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Background: Cognitive decline among seniors is a press-
ing health care issue. Specific exercise training may com-
bat cognitive decline. We compared the effect of once-
weekly and twice-weekly resistance training with that of
twice-weekly balance and tone exercise training on the
performance of executive cognitive functions in senior
women.

Methods: In this single-blinded randomized trial, 155
community-dwelling women aged 65 to 75 years living
in Vancouver were randomly allocated to once-weekly
(n=54) or twice-weekly (n=52) resistance training or
twice-weekly balance and tone training (control group)
(n=49). The primary outcome measure was perfor-
mance on the Stroop test, an executive cognitive test of
selective attention and conflict resolution. Secondary out-
comes of executive cognitive functions included set shift-
ing as measured by the Trail Making Tests (parts A and
B) and working memory as assessed by verbal digit span
forward and backward tests. Gait speed, muscular func-
tion, and whole-brain volume were also secondary out-
come measures.

Results: Both resistance training groups significantly im-
proved their performance on the Stroop test compared
with those in the balance and tone group (P! .03). Task
performance improved by 12.6% and 10.9% in the once-
weekly and twice-weekly resistance training groups, re-
spectively; it deteriorated by 0.5% in the balance and tone
group. Enhanced selective attention and conflict reso-
lution was significantly associated with increased gait
speed. Both resistance training groups demonstrated re-
ductions in whole-brain volume compared with the bal-
ance and tone group at the end of the study (P! .03).

Conclusion: Twelve months of once-weekly or twice-
weekly resistance training benefited the executive cog-
nitive function of selective attention and conflict reso-
lution among senior women.

Trial Registration: clinicaltrials.gov Identifier:
NCT00426881
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C OGNITIVE DECLINE AMONG
persons 65 years or older
(hereinafter seniors) is a
pressing health care is-
sue. Effective pharmaco-

logic treatment of mild cognitive impair-
ment and dementia remains a major
medical challenge.1 Hence, effective pri-
mary prevention strategies for cognitive de-
cline would greatly benefit individuals and
society.

Observational studies suggest that
physical activity may limit age-associated
cognitive decline.2,3 However, those
studies did not distinguish between the
2 main types of physical activity—
aerobic and resistance training. Interven-

tion studies have shown that aerobic
exercise training enhances brain and
cognitive function.4 Whether resistance
training has similar benefits on cognitive
function in seniors has received little
investigation.5

We had 3 reasons to examine whether
resistance training improves cognitive
function in seniors. First, a meta-analysis6

highlighted that the greatest benefit of
aerobic exercise on cognition occurred
when it was paired with resistance train-
ing. There are plausible biological mecha-
nisms whereby resistance training might
ameliorate cognitive function indepen-
dently of aerobic exercise.5 Second, a
6-month trial7 indicated that resistance
training benefited memory performance
and verbal concept formation among
seniors. This raised the possibility that a
broader spectrum of cognitive functions
may also show improvement with resis-
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tance training. Third, to our knowledge, no study to
date has examined the minimum frequency of resistance
training (ie, once weekly or twice weekly) required for
cognitive benefits. However, the frequency of training
may influence long-term exercise adherence. If a rela-
tively standard resistance training program had cogni-
tive benefits and there was evidence of a minimally
effective dose (frequency and duration), this would add
substantially to physicians’ options of exercise prescrip-
tion for seniors.

We compared the effect of once-weekly and twice-
weekly resistance training with twice-weekly balance and
tone exercise training on the performance of executive
cognitive functions in senior women. We focused on ex-
ecutive cognitive functions because they are highly as-
sociated with the ability to perform instrumental activi-
ties of daily living8 and mobility.9

METHODS

STUDY DESIGN

We conducted a randomized, controlled 52-week prospective
study of exercise from May 1, 2007, through April 30, 2008,
with 3 measurement periods (baseline, midpoint, and trial
completion). The assessors were blinded to the participants’ as-
signments. However, the success of blinding was not formally
assessed throughout the trial.

PARTICIPANTS

The sample consisted solely of women because cognitive
response to exercise differs between the sexes.6 From January
31 to April 30, 2007, we recruited participants with the use of
print advertisements and television features. Individuals
underwent screening by a standardized telephone interview.
Women who lived in Vancouver were eligible for study entry
if they (1) were aged 65 to 75 years; (2) were living indepen-
dently in their own home; (3) scored 24 or more on the Mini-
Mental State Examination; and (4) had a visual acuity of at
least 20/40, with or without corrective lenses. We excluded
those who (1) had a current medical condition for which
exercise is contraindicated, (2) had participated in resistance
training in the past 6 months, (3) had a neurodegenerative
disease and/or a stroke, (4) had depression, (5) did not speak
and understand English fluently, (6) were taking cholinester-
ase inhibitors, (7) were receiving estrogen therapy, or (8)
were receiving testosterone therapy.

The CONSORT (Consolidated Standards of Reporting Trials)
flowchart in the Figure shows the number of participants in
the treatment arms at each stage of the study. Ethical approval
was obtained from the Vancouver Coastal Health Research In-
stitute and the University of British Columbia’s Clinical Re-
search Ethics Board. All participants provided written in-
formed consent.

