent@3\Cohort Study (MACS). The primary outcome was
usual gait speed in meters per second (m/s) mehbatereen 2007 and 2013. Differences in the ragaif
speed decline and the incidence of clinically sgait (<1.0 m/s) were assessed using multivariatsli
regression models and Cox proportional hazards lmogsspectively.

Results: A total of 2,025 men (973 HIV+ and 1,68¥%-) aged 40 and older contributed 21,187 persisits/
(9,955 HIV+ and 11,232 HIV-) to the analysis. Axge gait speeds at age 50 years were 1.24 m/sEhd 1
m/s in HIV- and HIV+ men, respectively (p <0.00Ih) fully adjusted models, gait speed decline avedag
0.009 m/s per year after age 50 (p <0.001); thiikewas 0.025 m/s per year greater in HIV+ men (p
<0.001). Moreover, HIV+ men had a 57% greater ofslleveloping clinically slow gait (aHR=1.57, 95% C
1.27 — 1.91).

Conclusions: These findings indicate a faster offenctional decline in HIV-infected men, suggesti
greater risks of disability and death with advagcige.

Key words:. gait speed, HIV-infection, functional decline, diay, aging
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Introduction

Over 1.1 million people living in the United Stat® HIV-infected (HIV+). Due to highly active
antiretroviral therapy (HAART), those living withI¥ now have the potential to live a long fifénowever,
the long-term consequences of treated HIV infeatiomealth and quality of life are unknown. It thesn
postulated that HIV infection may lead to an aaeér aging phenotype regardless of HIV virologic
suppressioh due to a pro-inflammatory statnd greater comorbidity burden present in thosegagith
HIV®7. As life expectancy of those living with HIV camties to increadethese factors may contribute to an
accelerated rate of functional decline and disgbili

Slow gait speed is a well-established predictduné€tional decline, disability, and death in older
adults™. It has been associated with clinical progressioseveral chronic diseases in the general
population, including diabetes, dementia, and csiige heart failur®, and has been proposed as a method to
distinguish between normal and pathological agimymong HIV+ persons, slowed gait and an increased
risk of poor functional performance have been okscompared to HIV- populatiofis'’, yet larger sample
sizes, a control group of similar HIV- adults, dadgitudinal data are needed to better describérdjectory
of functional decline, and the risk of poor funai@ performance, by HIV status. Moreover, untidaetly
the HIV+ population has not been old enough to nkesthe onset and trajectory of the age-relatetroem
gait speed.

Given the established prognostic power of gait 8eé 2 a systematic examination of the onset
and rate of gait speed decline in a large populaifdHIV+ middle- and older-aged adults, relatioeHlV-
adults of similar demographics and lifestyle bebesjimay help define whether those living with HIV
experience accelerated agihd herefore, the purpose of this study was totteshypothesis that HIV+
persons experience earlier and faster gait spedithel¢han HIV- persons. To this end, we analygeid
speed measurements collected over a 6-year pertbé iMulticenter AIDS Cohort Study (MACS), an
ongoing study of the history of HIV infection tHatludes HIV+ and HIV- men who have sex with men

(MSM).

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Methods

Study Population

The MACS includes over 7,000 HIV+ and demographjcsimilar HIV- MSM enrolled in
Baltimore/Washington, Chicago, Los Angeles, antsRitrgh/Ohio in 1984—-1985 (n=4,954), 1987—-1991
(n=668), 2001-2003 (n=1,350), and 2010-2013 (n= Bpecific details of the study have been pubti¢he
Briefly, participants complete semiannual studytsisonsisting of a standardized interview, physica
examination, lifestyle questionnaires, and coltatf blood for laboratory testing and storageforimed
consent is obtained from all study participantsl #e institutional review boards at each study afiproved
the study protocol.

On October 1, 2007, the MACS began measuring pagd at each study visit as part of a frailty
assessment. The current study includes 2,025 MAC®Ripants aged 40 years or older at baseline who
contributed longitudinal gait speed assessmentgdeet October 1, 2007 and September 30, 2013. Baseli
was defined as the first study visit at which eipgrant’s gait speed was measured.

