
© The Author(s) 2018. Published by Oxford University Press on behalf of The Gerontological Society of America. 1
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered or transformed in any way, 
and that the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Latest Discovery

Randomized Controlled Trial of Exercise to Improve 
Walking Energetics in Older Adults
Kristina J. Collins, MSc,1 Jennifer A. Schrack, PhD,2 Jessie M. VanSwearingen, PhD,3 
Nancy W.  Glynn, PhD,4 Michelle C.  Pospisil, BSc,1,5 Veronica E.  Gant, BSc,1,5 and  
Dawn C. Mackey, PhD1,5,*
1Department of Biomedical Physiology and Kinesiology, Simon Fraser University, Burnaby, Canada. 2Department of 
Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland. 3Department of Physical Therapy,  
4Department of Epidemiology, University of Pittsburgh, Pennsylvania. 5Centre for Hip Health and Mobility, University of 
British Columbia, Vancouver, Canada.

*Address correspondence to: Dawn C. Mackey, PhD, Biomedical Physiology and Kinesiology, Simon Fraser University, 8888 University Drive, 
Burnaby, BC, Canada V5A 1S6. E-mail: dmackey@sfu.ca

Received: May 3, 2018; Editorial Decision Date: July 13, 2018

Decision Editor: Laura P. Sands, PhD

Abstract
Background and Objectives: Mobility limitation is common and has been linked to high energetic requirements of daily 
activities, including walking. The study objective was to determine whether two separate forms of exercise could reduce 
the energy cost of walking and secondary outcomes related to activity and participation domains among older adults with 
mobility limitation.
Research Design and Methods: Community-dwelling older adults with self-reported mobility limitation (n = 72) were ran-
domized to 12 weeks of twice-weekly, group-based, instructor-led timing and coordination, aerobic walking, or stretching 
and relaxation (active control) programs. The primary outcome was the energy cost of walking (mL O2/kg/m), assessed by 
a 5-minute treadmill walking test (0.8 m/s). Secondary outcomes were fatigability, physical activity, endurance, physical 
function, and life-space. Baseline-adjusted ANCOVAs were used to determine mean differences between exercise and con-
trol groups at 12 and 24 weeks.
Results: Exercise session attendance was high: 86% for timing and coordination, 81% for aerobic walking, and 90% for 
stretching and relaxation. At 12 weeks, timing and coordination reduced the mean energy cost of walking by 15% versus 
stretching and relaxation (p = .008). Among those with high baseline cost, timing and coordination reduced mean energy 
cost by 20% versus stretching and relaxation (p = .055). Reductions were sustained at 24 weeks. Aerobic walking had no 
effect on the energy cost of walking at 12 or 24 weeks. At 12 weeks, there was a trend toward faster gait speed (by 0.1 m/s) 
in timing and coordination versus stretching and relaxation (p = .074). Fatigability, physical activity, endurance, physical 
function, and life-space did not change with timing and coordination or aerobic walking versus stretching and relaxation 
at 12 or 24 weeks.
Discussion and Implications: Twelve weeks of timing and coordination, but not aerobic walking, reduced the energy 
cost of walking among older adults with mobility limitation, particularly among those with high baseline energy cost; 
reductions in energy cost were sustained following training cessation. Timing and coordination also led to a trend 
toward faster gait speed.
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Background and Objectives
Mobility limitation, typically defined as difficulty walk-
ing one-quarter mile or climbing one flight of stairs (1), is 
reported by 30%–40% of older adults (2). Mobility limi-
tation is a precursor to more severe mobility disability and 
increased dependence in daily activities (3), entry into nurs-
ing homes (4), and mortality (5). An emerging body of evi-
dence supports the hypothesis that high energy requirements 
for daily activities, such as walking, play a central role in the 
development of mobility limitation among older adults (6–9).