DESCRIPTIVE VARIABLES

At baseline, participants underwent a physician assessment to
confirm current health status and eligibility for the study. We
used the 15-item Geriatric Depression Scale10 to screen for de-
pression. Current level of physical activity was determined by
the Physical Activity Scale for the Elderly self-report question-
naire.11 General mobility was assessed by the timed Up and Go
test.12

PRIMARY
OUTCOME MEASURE

This study focused on the following 3 executive cognitive func-
tions: selective attention and conflict resolution, set shifting,
and working memory. Our primary outcome measure was the
specific executive cognitive function of selective attention and
conflict resolution, as measured by the Stroop test.13 We pre-
viously demonstrated that this function responds to exercise
training14 and used those observed changes in our sample size
calculation.

For the Stroop test, we used 3 conditions. First, partici-
pants were instructed to read out words printed in black ink
(eg, blue). Second, they were instructed to read out the color
of colored x’s. Finally, they were shown a page with color
words printed in incongruent colored inks (eg, the word
blue printed in red ink). Participants were asked to name the
ink color in which the words are printed (while ignoring
the word itself ). There were 80 trials for each condition, and
we recorded the time participants took to read each condi-
tion. The ability to selectively attend and control response
output was calculated as the time difference between the
third condition and the second condition. Smaller time dif-
ferences indicate better selective attention and conflict
resolution.

SECONDARY
OUTCOME MEASURES

Secondary measures of executive cognitive functions were set
shifting and working memory. Also, to understand the wider
range of effects resistance training may have on senior women,
we assessed gait speed, quadriceps muscular function, and
whole-brain volume.

Set Shifting

We used the Trail Making Tests parts A and B to assess set
shifting.15 Part A assesses psychomotor speed and requires
the participant to draw lines that connect encircled numbers
sequentially, such as drawing a line from 1 to 2, 2 to 3, and
3 to 4. Part B consists of encircled numbers and letters. Par-
ticipants were instructed to draw a line as quickly and as
accurately as possible from 1 to A, A to 2, 2 to B, B to 3, and
so on, until they completed the task. We recorded the
amount of time (in seconds) it took to complete each task.
To index set shifting, we calculated the difference between
part B and part A completion times. Smaller difference
scores indicate better set shifting.

Working Memory

We used the verbal digit span forward and backward tests to
index the central executive component of working
memory.16 Both tests consist of 7 pairs of random number
sequences that the assessor reads aloud at the rate of 1 per
second. The sequence begins with 3 digits and increases by 1
at a time up to a length of 9 digits. The test includes 2
sequences of each length and testing ceases when the partici-
pant fails to recollect any 2 with the same length. The score
recorded, ranging from 0 to 14, is the number of successful
sequences. For the verbal digit span forward test, the partici-
pant’s task is to repeat each sequence exactly as it is given.
For the verbal digit span backward test, the participant’s task
is to repeat each sequence in reverse order. The difference
between the verbal digit span forward and backward test
scores was used as an index of the central executive compo-
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nent of working memory. Smaller difference scores indicate
better working memory.

Gait Speed

Gait speed is a significant and independent predictor of falls
and fracture risk in older women.17 Participants were asked to
walk at their usual pace along a 4-m path. Gait speed (in me-
ters per second) was calculated from the mean of 2 trials. The
test-retest reliability (intraclass correlation coefficient) of gait
speed in our laboratory is 0.95.18

Muscular Function

In a subset of participants who were eligible (ie, those with no
significant preexisting knee, hip, or back condition), isotonic
quadriceps strength (single-repetition maximum lift [1-RM])
and peak muscle power were assessed using an air-pressured
digital resistance leg press machine (Keiser Sports Health Equip-
ment, Fresno, California). The study physician screened all par-
ticipants for eligibility. Two assessors completed all assess-
ments of 1-RM and peak muscle power; they attended two

Withdrew5
Owing to time commitment1
For medical reasons2
For personal reasons1
For unknown reasons1

Withdrew2
Owing to time commitment1
For medical reasons1

Withdrew for medical reasons2

Withdrew3
Owing to time commitment2
Medical reason1

Withdrew15
Lost contact1
Withdrew owing to time
commitment

14

Withdrew owing to time
commitment

1 Withdrew5
Owing to time commitment2
For medical reasons1
For personal reasons2

Withdrew5
For medical reasons4
For personal reasons1

Participated in midpoint assessment51 Participated in midpoint assessment49 Participated in midpoint assessment44

Consented and booked for
baseline assessment

175

Completed trial and included
in analysis

135

Completed assessment158

Baseline assessment
Attended160

Withdrew during assessment1
Excluded because psychiatric
condition suspected by physician

1

Information session
Attended218

Excluded7
Not interested36

Had terminal cancer1
Taking antidepressants1
Receiving estrogen, testosterone,
or growth hormone therapy

5

Recruitment letters mailed262 Newspaper, television, flyer,
and e-mail advertisements sent

Received 2× RT52 Received 1×  RT54 Received BAT 2×/wk 49

Participated in final assessment46 Participated in final assessment47 Participated in final assessment42

Randomized155

Telephone screen
Screened346

Excluded41
Eligible based on telephone
screen but no longer interested

87

Figure. The CONSORT (Consolidated Standards of Reporting Trials) flowchart. BAT indicates twice-weekly balance and tone exercise training;
1" RT, once-weekly resistance training; and 2" RT, twice-weekly RT.
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30-minute training sessions before the baseline measurement
period.