Gait speed

Gait speed was assessed over a 4-meter coursdfirtic corridor. Participants were asked to watlkheir
“normal, comfortable pace.” Timing was initiateittwa command of “Go” and stopped after the fiositf
fall over the finish line. Two measurements weredited, with the faster used for analysis.

HIV status

All men were assessed for HIV positivity by ELISAdaconfirmed by Western blot. For HIV- men, HIV
status was assessed at each study visit.

Covariates

Date of birth, race, and education were self-regubat enrollment. Cigarette smoking, drug use, and
comorbidities were self-reported at each studyt digiing the analysis period. For analyses, smoéimd
drug use were dichotomized as “ever” or “never.t®was dichotomized into white (non-Hispanic) onno

white. Education was defined as: (i) less that Isichool, (ii) high school or high school and sarolege,
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or (iii) college degree or more. Hepatitis C irfen was defined by detectable hepatitis C RNAerum;
and hepatitis B infection was defined by positiepdtitis B surface antigen. Mental health was assks
using the mental component summary (MCS) scorbeof5-36, and was dichotomized as < or > 42 for the
analysié'. Height and weight were measured using standackdures, and body-mass index (BMI) was
calculated as [mass (kg)] / [height (fYHypertension was defined as systolic pressuré®>mm Hg,
diastolic pressure > 90 mm Hg, or self-reportedjniisis of hypertension with use of antihypertensive
medications. Diabetes mellitus was defined asrfgglucose > 126 mg/dL or self-reported previous
diagnosis with use of diabetes medication. Liveedse was defined as current or past medical iecord
confirmed diagnosis of liver disease not includimfgction with hepatitis B virus or hepatitis C wa.
Arthritis was defined as prior or current self-reied arthritis pain. Peripheral neuropathy wasrdefias
current or past report of pain, burning, numbnesgins and needles sensation in the feet or t&gs,
measured inability to detect a vibratory sensaitiogither foot.

T-lymphocyte subsets were measured at each MAGISugisg standardized 3-color flow
cytometry®. Plasma HIV RNA concentrations (viral load) wereasured using the Roche ultrasensitive
assay (limit of detection = 50 copies/mL; Rochedbdiastics, Nutley, NJ). HAART was defined accordiog
the U.S. Department of Health and Human Servicések@anel guideliné$as three or more antiretroviral
drugs including either: (i) a protease inhibitdi); & nonnucleoside reverse transcriptase inhipiay an
entry or integrase inhibitor; or (iv) three nuclelesreverse transcriptase inhibitors, includingcalvir or
tenofovir. AIDS was defined using the Centers fasdase Control and Prevention’s 1993 definition,
excluding cases defined only by a CD4 T-cell cot2@0 cells/ul*, and confirmed by review of medical
records.

Statistical Analysis

Two-sample t-test and chi-square test statistio®e weed to evaluate differences in continuous and
categorical variables by HIV status, respectivElyploratory data analyses included locally weighted
regression smoothers, box plots, quadratic fitgpplahd histograms to assess the normality of thespeed

distribution.
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Based on these results, the longitudinal assoonidétween continuous gait speed and age was
modeled using generalized linear models with gdizexhestimating equations (GEE) and an exchangeabl
working correlation matrix to take into accountredation of repeated measures of gait speed from
individuals. Combined (Table 2) and HIV-stratifigtbdels (Table 3) were created to assess differénthe
rate of change in gait speed by HIV status. Cotesimcluded age (centered at 50), weight, heighg,
education, smoking status, MCS score, history o§dmd alcohol use, diabetes, liver disease, hgmpsidn,
arthritis, peripheral neuropathy, hepatitis B, &eg@atitis C. The model restricted to HIV+ men (Eab),
included HIV viral load (<200 vs. >=200 copies/Ai)nadir CD4 T-cell count, and history of AIDS.
Variables included in the final models were restydcto those with statistical significance (p <5).0

