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Abstract

Background: People aging with HIV are living with increased risk for functional decline compared with uninfected adults of
the same age. Early preclinical changes in biomarkers in middle-aged individuals at risk for mobility and functional decline are
needed.

Objective: This pilot study aims to compare measures of free-living activity with lab-based measures. In addition, we aim to
examine differences in the activity level and patterns by HIV status.

Methods: Forty-six men (23 HIV+, 23 HIV−) currently in the MATCH (Muscle and Aging Treated Chronic HIV) cohort study
wore a consumer-grade wristband accelerometer continuously for 3 weeks. We used free-living activity to calculate the gait speed
and time spent at different activity intensities. Accelerometer data were compared with lab-based gait speed using the 6-minute
walk test (6-MWT). Plasma biomarkers were measured and biobehavioral questionnaires were administered.

Results: HIV+ men more often lived alone (P=.02), reported more pain (P=.02), and fatigue (P=.048). In addition, HIV+ men
had lower blood CD4/CD8 ratios (P<.001) and higher Veterans Aging Cohort Study Index scores (P=.04) and T-cell activation
(P<.001) but did not differ in levels of inflammation (P=.30) or testosterone (P=.83). For all participants, accelerometer-based
gait speed was significantly lower than the lab-based 6-MWT gait speed (P<.001). Moreover, accelerometer-based gait speed
was significantly lower in HIV+ participants (P=.04) despite the absence of differences in the lab-based 6-MWT (P=.39). HIV+
participants spent more time in the lowest quartile of activity compared with uninfected (P=.01), who spent more time in the
middle quartiles of activity (P=.02).

Conclusions: Accelerometer-based assessment of gait speed and activity patterns are lower for asymptomatic men living with
HIV compared with uninfected controls and may be useful as preclinical digital biomarkers that precede differences captured in
lab-based measures.

(JMIR Mhealth Uhealth 2019;7(2):e11190) doi: 10.2196/11190
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Introduction

Survival for people aging with HIV (PAWH) is now
approaching the lifespan of uninfected individuals, in part,
owing to the success of effective antiretroviral therapy [1]. In
developed countries, more than half of the PAWH are over 50
years old and may be at greater risk for age-related
comorbidities, including a decline in functional capacity [2].
Why these age-related comorbidities more often occur at
younger ages in PAWH compared with uninfected (HIV−)
individuals is presently unclear [3].

The functional decline in PAWH increases their risk for
premature frailty and early mortality [4,5]. In multiple studies,
slower walking speed has been consistently associated with a
decline in mobility and performance of activities of daily living
[6-8], and faster decline in walking speed is associated with
increased mortality [9]. An emerging challenge is that while
current assessments of functional capacity and mobility
limitations in PAWH aged <65 years have been effective in
identifying impairment [5,10], these assessment tools were
historically developed in the context of geriatric population
studies of adults aged >65 years [7] and may not always be
suitable for assessing middle-aged individuals without overt
mobility limitations [11]. Therefore, there is an unmet need for
additional diagnostic tools sensitive to preclinical risk factors
for the functional decline that occurs in middle-aged (ie, 50-65
years) persons [12]. One such tool might be physical activity
monitoring. People living with HIV tend to be sedentary and
less fit [13,14]. In this study, we posited that the objective
assessment of habitual physical activity might provide a more
sensitive way to identify preclinical changes in middle-aged
HIV+ men.

Wearable accelerometers are now frequently used in research
studies to measure free-living physical activity and are useful
in providing an objective measurement of low-intensity activity
[15,16]. The use of accelerometry in the function assessment
of PAWH is limited [17-21]. The use of consumer-grade
accelerometers has become cost-effective [22]. Although
technical and methodological limits remain [16,22], many
consumer-grade accelerometers display strong validity when
compared with lab-based measurements and research-grade
accelerometers [23,24].

This study included participants in the MATCH (Muscle and
Aging in Treated Chronic HIV) cohort of middle-aged men and
women living with HIV and uninfected control participants of
similar age [25]. Overall, HIV+ participants in the MATCH
cohort are relatively healthy but displayed increased levels of
inflammation and immune activation compared with their
uninfected counterparts and displayed modest but significant
subclinical deficits in lab-based physical function [25]. However,
when men and women were analyzed separately, we noticed
that performance in the lab-based 6-minute walk test (6-MWT)
in men did not reach significance despite reporting greater
fatigue [25]. We hypothesized that measuring physical activity
in daily life using consumer-grade accelerometers might provide
additional information, potentially detecting subclinical deficits
that do not as yet reach significance in the lab-based assessment

of gait speed. Therefore, this pilot study aims to measure and
compare walking speed and activity patterns between HIV+
and HIV− men in the MATCH cohort using a consumer-grade
accelerometer. Accelerometer data were used to measure steps
taken per minute and to estimate the gait speed and classify
patterns of activity.

Methods

Study Population
Participants in this study (MPACT: MATCH Physical ACtivity
Tracker) consisted of HIV+ and HIV− men aged 50-65 years
who were enrolled in the MATCH study [25] and who consented
to this study. The MATCH cohort is a longitudinal observational
study of middle-aged people living with HIV on effective ART,
along with age-matched uninfected controls, all living in the
Boston metropolitan area in Massachusetts [25]. At the first
visit, the study protocol and procedures were explained and
consent obtained. After consent, demographic information was
collected, and questionnaires were administered to assess
health-related quality of life (HRQoL; Patient Reported Outcome
Measurements Information System [PROMIS-29]), disability
(Pepper Assessment Tool for Disability [PAT-D]), and
depression (Center for Epidemiological Studies Depression
[CES-D]). All study procedures were approved by the Partners
Human Research Committee institutional review board.

Questionnaires

Patient Reported Outcome Measurements Information
System-29
PROMIS-29 assesses general HRQoL on 7 dimensions,
including depression, anxiety, physical function, pain, fatigue,
sleep, and social engagement with each of the 7 domains having
4 questions and a single question assessing pain intensity [26].
For example, in the pain domain, a sample question is, “How
much did pain interfere with your day to day activities?”
Responses include a range of 5 choices (eg, not at all, very
much). The pain intensity is assessed by, In the past 7 days,
how would you rate your pain on average? Responses range
from 0 “No pain” to 10 “Worst imaginable pain.” Scores are
negatively associated with HRQoL.

Pepper Assessment Tool for Disability
The PAT-D is a 19-item questionnaire used to assess whether
functional limitations impact disability across 3
domains—mobility, activities of daily living, and instrumental
activities of daily living [27]. Responses are recorded on a
5-point Likert scale. An example question is, “How much
difficulty walking one block?” Responses include a range of 7
choices (eg, no difficulty, a lot of difficulty).