The initial load for quadriceps 1-RM assessment was the par-
ticipant’s own body mass. Participants pushed against the leg
press over a 3-second count and then returned to the start po-
sition over a 3-second count. Load increased by 10% incre-
ments until participants were no longer able to lift the load
through their available range of motion. The load (in new-
tons) of the last successfully completed leg press was recorded
and used for statistical analysis.

After the completion of the quadriceps 1-RM testing, eli-
gible participants were given a 15-minute break. They then un-
derwent quadriceps muscle power assessments during which
they completed leg press extensions at 6 relative loads of their
1-RM (ie, 40%, 50%, 60%, 70%, 80%, and 90%). Participants
performed the concentric portion of the leg press repetition as
rapidly as possible and then slowly lowered the load during a
3-second count. Beginning at 40% of 1-RM, participants per-
formed 3 repetitions at each relative 1-RM load. There was a
30-second rest between repetitions. The air-pressured digital
resistance leg press machine recorded the power produced (in
watts). The peak quadriceps muscle power obtained by each
participant was used for statistical analysis.

Whole-Brain Volume

For those who met the inclusion criteria for magnetic reso-
nance imaging and consented, whole-brain volume was mea-
sured via T1-weighted structural magnetic resonance images
obtained using a 3T scanner (Achieva; Philips Medical Sys-
tems UK Ltd, Surrey, England). Calculations of whole-brain vol-
ume and their percentage change across study time points were
made using the SIENA (Structural Image Evaluation, using Nor-
malization, of Atrophy) method of automated analysis.19 SIENA
is a longitudinal method that compares pairs of scans within
subjects and is available as part of the Functional Magnetic Reso-
nance Imaging of the Brain Software Library package.20 SIENA
has been shown to have an overall error rate of approximately
0.2% of the absolute brain volume.19,21,22 It is designed to be
fully automatic, but careful evaluation of its intermediate out-
put is essential to ensuring accurate results. To minimize er-
ror, we performed visual checks of intermediate output from
3 critical processes: brain extraction, spatial alignment, and tis-
sue segmentation.

RANDOMIZATION

The randomization sequence was generated by http://www
.randomization.com and was concealed until interventions were
assigned. This sequence was held independently and remotely
by the research coordinator. Participants were enrolled and ran-
domized by the research coordinator to one of the following 3
groups: once-weekly resistance training (1" RT), twice-
weekly resistance training (2"RT), or twice-weekly balance
and tone (BAT).

SAMPLE SIZE

The required sample size for this study was calculated from
predictions of 12-month changes in the Stroop test results.
Specifically, we predicted a 6% improvement for the 1"RT
and a 12% improvement for the 2"RT groups. We also esti-
mated a 10% deterioration in the BAT group (ie, the control
group). These estimates were based on our previous work,14

which demonstrated that a home-based program of strength
and balance retraining exercises significantly improved
Stroop test performance. Assuming a 20% attrition rate and

using an # level of less than .05, 52 participants per group
ensured a power of 0.80.

EXERCISE INTERVENTION

The resistance training and balance and tone classes both be-
gan 1 month after the baseline assessments were completed (ie,
May 2007). Classes were held at 2 locations: the local YMCA
and the Centre for Hip Health and Mobility research center.
All classes were led by certified fitness instructors who re-
ceived additional training and education from the study inves-
tigators. The classes were 60 minutes long, with a 10-minute
warm-up, 40 minutes of core content, and a 10-minute
cooldown. To ensure that programs were delivered faithfully
and consistently across sites, a research assistant who was not
involved in delivering the study’s classes conducted quality as-
sessments every month with the use of a standard form. At-
tendance was recorded daily by the assistants. Adherence, ex-
pressed as the percentage of the total number of classes attended,
was calculated from these attendance sheets.

Specific strategies were implemented to promote partici-
pant engagement. These included (1) semimonthly newslet-
ters that featured personal accomplishments of the partici-
pants, healthy recipes contributed by the participants, and study
updates; (2) 3 social events (eg, the Winter Holiday Tea); (3)
personalized birthday cards; (4) follow-up for participants who
missed 2 consecutive classes without a reason; and (5) sup-
port and suggestions for overcoming barriers to participation.

Resistance Training

The resistance training program used a progressive, high-
intensity protocol. The air-pressured digital resistance leg press
machine and free weights were used to provide the training
stimulus. The leg press machine–based exercises consisted of
biceps curls, triceps extension, seated rowing, latissimus dorsi
pull-down exercises, leg presses, hamstring curls, and calf raises.
The intensity of the training stimulus was at a work range of 6
to 8 repetitions (2 sets). The training stimulus was subse-
quently increased using the 7-RM method, when 2 sets of 6 to
8 repetitions were completed with proper form and without dis-
comfort. Other key strength exercises included minisquats, mini-
lunges, and lunge walks. The number of sets completed and
the load lifted for each exercise were recorded for each partici-
pant at every class.

Balance and Tone

The balance and tone program consisted of stretching exer-
cises, range-of-motion exercises, basic core-strength exercises
including kegels (ie, exercises to strengthen the pelvic floor
muscles), balance exercises, and relaxation techniques. Key bal-
ance exercises included tai chi–based forms (ie, the crane and
the tree pose), tandem stand, tandem walking, and single leg
stance (eyes opened and closed). Other than body weight, no
additional loading (eg, hand weights or resistance bands) was
applied to any of the exercises. There is no evidence that these
exercises improve cognitive function.4 This group served to con-
trol for confounding variables such as physical training re-
ceived by traveling to the training centers, social interaction,
and changes in lifestyle secondary to study participation.