Kaplan-Meier survival estimates and adjusted Capgrtional hazard models were used to estimate
differences in time from age 40 to slow gait by HiMtus. Slow gait was defined as <1.0 m/s as this
threshold has been associated with increased frisiobility disability, hospitalization, and deaththe
general aging populatidh Separate analyses of HIV+ men were performessess differences between
those with and without slow gait by exposure tadtdgs” (didanosine, stavudine), AZT (zidovuding)da
efavirenz, and by time on HAART, using analysesarfance with Tukey-Kramer pairwise comparisons and
pairwise logistic regression models. In additicaahlyses, use of these drugs was compared amaw thr
groups of HIV+ men: (i) those who never had sloit,da) those who had slow gait at baseline, aiiiyl (
those with incident slow gait during the study. atlalyses were conducted using Stata SE version 13

(Statacorp, College Station, TX).
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Results

The study population consisted of the 2,025 meB (X/+ and 1,052 HIV-) aged 40 and older who had tw
or more study visits between October 1, 2007 aqdeBber 30, 2013. These men contributed 21,187
person-visits (9,955 HIV+ and 11,232 HIV-) to thealysis. The mean number of visits per participeas
10.2 (range: 2-17) for HIV+ men and 10.7 (ranger2ftr HIV- men (p=0.35). Baseline characteristt
these men are shown in Table 1. HIV+ participargsevon average 3.4 years younger than HIV- pasditip
and had lower BMIs (p-values <0.001); and HIV+ jggvants were more likely to have liver disease,
peripheral neuropathy, hepatitis B, and hepatitisf€ction, be non-white, report a history of dugg, and
have fewer years of education, and were less likebpnsume alcohol (p-values <0.001). There waila
range of gait speeds, from less than 0.14 m/s te than 1.9 m/s (supplemental Figure 1), which is
consistent with previous studié<®

Figure 1 displays the unadjusted mean and 95%dmarde interval association between age and gait
speed by HIV status using a quadratic fit plot.tGpeeds were similar by HIV status among thosd de
49, but after age 50 there was clear separatiangieet the HIV- and HIV+ men, as indicated by the-non
overlapping confidence intervals of the respectiveres, with unadjusted gait speed at age 50 aveydgR4
m/s in HIV- participants and 1.19 m/s in HIV+ paipiants (p <0.001). In the fully adjusted modelinling
HIV+ and HIV- men (Table 2), gait speed decline@d®. m/s for each one-year increase in age aftebagp
<0.001). There was a significant negative assiociatith HIV status, in which gait speed decline@2b
m/s more per year in HIV+ men, on average, tha#lWr men (p <0.001). Further, the interaction beéw
age and HIV status was also significgdt €0.002 m/s, p= 0.007), indicating that the magphét of the
difference between HIV+ and HIV- men increased waigle. Other significant predictors of gait speed
included: weight, height, race, education, hematistatus, and peripheral neuropathy. There was no

interaction between race and peripheral neuropatieglucation. Smoking, history of drug and alcaksa,
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diabetes, liver disease, hypertension, arthriti€3Vscore, and hepatitis B infection were not sigaift and
were not included in the final model.

In analyses stratified by HIV status, there werergj negative associations between gait speed and
age in both the HIV+= -0.012 m/s per year, p <0.001) and HIF-<-0.011 m/s per year, p <0.001)
groups (Table 3). Height, weight, race, educatimm peripheral neuropathy contributed significattlboth
HIV+ and HIV- models, but hepatitis C infection wsignificant only in the HIV- model. In the HIV+
model, there was a significant association betwelir CD4 T-cell count and gait speed declipe 0.002
m/s per year for each 50 cell/ul increase, p =®),02ut suppressed viral load (<200 copies/ml)rditihave a
significant effect.

