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OBJECTIVES: To assess whether resistance training (RT)
slows the progression of white matter lesions (WMLs) in
older women.

DESIGN: Secondary analysis of a 52-week randomized
controlled trial of RT, the Brain Power Study.

SETTING: Community center and research center.

PARTICIPANTS: Of 155 community-dwelling women
aged 65 to 75 enrolled in the Brain Power Study, 54 who
had evidence of WMLs on magnetic resonance imaging
(MRI) at baseline were included in this secondary analysis.

INTERVENTION: Participants were randomized to once-
weekly RT (19 RT), twice-weekly RT (29 RT), or twice-
weekly balance and tone (BAT). Assessors were blinded to
participant assignments.

MEASUREMENTS: WML volume was measured using
MRI at baseline and trial completion.

RESULTS: At trial completion, the 29 RT group had sig-
nificantly lower WML volume than the BAT group
(P = .03). There was no significant difference between the
BAT group and the 19 RT group at trial completion
(P = .77). Among participants in the two RT groups,
reduced WML progression over 12 months was signifi-
cantly associated with maintenance of gait speed (correla-
tion coefficient (r) = �0.31, P = .049) but not with
executive functions (r = 0.30; P = .06).

CONCLUSION: Engaging in progressive RT may reduce
WML progression. J Am Geriatr Soc 63:2052–2060, 2015.
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Cognitive impairment and falls significantly increase
morbidity and mortality in older adults.1,2 Both geri-

atric syndromes are associated with white matter lesions
(WMLs),3,4 which appear as hyperintensities on T2-
weighted magnetic resonance imaging (MRI) and are
markers of (but not specific to) cerebral small-vessel dis-
ease.5 These covert lesions are highly prevalent in older
adults,6 with epidemiological studies reporting a preva-
lence of 85% or greater.7–9 Thus, interventions that pre-
vent or slow the progression of WMLs may be of great
societal value by preserving cognitive function and mobil-
ity in older adults.10

Recognized metabolic and vascular risk factors for
WMLs include type 2 diabetes mellitus, dyslipidemia, and
hypertension.6 Thus, interventions that reduce metabolic
and vascular risk factors may prevent or slow the progres-
sion of WMLs. In this regard, physical activity is a promis-
ing strategy. It reduces metabolic and vascular risk factors,
as well as overall morbidity and mortality.11,12 A 5-year
prospective cohort study showed that higher levels of phys-
ical activity were associated with reduced WML progres-
sion in older adults without dementia.13 Moreover, a
recent cross-sectional study of 88 older adults found that
moderate to vigorous physical activity, measured using
accelerometry, was significantly associated with lower vol-
ume of WMLs.14

Broadly, there are two distinct forms of physical activ-
ity: aerobic exercise (e.g., running) and resistance training
(RT; e.g., lifting weights). Aerobic training is well known
for its potent ability to reduce vascular risk factors,11,12
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and thus, it is a focus in research on cerebral small-vessel
disease research.15 However, RT also has significant car-
diometabolic benefits.16,17 Specifically, a meta-analysis of
randomized controlled trials16 concluded that RT should
be recommended in the management of type 2 diabetes
mellitus and metabolic disorders. Another meta-analysis of
randomized controlled trials17 suggested that moderate-in-
tensity RT is an effective intervention strategy to reduce
and prevent high blood pressure. A 6-month randomized
trial of RT18 showed that RT positively impacted arterial
size, function, and wall thickness, which could lead to
lower cardiovascular risk. RT may also promote cere-
brovascular function; a small cross-sectional study demon-
strated that regular RT was associated with greater
cerebral perfusion in otherwise healthy older women.19 As
such, RT may reduce metabolic and vascular risk factors
and modulate the progression of WMLs. Moreover, recent
studies have shown the beneficial effect of RT on cognitive
function and mobility.20 Thus, reduced progression of
WMHs might be one mechanism through which RT pre-
serves cognitive function and mobility.