Center for Epidemiological Studies Depression
The CES-D scale measures clinical depression [28] and uses a
20-item score to assess clinically significant depression [29].
An example question is, “How often over the past week were
you depressed?” Responses include a range of 4 choices (eg,
rarely, most or all the time).
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Functional Assessment of Chronic Illness
Therapy-Fatigue
Fatigue was assessed using the 13-item Functional Assessment
of Chronic Illness Therapy-Fatigue (FACIT-F) subscale [30].
An example question is, “How often do you feel fatigued?”
Responses include a range of 5 choices (eg, not at all, very
much).

Veterans Aging Cohort Study Index Score and
Biomarkers
The Veterans Aging Cohort Study Index calculation includes
age, CD4 (cluster of differentiation 4 T cells), HIV RNA, Hb,
creatinine, FIB-4, and HCV [31,32]. Blood biomarkers (CD4
T-cell count, CD4/CD8 T-cell ratio), an inflammatory composite
score of circulating biomarkers for inflammation (ie, sCD163,
sCD14, C-reactive protein, and interleukin-6 expression) and
a T-cell immune activation composite score (ie, CD8, CD38,
and HLA-DR expression) were evaluated in this study sample
similar to what is described for the larger cohort [25]. Total
testosterone (TT) and serum hormone-binding globulin (SHBG)
were measured in the Brigham Research Assay Core facility
using liquid chromatographic-tandem mass spectrometry
(LC-MS/MS). SHBG was measured using radioimmunoassay.
Free testosterone (FT) was calculated from TT and SHBG [33].

Accelerometer Data Collection and Measures
The accelerometer used in this study was the Withings Pulse
Ox, a consumer-grade triaxial accelerometer with published
validity for step counts when compared with research-grade
accelerometers [23,24]. Participants were instructed to wear the
accelerometer on their nondominant wrist 24 hours per day, 7
days per week for 3 consecutive weeks. Each individual in this
study returned to the study center weekly for study personnel
to recharge the Pulse Ox battery and upload data using a
randomly assigned and anonymous study account. Data were
collected in 1-minute intervals when any step activity was
detected by the accelerometer, including low-intensity levels
of activity that are not typically analyzed or accessible using
consumer-grade trackers. In 13 cases, the tracker was lost or
malfunctioned during the study period and was replaced to
continue with one additional week of data collection. In 10
cases, data were collected for <3 weeks, primarily because of
participants failure to wear the device. In total, 3 weeks of data
were collected from 36 participants, 2 weeks from 6 participants,
and 1 week of data from 4 participants.

In addition to step counts, accelerometer data were used to
calculate gait speed, metabolic equivalents (METs), and relative
activity intensity based on each participant’s activity distribution
throughout the day. The mean gait speed in meters/second was
based on the number of steps per minute and a formula using
participant’s height in meters: (steps×height×0.414)/60) [34].
METs were calculated using a formula developed by Withings:
1+1/2×speed (km/h)+0.086×speed (km/h)×slope (in %) (Eva
Roitmann, Withings, email communication; March 10, 2017
and March 28, 2018).

The standardized 6-MWT [11] was administered at the study
site by the same trained and experienced exercise physiologist
as in this study. A comparison test was conducted between both

measures, in which participants wore an activity tracker (Pulse
Ox) to determine the gait speed using the formula indicated
above. The simultaneous measurement of gait speed using the
lab-based assessment 6-MWT [calculated by the distance walked
(m) in 6 minutes] and accelerometry indicated that the gait speed
differed on average by <2%, similar to results in prior studies
([23,24] and Multimedia Appendix 1).

Accelerometer-derived patterns of physical activity were defined
as the percent of the time a participant spends at one of 3 levels
(ie, low, moderate, or intense) of their maximum observed
intensity or gait speed. Two measures were created, a weekly
measure using the relative maximum intensity observed for
each participant during each week, and a summary measure that
used the maximum observed intensity for a participant across
3 weeks of activity. The total activity for each individual was
divided into 3 groups, with low activity defined as the lowest
quartile (ie, 0%-25%, Q1), moderate activity as the middle 2
quartiles (ie, 25%-75%, Q2+Q3), and vigorous (intense) activity
as the highest quartile (ie, 75%, Q4) for each participant.

Statistical Analysis
Continuous and categorical variables were expressed as means
(SD) or percentages. Differences in demographics, plasma
biomarkers, and self-reported measures between HIV+ and
HIV− men were analyzed by logistic regression and Student’s
t tests. Differences by HIV status in accelerometer-derived
measures of gait speed, METs, and activity patterns were
hypothesized to be lower in HIV+ men and, therefore, conducted
using a one-sided t test. One-sided t tests were used to analyze
differences between groups (HIV+ vs HIV−) in lab-based
physical function assessments of gait speed (6-MWT) and METs
collected within the 16 months prior to this substudy [25].
Whether the HIV status and other markers were predictive of
physical activity (ie, as gait speed assessment in the lab,
free-living gait speed based on activity trackers, and lowest
quartile of activity based on activity trackers) was assessed
using univariate and multivariate linear regression. To evaluate
what factors might be significant predictors of gait speed, the
following variables were evaluated in univariate analysis: body
mass index (BMI), HIV status, testosterone levels, and
CD4/CD8 ratios. Multivariate models were used to examine
BMI and HIV status as independent predictors of activity, and
the significance of these predictors after adjusting for race,
smoking, and living alone. An alpha of <.05 was used to indicate
statistical significance.

Results

Characteristics of Study Participants
Forty-six men participating in the MATCH cohort [25]
consented to participate in this substudy. Tables 1 and 2 present
the characteristics of the study participants. Participants were
aged between 50 and 65 years and included 23 asymptomatic,
generally healthy HIV+ participants on effective antiretroviral
therapy with undetectable viremia (<50 copies/mL) and 23
HIV− (confirmed by HIV serology) participants, all living in
the Boston area. HIV+ participants were more often nonwhite
(P=.001) and more often lived alone (P=.02). We observed no
significant differences in education or working status. BMI and
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smoking behavior approach statistical significance with HIV+
men having a lower BMI compared with HIV− men (P=.05)
and elevated smoking behavior (P=.51). Blood biomarker
profiles indicated that when compared with HIV−, HIV+
participants had significantly reduced CD4/CD8 ratios (P<.001),
higher Veterans Aging Cohort Study scores (P=.04), and
elevated immune activation (P<.001) but did not differ in levels
of inflammation (P=.30), TT (P=.83), FT (P=.72), or SHBG

(P=.29). Biobehavioral questionnaires were administered to
obtain self-reported measures and indicated that when compared
with uninfected HIV− participants, HIV+ participants reported
more fatigue (FACIT-F: P=.048) and pain intensity
(PROMIS-29: P=.02); however, there were no self-reported
differences in alcohol abuse (P=.79), depression (CES-D:
P=.74), or disability (PAT-D: P=.39).