To provide clinical perspective, we examined tHeafof HIV status on the time to development of
slow gait speed (<1.0 m/s). As shown in Figuréh@,ttajectories of time to slow gait were signifittg
different between HIV+ and HIV- men (p < 0.001)tmwb0% of the HIV+ men exhibiting slow gait by &g
compared to age 66 among the HIV- men. In Cox ptapwl hazard models using age as the time metric
and adjusting for the variables that were signiftda the continuous analysis (height, weight, race
education, peripheral neuropathy, and hepatitish@)hazard of developing slow gait was 57% greater
HIV+ compared with HIV- men (aHR 1.57; 95% Cl, 127.91).

To examine the potential effects of treatment @nritk of slow gait, HIV+ men were stratified into
three groups: (i) those who never had slow gajttHose who had slow gait at baseline, and (idse who
had incident slow gait during the study. There wareneaningful or statistically significant diffexees

among these groups by cumulative years on HAARAyarumulative years on ddl, d4T, AZT, or efavirenz.
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Discussion

The capacity to walk independently is a central gonent of independent living and essential to na&iirig
quality of life. To our knowledge, this study istfirst to evaluate age-related gait speed decline
prospectively in a large HIV+ population and congptirese observations to a demographically similsr H
population. In the general aging population, & baen suggested that a change in gait speedsofrfisOor
more is clinically meaningfél. In the current study, gait speed at age 50amasverage 0.05 m/s slower
among HIV+ men compared to HIV- men, suggestingjahainically meaningful difference in speed bywHlI
status exists in middle age. Moreover, the sigaift interaction between HIV and age indicate thatrate
of gait speed decline intensifies with age amomgéhwith HIV. Overall, these results strongly saupphe
hypothesis that HIV+ individuals experience eardind faster gait speed decline than their HIV- peer
Multiple factors have been associated with gaiedméecline including decreased aerobic capacity,
changes in body composition, threats to biomeckgelg., arthritis, balance difficulty), and compised

energy utilizatiof”

signifying that slowed gait speed is a reflectdmunderlying biological and
physiological challenges that develop with ageypgidal 65-year-old lives with two or more comorbid
condition§’. The addition of chronic HIV infection to thismorbidity burden adds another layer of
complexity to an aging system, even among theagjioklly controlled.

Although a link between reduced functional perfonceand HIV infection has been hypothesized,
the majority of previous research has focused ersymdrome of frailtt? *3 or on composite measures of
performanc® ** Richert, et af analyzed gait speed over 10 meters, along witffixedimes sit-to-stand
test and six-minute walk distance, in 354 middleehfllV+ participants (median age at baseline 46s)yea
and compared it to published data from the gersgyialg population. After a two-year follow-up petjo
findings included greater deterioration in the fiimes sit-to-stand test and six-minute walk disgrbut no

difference in median 10-meter gait speed. In dystf injection drug users, Greene éf &und that after

five years of follow-up, HIV+ participants had rexbd physical performance and greater risk of migytal

10
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than HIV- participants, but the rate of decline was quantified or compared. The current study
demonstrates a statistically significant differeircéhe trajectory of gait speed decline between aging
with HIV and demographically similar HIV- men. Giveéhe increased risk of frailty and comorbidity e
that has been noted in those aging with 1% * this raises the concern that greater morbidity disability
among those aging with HIV may be forthcoming.

Gait speed declined significantly faster in non{&hmen than in white men, and this was true for
both HIV+ and HIV- participants. This differenceutd not be explained by HIV infection, education,
peripheral neuropathy. Race-related differencdsrintional and mobility decline in the generalragi
population have been reported. In the Health, dgind Body Composition study older blacks showed
higher rates of mobility loss than whites, withaper risk of developing mobility limitations ovesliow-up
even after accounting for poor mobility at basefind he mechanism of these differences is not kndwhijs
generally believed to be related to life-long diéfieces in socio-economic statud®

It is unclear from the current results how longxientiretroviral treatment may affect gait speed
decline. This is an important question, as nedtlgfahe HIV+ men in this study were receiving HRA,
and the vast majority were virologically suppress#rhracteristics which are likely to be similamniost
populations aging with HIV. In the present stuayalyses of HIV+ men with and without slow gait at
baseline, or with incident slow gait, yielded nadewce that cumulative exposure to specific ambretal
drugs (ddl, d4T, AZT, efavirenz) was associatedhwlower gait speed. These findings should beaagld
in other, more diverse populations with greater @otw detect differences by treatment. Moreover, th
association between lower nadir CD4 cell countfaster decline in gait speed is consistent witlvipres
research linking HIV with frailty? ** **and underscores the importance of early initiatibtherapy, and
maintaining virologic suppression and sufficient£gell count, particularly with advancing age.