ADVERSE EFFECTS

Participants were questioned about the presence of any ad-
verse effects, such as musculoskeletal pain or discomfort, at each
exercise session. All instructors also monitored participants for
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symptoms of angina and shortness of breath during the exer-
cise classes.

STATISTICAL ANALYSIS

All analyses were full analysis set,23 defined as the analysis set
that is as complete and as close as possible to the intention-to-
treat ideal of including all randomized participants. Data were
analyzed using SPSS statistical software (Windows version 17.0;
SPSS Inc, Chicago, Illinois).

Between-group differences in selective attention and con-
flict resolution at the midpoint and at trial completion were com-
pared by multiple linear regression analysis. In the models, base-
line scores, experimental group, baseline Mini-Mental State
Examination score, baseline waist circumference,24,25 diagno-
sis of diabetes (yes/no),25-27 and visual edge contrast sensitiv-
ity score28 were included as covariates. Two planned simple con-
trasts were performed when there were significant main group
effects. These contrasts were used to assess differences be-
tween the 1"RT group and the BAT group and between the
2"RT group and the BAT group. In addition, difference con-
trasts were used within each RT group to assess when cogni-
tive benefits of resistance training were evident. The overall #
level was set at P$ .05.

We analyzed our secondary outcome measures of execu-
tive cognitive functions in the same manner as our primary out-
come measure with the exception that visual edge contrast sen-
sitivity was not included as a covariate in the model for working
memory.

For models of gait speed, quadriceps 1-RM, and peak
quadriceps muscle power, baseline scores and experimental
group were included as covariates. For models of percentage
of change in whole-brain volume, presence of diabetes was
included as a covariate. Finally, Pearson product moment
correlations were computed to determine whether changes
in selective attention and conflict resolution between the

beginning and the end of the intervention period were
related to changes in gait speed.

RESULTS

DESCRIPTIVE VARIABLES, EXERCISE
ADHERENCE, AND PHYSICAL ACTIVITY LEVELS

The mean (SD) age of the cohort was 69.6 (2.9) years,
and the exercise adherence during the 1-year study pe-
riod was 67.9%. Average adherence was 71.0% for the
1"RT group, 70.3% for the 2"RT group, and 62.0% for
the BAT group. Baseline demographics and characteris-
tics of the 155 participants who were randomized are
shown in Table 1. Physical activity levels (Physical Ac-
tivity Scale for the Elderly scores) did not differ signifi-
cantly between the groups at the midpoint (P=.98) or at
trial completion (P=.68).

PRIMARY OUTCOME MEASURE

Table 2 shows the baseline, midpoint, and trial comple-
tion results for the executive cognitive function tests. The
regression analyses revealed no significant between-
group differences at the midpoint of the trial. However,
at the end of the trial, there was a significant between-
group difference in selective attention and conflict reso-
lution (P=.01). Planned simple contrasts indicated that
both the 1"RT and 2"RT groups had improved Stroop
test performance compared with the BAT group at trial
completion (P! .03). Specifically, task performance im-
proved by 12.6% and 10.9% in the 1"RT and 2"RT

Table 1. Baseline Characteristics of the 155 Trial Participantsa

Variable

Group

BAT
(n=49)

1! RT
(n=54)

2! RT
(n=52)

All
(N=155)

Age, y 70.0 (3.3) 69.5 (2.7) 69.4 (3.0) 69.6 (2.9)
Height, cm 161.0 (6.9) 160.9 (7.0) 162.8 (6.5) 161.6 (6.8)
Weight, kg 67.0 (11.5) 69.2 (16.2) 72.1 (16.8) 69.5 (15.2)
Education, No. (%)

No high school 1 (2.0) 1 (1.9) 1 (1.9) 3 (1.9)
Grades 9-12 without certificate or diploma 2 (4.1) 3 (5.6) 4 (7.7) 9 (5.8)
High school certificate or diploma 6 (12.2) 9 (16.7) 10 (19.2) 25 (16.1)
Trade or professional certificate or diploma 14 (28.6) 10 (18.5) 6 (11.5) 30 (19.4)
University certificate or diploma 7 (14.3) 12 (22.2) 9 (17.3) 28 (18.1)
University degree 19 (38.8) 19 (35.2) 22 (42.3) 60 (38.7)

MMSE scoreb 28.8 (1.2) 28.5 (1.3) 28.6 (1.5) 28.6 (1.3)
Falls in the last 12 months, No. (%) 16 (32.7) 13 (24.1) 20 (38.5) 49 (31.6)
Geriatric Depression Scalec 0.5 (1.8) 0.3 (1.1) 0.9 (2.3) 0.6 (1.8)
Functional Comorbidity Indexd 2.2 (1.7) 1.8 (1.7) 2.3 (1.6) 2.1 (1.7)
Lawton and Brody Instrumental Activities of Daily Living Scale scoree 8.0 (0) 8.0 (0.1) 7.9 (0.5) 8.0 (0.3)
PASE score 126.1 (51.0) 116.2 (61.4) 121.2 (60.4) 121.0 (57.7)
TUG, s 6.8 (1.4) 6.6 (1.4) 6.6 (1.4) 6.6 (1.4)

Abbreviations: BAT, balance and toning; MMSE, Mini-Mental State Examination; PASE, Physical Activity Scale for the Elderly; TUG, timed Up and Go test;
1" RT, once-weekly resistance training; 2" RT, twice-weekly RT.

aUnless otherwise indicated, data are expressed as mean (SD). Percentages have been rounded and may not total 100.
bMaximum was 30 points.
cMaximum was 15 points.
dMaximum was 18 points.
eMaximum was 8 points. The scale is described in Lawton and Brody.29
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groups, respectively, whereas the BAT group demon-
strated a 0.5% deterioration. Within each RT group, dif-
ference contrasts demonstrated that Stroop test perfor-
mance was not significantly different from baseline to the
midpoint (P=.79), but was significantly different from
the midpoint to trial completion (P=.001).