Table 1. The baseline characteristics of the study participants (continuous variables).

P valueaHIV− (n=23), mean (SD)HIV+ (n=23), mean (SD)Continuous variables

.3859.2 (4.5)58.1 (3.8)Age (years)

.0529.9 (5.8)26.9 (3.8)Body mass index (kg/m2)

<.0012.80 (1.56)0.99 (0.65)CD4/CD8 ratio

.0417.70 (6.49)22.39 (8.48)Veterans Aging Cohort Study Index score

.300.78 (0.95)1.09 (1.00)Inflammation composite scoreb

<.0010.09 (0.29)1.43 (1.12)T-cell immune activation composite scorec

.832.78 (0.48)2.82 (0.53)Total testosteroned

.722.63 (0.43)2.58 (0.56)Free testosteroned

.293.84 (0.53)4.00 (0.51)Serum hormone-binding globulind

.04846.61 (5.17)41.91 (9.69)Fatigue (Functional Assessment of Chronic Illness Therapy-Fa-
tigue)

.021.52 (1.75)3.22 (2.70)Pain intensity (Patient Reported Outcome Measurements Infor-

mation System)e

.391.26 (0.42)1.38 (0.56)Disability (Pepper Assessment Tool for Disability)

aP values were determined by 2-sided t tests.
bComposite score of sCD163, sCD14, CRP, and interleukin-6 expression.
cComposite score of CD8, CD38, and HLA-DR expression.
dValues are natural log-transformed.
eScale 0 to 10, in the past 7 days.

Table 2. The baseline characteristics of the study participants (categorical variables).

Odds ratio (95% CI)P valueaHIV− (n=23), n (%)HIV+ (n=23), n (%)Categorical variables

0.02 (.00-.21).00122 (96)8 (35)White

4.42 (1.21-16.12).0210 (43)17 (77)bLiving alone

0.53 (.16-1.74).3013 (57)9 (41)bCollege degree

0.84 (.26-2.71).7710 (43)9 (39)Working

3.47 (.99-.12.09).0510 (43)16 (73)b≥100 cigarettes lifetime

0.83 (.21-3.26).796 (26)5 (23)bAlcohol abusec

1.24 (.34-4.49).746 (26)7 (30)Self-reported depression (Center for Epidemiological

Studies Depression)d

aP values were determined by logistic regression with HIV status as the outcome.
bn=22.
cDefined as ≥3 drinks per day.
dCES-D score ≥16.
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Physical Function Assessment
Laboratory-based physical function assessment was recently
described in MATCH participants [25], and those data were
used to evaluate the subset of individuals in this study. In the
subset of individuals in this study, no significant differences
were detected between HIV+ and HIV− men in gait speed using
the 6-MWT (P=.39), nor in predicted METs (P=.15; Table 3)
[13]. However, all participants, both HIV+ and HIV−, displayed
a significantly reduced accelerometer-based (aka, free-living
or volitional) gait speed when compared with the lab-based
6-MWT measurements (0.44 [SD 0.13] m/s vs 1.52 [SD 0.27]
m/s; P<.001). Furthermore, HIV+ participants displayed
significantly slower free-living gait speeds (0.41 [SD 0.11] m/s
vs 0.48 [SD 0.14] m/s; P=.04) and METs (1.03 [SD 0.31] vs
1.24 [SD 0.42]; P=.03) compared with HIV− participants under
free-living conditions. The MET difference is equivalent to
about 300 Kcal/day (based on 16 hours of waking time).

Personalized Physical Activity Distribution
To evaluate patterns of daily activity, HIV+ participants were
compared with HIV− participants based on the time spent as a

percentage of the total activity for each participant. As shown
in Figure 1, HIV+ participants spent significantly more of their
time in the lowest quartile of activity compared with HIV−
participants, during both the first week (P=.01) and all 3 weeks
combined (P=.01; Table 3; Figure 1). By contrast, HIV−
participants spent more of their time in the middle quartiles of
activity compared with HIV+ participants, in the first week
(P=.04) and again in all 3 weeks combined (P=.02; Table 3;
Figure 1).

Tables 4 and 5 present the results from linear regression models.
In univariate linear regression analyses, the BMI was the only
significant predictor of lab-based gait speed (P=.04), whereas
HIV status (P=.02), total and FT (P=.04), and the CD4/CD8
ratio (P=.02) were significant predictors of accelerometer-based
metrics. In a multivariate regression model, the BMI and HIV
status were independent predictors of accelerometer but not
lab-based gait speed (Model 1). However, when adjusted for
race, smoking, and living alone in Model 2, only BMI was an
independent predictor of the accelerometer and lab-based gait
speed, likely because of the small sample size of the study.

Table 3. Lab-based and accelerometer-based measurements of physical function and activity patterns.

P valueaHIV− (n=23)HIV+ (n=23)Measurements

Lab-based assessments, mean (SD)

.391.53 (0.31)1.51 (0.23)6-minute walk test gait speed (m/s)

.153.04 (0.41)2.93 (0.30)Predicted metabolic equivalentsb

Accelerometer assessments, mean (SD)

.040.48 (0.14)0.41 (0.11)Gait speed (m/s)c

.031.24 (0.42)1.03 (0.31)Predicted metabolic equivalentsc

Activity patternsd , n (%)

.0158 (11)67 (12)Week 1: Q1 (Low, %)

.0426 (10)22 (7)Week 1: Q2-Q3 (Moderate, %)

.1115 (11)11 (9)Week 1: Q4 (Intense, %)

.0160 (10)68 (13)Week 1,2,3: Q1 (Low, %)

.0228 (10)23 (7)Week 1,2,3: Q2-Q3 (Moderate, %)

.1912 (12)9 (9)Week 1,2,3: Q4 (Intense, %)

aP values were determined by one-sided t tests.
aAdjusted for height.
cBased on the following formula calculation for gait speed: ([steps×height×0.414]/60) [34]] and METs: 1+1/2×speed (km/h)+0.086×speed (km/h) ×slope
(in %).
dPercent time spent in lowest (Q1), moderate (Q2-Q3), intense (Q4) quartiles of activity, as assessed using the maximum intensity from each week or
from the overall period (21 days).
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Figure 1. Comparison of free-living activity patterns between men living with HIV (HIV+) and uninfected men (HIV–), represented as mean percent
time spent at different activity levels.

Table 4. Univariate linear regression models for activity outcomes.