The development of age-related chronic diseaspadple with chronic HIV infection may be driven
by a state of chronic inflammation. Although nawimg data on inflammatory markers is a limitatistored

samples will provide opportunities for future remta The negative association between hepatiindCgait

11
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speed among the HIV- participants may in part agmed by increased inflammatory burden, and also
warrants future investigation.

The current study also was limited in its abililyatssess the effect of HIV status on gait speelihdec
in those over age 65. As of September 2013, 24P4\6f MACS patrticipants were 65 or older and 11%
were 70 or older. Among HIV+ participants, theregponding figures were 9% and 3%. However, gitien t
separation of the gait speed trajectories at agenB@he steeper rate of decline among the HIV-emvesl in
this study, it is likely that the negative assdoiatetween HIV infection and decline in gait speexlld be
amplified with advancing age. Future analyses iaf¢bhort as it continues.to age will help confiims
hypothesis.

The HIV+ men in the MACS may not be generalizablether aging HIV+ populations, as
longstanding participants of HIV cohort studies ldtely to be different from the general HIV+ poptibn.
Moreover, 9% of MACS participants are age 65 oepltbmpared with 5% of persons living with HIV et
United State®, and many of these participants survived a pesfdiine without effective treatment (i.e prior
to 1996) and/or exposure to less effective and e ART regimens, before achieving virologic
suppression. Our results do not show a differen@ait speed and disability by experiences priaftective
treatment (specifically by d-drug usage); if thisienowever, an unmeasured effect, the differencmit
speed and disability by HIV status may decreasaipra of effective, accessible treatment and ART
initiation at higher CD4 counts. Further, the eatrstudy did not include women, limiting its geadezability
to women aging with HIV.

As the treatment of HIV expands globally, the neethanage and treat age-related conditions in
persons living with HIV will grow exponentially. B'57% increased hazard of developing slowed g&isho
significant implications for the care of those agimith HIV+ who may be at increased risk of lower
extremity limitations, hospitalization, and deafccordingly, efforts to prevent and treat mobilibgs in
those aging with HIV should be a major public Heddtcus. Given recent evidence from the general

population, promoting physical activity and a hieglifestyle are the best current optitns
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Figure L egend:

Figure 1.
Quadratic fit plot of the unadjusted associatioedmand 95% C.l.) between gait speed (m/s) an¢yages)

by HIV status.
Figure 2:
Kaplan-Meier estimates of the proportion of paptits with gait speed > 1.0 m/s by years of agex(s},

stratified by HIV status (log rank to compare suaVidistributions p <.001). The adjusted hazarnags

derived from Cox proportional hazards regressiodetsodetailed in the Methods and Results sections.
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Table 1: Baseline characteristics of study participants October 1, 2007 — September 30, 2013

(N=2,025), shown as mean and standard deviation (continuous variables) or number and

percent (categorical variables).

HIV+ n =973 HIV. n = 1,052

Mean, n (SD) / % Mean,n (SD) /% p-value
Age (years) 48.7 (6.9) 52.1 (8.3) <.001
Body Mass Index (kg/m?)® 25.5 (4:2) 27.3 (5.2) <.001
Non-white” 387 39.8% 259 24.6% <.001
College Education® 449 46.1% 643 61.1% <.001
Smoking® 236 24.3% 288 27.4% .20
History of drug use® 484 49.8% 457 43.4% .004
Alcohol use' 3.1 6.8% 5.2 9.6% <.001
Diabetes® 125 12.8% 103 9.8% .05
Liver disease" 37 3.8% 3 <1.0% <.001
Hypertension' 400 41.6% 429 40.7% .85
Avrthritis 30 3.1% 38 3.7% 49
Peripheral neuropathy* 329 33.8% 233 22.2% <.001
SF36 MCS' 49.9 (11.6) 49.9 (12.1) 1.00
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Hepatitis B infection™ 40 4.1% 7 <1.0% <.001