The energy cost of walking measures how much physio-
logical work the body must perform during walking. Most 
healthy individuals have a preferred walking speed that 
minimizes their energy cost of walking (10). The energy 
cost of walking rises progressively with aging and is espe-
cially high among older adults who report walking difficulty 
(6,11,12). In young adults, the energy cost of walking at pre-
ferred speed averages approximately 0.15 mL O2/kg/m (12), 
whereas older adults with difficulty walking may use up to 
two times this energy (9). As a consequence, walking can be 
physiologically demanding for older adults, occupying up to 
90% of reserve aerobic capacity (6), likely contributing to 
high perceived fatigability during walking (13). Fatigability 
is a major source of activity limitation, such that older adults 
may opt to walk more slowly or walk less to minimize 
fatigue (6,14). Therefore, a high energy cost of walking can 
have profound negative impacts on an older adult’s over-
all mobility, causing decreases in the speed and quantity of 
movement. Reductions in the energy cost of walking could 
thus decrease fatigability and thereby increase daily physical 
activity, endurance, physical function, and life-space.

Very few studies have attempted to reduce the energy 
cost of walking among older adults through exercise. 
Traditional multicomponent exercise interventions that 
target impairments in strength, aerobic capacity, range 
of motion and balance lead to improvements in physical 
function, including leg strength, standing balance, and 
walking endurance, but they do not reduce the energy 
cost of walking (9,15,16). The most promising interven-
tion to reduce the energy cost of walking is based on prin-
ciples of motor skill acquisition and focuses on training 
the timing and coordination of gait (9,17). Among older 
adults with slow and variable gait, 12 weeks of one-to-
one physical therapist instructed timing and coordination 
training reduced the energy cost of walking by 15% (9). 
It remains unknown whether this reduction in energy 

cost is sustained following training cessation, and there 
has been limited investigation of intervention effects on 
fatigability, daily physical activity, endurance, physical 
function, and life-space. Moreover, effectiveness has not 
been reported when delivered in small-group settings by 
certified fitness instructors to community-dwelling older 
adults selected for self-reported mobility limitation. Such 
a delivery mechanism would be more scalable than one-
to-one physical therapist led training.

Alternatively, aerobic exercise and walking practice may 
improve walking energetics, as aerobic exercise improves 
oxidative metabolism in active muscles, and practice is 
a fundamental component of motor learning to enhance 
motor skill. Thus, the regular practice of walking may also 
improve gait efficiency, but no trial has assessed the effect 
of aerobic walking on the energy cost of walking.

The study purpose was to test the hypothesis that two 
independent, 12-week, twice-weekly group exercise pro-
grams (timing and coordination, aerobic walking) could 
reduce the energy cost of walking and fatigability, and 
increase daily physical activity, endurance, physical func-
tion, and life-space mobility among community-dwelling 
older adults with mobility limitation.

Research Design and Methods

Research Design
We conducted the HealthySteps Study, a three-arm, 
12-week, pilot randomized controlled trial of exer-
cise among older adults with mobility limitation 
(ClinicalTrials.gov #NCT01740505). Descriptive meas-
urements and outcomes were assessed at baseline (T0), 
12 weeks (intervention end, T1), and 24 weeks (follow-up 
end, T2). Outcome assessors were blinded to intervention 
assignments at T0 only. The trial was approved by the 
Research Ethics Boards at Simon Fraser University and 
Vancouver Coastal Health Research Institute, and was 
conducted at the Centre for Hip Health and Mobility, in 
Vancouver, Canada.