To the knowledge of the authors of this study, no ran-
domized controlled trial has examined the effect of exer-
cise (RT or aerobic training) on WML progression in older
adults. Thus, using neuroimaging data from a 12-month
single-blind randomized controlled trial (clinicaltrials.gov
Identifier: NCT00426881) of exercise,21 this was a
planned exploratory analysis to assess: 1) the effect of RT
on the progression of WMLs in community-dwelling older
women; and 2) the association between WML progression
and changes in executive functions (measured using the
Stroop Color Word Test) and mobility (measured by phy-
siological falls risk and gait speed).

METHODS

Study Design

This was a randomized, controlled 52-week prospective
study of RT (Brain Power Study21). The research team
trained assessors were blinded to group allocation of par-
ticipants. MRI data were acquired at baseline and trial
completion in a subset of eligible participants.

Participants

The sample consisted only of women because cognitive
response to exercise differs between sexes.20 Participants
were recruited using print advertisements and a television
interview about the study. Individuals were screened in a
standardized telephone interview. Briefly, women who
lived in metro Vancouver, Canada, were eligible for study
entry if they were aged 65 to 75, were living independently
in their own home, scored 24 or higher on the Mini-Men-
tal State Examination (MMSE), and had visual acuity of at
least 20/40, with or without corrective lenses. Those who
had a current medical condition for which exercise is con-
traindicated, had participated in RT (using free weights,
weight machines, or resistance bands) one or more times
per week on a regular basis in the 6 months before study
entry, had a neurodegenerative disease or stroke, had
depression, did not speak and understand English fluently,

were taking cholinesterase inhibitors, or were undergoing
estrogen replacement or testosterone therapy were
excluded.

The Consolidated Standards of Reporting Trial flow-
chart shows the number and distribution of participants
included in this secondary analysis (Figure 1). Only
women with WMLs on their baseline MRI were included
in this secondary analysis. Ethical approval was obtained
from the Vancouver Coastal Health Research Institute and
the University of British Columbia (UBC) Clinical
Research Ethics Board. All participants provided written
informed consent.

Descriptive Variables

At baseline, participants underwent a physician assessment
to confirm current health status and eligibility for the
study. Information was collected on age, years of educa-
tion, height, weight, MMSE score, Montreal Cognitive
Assessment (MoCA) score, blood pressure, and waist-to-
hip ratio. Comorbidities, such as type 2 diabetes mellitus,
hypertension, and dyslipidemia, were assessed using the
Functional Comorbidity Index (FCI).22 The Geriatric
Depression Scale (GDS)23 was used to screen for depres-
sion. Current level of physical activity was determined
using the Physical Activities Scale for the Elderly (PASE)
self-report questionnaire.24 In addition, isotonic quadriceps
strength (one-repetition maximum) and peak muscle power
were assessed using an air-pressure digital resistance leg
press machine (Keiser Sports Health Equipment, Fresno,
CA).

Dependent Variable: WMLs

Structural MRI Data Acquisition

Structural MRI data were acquired on a research-dedicated
MRI scanner (3T Achieva; Philips Medical Systems, Best,
the Netherlands) at the UBC MRI Research Centre. A T2-
weighted scan and a proton-density-weighted (PD-weighted)
scan were acquired for each subject. For the T2-weighted
images, the repetition time (TR) was 5,431 ms and the echo
time (TE) was 90 ms. For the PD-weighted images, the TR
was 2,000 ms and the TE was 8 ms. T2- and PD-weighted
scans had dimensions of 256 9 256 9 60 voxels and a
voxel size of 0.937 9 0.937 9 3.000 mm.

Structural Data Processing and Analysis

MRI preprocessing was performed with publicly available
tools that are widely used for neuroimaging studies. Each
MRI image underwent the following preprocessing steps
before lesion identification and segmentation were per-
formed. MRI intensity inhomogeneity was corrected using
a multiscale version of the nonparametric nonuniform
intensity normalization method (N3),25 a structure-preserv-
ing noise-removal filter (SUSAN) was applied,26 and all
nonbrain tissue was removed using the brain extraction
tool (BET).27

A radiologist with extensive experience in WML iden-
tification identified and digitally marked the WMLs fol-
lowing a set of guidelines28 that is minimalistic and allows
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the seeding procedure to be efficient and intuitive. Specifi-
cally, the radiologist marked all distinct WMLs regardless
of their size, placed more than one point on a lesion if the
additional points would help define the extent of the
lesion, and placed at least one point near the center of
each lesion.