Hepatitis C infection” 151 15.5% 94 8.9% <.001
Gait speed at age 50 (m/s) 1.19 (0.04) 1.24 (0.01) <.001
Years since seroconversion® 11.7 (8.2)
Years of HAARTP 7.3 (3.1)
CD4 nadir (cells/ul) 309 (209.9)
Suppressed viral load' 629 66.2%

4BMI, body mass index, calculated as weight in kilograms divided by height in meters squared
®Black (non-Hispanic), Black Hispanic, American Indian or Alaskan Native, Asian or Pacific Islander,
other Hispanic, or other

¢ Completed college degree or more

dCurrent or former smoker

® History of any drug use

" Number of drinks per week

9 Fasting glucose > 126 mg/dL or diagnosed with diabetes and use of medications

"Current or past confirmed diagnosis of liver disease

'Systolic blood pressure > 140 mmHg or diastolic blood pressure > 90 mmHg or diagnosed with
hypertension and use of medications

ICurrent or past report of arthritis pain
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K Current or past report of pain, burning, numbness, or pins and needles sensation in the feet or legs, or
measured inability to detect vibratory sensation in either foot

' Short form 36 mental component summary score

™ Positive hepatitis B surface antigen

" Detectable hepatitis C RNA in serum

°Reported years from HIV diagnosis

P Reported years from HAART initiation

9Lowest CD4 T-cell count, as measured or reported and confirmed with medical records

" < 200 copies HIV RNA/mI
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Table 2: Continuous, longitudinal association between age and gait speed, adjusted for HIV

serostatus and other confounding variables, from October 1, 2007 — September 30, 2013
(N=2,025)

Dependent Variable: Gait speed (m/s)

Independent variables: Coefficient S.E. p-value
Age (per year centered at 50 years) -0.009 .001 <.001
HIV infection -0.025 .007 0.001
HIV* Age (per year centered at 50 years) -0.002 001 0.001
Weight (per kg) -0.001 .0002 <.001
Height (per cm) 0.003 .001 <.001
Non-White Race -0.084 .009 <.001
Education (years) 0.061 .006 <.001
Hepatitis C -0.012 .004 .005
Peripheral neuropathy -0.014 .003 <.001

Table 2 shows the final longitudinal model assessing the associations among age, HIV, and gait speed
decline. Smoking, history of drug and alcohol use, diabetes, liver disease, hypertension, arthritis,
mental quality of life, and hepatitis B were not significant and were not included in the final model.
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Table 3: Continuous, longitudinal association between age and gait speed stratified by HIV

status. October 1, 2007 — September 30, 2013 (N=2,025)

HIV+ HIV-
Dependent variable:
Gait Speed (m/s) n =973 n =1,052
Independent variables: Coefficient SE p-value Coefficient SE p-value
Age (centered at 50 years) -0.012 .0005 <.001 -0.011 - .0005 <.001
Height (per cm) 0.002 .0001 .001 0.003 .0001 <.001
Weight (per kg) -0.0007 .0003 .01 -0.001 .0002 <.001
Non-White Race -0.073 011 <.001 -0.099 .013 <.001
Education 0.058 .009 <.001 0.062 .009 <.001
Hepatitis C -0.010 .006 .10 -0.014 .005 .02
Peripheral neuropathy -0.016 .004 <.001 -0.012 .004 .01
CD4 nadir (per increase of 50
cells/ul) 0.002 .001 .03
Suppressed viral load 2 -0.007 .005 15

% Viral load <200 HIV RNA copies/ml
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Usual Gait Speed and Age by HIV Status
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Kaplan-Meier Estimates
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