Participants

Participant recruitment primarily focused on newspaper, 
poster, and email advertisement in the Vancouver and 
Burnaby area. Participant eligibility was determined by tele-
phone screening using a standardized questionnaire (~15–30 

Translational Significance: Mobility is fundamental to healthy aging, but mobility limitation is common 
and has been linked to a high energetic cost of walking. Older adults with mobility limitation assigned to 
12 weeks of exercise that trained the timing and coordination of walking reduced their mean energy cost of 
walking by 15% compared with an active control group.
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minutes). Older adults were recruited to meet the following 
criteria at telephone screening: (a) ≥65 years; (b) living inde-
pendently in the community as opposed to residing at an 
assisted-living or long-term care site; (c) reported mobility 
limitation, defined as difficulty walking one-quarter mile or 
climbing one flight of stairs (1,18); (d) able to walk without 
assistance; and (e) willing to be randomized. Similar to past 
research (13), we excluded those with the following: (a) his-
tory of medical conditions that might alter gait energetics or 
the ability to safely complete treadmill walking or exercise 
classes (eg, recent heart attack or excessive pain); (b) exer-
cise trial participation in past 6 months; (c) moderate-to-
vigorous intensity walking for ≥30 minutes twice per week; 
(d) unable to wear an armband activity monitor for 1 week; 
or (e) not fluent in English. Following telephone screen-
ing, eligible individuals were mailed a package containing 
study information, informed consent form, and a letter for 
their physician to sign indicating the individual’s appropri-
ateness to participate in an exercise program. Participants 
were also asked to attend a 60-minute in-person informa-
tion session at the research center where they learned details 
about the intervention groups and randomization. The ses-
sion concluded with provision of written informed consent 
(Figure 1).

Measurements

Descriptive measurements
Height and weight were measured (SECA 2841300109). 
Body mass index was calculated. Sex, age, race, and self-
rated health were ascertained by standard questionnaire. 
Participants reported if they currently smoked or if they 
had ever smoked on a regular basis, defined as daily for 
at least 6  months. Alcohol consumption was reported 
as the average number of alcoholic drinks consumed 
per week. Participants self-reported if a medical profes-
sional had ever diagnosed them with each listed disease 
or condition. Global cognitive function was assessed with 
the Mini-Mental State Examination from 0 to 100 (19). 
Depressive symptoms were assessed with the Center for 
Epidemiologic Studies Depression Scale from 0 to 60 
(20).

Primary outcome measurement

Energy cost of walking. We determined mean energy cost of 
walking (mL O2/kg/m) during submaximal walking by meas-
uring the rate of oxygen consumption (VO 2)  (mL/min) with 
a portable metabolic system (Cosmed K4b2, Rome, Italy) 
(21). After being outfitted, participants adapted to the equip-
ment and became familiar with treadmill walking before data 
collection. Light-weight portable metabolic monitors, such 
as the Cosmed K4b2, do not impact gait characteristics of 
older adults with mobility limitation (22). Participants then 
walked for 5 minutes at 0.8 m/s on a motor-driven treadmill 
(0° incline). This speed was chosen to maximize participant 
inclusion without being uncomfortably slow (13).

To calculate mean VO2  during steady state, begin-
ning breath-by-breath data were discarded while par-
ticipants adjusted to the workload to reach stable VO2  
and the remaining data were averaged. If the 5-minute 
test was completed, we discarded the first 3 minutes 
of data and averaged the final 2 minutes. If the par-
ticipant or examiner chose to end the test early such 
that test duration was 3 to <5 minutes, we discarded 
the first 2 minutes of data and averaged the remain-
ing minutes. If test duration was <3 minutes, data were 
excluded from analysis. Mean VO2  was then converted 
to mean energy cost of walking per unit distance (mL/
kg/m) (13).

Secondary outcome measurements
We assessed secondary outcomes related to the World 
Health Organization International Classification of 
Functioning, Disability and Health domains (23) of activity 
(fatigability, endurance, physical function) and participa-
tion (daily physical activity, life-space mobility).

Fatigability. Perceived fatigability (self-reported fatigue in rela-
tion to a standardized task (24)), was assessed using the Borg 
Rating of Perceived Exertion (RPE) Scale from 6 to 20 (25) 
at the end of the 0.8 m/s treadmill test (13). Physical fatiga-
bility, scored from 0 to 50, was assessed with the Pittsburgh 
Fatigability Scale (Cronbach’s alpha: 0.88) (26); partici-
pants rated their physical fatigue from 0 (“no fatigue”) to 5 
(“extreme fatigue”) for 10 activities of specified intensity and 
duration.