The WMLs were then segmented using a method
that automatically computed the extent of each marked
lesion.28 Full details on the point placement procedure
and subsequent automatic segmentation have been previ-
ously described,28 but briefly, the seed points were pro-
cessed using a customized Parzen windows classifier29 to
estimate the intensity distribution of the lesions. The
algorithm included heuristics to optimize the accuracy of
the estimated distributions by dynamically adjusting the
position and the number of seed points used for the Par-
zen window computation, as well as a spatial method
that approximated visual shape partitioning to identify

areas that were likely to be false positives. The segmenta-
tion method was previously validated extensively on large
data sets with a large range of lesion loads and was
found to be highly accurate when compared with expert
segmentations and robust to variations in the placement
of the seed points.28 The lesion masks were then used to
quantify WML volumes in mm3 at baseline and trial
completion. Appendix S1 represents baseline and trial
completion lesion masks overlaid on T2 images from one
participant. The seeds that the radiologist marked are
shown as red dots.

Executive Functions

White matter lesions are associated with impaired cogni-
tive function and, in particular, executive functions.4 The
primary outcome for the Brain Power Study was the
Stroop Color Word Test, a measure of specific cognitive

346 Assessed for Eligibility

Excluded
48 Did Not Meet Inclusion Criteria
123 Were No Longer Interested
1 Lost Contact After the Consent
14 Withdrew After the Consent
2 Did Not Attend Baseline Assessment
2 Withdrew After Baseline Assessment
1 Excluded Because of Medical Reasons

155 Randomized
88 Completed MRI at 

Baseline

Baseline
22 in RT1 Group

Baseline
17 in RT2 Group Baseline

15 in BAT Group

Excluded
2 Withdrew (1 Time, 1 Personal)
1 Refused MRI
1 WML Segmentation Failed

Excluded
2 Withdrew (2 Time)
2 Refused MRI

Excluded
2 Withdrew (2 Medical)
1 Refused MRI
1 WML Segmentation 

Trial Completion
18 in RT1 Group

Trial Completion
13 in RT2 Group Trial Completion

11 in BAT Group

60 MRIs Included
54/60 Demonstrated WMLs

Excluded
7 Dropped Out

            11 Did Not Meet MRI Quality

Figure 1. Consolidated Standards of Reporting Trial flowchart of participants. MRI = magnetic resonance imaging; RT1 = once-
weekly resistance training; RT2 = twice-weekly resistance training; BAT = balance and tone; WML = white matter lesion.
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processes of selective attention and conflict resolution.21

There were three conditions for the Stroop Color Word
Test. Participants were required to read out words printed
in black ink (e.g., “blue”) read out the color of colored
“X’s”, and name the ink color in which color words were
printed (e.g., the word “blue” printed in red ink) while
ignoring the word itself. There were 80 trials for each con-
dition and the time to complete each condition was
recorded. The ability to attend selectively and control
response output was calculated as the time difference
between the third condition and the second condition
(Stroop color-words condition minus Stroop colored-X’s
condition); smaller time differences indicate better selective
attention and conflict resolution.

Physiological Falls Risk and Gait Speed

Numerous studies have highlighted the association
between WMLs and impaired mobility;10,30 falls are signif-
icant consequences of impaired mobility. Physiological falls
risk was assessed using the short form of the valid and
reliable Physiological Profile Assessment (PPA),31 and gait
speed was assessed by asking participants to walk at their
usual pace along a 4-m path. Gait speed was calculated in
m/s from the mean of two trials.

Randomization

The randomization sequence was generated using www.
randomization.com and was concealed until interventions
were assigned. The research coordinator held this sequence
independently and remotely. The research coordinator
enrolled participants and randomized them to one of three
groups: once-weekly RT (19 RT), twice-weekly RT (29
RT), or twice-weekly balance and tone (BAT).

Sample Size

This exploratory analysis was planned before the study
was initiated, as indicated by the inclusion of the struc-
tural MRI sequences necessary for WML quantification.
The required sample size for this study’s primary research
question21 was calculated based on previous32 predictions
of 12-month changes in the Stroop Color Word Test.
Specifically, based on previous work32 that demonstrated
that a home-based program of strength and balance train-
ing exercises significantly improved Stroop Color Word
Test performance, 6% improvement was predicted for the
19 RT and 12% improvement for the 29 RT, and 10%
deterioration in the BAT group (control group) was esti-
mated. Assuming a 20% attrition rate, using an alpha level
of < .05 and a common standard deviation of 25 seconds,
52 participants per group ensured a power of 0.80.