SECONDARY OUTCOME MEASURES

The regression analyses revealed no significant between-
group differences at the midpoint and at trial comple-
tion in set shifting and working memory (Table 2).

There were no significant between-group differences
at the midpoint and at trial completion in gait speed and
quadriceps 1-RM. However, there were significant between-
group differences in peak muscle power at the midpoint
(P$.01) and at trial completion (P$.001). Planned simple
contrasts indicated that the 2"RT group increased peak
muscle power at the midpoint (P$.01) and at trial comple-
tion (P$ .001) compared with the BAT group. Specifi-
cally, at trial completion, peak muscle power increased by
13.4% in the 2"RT group but decreased by 8.4% and 16.3%
for the 1"RT and BAT groups, respectively.

There were also between-group differences in the per-
centage of change of whole-brain volume at trial comple-
tion (P! .03) (Table 3). At the end of the study, the
1"RT and 2"RT groups both demonstrated reduc-
tions in whole-brain volume compared with the BAT
group (P! .03). Specifically, there was a 0.32% and a
0.43% reduction in whole-brain volume for the 1"RT
and 2"RT groups, respectively. In contrast, there was
no change in whole-brain volume for the BAT group.

Improvement in selective attention and conflict reso-
lution during the 12-month intervention was signifi-
cantly associated with improvement in gait speed (r=0.24;
P$ .01).

ADVERSE EVENTS

Results of the %2 test indicated significant group differ-
ences (P=.02) in the proportion of participants report-
ing adverse events. Specifically, musculoskeletal com-
plaints (eg, knee joint discomfort or bursa irritation in
the lateral hip) developed in 14 of 47 women (29.8%) in
the 1"RT group, in 5 of 46 (10.9%) in the 2"RT group,
and in 4 of 42 (9.5%) in the BAT group. All documented

Table 2. Mean Values for Outcome Measures

Variable

Mean (SD)

Baseline Midpoint Completion

2" RT group n=52 n=51 n=46
Stroop test, CW − C, s 45.0 (15.8) 46.1 (17.2) 40.9 (14.9)a

Trail Making Test, part B − part A, s 49.5 (36.6) 41.7 (30.8) 38.7 (33.6)
Verbal digit span test, forward − backward 3.4 (2.4) 4.1 (2.9) 3.8 (2.1)
Gait speed, m/s 1.2 (0.2) 1.3 (0.2) 1.4 (0.2)
1-RM, Nb 315.0 (66.9) 380.6 (84.0) 388.2 (82.4)
Peak muscle power, Wc 624.9 (194.2) 707.2 (171.6)a 708.6 (161.2)a

Change in whole-brain volume from baseline, %d NA −0.02 (0.60) −0.43 (0.65)a

1" RT group n=54 n=49 n=47
Stroop test, CW − C, s 47.4 (26.2) 46.5 (25.8) 39.5 (14.1)a

Trail Making Test, part B − part A, s 41.4 (26.5) 36.1 (27.8) 34.0 (27.4)
Verbal digit span test, forward − backward 3.5 (2.0) 3.8 (2.3) 3.4 (1.9)
Gait speed, m/s 1.2 (0.2) 1.4 (0.2) 1.4 (0.2)
1-RM, Nb 323.9 (63.2) 371.0 (86.4) 386.5 (97.0)
Peak muscle power, Wc 679.3 (184.2) 633.4 (192.3) 622.3 (204.4)
Change in whole-brain volume from baseline, %d NA −0.04 (0.48) −0.32 (0.54)a

BAT group n=49 n=44 n=42
Stroop test, CW − C, s 44.0 (15.1) 49.2 (19.1) 43.8 (18.9)
Trail Making Test, part B − part A, s 47.1 (41.3) 43.4 (28.8) 36.0 (21.9)
Verbal digit span test, forward − backward 3.2 (2.5) 4.4 (2.8) 4.0 (1.9)
Gait speed, m/s 1.2 (0.2) 1.3 (0.2) 1.4 (0.2)
1-RM, Nb 338.2 (70.4) 363.9 (77.4) 356.3 (85.3)
Peak muscle power, Wc 660.3 (229.7) 649.5 (208.8) 552.1 (194.0)
Change in whole-brain volume from baseline, %d NA 0.13 (0.67) 0.00 (0.63)

Abbreviations: BAT, balance and toning; C, Stroop test colored x ’s condition; CW, Stroop test color words condition; NA, not applicable; 1-RM, isotonic
quadriceps strength; 1" RT, once-weekly resistance training; 2" RT, twice-weekly RT.