Daily physical activity. We measured daily self-reported 
occupational, household, and leisure physical activities 
over the past 7 days using the Physical Activity Scale for 
the Elderly from 0 to 400 (Cronbach’s alpha: 0.69) (27). 
We also measured mean time (mins/day) spent in moder-
ate-to-vigorous physical activity (MVPA, 3+METs) using 
the SenseWear Pro armband (Bodymedia, Inc., Pittsburgh, 
PA). Participants were instructed to wear the armband for 
7  days following each assessment; we calculated MVPA 
over a minimum of 5 valid wear days (wear time > 90% 
of 24 hours).

Endurance. Endurance was measured as minutes to com-
plete a 400-m overground walk (20 m per segment) with 
the instruction to “walk as quickly as you can, without run-
ning, at a pace you can maintain” (28).

Physical function. The Short Physical Performance Battery, 
scored from 0 to 12, assessed lower extremity physical func-
tion based on standing balance, usual 6-m gait speed, and 
time to complete five chair stands (Cronbach’s alpha: 0.76) 
(18,29). We also measured usual gait speed on a 3-minute 
overground course with instructions to “walk at your usual 
pace without overexerting yourself.”
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Life-space mobility. The Life-Space Assessment measured the 
extent, frequency, and independence of movement during the 
prior 4 weeks across five life-space levels (30). Composite scores 
ranged from 0 (restricted to one’s bedroom on a daily basis) to 
120 (travels out of one’s town without assistance daily) (30).

Randomization

Randomization of participants in 1:1:1 ratio was per-
formed by a research assistant after T0 assessments. The 
sequence was computer generated and concealed by the 
research assistant until interventions were assigned.

Figure 1. Flow diagram for the HealthySteps Study. Note: T0, baseline; T1, 12-week follow-up; T2, 24-week follow-up. Average intervention adherence 
was calculated by excluding seven participants who withdrew from the study between T0 and T1. Average adherence for the participants who attended 
≥1 intervention class was 84% for timing and coordination, 75% for aerobic walking, and 84% for stretching and relaxation.
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Sample Size

We calculated that 22 participants per group would yield 
statistical power of 0.80 to detect a clinically meaning-
ful 15% reduction in energy cost of walking between the 
exercise and control groups with a two-sided alpha of 0.05 
and 20% loss to follow-up over 12 weeks. We estimated 
baseline mean energy cost of walking would be 0.25–0.30  
mL/kg/m with SD of 0.06 mL/kg/m (13).

Interventions

Participants were scheduled for two, small-group (≤8 par-
ticipants), 60-minute classes per week for 12 weeks. Classes 
were led by certified fitness instructors who received in-
person training specific to three interventions: timing and 
coordination of gait training, outdoor aerobic walk train-
ing, and stretching and relaxation training. All classes 
involved 10 minutes warm-up, 40 minutes intervention-
specific content, and 10 minutes cool down. Participants 
were not blinded to their assigned intervention; however, 
they were instructed not to discuss their assignment with 
other participants, and they were only permitted to attend 
their assigned classes. The project coordinator conducted 
quality assurance assessments every four weeks to correct 
inconsistencies in intervention delivery versus protocol. At 
intervention end, all participants received a list of exercise 
programs within their communities.