Exercise Intervention and Compliance

The exercise classes began 1 month after the baseline
assessments were completed. A detailed description of
these classes has been previously published.21 The classes
were 60 minutes long, with 10 minutes of warm-up,
40 minutes of core content, and 10 minutes of cool-down.
Certified fitness instructors who received additional train-

ing and education from the study investigators led all
classes. Adherence was calculated based on the percentage
of total classes attended.

Resistance Training

Both RT programs were progressive. A combination of a
system of pressurized air machines (Keiser) and free
weights was used to provide the training stimulus. The
machine-based exercises consisted of biceps curls, triceps
extensions, seated rows, latissimus dorsi pull-downs, leg
presses, hamstring curls, and calf raises. The intensity of
the training stimulus was at a work range of six to eight
repetitions (two sets), and the training stimulus was
increased using the seven-repetition maximum method.
Mini-squats, mini-lunges, and lunge walks were also
included in the RT programs. The number of sets com-
pleted and the load lifted for each exercise was recorded
for each participant at every class.

BAT Training

The BAT program consisted of stretching, range of
motion, basic core strength including Kegel exercises (exer-
cises to strengthen the pelvic for floor muscles), balance
(tai chi–based forms, tandem stand, tandem walking, sin-
gle-leg stance), and relaxation exercises. Other than body
weight, no additional loading (hand weights, resistance
bands) was used in any of the exercises. Participants
assigned to the BAT group served as controls to avoid the
confounding effect of social interaction and changes in life-
style secondary to study population.

Adverse Effects

Participants were questioned about the presence of any
adverse effects, such as musculoskeletal pain or discom-
fort, at each exercise session. All instructors also moni-
tored participants for symptoms of angina pectoris and
shortness of breath during the exercise classes.

Statistical Analysis

All analyses were full analysis set33 (defined as the analysis
set that is as complete and as close as possible to the inten-
tion-to-treat ideal of including all randomized partici-
pants). Statistical analyses were performed using SPSS
version 20.0 (SPSS Statistics for Mac; IBM Corp., Armonk,
NY). Because WMLs were distributed nonnormally, they
were log-transformed, their normality was checked for
after the log transformation, and they were used as contin-
uous log-transformed variables in the analyses. The overall
alpha was set at P ≤ .05.

Effect of RT on WML volumes

Between-group differences in log-transformed WML vol-
umes at trial completion were compared using multiple lin-
ear regression analysis. Baseline WML volume,
experimental group, baseline waist-to-hip ratio, and base-
line FCI were included as covariates in the models based
on biological relevance and their association to metabolic
and cardiovascular risk.6 Two planned simple contrasts
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were performed to assess differences between the 19 RT
group and the BAT group and between the 29 RT group
and the BAT group.

Correlations Between Change in WML Volume and
Change in Stroop Color Word Test Performance, PPA,
and Gait Speed

In the two RT groups, one-tailed Pearson correlations were
calculated to determine whether WML progression over
the 12-month randomized controlled trial was associated
with Stroop Color Word Test performance, PPA, and gait
speed. Change in WMLs was calculated as the difference
between the log-transformed baseline and trial completion
values. Changes in Stroop Color Word Test performance,
PPA, and gait speed were also calculated as the difference
between baseline and trial completion values. Thus, a posi-
tive change in WML volume, Stroop Color Word Test
performance, and PPA would indicate improvement. Con-
versely, a negative change in gait speed would indicate
improvement. All correlations were adjusted for waist-to-
hip ratio and MoCA scores.

RESULTS

Participants

Eighty-eight of the 155 participants who consented and
were randomized in the Brain Power Study underwent
MRI scanning at baseline, 54 of whom demonstrated evi-
dence of WMLs. Of these 54 participants, 42 completed
MRI at trial completion (Figure 1). Of these 42 partici-

pants, 18 were assigned to 19 RT, 13 to 29 RT, and 11
to BAT programs.