aSignificantly different from the BAT group at P $ .05. For the Stroop test, the 95% confidence interval (CI) of the difference between the 1" RT and BAT
groups was −13.8 to −2.5; between the 2" RT and BAT groups, −12.2 to −0.8. For peak muscle power, 95% CI of the difference between the 2" RT and BAT
groups at the midpoint was 22.2 to 151.3; between the 2" RT and BAT groups at trial completion, 81.7 to 230.0. For the difference in whole-brain volume, the
95% CI of the difference between the 1" RT and BAT groups was −0.76 to −0.04; between the 2" RT and BAT groups, −0.89 to −0.12.

bFor this analysis, 31 participants were included in the 2" RT group at baseline, 26 at the midpoint, and 25 at trial completion; in the 1" RT group, 30 at
baseline, 28 at the midpoint, and 27 at trial completion; and in the BAT group, 27 at baseline, 21 at the midpoint, and 24 at trial completion.

cFor this analysis, 30 participants were included in the 2" RT group at baseline, 23 at the midpoint, and 25 at trial completion; in the 1" RT group, 29 at
baseline, 26 at the midpoint, and 27 at trial completion; and in the BAT group, 27 at baseline, 21 at the midpoint, and 24 at trial completion.

dFor the 2" RT group, 18 participants were included in the differences from baseline to the midpoint and from baseline to trial completion; for the 1" RT
group, 28 in the differences from baseline to the midpoint and from baseline to trial completion; for the BAT group, 20 in the difference from baseline to the
midpoint and 18 from baseline to trial completion.
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musculoskeletal symptoms resolved or diminished within
4 weeks of onset. There was also 1 fall in the BAT group;
this fall did not result in injury.

COMMENT

In community-dwelling women aged 65 to 75 years, 12
months of progressive resistance training once or twice
weekly improved selective attention and conflict resolu-
tion relative to twice-weekly balance and toning exer-
cises. We also found that resistance training twice
weekly improved peak quadriceps muscle power, and
that resistance training once or twice weekly led to
small but significant reductions in whole-brain volume.
To our knowledge, this is the first study to demonstrate

that engaging in progressive resistance training as infre-
quently as once a week can significantly benefit execu-
tive cognitive function in community-dwelling senior
women.

Cassilhas et al7 demonstrated that 6 months of thrice-
weekly moderate- or high-intensity resistance training im-
proved cognitive performance of memory and verbal con-
cept formation among senior men. Our findings extend
these results in several critical ways. Most notably, our
results suggest that the effects of resistance training on
executive cognitive functions appear to be selective; that
is, resistance training enhanced selective attention and
conflict resolution in older women, but cognitive abili-
ties associated with manipulating verbal information in
working memory and shifting between task sets or in-
structions were not improved.

Our study provides novel data relating the frequency
and duration of resistance training with cognitive ben-
efits in women. We observed a cognitive benefit after 12
months of training but not at the 6-month trial mid-
point. Cassilhas et al7 reported cognitive benefits after 6
months of resistance training in men. There were differ-
ences in the frequency of resistance training between the
2 studies (ie, once-weekly and twice-weekly training in
our study vs thrice-weekly training in the Brazilian study);
also, different cognitive functions may have different
change trajectories with resistance training. Sex may also
be a moderating factor. Our study included women only,
and the participants trained less frequently than did those
in the study by Cassilhas et al.7 Finally, differences in the
control groups may have contributed to the lack of be-
tween-group differences in cognitive performance at 6
months. The control group in the Brazilian study7 trained
only once weekly; our Canadian control group trained
twice weekly.

We also demonstrated that enhanced selective atten-
tion and conflict resolution was associated with in-
creased gait speed. To our knowledge, this study is the
first to demonstrate this relationship. Our finding adds
weight to previous observations of a strong relationship
between gait speed and cognitive function.30 The impli-
cation for clinicians is that improved gait speed is a pre-
dictor of substantial reduction in mortality.31

The design of our control group (ie, balance and ton-
ing) may have also contributed to the lack of between-
group differences at 6 and 12 months in quadriceps 1-RM.
Our control group included balance training in their twice-
weekly program. Previous studies have demonstrated that
balance training exercises can improve muscle strength.32,33

In addition, in our own previous investigation of differ-
ent types of exercise training (ie, resistance training, agil-
ity training, and stretching [ie, control] exercises) in se-
nior women with low bone mass, we did not find any
significant between-group differences in measures of quad-
riceps strength and mobility.34

We highlight that, although both resistance training
groups enhanced selective attention and conflict resolu-
tion by the end of the trial, there were more musculo-
skeletal adverse events in the 1"RT group than in the
2"RT and BAT groups. Hence, the possible increased
risk for musculoskeletal injury with once-weekly resis-
tance training must be weighed against its benefit of re-

Table 3. Mean Change for Outcome Measures

Variable

Mean (SD) Changea

Midpoint Completion

2" RT group n=51 n=46
Stroop test, CW − C, s −0.96 (15.13) 5.01 (13.75)
Trail Making Test, part B − part A, s 10.27 (40.25) 10.96 (36.92)
Verbal digit span test,

forward − backward
−0.67 (2.94) −0.47 (2.24)

Gait speed, m/s 0.19 (0.17) 0.24 (0.16)
1-RM, Nb 60.27 (51.18) 69.80 (74.75)
Peak muscle power, Wc 74.68 (118.55) 72.42 (108.12)
Change in whole-brain volume, %d −0.02 (0.60) −0.43 (0.65)