Timing and coordination of gait training
The timing and coordination program was adapted from a 
published goal-oriented motor skill training program (17)  
and focused on stepping patterns (~10–20 min/class) and 
walking patterns (~10–20  min/class) to promote timing 
and coordination within the gait cycle. Stepping patterns 
involved forward, backward, and diagonal (across the body 
midline) steps with both feet. Walking patterns incorporated 
sequences of ovals, spirals, and serpentines. Participants 
were instructed to maintain consistent walking speed 
while turning and moving in a straight line. Progression 
for stepping and walking was accomplished by increases 
in speed, amplitude, and complexity of performance. To 
increase complexity, tasks involving object manipulation 
were added (eg, bouncing a ball while stepping or walking), 
and more complex tasks that combined different activities 
were incorporated into the training sessions (eg, walking 
past other people while bouncing a ball). Changes to speed, 
amplitude, and complexity were progressed one item at a 
time. Treadmill walking at preferred speed (~10–15 min/
class) was also completed to reinforce rhythmic stepping. 
Brief increases in speed (ie, 10% for 30–60 seconds) were 
used to reinforce timing of gait, but were not intended to 
increase endurance or raise perceived effort.

Outdoor aerobic walk training
The aerobic walking group focused on outdoor walking 
in surrounding neighborhoods. Exercise intensity was 

prescribed and monitored for each class using the Borg 
RPE scale (25). Target RPE was set by the instructor and 
monitored subjectively at the start, mid-point, and end of 
class. Participants were instructed to gradually progress 
walking intensity over the intervention to a target RPE 
of 14–15, corresponding to “hard” (25). To further guide 
intensity, participants were instructed to use a simple 
“talk” test and to initially walk at a pace they could talk 
comfortably without effort and gradually progress to a 
pace at which conversation required more effort. Within 
each group, participants walked in small subgroups 
to accommodate variability in speed. Walking routes 
increased in length and incorporated more slopes as the 
intervention progressed. Walking intensity was intended 
to remain constant during a given class. Therefore, the 
aerobic walking intervention was not intended to be 
comparable to interval training.

Stretching and relaxation training
The stretching and relaxation group served as an active con-
trol to account for potential effects related to traveling to 
the training center, social interactions, and changes in life-
style secondary to study participation. Each class involved 
full-body stretching, range-of-motion exercises, and relaxa-
tion techniques for which there was no available evidence 
to suggest an effect on energy cost of walking. No gait 
training was included.

Statistical Analysis

Normally distributed continuous variables were summarized 
as mean (SD), and categorical variables as N (%). We com-
pared continuous primary and secondary outcomes between 
each exercise group and the control group (ie, timing and 
coordination vs stretching and relaxation; aerobic walking 
vs stretching and relaxation) using an analysis of covariance 
model with Tukey multiple comparisons procedure for post 
hoc testing. We analyzed intervention effects by compar-
ing T1 measurements between exercise and control groups, 
adjusting for T0 measurements. We analyzed sustained 
effects by comparing T2 measurements between exercise and 
control groups, adjusting for T0 measurements. We did not 
adjust for any other covariates beyond T0 measurements. 
Given the pilot nature of this trial, we did not adjust the sig-
nificance level to account for multiple comparisons.

We performed standard intention-to-treat analysis for 
each outcome. We also completed as-treated analysis for 
each outcome by restricting to participants with ≥85% 
class adherence. Finally, we conducted a subgroup ana-
lysis for the energy cost of walking outcome to determine if 
those with high baseline energy cost (>overall median) had 
greater effects. Past research has used this approach to yield 
subgroups of similar size (9). Alpha was 0.05 for intention-
to-treat and as-treated analyses. The subgroup analysis 
was exploratory, so alpha was 0.20 (31). Consistent with 
current recommendations for the analysis of data from 
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randomized controlled trials, we did not test for statistical 
differences in baseline participant characteristics between 
groups (32–34). Analyses were performed using R, version 
1.0.44 (RStudio, Inc., Boston, MA).

Results

Participant Flow and Intervention Adherence
Of 196 individuals screened by telephone, 72 were rand-
omized (Figure  1). Average intervention adherence was 
86%. Seven participants withdrew from the study, while 65 
(90%) completed T1 and T2 assessments. The energy cost 
of walking test was completed by 67 participants at T0, 58 
at T1, and 50 at T2.