Baseline characteristics of the 54 participants with evi-
dence of WMLs at baseline are reported in Table 1; they
do not significantly differ from the original 155 partici-
pants.21 Their mean age � standard deviation was
69.4 � 2.8, similar to the mean age of the entire cohort
(69.6 � 2.9).21 The three groups were not significantly dif-
ferent at baseline. The 29 RT group significantly improved
mean peak quadriceps muscle power at trial completion
compared with the BAT group (P = .008).

Adherence and Adverse Effects

Exercise adherence over 1 year for the primary study was
67.9% and was not significantly different between the
three groups (19 RT, 71.0%; 29 RT group, 70.3%; BAT
group, 62.0%). Regarding adverse events, 29.8% of the
19 RT group, 10.9% of the 29 RT group, and 9.5% of
the BAT group had musculoskeletal complaints (e.g., knee
joint discomfort, bursa irritation in the lateral hip), all of
which resolved or diminished within 4 weeks of onset.
One participant in the BAT group experienced one fall
during the exercise class, which did not result in injury.

Effect of Exercise on WML Volumes

Table 2 provides the baseline and trial completion WML
volume data for the 42 participants who completed the
trial and both MRI sessions, including raw and log-trans-
formed values. At trial completion, the 29 RT group had

Table 1. Baseline Characteristics of the 54 Participants with White Matter Lesions (WMLs)

Characteristic

Once-Weekly RT,

n = 22

Twice-Weekly RT,

n = 17

Balance and Tone,

n = 15

Age, mean � SD 69.6 � 2.6 69.2 � 3.1 69.3 � 2.8
Education, n (%)
<High school 0 (0) 1 (5.9) 0 (0)
Some high school 2 (9.1) 0 (0) 2 (13.3)
High school graduate 2 (9.1) 5 (29.4) 3 (20)
Trade or professional certificate 4 (18.2) 2 (11.8) 2 (13.3)
University certificate 5 (22.7) 1 (5.9) 1 (6.7)
University degree 9 (40.9) 8 (47.1) 7 (46.7)

Height, cm, mean � SD 160.7 � 6.4 161.3 � 7.4 162.9 � 5.8
Weight, kg, mean � SD 68.2 � 14.6 68.1 � 12.5 69.5 � 9.4
Diastolic Blood Pressure, mmHg, mean � SD 84.5 � 13.8 80.1 � 10.9 89.1 � 24.0
Systolic Blood Pressure, mmHg, mean � SD 150.9 � 18.1 135.6 � 25.7 142.4 � 20.6
Waist-to-Hip Ratio, mean � SD 0.83 � 0.07 0.83 � 0.06 0.84 � 0.05
Geriatric Depression Scale score, mean � SD 0.04 � 0.21 0.64 � 1.36 0.60 � 2.06
Functional Comorbidity Index, mean � SD 1.82 � 1.86 2.41 � 1.97 1.93 � 1.43
Mini-Mental State Examination score, mean � SD 28.9 � 1.0 28.8 � 1.1 28.7 � 1.3
Montreal Cognitive Assessment score, mean � SD 25.8 � 2.9 25.6 � 2.9 24.4 � 3.5
Stroop color-words condition —Stroop colored-X’s condition,
seconds, mean � SD

46.7 � 18.2 48.3 � 16.4 46.9 � 17.9

Physiological Profile Assessment score, mean � SD 0.12 � 1.02 0.29 � 1.11 0.29 � 1.08
Gait speed, m/s, mean � SD 1.14 � 0.21 1.17 � 0.19 1.20 � 0.17
Physical Activity Scale for the Elderly score, mean � SD 125.0 � 80.1 135.1 � 61.9 118.2 � 43.8
One-repetition maximum, N, mean � SD 321.1 � 81.5 306.1 � 47.6 345.2 � 72.5
Peak Muscle Power, W, mean � SD 704.4 � 205.5 565.5 � 204.9 635.0 � 192.1
WMLs, mm3, mean � SD 1,507.2 � 1,903.0 1,470.9 � 2,225.2 2,306.2 � 4,508.4

RT = resistance training; SD = standard deviation.
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significantly lower WML volume than the BAT group
(P = .03; Figure 2). There was no significant difference
between the BAT group and the 19 RT group at trial
completion (P = .77).