1" RT group n=49 n=47
Stroop test, CW − C, s 0.28 (28.37) 6.22 (22.31)
Trail Making Test, part B − part A, s 4.91 (26.12) 7.3 (30.36)
Verbal digit span test,

forward − backward
−0.43 (2.63) 0.06 (2.54)

Gait speed, m/s 0.18 (0.19) 0.19 (0.19)
1-RM, Nb 42.15 (57.26) 44.22 (67.10)
Peak muscle power, Wc −27.54 (105.66) −78.61 (151.03)
Change in whole-brain volume, %d −0.04 (0.48) −0.32 (0.54)

BAT group n=44 n=42
Stroop test, CW − C, s −4.27 (15.15) 0.26 (17.12)
Trail Making Test, part B − part A, s 2.17 (39.27) 8.64 (32.15)
Verbal digit span test,

forward − backward
−0.93 (3.42) −0.64 (2.70)

Gait speed, m/s 0.17 (0.16) 0.22 (0.18)
1-RM, Nb 24.73 (53.44) 18.15 (70.06)
Peak muscle power, Wc −24.27 (132.56) −90.60 (144.58)
Change in whole-brain volume, %d 0.13 (0.67) 0.00 (0.63)

Abbreviations: See Table 2.
aMean change for all cognitive measures is calculated as the difference

between the baseline value and the midpoint or the completion value.
Positive change indicates improvement. Mean change for all performance
measures is calculated as the difference between the midpoint and baseline
values or between the completion and baseline values. Positive change
indicates improvement.

bFor this analysis, 31 participants were included in the 2" RT group at
baseline, 26 at the midpoint, and 25 at trial completion; in the 1" RT group,
30 at baseline, 28 at the midpoint, and 27 at trial completion; and in the BAT
group, 27 at baseline, 21 at the midpoint, and 24 at trial completion.

cFor this analysis, 30 participants were included in the 2" RT group at
baseline, 23 at the midpoint, and 25 at trial completion; in the 1" RT group,
29 at baseline, 26 at the midpoint, and 27 at trial completion; and in the BAT
group, 27 at baseline, 21 at the midpoint, and 24 at trial completion.

dFor the 2" RT group, 18 participants were included in the differences from
baseline to the midpoint and from baseline to trial completion; for the 1" RT
group, 28 in the differences from baseline to the midpoint and from baseline to
trial completion; and for the BAT group, 20 in the difference from baseline to the
midpoint and 18 from baseline to trial completion.
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duced training time compared with twice-weekly resis-
tance training.

An unexpected result was the reduced whole-brain vol-
ume for both RT groups. Although reduced brain vol-
umes are commonly associated with impaired func-
tion,35 the groups who improved cognitive executive
function and muscular function in our study also had brain
volume reductions. There are precedents that parallel our
apparently paradoxical finding.36,37 In a &-amyloid im-
munization trial among those with probable Alzheimer
disease, immunization led to significant clinical benefit,
reduced &-amyloid load, and reduced brain volume.36 The
investigators hypothesized that removal of &-amyloid
and/or other protein constituents from brain tissue may
have caused cerebral fluid shifts, resulting in brain vol-
ume reductions on magnetic resonance imaging. How-
ever, we are very cautious in our interpretation of the
whole-brain volume results and emphasize that this facet
of the study, although not the first report of such a phe-
nomenon, needs further investigation.

Because our participant sample included women aged
65 to 75 years only, the findings may not generalize to
men or to women of other ages. Also, although we ob-
served reduced whole-brain volumes, the study was not
designed to show which specific brain regions demon-
strated volumetric changes.

In conclusion, we provide novel randomized con-
trolled trial evidence that a pragmatic resistance train-
ing program can enhance the executive cognitive func-
tion of selective attention and conflict resolution and
simultaneously improve muscular function in senior
women. This has important clinical implications be-
cause cognitive impairment is a major health problem that
currently lacks a clearly effective pharmaceutical therapy
and because resistance training is not widely adopted by
seniors. The doses of resistance training we used in this
study fall within those recommended by the 2008 Physi-
cal Activity Guidelines for seniors.38

Accepted for Publication: October 7, 2009.
Correspondence: Teresa Liu-Ambrose, PhD, PT, Cen-
tre for Hip Health and Mobility, Vancouver Coastal Re-
search Institute, Department of Physical Therapy, Uni-
versity of British Columbia. 357-2647 Willow St,
Vancouver, BC V5Z 3P1, Canada (tlambrose@exchange
.ubc.ca).
Author Contributions: Dr Liu-Ambrose had full access
to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analy-
sis. Study concept and design: Liu-Ambrose, Nagamatsu,
Graf, Beattie, and Handy. Acquisition of data: Liu-
Ambrose, Nagamatsu, Ashe, and Handy. Analysis and in-
terpretation of data: Liu-Ambrose, Nagamatsu, Graf,
Beattie, and Handy. Drafting of the manuscript: Liu-
Ambrose, Nagamatsu, Graf, and Handy. Critical revi-
sion of the manuscript for important intellectual content: Liu-
Ambrose, Nagamatsu, Beattie, Ashe, and Handy. Statistical
analysis: Liu-Ambrose and Handy. Obtained funding: Liu-
Ambrose and Graf. Administrative, technical, and mate-
rial support: Liu-Ambrose, Nagamatsu, Beattie, Ashe, and
Handy. Study supervision: Liu-Ambrose and Handy.
Financial Disclosure: None reported.