Participant Characteristics

At baseline, participants had mean age of 74.2 (SD: 6.6) 
years, and were predominantly white (67%) women (74%), 
with 61% reporting osteoarthritis, and mean BMI within 
the obese range (30.2, SD: 6.3 kg/m2; Table 1). Mean gait 
speed was 0.9 (SD: 0.2) m/s, and mean energy cost of walk-
ing was 0.260 (SD: 0.052) mL/kg/m. Participant character-
istics were well balanced at T0.

Primary Outcome: Energy Cost of Walking

At T1, timing and coordination reduced mean energy 
cost of walking by 15% compared with stretching and 
relaxation (adjusted mean difference = −0.040 mL/kg/m, 
p  =  .008) (Table  2; Figure  2A). Results were consistent 
after restricting to adherence ≥85% (n  =  29, p  =  .025). 
In subgroup analysis, timing and coordination reduced 
mean energy cost by 20% compared with stretching and 
relaxation (adjusted mean difference = −0.062 mL/kg/m,  
p  =  .055) among those with high baseline cost 
(>median  =  0.251  mL/kg/m), but had no effect among 
those with low baseline cost (p = .997).

At T2, the intervention group differences were sustained, 
with a 13% reduction in mean energy cost of walking for 
timing and coordination compared with stretching and 
relaxation (adjusted mean difference  =  −0.033  mL/kg/m,  
p = .016; Table 2, Figure 2B). At T2, results were consist-
ent after restricting to adherence ≥85% (n = 27, p = .028). 
In subgroup analysis, timing and coordination reduced 
mean energy cost by 16% compared with stretching and 
relaxation (adjusted mean difference  =  −0.044  mL/kg/m,  
p  =  .160) among those with high baseline cost 
(>median  =  0.246  mL/kg/m), but had no effect among 
those with low baseline cost (p = .997).

Aerobic walking had no effect on mean energy cost of 
walking compared with stretching and relaxation at T1 
(p = .549) or T2 (p = .359; Table 2). Results were unchanged 
at T1 and T2 after restricting to adherence ≥85% and strat-
ifying by baseline energy cost.

Secondary Outcomes

Compared with stretching and relaxation, neither timing 
and coordination nor aerobic walking led to significant 
changes in fatigability, daily physical activity, endurance, 
lower extremity physical function, or life-space mobility at 
T1 or T2 based on intention-to-treat and as treated analy-
ses (Supplementary Tables 1–5). However, we observed a 
trend toward a 10% increase in gait speed for timing and 
coordination compared with stretching and relaxation at 
T1 (mean difference = 0.10 m/s, p = .074; Supplementary 
Table 4).

Discussion and Implications
In community-dwelling older adults aged 65–90 with 
self-reported mobility limitation, 12 weeks of twice-
weekly timing and coordination training reduced the 
energy cost of walking by 15% relative to an active 
control; the reduction in energy cost was greater among 
those with high baseline energy cost. The reduction in 
energy cost was sustained 12 weeks after intervention 
end, particularly among those with high baseline energy 
cost. There was a trend for timing and coordination 
to increase usual gait speed by a clinically meaningful 
amount of 0.10 m/s.

This study replicates and extends work by VanSwearingen 
and colleagues (9,35) and Brach and colleagues (16,36) who 
have reported that 12 weeks of one-to-one physical thera-
pist guided, twice-weekly timing and coordination training 
improved energetic cost, speed, skill, and walking confidence 
among older adults with a range of walking difficulties. Our 
results suggest the timing and coordination training effects 
are sustained following 12-weeks of training cessation, 
which has not been previously reported, and they appear to 
be robust to intervention setting, delivery mode, and partici-
pant group. Specifically, we demonstrated that timing and 
coordination training can be effectively delivered to small 
groups of older adults with self-reported mobility limitation 
in community settings by fitness instructors. The effect size 
reduction in the energy cost of walking was consistent with 
those of one-to-one physical therapist guided interventions 
(17), and average intervention adherence was high at 86%.