Correlations Between Change in WML Volume and
Change in Stroop Color Word Test Performance, PPA,
and Gait Speed

Reduced WML progression over the 12-month trial was
significantly associated with maintenance of gait speed in

the two RT intervention groups (r = �0.31, P = .049)
(Figure 3). Change in WML volume was not significantly
associated with change in Stroop Color Word Test perfor-
mance (r = 0.30, P = .06) or with PPA (r = 0.13, P = .25).

DISCUSSION

These novel proof-of-concept findings suggest that in com-
munity-dwelling women aged 65 to 75, 12 months of
twice-weekly progressive RT reduces WML progression.
Furthermore, reduced WML progression during the 12-
month trial was associated with maintained gait speed.

White matter lesions are known risk factors for mobil-
ity and cognitive decline.4,6,30,34 Moreover, they are highly
prevalent in otherwise healthy older adults, and their pro-
gression over time has significant clinical consequences,
which increase the risk of disability and reduce quality of
life in older adults.7 Therefore, strategies to prevent or
reduce the progression of WMLs are of great importance.
To the knowledge of the authors, this is the first study to
demonstrate that engaging in progressive RT can signifi-
cantly reduce WML progression in community-dwelling
older women.

Resistance training provides a broad range of systemic
benefits,35,36 including moderating the development of sar-
copenia, or age-related loss in skeletal muscle mass. The
multifactorial deleterious sequelae of sarcopenia include
falls, fractures, and physical disability.35 Of particular rele-
vance to WML progression, sarcopenia is an emerging risk
factor for metabolic disorders. This may not be surprising
given that skeletal muscle is the primary tissue for glucose
and triglyceride metabolism.37 Specifically, the Korea
National Health and Nutrition Examination Survey
showed that sarcopenia was associated with insulin resis-
tance, diabetes mellitus, and metabolic syndrome in non-
obese adults aged 20 and older.38 Moreover, the Third

Table 2. Descriptive Values of Raw and Log-Trans-
formed White Matter Lesion (WML) Measures at Base-
line and Trial Completion (N = 42)

WMLs Baseline Trial Completion

Once-weekly RT group,
n

18 18

Raw (mm3),
mean � SD

1,774.52 � 2,007.44 1,920.26 � 2,127.23

Log-transformed,
mean � SD

2.81 � 0.75 2.85 � 0.74

Twice-weekly RT
group, n

13 13

Raw (mm3),
mean � SD

1,805.03 � 2,456.57 1,903.50 � 2,684.03a

Log-transformed,
mean � SD

2.82 � 0.73 2.80 � 0.79

BAT group, n 11 11
Raw (mm3),
mean � SD

810.52 � 1,082.03 952.51 � 1,310.84

Log-transformed,
mean � SD

2.52 � 0.75 2.58 � 0.73

a Significantly different from the balance and tone (BAT) group at P < .05.

RT = resistance training; SD = standard deviation.
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Figure 2. Change in white matter lesion (WML) volume from baseline to trial completion. *At trial completion, the twice-weekly
resistance training (29 RT) group had significantly lower WML volume than the balance and tone (BAT) group. 19 RT = once-
weekly resistance training.
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National Health and Nutrition Examination Study found
that sarcopenia, independent of obesity, was associated
with adverse glucose metabolism.39 Thus, RT may reduce
WML progression by reducing cardiometabolic risk fac-
tors. Previous randomized controlled trials that showed
that RT improves insulin resistance and glycemic control
support this hypothesis.40 Furthermore, a 2011 review
concluded that the metabolic and cardiovascular benefits
of RT include better body composition, less abdominal fat
mass, lower resting blood pressure, better lipoprotein-lipid
profiles, and better glycemic control.41