Accelerometer-based outcomesLab-based outcomesPredictorsa

Low activityGait speedGait speed

P valueCoefficient (95% CI)P valueCoefficient (95% CI)P valueCoefficient (95% CI)

.020.16 (0.02 to 0.29).10−0.15 (−0.34 to 0.03).91−0.01 (−0.11 to 0.10)HIV status

.78−0.06 (−0.50 to 0.38).11−0.44 (−0.98 to 0.097).04−0.32 (−0.63 to −0.02)Body mass index

.77−0.02 (−0.19 to 0.14).040.21 (0.02 to 0.40).260.06 (−0.05 to 0.18)Total testosterone

.60−0.05 (−0.22 to 0.13).040.21 (0.01 to 0.40).340.05 (−0.06 to 0.17)Free testosterone

.02−0.10 (−0.18 to −0.02).140.09 (−0.03 to 0.20).810.01 (−0.06 to 0.08)CD4/CD8 ratio

aAll variables were natural log-transformed before analysis.
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Table 5. Multivariate linear regression models for activity outcomes.

Accelerometer-based outcomesLab-based outcomesPredictorsa

Low activityGait speedGait speed

P valueCoefficient (95% CI)P valueCoefficient (95% CI)P valueCoefficient (95% CI)

Model 1

.04−0.15 (0.01 to 0.29).03−0.20 (−0.39 to −0.02).470.04 (−0.15 to 0.07)HIV status

.960.01 (−0.41 to 0.43).03−0.59 (−1.13 to −0.06).03−0.35 (−0.67 to −0.36)Body mass index

Model 2b

.170.14 (−0.06 to 0.33).44−0.10 (−0.37 to 0.16).080.12 (−0.17 to 0.26)HIV statusb

.940.02 (−0.06 to 0.33).03−0.65 (−1.22 to −0.07).04−0.32 (−0.61 to −0.02)Body mass index

aAll variables were natural log-transformed before analysis.
bAdjusted for race (ie, white), smoking, and living alone.

Discussion

Principal Findings
An emerging challenge in managing PAWH is identifying
preclinical sentinel biomarkers to identify changes in the risk
for functional decline [35,36]. While consistently associated
with adverse health outcomes [6-8], historically, physical
function assessments, such as slow walking speed, were
designed and validated in older geriatric uninfected populations
[7] and may be less sensitive to preclinical features of functional
decline in healthier middle-aged individuals. There is, therefore,
a need for additional tools for preclinical detection of decline
in mobility to prevent the development of disability later in life
[12].

In our previously published study of middle-aged HIV+ and
HIV− men and women, we observed modest but significant
deficits in gait speed, predicted METs, and lab-based stair climb
power in HIV+ compared with HIV− men and women [25].
However, when men from that study were analyzed as a subset,
despite significantly reduced METs and trend deficits in stair
climb power, the differences in gait speed, though lower on
average did not reach significance, raising the speculation in
this study that lab-based assessment may not fully capture
subclinical deficits in mobility emerging in this population. The
gait speed obtained during the 6-MWT done under standardized,
lab-based conditions did not differentiate performance between
HIV+ and HIV− individuals and were not different from
published reference values for healthy men of the same age as
those in this study [37]. The short duration and controlled
conditions under which the 6-MWT is performed may result in
faster gait speeds that may not be representative of average and
variable daily physical activity and, possibly because of the
current reserve capacity of participants, may allow them to
compensate for this short-duration assessment [38,39]. In
contrast, our measures of physical activity through
accelerometry were able to differentiate between groups (P=.04),
suggesting that this might be a useful preclinical measure of
average daily physical activity in this population. As the habitual
level of physical activity is associated with physical performance
ability (greater physical activity, better physical function),
monitoring physical activity may provide a useful marker for

identifying preclinical signs of functional decline. The reduced
volitional activity observed in this study may reflect diminished
physiological energy reserve prior to overt signs of functional
deficit.

Prior studies have evaluated PAWH with more advanced
inflammation and functional deficits than the current status of
participants in this study [5,10]. While HIV+ participants in
this study did not differ in a composite score for inflammation
(Table 1), they did have elevated levels of the monocyte
activation marker sCD163 (data not shown) and did display
higher levels of an immune activation composite score and a
lower CD4/CD8 ratio, collectively signaling increased risk for
multiple comorbid conditions [40], including functional
impairment [41]. HIV+ participants reported more pain and
increased fatigue (Table 1), consistent with a recent study that
showed that pain and exhaustion were predictors of falls in
middle-aged HIV+ adults and that functional impairment was
associated with elevated immune activation as well as
inflammation [4,41].

Conditions, such as depression and pain, which often are
identified in PAWH, are known to be associated with the
development of frailty [42]. This study shows that men living
with HIV were less active than uninfected men when assessed
by accelerometers and were also more likely to live alone and
experience chronic pain. Social isolation (in this study measured
as living alone; Table 1) results in a reduced social network of
support and can be a barrier to physical activity that may
accelerate the risk for functional decline. Moreover, smoking,
common among individuals with HIV [43] may disincentivize
activity and exercise because of its negative impact on
cardiovascular and pulmonary health [44]. Such modifiable
social and behavioral risk factors will need to be further
investigated to develop preclinical intervention strategies to
prevent disability later in life. Physical activity is an efficacious
strategy for the prevention of many chronic conditions, including
metabolic, cardiovascular, pulmonary, and musculoskeletal
[45], and found to be beneficial for people living with HIV
[46-49]. Therefore, a better assessment of activity can improve
intervention and monitoring strategies.

A novel aspect of this study was to develop person-specific
activity profiles enabled by accelerometry monitoring; this
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approach may provide individuals with a reference activity
pattern that can be used to capture longitudinal changes that
signal the development of declines in their reserve that is not
yet clinically apparent [50]. Notably, in univariate regression
analysis, lab-based gait speed was sensitive to BMI as a
predictor, whereas accelerometer-based metrics were sensitive
to HIV status, testosterone levels, and CD4/CD8 ratios as
predictors (Tables 4 and 5). Despite the small sample size, in a
multivariate regression model, BMI and HIV status were
independent predictors of accelerometer but not lab-based gait
speed (Table 4). However, when adjusted for race, smoking,
and living alone, only BMI was an independent predictor of the
accelerometer and lab-based gait speed (Table 4), likely because
of the small sample size of the study. Collectively, these data
suggest that accelerometer- and lab-based physical activity may
be linked to physiological conditions that underlie physical
activity and may be useful in stratifying individuals into risk
groups for future functional limitations.