The reduction in energy cost of walking was not accompa-
nied by a corresponding reduction in fatigability, as was pre-
dicted from Schrack’s energetic pathway to mobility loss (7). 
One explanation is that the moderate reduction in energy cost 
of walking was not large enough to cause perceivable changes 
in fatigability. A longer duration trial that elicits larger reduc-
tions in energy cost may lead to changes in fatigability. Another 
explanation is that older adults with walking difficulty have a 
high level of fatigability, developed over years of experience, 
that is, insensitive to change. Indeed, each group had high 
mean baseline Pittsburgh Fatigability Scale scores of ≥20 (26).

We observed a trend toward a clinically meaningful 
increase in gait speed of 0.1 m/s at intervention end in 
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timing and coordination compared with control, consist-
ent with other trials of timing and coordination (9,16). 
Timing and coordination did not, however, lead to discern-
able meaningful changes in other outcomes theorized to be 
downstream of energy cost of walking (7), including daily 

physical activity, endurance, lower extremity physical func-
tion, or life-space. Timing and coordination training did 
not specifically target lower extremity strength or endur-
ance, which may be necessary to realize improvements in 
these domains secondary to reduced energetic cost. Timing 

Table 1. Baseline Participant Characteristics (n = 72)

Characteristic
Timing and  
Coordination (n = 24)

Aerobic  
Walking (n = 24)

Stretching and  
Relaxation (n = 24) Total (n = 72)

Women, N (%) 17 (70.8) 18 (75.0) 18 (75.0) 53 (73.6)
Age (years) 73.6 (6.3) 74.4 (6.8) 74.7 (6.9) 74.2 (6.6)
Race, N (%)
 White 16 (66.7) 17 (70.8) 15 (62.5) 48 (66.7)
 Chinese 4 (16.7) 4 (16.7) 3 (12.5) 11 (15.3)
 Other 4 (16.7) 3 (12.5) 6 (25.0) 13 (18.1)
Good/excellent health, N (%) 14 (58.3) 8 (33.3) 11 (45.8) 33 (45.8)
Teng Mini Mental (/100) 90.0 (9.6) 93.3 (4.8) 89.9 (9.1) 91.1 (8.2)
CES-D ≥ 16,a N (%) 2 (8.3) 3 (12.5) 5 (20.8) 10 (13.9)
Smoking status, N (%)
 Never 15 (62.5) 13 (54.2) 13 (54.2) 41 (56.9)
 Current 1 (4.2) 1 (4.2) 0 (0.0) 2 (2.8)
 Past 8 (33.3) 10 (41.7) 11 (45.8) 29 (40.3)
<1 Alcoholic drink/week, N (%) 18 (75.0) 12 (50.0) 18 (75.0) 48 (66.7)
Medical history, N (%)
 Myocardial infarction 1 (4.2) 4 (16.7) 2 (8.3) 7 (9.7)
 Stroke 3 (12.5) 3 (12.5) 2 (8.3) 8 (11.1)
 Peripheral vascular disease 1 (4.2) 1 (4.2) 0 (0.0) 2 (2.8)
 Chronic obstructive lung disease 1 (4.2) 5 (20.8) 6 (25.0) 12 (16.7)
 Osteoarthritis 15 (62.5) 15 (62.5) 14 (58.3) 44 (61.1)
 Depression 7 (29.2) 2 (8.3) 4 (16.7) 13 (18.1)
 Cancer 4 (16.7) 9 (37.5) 10 (41.7) 23 (31.9)
 Fallen in the last 12 months, 
N (%)

9 (37.5) 7 (29.2) 8 (33.3) 24 (33.3)

  1 time 4 (16.7) 3 (12.5) 3 (12.5) 10 (13.5)
  2+ times 5 (20.8) 4 (16.7) 5 (20.8) 14 (19.4)
Body mass index (kg/m2) 29.6 (5.8) 29.6 (6.3) 31.5 (6.8) 30.2 (6.3)

Note: Cells are mean (SD) unless otherwise indicated.
aCentre for Epidemiologic Studies Depression Scale (/60) ≥16 is suggestive of depressive symptoms.