Resistance training also has cardiovascular and cere-
brovascular benefits. A 6-month randomized longitudinal
trial of exercise demonstrated that RT increased the diam-
eter and improved the function of the brachial artery and
decreased carotid arterial wall thickness.18 More specifi-
cally, greater intima-media thickness (IMT) of the carotid
artery is closely related to the severity of atherosclerotic
changes associated with cardiovascular disease. Previous
research has reported mixed results regarding the ability of
aerobic exercise to attenuate age-related increases in
IMT.42 This may be due to the significant shear stress cre-
ated on the endothelial cell layer of arteries secondary to
sustained increases in blood flow during aerobic exer-
cise.42,43 In contrast, RT results in periodic increases in
blood flow, creating an alternative type of stress on the
endothelial cells.42 Thus, RT might be one possible modal-
ity to enhance arterial endothelial function and decrease
cardiovascular risk. In addition, higher levels of endothe-
lial dysfunction have been found to be associated with
lower cerebrovascular perfusion.44 Of particular relevance
to the current results, a previous study showed that older
women who engaged in RT at least once a week had sig-
nificantly greater cerebrovascular perfusion than women
who did not.19

The current results also suggest that participants
who participated in RT more often (29 RT) received
greater benefit with regard to WML progression than
those who participated less often (19 RT), indicating a
dose-response effect. The previous observation that 29
RT resulted in significant functional plasticity in two
regions of the cortex associated with response inhibition
and conflict resolution, whereas 19 RT did not, sup-
ports this,45 although because of the smaller sample,
additional investigations are needed to examine
whether there is a dose-response effect of RT on WML
progression.

In addition, it was demonstrated that reduced WML
progression was associated with maintenance of gait speed,
which concurs with and extends previous cross-
sectional studies demonstrating a significant association
between WML and gait speed.30,46 The current results sug-
gest that strategies that reduce the progression of WMLs
may contribute directly to the maintenance of gait speed in
older adults. Specifically, a 12-week randomized controlled
trial of gait rehabilitation47 demonstrated that baseline
WML severity moderated the beneficial effect of exercise
training on gait speed. The current findings suggest that, in
addition to its severity, WML progression rate may be an
important factor in changes in gait speed. Given that
recent evidence suggests that the association between
WMLs and mobility is independent of executive func-
tions,48 strategies that reduce the progression of WMLs
may contribute directly to improved gait speed in older
adults.

This study has limitations. First, the study sample of
older women limits the generalizability of the results to
older men. Second, the small number of participants
included in this exploratory analysis increased the
possibility of Type II error and imbalance in baseline
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Figure 3. Scatterplot presents the association between change in white matter lesion (WML) volume and change in gait speed
from baseline to trial completion, in the 19 RT and 29 RT groups (N = 31). Change in WML volume was calculated as base-
line log-transformed WML value – trial completion log-transformed WML value. (Transformed data are not in its original units
of measurement, such as mm3.) Thus, a positive change score in WML volume would indicate reduced WML progression over
the 6-month intervention period, and a negative change score would indicate increased WML volume progression. Change in gait
speed was also calculated as baseline gait speed – trial completion gait speed. Hence, a negative change score would indicate
improvement, and a positive change score would indicate decline in gait speed.
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characteristics.49 Thus, future studies with larger sample
sizes are needed to confirm the current findings and to
extend understanding of the role of RT on WML progres-
sion. Specifically, based on the log-transformed WML vol-
ume data (Table 2), the overall effect size was
0.60 (expressed as a standardized difference, Cohen d).
Based on this effect size, assuming an alpha of 0.05 (two-
tailed) and a beta of 0.20, future studies should include a
minimum of 45 participants per group to provide a power
of 0.80 (G*Power 3.1).50 Future studies should also aim to
determine the mechanisms by which RT reduces WML pro-
gression in older adults. Finally, the study investigated the
volume of WMLs in the whole brain. Further research on
WMLs in specific regions of the brain would advance under-
standing of the effect of exercise on lesion progression in dif-
ferent brain regions and, ultimately, on cognitive function
and mobility.

CONCLUSION

This randomized controlled trial provided novel proof-of-
concept evidence that pragmatic RT may reduce WML
progression in community-dwelling older women. Further-
more, reduced WML progression was associated with
maintenance of gait speed. The potential clinical implica-
tions of these results are significant because WMLs are
prevalent in older adults6 and have negative consequences
for mobility and cognitive function.
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Additional Supporting Information may be found in the
online version of this article:

Appendix S1. Baseline and trial completion lesion
masks overlaid on T2 images. The seeds that the radiolo-
gist marked are shown as red dots.
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