Limitations
This study has multiple limitations. The sample size is small
and will need confirmation in a larger study. Also, laboratory
assessments were performed an average of 16 months prior to

activity tracker data collection. However, participants in this
study are clinically stable, with an overall accelerometry-based
gait speed (0.44 m/s) similar to gait speeds in an independent
study sample of over 800 men (0.46 m/s) using Withings
trackers in the same age range and sampled randomly across
the East Coast (Multimedia Appendix 2). Additional limitations
include potential differences in activity because of seasonal
variation, physical autonomy, and access to urban greenspaces
[51].

Conclusions
In summary, this study identifies a significantly reduced gait
speed and activity pattern in otherwise asymptomatic
middle-aged men living with HIV compared with those without
HIV, in the absence of detectable differences in physical
performance assessed in a laboratory setting. HIV+ participants
reported more fatigue and pain, which when coupled with the
observed reduced activity may signal a state of preclinical risk
for functional decline. Free-living accelerometry may provide
a useful biometric tool for monitoring the efficacy of future
interventions focused on reducing decline in the physical
function in PAWH.

Acknowledgments
This work was supported by grants from the National Institute of Allergy and Infectious Diseases (R01 AI108541 to MM, and
the Harvard University Center for AIDS Research 5P30AI060354-12 subaward to TMH), the National Institute of Aging (R21
AG055415 to MM, the Boston Claude D. Pepper Older Americans Independence Center P30 AG031679 subproject 6777 to MM,
and the R24AG044325 subaward to TMH).

We thank the MATCH study participants, the Boston Pepper Center, and the Harvard University Center for AIDS Research. We
also thank the Withings for their gift supporting this research.

Authors' Contributions
ER assisted in extracting accelerometer data and creating measures. MV and ER provided input on the methods section of this
manuscript.

Conflicts of Interest
MM and ER are employed by Withings. The other authors have no other conflicts of interest to declare.

Multimedia Appendix 1
Comparison of the Withings Pulse Ox step count and estimates of gait speed to results from the 6-minute walk test.

[PDF File (Adobe PDF File), 31KB-Multimedia Appendix 1]

Multimedia Appendix 2
Comparison between the mean free-living (volitional) gait speed measured in the MPACT substudy to reference data.

[PDF File (Adobe PDF File), 38KB-Multimedia Appendix 2]

References

1. Wada N, Jacobson LP, Cohen M, French A, Phair J, Muñoz A. Cause-specific life expectancies after 35 years of age for
human immunodeficiency syndrome-infected and human immunodeficiency syndrome-negative individuals followed
simultaneously in long-term cohort studies, 1984-2008. Am J Epidemiol 2013 Jan 15;177(2):116-125 [FREE Full text]
[doi: 10.1093/aje/kws321] [Medline: 23287403]

2. Hawkins KL, Brown TT, Margolick JB, Erlandson KM. Geriatric syndromes: new frontiers in HIV and sarcopenia. AIDS
2017 Dec 01;31 Suppl 2:S137-S146. [doi: 10.1097/QAD.0000000000001444] [Medline: 28471944]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 | e11190 | p. 8http://mhealth.jmir.org/2019/2/e11190/
(page number not for citation purposes)

Hale et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v7i2e11190_app1.pdf
https://jmir.org/api/download?alt_name=mhealth_v7i2e11190_app1.pdf
https://jmir.org/api/download?alt_name=mhealth_v7i2e11190_app2.pdf
https://jmir.org/api/download?alt_name=mhealth_v7i2e11190_app2.pdf
http://europepmc.org/abstract/MED/23287403
http://dx.doi.org/10.1093/aje/kws321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23287403&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000001444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28471944&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annu Rev Med 2011;62:141-155 [FREE Full text]
[doi: 10.1146/annurev-med-042909-093756] [Medline: 21090961]

4. Erlandson KM, Allshouse AA, Jankowski CM, Duong S, MaWhinney S, Kohrt WM, et al. Risk factors for falls in
HIV-infected persons. J Acquir Immune Defic Syndr 2012 Dec 01;61(4):484-489 [FREE Full text] [doi:
10.1097/QAI.0b013e3182716e38] [Medline: 23143526]

5. Greene M, Covinsky K, Astemborski J, Piggott DA, Brown T, Leng S, et al. The relationship of physical performance with
HIV disease and mortality. AIDS 2014 Nov 28;28(18):2711-2719 [FREE Full text] [doi: 10.1097/QAD.0000000000000507]
[Medline: 25493597]

6. Guralnik JM, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV, et al. Lower extremity function and subsequent
disability: consistency across studies, predictive models, and value of gait speed alone compared with the short physical
performance battery. J Gerontol A Biol Sci Med Sci 2000 Apr;55(4):M221-M231. [Medline: 10811152]

7. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-extremity function in persons over the age of 70
years as a predictor of subsequent disability. N Engl J Med 1995 Mar 2;332(9):556-561. [doi:
10.1056/NEJM199503023320902] [Medline: 7838189]

8. Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. Gait speed and survival in older adults. JAMA 2011
Jan 5;305(1):50-58 [FREE Full text] [doi: 10.1001/jama.2010.1923] [Medline: 21205966]

9. Sabia S, Dumurgier J, Tavernier B, Head J, Tzourio C, Elbaz A. Change in fast walking speed preceding death: results
from a prospective longitudinal cohort study. J Gerontol A Biol Sci Med Sci 2014 Mar;69(3):354-362 [FREE Full text]
[doi: 10.1093/gerona/glt114] [Medline: 23913931]

10. Schrack JA, Althoff KN, Jacobson LP, Erlandson KM, Jamieson BD, Koletar SL, et al. Accelerated Longitudinal Gait
Speed Decline in HIV-Infected Older Men. JAIDS Journal of Acquired Immune Deficiency Syndromes 2015;70(4):370-376.
[doi: 10.1097/QAI.0000000000000731] [Medline: 26102450]

11. LeBrasseur NK, Bhasin S, Miciek R, Storer TW. Tests of muscle strength and physical function: reliability and discrimination
of performance in younger and older men and older men with mobility limitations. J Am Geriatr Soc 2008
Nov;56(11):2118-2123 [FREE Full text] [doi: 10.1111/j.1532-5415.2008.01953.x] [Medline: 18811607]

12. Ferrucci L, Cooper R, Shardell M, Simonsick EM, Schrack JA, Kuh D. Age-Related Change in Mobility: Perspectives
From Life Course Epidemiology and Geroscience. J Gerontol A Biol Sci Med Sci 2016 Dec;71(9):1184-1194 [FREE Full
text] [doi: 10.1093/gerona/glw043] [Medline: 26975983]