Table 2. Energy Cost of Walking (mL/kg/m) on Treadmill at 0.8 m/s (n = 72)

Adjusted Mean (95% CI) Mean Difference (95% CI)

Timing and  
Coordination

Aerobic  
Walking

Stretching and  
Relaxation

Timing and Coordination Vs 
Stretching and Relaxation

Aerobic Walking Vs 
Stretching and Relaxation

T1 0.227
(0.210 to 0.244)

0.252
(0.233 to 0.272)

0.267
(0.248 to 0.285)

−0.040
(−0.070 to −0.009)

−0.014
(−0.047 to 0.018)

p = .008* p = .549

T2 0.229
(0.213 to 0.245)

0.245
(0.228 to 0.263)

0.262
(0.246 to 0.278)

−0.033
(−0.060 to −0.005)

−0.017
(−0.046 to 0.013)

p = .016* p = .359

Note: Comparisons are reported between exercise (timing and coordination, aerobic walking) and active control (stretching and relaxation) groups. T0, baseline; 
T1, 12-week follow-up; T2, 24-week follow-up. Adjusted mean, adjusted for T0. Mean difference, analysis of covariance adjusted for T0. Sample sizes: timing and 
coordination: T0 (n = 22), T1 (n = 22), T2 (n = 18); aerobic walking: T0 (n = 23), T1 (n = 17), T2 (n = 15); stretching and relaxation: T0 (n = 21), T1 (n = 18), T2 
(n = 17).
*p < .05.
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and coordination training also did not incorporate behav-
ior change techniques, which may be necessary to achieve 
improvements in daily physical activity and life-space.

Aerobic walking did not improve energy cost of walk-
ing or any downstream secondary outcome. Walking dif-
ficulty in older adults is typically attributed to age-related 
changes in the biomechanics and motor control of walking 
that impose inefficiencies within the gait cycle that prod-
uce slow, inefficient, and unskilled movement (17). Our 
results suggest that regularly practicing outdoor walking 
for a short period of time (12 weeks) may not address these 
age-related changes.

The HealthySteps Study has certain limitations. First, as 
this was a pilot study, the sample size was small, and the 
study was not designed or powered to detect changes in 

the secondary outcomes. The effect size and variability esti-
mates observed in HealthySteps, however, may help to plan 
appropriate sample sizes for future trials. Second, screening 
participants for inclusion based on self-reported mobility 
limitation was efficient and precluded the need for in-person 
screening; however, it yielded a large degree of variability 
in baseline energy cost of walking. Since participants with 
higher baseline energy cost experienced larger reductions 
in the energy cost of walking, future studies may benefit by 
screening for energy cost. Third, outcome assessors were not 
blinded to assignments at T1 or T2, but the potential for bias 
was small because outcomes were objective and assessments 
were standardized. Fourth, the results of this study apply 
specifically to community-dwelling older adults with self-
reported mobility limitation who are able to walk without 
assistance, and they may not generalize to other segments of 
the older adult population with different mobility statuses.

In conclusion, we provide novel evidence that a 12-week 
timing and coordination exercise program delivered by fit-
ness instructors to small groups of community-dwelling 
older adults with mobility limitation led to a reduction in 
the energy cost of walking, particularly among those with 
high baseline energy cost, which was sustained following 
12-weeks of training cessation. Timing and coordination 
also led to a trend toward faster gait speed. These results 
suggest that it may be beneficial to incorporate timing and 
coordination training in community-based exercise pro-
grams for older adults that are designed to make walking 
easier and faster. A  larger, definitive trial is warranted to 
examine effects of timing and coordination training on 
longer-term outcomes including mobility disability.

Supplementary Material
Supplementary data are available at Innovation in Aging 
online.
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