13. Sullivan K, Shikuma CM, Chow D, Cornelius E, Romine RK, Lindsey RA, et al. Aerobic fitness levels and validation of
a non exercise VO2max prediction equation for HIV-infected patients on HAART. HIV Clin Trials 2014;15(2):69-77
[FREE Full text] [doi: 10.1310/hct1502-69] [Medline: 24710921]

14. Vancampfort D, Mugisha J, De Hert M, Probst M, Stubbs B. Sedentary Behavior in People Living With HIV: A Systematic
Review and Meta-Analysis. J Phys Act Health 2017 Jul;14(7):571-577. [doi: 10.1123/jpah.2016-0507] [Medline: 28290767]

15. Jacquemin C, Servy H, Molto A, Sellam J, Foltz V, Gandjbakhch F, et al. Physical Activity Assessment Using an Activity
Tracker in Patients with Rheumatoid Arthritis and Axial Spondyloarthritis: Prospective Observational Study. JMIR Mhealth
Uhealth 2018 Jan 02;6(1):e1 [FREE Full text] [doi: 10.2196/mhealth.7948] [Medline: 29295810]

16. Schrack JA, Cooper R, Koster A, Shiroma EJ, Murabito JM, Rejeski WJ, et al. Assessing Daily Physical Activity in Older
Adults: Unraveling the Complexity of Monitors, Measures, and Methods. J Gerontol A Biol Sci Med Sci 2016
Dec;71(8):1039-1048 [FREE Full text] [doi: 10.1093/gerona/glw026] [Medline: 26957472]

17. Guimarães MP, Ferriolli E, Pfrimer K, Navarro AM. Doubly Labeled Water Method and Accelerometer for the Measurement
of Energy Expenditure in Human Immunodeficiency Virus-Infected Patients. Ann Nutr Metab 2017;70(1):66-73. [doi:
10.1159/000458766] [Medline: 28278503]

18. Rehm KE, Konkle-Parker D. Physical activity levels and perceived benefits and barriers to physical activity in HIV-infected
women living in the deep south of the United States. AIDS Care 2016 Dec;28(9):1205-1210 [FREE Full text] [doi:
10.1080/09540121.2016.1164802] [Medline: 27023306]

19. Henry BL, Moore DJ. Preliminary Findings Describing Participant Experience With iSTEP, an mHealth Intervention to
Increase Physical Activity and Improve Neurocognitive Function in People Living With HIV. J Assoc Nurses AIDS Care
2016;27(4):495-511. [doi: 10.1016/j.jana.2016.01.001] [Medline: 26847379]

20. Ramírez-Marrero FA, Santana-Bagur JL, Joyner MJ, Rodríguez-Zayas J, Frontera W. Metabolic syndrome in relation to
cardiorespiratory fitness, active and sedentary behavior in HIV+ Hispanics with and without lipodystrophy. P R Health Sci
J 2014 Dec;33(4):163-169 [FREE Full text] [Medline: 25563033]

21. Fillipas S, Cicuttini F, Holland AE, Cherry CL. The international physical activity questionnaire overestimates moderate
and vigorous physical activity in HIV-infected individuals compared with accelerometry. J Assoc Nurses AIDS Care
2010;21(2):173-181. [doi: 10.1016/j.jana.2009.11.003] [Medline: 20116301]

22. Chiauzzi E, Rodarte C, DasMahapatra P. Patient-centered activity monitoring in the self-management of chronic health
conditions. BMC Med 2015 Apr;13:77 [FREE Full text] [doi: 10.1186/s12916-015-0319-2] [Medline: 25889598]

23. Ferguson T, Rowlands AV, Olds T, Maher C. The validity of consumer-level, activity monitors in healthy adults worn in
free-living conditions: a cross-sectional study. Int J Behav Nutr Phys Act 2015 Mar 27;12:42 [FREE Full text] [doi:
10.1186/s12966-015-0201-9] [Medline: 25890168]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 | e11190 | p. 9http://mhealth.jmir.org/2019/2/e11190/
(page number not for citation purposes)

Hale et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/21090961
http://dx.doi.org/10.1146/annurev-med-042909-093756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21090961&dopt=Abstract
http://europepmc.org/abstract/MED/23143526
http://dx.doi.org/10.1097/QAI.0b013e3182716e38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23143526&dopt=Abstract
http://europepmc.org/abstract/MED/25493597
http://dx.doi.org/10.1097/QAD.0000000000000507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25493597&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10811152&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199503023320902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7838189&dopt=Abstract
http://europepmc.org/abstract/MED/21205966
http://dx.doi.org/10.1001/jama.2010.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21205966&dopt=Abstract
http://europepmc.org/abstract/MED/23913931
http://dx.doi.org/10.1093/gerona/glt114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23913931&dopt=Abstract
http://dx.doi.org/10.1097/QAI.0000000000000731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26102450&dopt=Abstract
http://europepmc.org/abstract/MED/18811607
http://dx.doi.org/10.1111/j.1532-5415.2008.01953.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18811607&dopt=Abstract
http://europepmc.org/abstract/MED/26975983
http://europepmc.org/abstract/MED/26975983
http://dx.doi.org/10.1093/gerona/glw043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26975983&dopt=Abstract
http://europepmc.org/abstract/MED/24710921
http://dx.doi.org/10.1310/hct1502-69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24710921&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2016-0507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28290767&dopt=Abstract
http://mhealth.jmir.org/2018/1/e1/
http://dx.doi.org/10.2196/mhealth.7948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29295810&dopt=Abstract
http://europepmc.org/abstract/MED/26957472
http://dx.doi.org/10.1093/gerona/glw026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26957472&dopt=Abstract
http://dx.doi.org/10.1159/000458766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28278503&dopt=Abstract
http://europepmc.org/abstract/MED/27023306
http://dx.doi.org/10.1080/09540121.2016.1164802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27023306&dopt=Abstract
http://dx.doi.org/10.1016/j.jana.2016.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26847379&dopt=Abstract
http://europepmc.org/abstract/MED/25563033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25563033&dopt=Abstract
http://dx.doi.org/10.1016/j.jana.2009.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20116301&dopt=Abstract
http://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-015-0319-2
http://dx.doi.org/10.1186/s12916-015-0319-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25889598&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0201-9
http://dx.doi.org/10.1186/s12966-015-0201-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25890168&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


24. Kooiman TJM, Dontje ML, Sprenger SR, Krijnen WP, van der Schans CP, de Groot M. Reliability and validity of ten
consumer activity trackers. BMC Sports Sci Med Rehabil 2015 Oct;7:24 [FREE Full text] [doi: 10.1186/s13102-015-0018-5]
[Medline: 26464801]

25. Tran T, Guardigni V, Pencina KM, Amato AA, Floyd M, Brawley B, et al. Atypical Skeletal Muscle Profiles in HIV+
Asymptomatic Middle-Aged Adults. Clin Infect Dis 2017 Dec 25. [doi: 10.1093/cid/cix1121] [Medline: 29293942]

26. Cella D, Riley W, Stone A, Rothrock N, Reeve B, Yount S, et al. The Patient-Reported Outcomes Measurement Information
System (PROMIS) developed and tested its first wave of adult self-reported health outcome item banks: 2005-2008. J Clin
Epidemiol 2010 Nov;63(11):1179-1194 [FREE Full text] [doi: 10.1016/j.jclinepi.2010.04.011] [Medline: 20685078]

27. Rejeski WJ, Ip EH, Marsh AP, Miller ME, Farmer DF. Measuring disability in older adults: the International Classification
System of Functioning, Disability and Health (ICF) framework. Geriatr Gerontol Int 2008 Mar;8(1):48-54 [FREE Full text]
[doi: 10.1111/j.1447-0594.2008.00446.x] [Medline: 18713189]

28. Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the General Population. Applied Psychological
Measurement 1977 Jun 01;1(3):385-401. [doi: 10.1177/014662167700100306]

29. Lewinsohn PM, Seeley JR, Roberts RE, Allen NB. Center for Epidemiologic Studies Depression Scale (CES-D) as a
screening instrument for depression among community-residing older adults. Psychology and Aging 1997 Nov;12(2):277-287.
[doi: 10.1037/0882-7974.12.2.277]

30. Smith E, Lai J, Cella D. Building a measure of fatigue: the functional assessment of Chronic Illness Therapy Fatigue Scale.
PM R 2010 May;2(5):359-363. [doi: 10.1016/j.pmrj.2010.04.017] [Medline: 20656617]

31. Justice AC, Modur SP, Tate JP, Althoff KN, Jacobson LP, Gebo KA, NA-ACCORDVACS Project Teams. Predictive
accuracy of the Veterans Aging Cohort Study index for mortality with HIV infection: a North American cross cohort
analysis. J Acquir Immune Defic Syndr 2013 Feb 01;62(2):149-163 [FREE Full text] [doi: 10.1097/QAI.0b013e31827df36c]
[Medline: 23187941]

32. Tate JP, Justice AC, Hughes MD, Bonnet F, Reiss P, Mocroft A, et al. An internationally generalizable risk index for
mortality after one year of antiretroviral therapy. AIDS 2013 Feb 20;27(4):563-572 [FREE Full text] [doi:
10.1097/QAD.0b013e32835b8c7f] [Medline: 23095314]

33. Zakharov MN, Bhasin S, Travison TG, Xue R, Ulloor J, Vasan RS, et al. A multi-step, dynamic allosteric model of
testosterone's binding to sex hormone binding globulin. Mol Cell Endocrinol 2015 Jan 05;399:190-200. [doi:
10.1016/j.mce.2014.09.001] [Medline: 25240469]

34. Murray MP, Drought AB, Kory RC. Walking Patterns of Normal Men. The Journal of Bone & Joint Surgery
1964;46(2):335-360.

35. Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as a chronic disease. Lancet 2013 Nov
02;382(9903):1525-1533 [FREE Full text] [doi: 10.1016/S0140-6736(13)61809-7] [Medline: 24152939]

36. Smit M, Brinkman K, Geerlings S, Smit C, Thyagarajan K, Sighem AV, ATHENA observational cohort. Future challenges
for clinical care of an ageing population infected with HIV: a modelling study. Lancet Infect Dis 2015 Jul;15(7):810-818
[FREE Full text] [doi: 10.1016/S1473-3099(15)00056-0] [Medline: 26070969]

37. Enright PL, Sherrill DL. Reference equations for the six-minute walk in healthy adults. Am J Respir Crit Care Med 1998
Nov;158(5 Pt 1):1384-1387. [doi: 10.1164/ajrccm.158.5.9710086] [Medline: 9817683]

38. Cooper R, Bann D, Wloch EG, Adams JE, Kuh D. “Skeletal muscle function deficit” in a nationally representative British
birth cohort in early old age. J Gerontol A Biol Sci Med Sci 2015 May;70(5):604-607 [FREE Full text] [doi:
10.1093/gerona/glu214] [Medline: 25431354]

39. Shumway-Cook A, Guralnik JM, Phillips CL, Coppin AK, Ciol MA, Bandinelli S, et al. Age-associated declines in complex
walking task performance: the Walking InCHIANTI toolkit. J Am Geriatr Soc 2007 Jan;55(1):58-65 [FREE Full text] [doi:
10.1111/j.1532-5415.2006.00962.x] [Medline: 17233686]

40. Serrano-Villar S, Moreno S, Fuentes-Ferrer M, Sánchez-Marcos C, Avila M, Sainz T, et al. The CD4:CD8 ratio is associated
with markers of age-associated disease in virally suppressed HIV-infected patients with immunological recovery. HIV Med
2014 Jan;15(1):40-49 [FREE Full text] [doi: 10.1111/hiv.12081] [Medline: 24007533]

41. Erlandson KM, Allshouse AA, Jankowski CM, Lee EJ, Rufner KM, Palmer BE, et al. Association of functional impairment
with inflammation and immune activation in HIV type 1-infected adults receiving effective antiretroviral therapy. J Infect
Dis 2013 Jul 15;208(2):249-259 [FREE Full text] [doi: 10.1093/infdis/jit147] [Medline: 23559466]

42. Onen NF, Agbebi A, Shacham E, Stamm KE, Onen AR, Overton ET. Frailty among HIV-infected persons in an urban
outpatient care setting. J Infect 2009 Nov;59(5):346-352. [doi: 10.1016/j.jinf.2009.08.008] [Medline: 19706308]

43. Jacquet J, Peyriere H, Makinson A, Peries M, Nagot N, Donnadieu-Rigole H, MesConsos Study group. Psychoactive
substances, alcohol and tobacco consumption in HIV-infected outpatients. AIDS 2018 Jun 01;32(9):1165-1171. [doi:
10.1097/QAD.0000000000001830] [Medline: 29683847]

44. Kamholz SL. Pulmonary and cardiovascular consequences of smoking. Clin Occup Environ Med 2006;5(1):157-71, x.
[doi: 10.1016/j.coem.2005.10.001] [Medline: 16446260]

45. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy in 26 different chronic diseases.
Scand J Med Sci Sports 2015 Dec;25 Suppl 3:1-72. [doi: 10.1111/sms.12581] [Medline: 26606383]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 | e11190 | p. 10http://mhealth.jmir.org/2019/2/e11190/
(page number not for citation purposes)

Hale et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-015-0018-5
http://dx.doi.org/10.1186/s13102-015-0018-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26464801&dopt=Abstract
http://dx.doi.org/10.1093/cid/cix1121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293942&dopt=Abstract
http://europepmc.org/abstract/MED/20685078
http://dx.doi.org/10.1016/j.jclinepi.2010.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20685078&dopt=Abstract
http://europepmc.org/abstract/MED/18713189
http://dx.doi.org/10.1111/j.1447-0594.2008.00446.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18713189&dopt=Abstract
http://dx.doi.org/10.1177/014662167700100306
http://dx.doi.org/10.1037/0882-7974.12.2.277
http://dx.doi.org/10.1016/j.pmrj.2010.04.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20656617&dopt=Abstract
http://europepmc.org/abstract/MED/23187941
http://dx.doi.org/10.1097/QAI.0b013e31827df36c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23187941&dopt=Abstract
http://europepmc.org/abstract/MED/23095314
http://dx.doi.org/10.1097/QAD.0b013e32835b8c7f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23095314&dopt=Abstract
http://dx.doi.org/10.1016/j.mce.2014.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25240469&dopt=Abstract
http://europepmc.org/abstract/MED/24152939
http://dx.doi.org/10.1016/S0140-6736(13)61809-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24152939&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1473-3099(15)00056-0
http://dx.doi.org/10.1016/S1473-3099(15)00056-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26070969&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.158.5.9710086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9817683&dopt=Abstract
http://europepmc.org/abstract/MED/25431354
http://dx.doi.org/10.1093/gerona/glu214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25431354&dopt=Abstract
http://europepmc.org/abstract/MED/17233686
http://dx.doi.org/10.1111/j.1532-5415.2006.00962.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17233686&dopt=Abstract
http://dx.doi.org/10.1111/hiv.12081
http://dx.doi.org/10.1111/hiv.12081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24007533&dopt=Abstract
http://europepmc.org/abstract/MED/23559466
http://dx.doi.org/10.1093/infdis/jit147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23559466&dopt=Abstract
http://dx.doi.org/10.1016/j.jinf.2009.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19706308&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000001830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29683847&dopt=Abstract
http://dx.doi.org/10.1016/j.coem.2005.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16446260&dopt=Abstract
http://dx.doi.org/10.1111/sms.12581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26606383&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Gomes Neto M, Conceição CS, Oliveira Carvalho V, Brites C. Effects of Combined Aerobic and Resistance Exercise on
Exercise Capacity, Muscle Strength and Quality of Life in HIV-Infected Patients: A Systematic Review and Meta-Analysis.
PLoS One 2015 Sep;10(9):e0138066 [FREE Full text] [doi: 10.1371/journal.pone.0138066] [Medline: 26378794]

47. Hand GA, Lyerly GW, Jaggers JR, Dudgeon WD. Impact of Aerobic and Resistance Exercise on the Health of HIV-Infected
Persons. Am J Lifestyle Med 2009 Nov 01;3(6):489-499 [FREE Full text] [doi: 10.1177/1559827609342198] [Medline:
20508736]

48. Neff HA, Kellar-Guenther Y, Jankowski CM, Worthington C, McCandless SA, Jones J, et al. Turning disability into ability:
barriers and facilitators to initiating and maintaining exercise among older men living with HIV. AIDS Care 2018 Jul 03:1-5.
[doi: 10.1080/09540121.2018.1493186] [Medline: 29968493]

49. Quigley A, O'Brien K, Parker R, MacKay-Lyons M. Exercise and cognitive function in people living with HIV: a scoping
review. Disabil Rehabil 2018 Jan 29:1-12. [doi: 10.1080/09638288.2018.1432079] [Medline: 29376434]

50. Goldhahn J. Need for Digital Biomarkers in Musculoskeletal Trials. Digit Biomark 2017 Aug 17;1(1):82-86. [doi:
10.1159/000479753]

51. Taylor L, Hochuli D. Defining greenspace: Multiple uses across multiple disciplines. Landscape and Urban Planning 2017
Feb;158:25-38 [FREE Full text] [doi: 10.1016/j.landurbplan.2016.09.024]

Abbreviations
6-MWT: 6 minutes walking test
BMI: body mass index
CES-D: Center for Epidemiological Studies Depression
FT: free testosterone
FACIT-F: Functional Assessment of Chronic Illness Therapy-Fatigue
HRQoL: health-related quality of life
MATCH: Muscle Function and Aging in Chronic HIV Infection
MET: metabolic equivalent
PAT-D: Pepper Assessment Tool for Disability
PAWH: People aging with HIV
PROMIS: Patient Reported Outcome Measurements Information System
SHBG: serum hormone-binding globulin

Edited by G Eysenbach; submitted 02.06.18; peer-reviewed by NA Ismail, A Algarin, C Adewole; comments to author 03.10.18; revised
version received 22.10.18; accepted 26.10.18; published 01.02.19

Please cite as:
Hale TM, Guardigni V, Roitmann E, Vegreville M, Brawley B, Woodbury E, Storer TW, Sax PE, Montano M
Middle-Aged Men With HIV Have Diminished Accelerometry-Based Activity Profiles Despite Similar Lab-Measured Gait Speed: Pilot
Study
JMIR Mhealth Uhealth 2019;7(2):e11190
URL: http://mhealth.jmir.org/2019/2/e11190/
doi: 10.2196/11190
PMID: 30707104

©Timothy M Hale, Viola Guardigni, Eva Roitmann, Matthieu Vegreville, Brooke Brawley, Erin Woodbury, Thomas W Storer,
Paul E Sax, Monty Montano. Originally published in JMIR Mhealth and Uhealth (http://mhealth.jmir.org), 01.02.2019. This is
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mhealth and uhealth, is properly cited. The complete bibliographic information,
a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 2 | e11190 | p. 11http://mhealth.jmir.org/2019/2/e11190/
(page number not for citation purposes)

Hale et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.plos.org/10.1371/journal.pone.0138066
http://dx.doi.org/10.1371/journal.pone.0138066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26378794&dopt=Abstract
http://europepmc.org/abstract/MED/20508736
http://dx.doi.org/10.1177/1559827609342198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20508736&dopt=Abstract
http://dx.doi.org/10.1080/09540121.2018.1493186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29968493&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2018.1432079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29376434&dopt=Abstract
http://dx.doi.org/10.1159/000479753
https://doi.org/10.1016/j.landurbplan.2016.09.024
http://dx.doi.org/10.1016/j.landurbplan.2016.09.024
http://mhealth.jmir.org/2019/2/e11190/
http://dx.doi.org/10.2196/11190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30707104&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