Funding/Support: This study was supported by operat-
ing grants from The Vancouver Foundation (BCM06-
0035, Dr Liu-Ambrose) and the Natural Sciences and En-
gineering Research Council of Canada (Dr Handy), by
an establishment grant from the Michael Smith Foun-
dation for Health Research (MSFHR) (CI-SCH-063[05-
0035], Dr Liu-Ambrose), and by a New Opportunities
Fund from the Canada Foundation for Innovation for es-
sential infrastructure used in this study (Dr Liu-
Ambrose). Drs Liu-Ambrose, Ashe, and Handy are MSFHR
Scholars.
Previous Presentations: This study was presented at the
2009 Annual Meeting of the American College of Sports
Medicine; May 28, 2009; Seattle, Washington; and at the
19th International Association of Gerontology and Geri-
atrics World Congress; July 7, 2009; Paris, France.
Additional Contributions: The Vancouver South
Slope YMCA management and members enthusiasti-
cally supported the study by allowing access to par-
ticipants for the training intervention. Lindsay
Katarynych, BSc, coordinated this study. We thank the
instructors for their commitment to the participants’
health and safety.

REFERENCES

1. Raschetti R, Albanese E, Vanacore N, Maggini M. Cholinesterase inhibitors in
mild cognitive impairment: a systematic review of randomised trials. PLoS Med.
2007;4(11):e338.

2. Weuve J, Kang JH, Manson JE, Breteler MM, Ware JH, Grodstein F. Physical ac-
tivity, including walking, and cognitive function in older women. JAMA. 2004;
292(12):1454-1461.

3. Abbott RD, White LR, Ross GW, Masaki KH, Curb JD, Petrovitch H. Walking and
dementia in physically capable elderly men. JAMA. 2004;292(12):1447-1453.

4. Colcombe SJ, Kramer AF, Erickson KI, et al. Cardiovascular fitness, cortical plas-
ticity, and aging. Proc Natl Acad Sci U S A. 2004;101(9):3316-3321.

5. Liu-Ambrose T, Donaldson MG. Exercise and cognition in older adults: is there
a role for resistance training programmes? Br J Sports Med. 2009;43(1):
25-27.

6. Colcombe S, Kramer AF. Fitness effects on the cognitive function of older adults:
a meta-analytic study. Psychol Sci. 2003;14(2):125-130.

7. Cassilhas RC, Viana VA, Grassmann V, et al. The impact of resistance exercise
on the cognitive function of the elderly. Med Sci Sports Exerc. 2007;39(8):
1401-1407.

8. Royall DR, Palmer R, Chiodo LK, Polk MJ. Declining executive control in normal
aging predicts change in functional status: the Freedom House Study. J Am Geri-
atr Soc. 2004;52(3):346-352.

9. van Iersel MB, Kessels RP, Bloem BR, Verbeek AL, Olde Rikkert MG. Executive
functions are associated with gait and balance in community-living elderly people.
J Gerontol A Biol Sci Med Sci. 2008;63(12):1344-1349.

10. Yesavage JA. Geriatric Depression Scale. Psychopharmacol Bull. 1988;24(4):709-
711.

11. Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The Physical Ac-
tivity Scale for the Elderly (PASE): evidence for validity. J Clin Epidemiol. 1999;
52(7):643-651.

12. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mo-
bility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-148.

13. Graf P, Uttl B, Tuokko H. Color- and picture-word Stroop tests: performance changes
in old age. J Clin Exp Neuropsychol. 1995;17(3):390-415.

14. Liu-Ambrose T, Donaldson MG, Ahamed Y, et al. Otago home-based strength
and balance retraining improves executive functioning in older fallers: a random-
ized controlled trial. J Am Geriatr Soc. 2008;56(10):1821-1830.

15. Spreen O, Strauss E. A Compendium of Neurological Tests. 2nd ed. New York,
NY: Oxford University Press Inc; 1998.

16. Wechsler D. Wechsler Adult Intelligence Scale—Revised. San Antonio, TX: Psy-
chological Corp, Harcourt Brace Jovanovich; 1981.

17. Dargent-Molina P, Favier F, Grandjean H, et al. Fall-related factors and risk of hip
fracture: the EPIDOS prospective study. Lancet. 1996;348(9021):145-149.

18. Liu-Ambrose T, Khan KM, Donaldson MG, Eng JJ, Lord SR, McKay HA. Falls-

(REPRINTED) ARCH INTERN MED/ VOL 170 (NO. 2), JAN 25, 2010 WWW.ARCHINTERNMED.COM
177

©2010 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a Simon Fraser University User  on 02/04/2013



related self-efficacy is independently associated with balance and mobility in older
women with low bone mass. J Gerontol A Biol Sci Med Sci. 2006;61(8):832-
838.

19. Smith SM, Zhang Y, Jenkinson M, et al. Accurate, robust, and automated lon-
gitudinal and cross-sectional brain change analysis. Neuroimage. 2002;17
(1):479-489.

20. Smith SM, Jenkinson M, Woolrich MW, et al. Advances in functional and struc-
tural MR image analysis and implementation as FSL. Neuroimage. 2004;23
(suppl 1):S208-S219.

21. Smith SM, Rao A, De Stefano N, et al. Longitudinal and cross-sectional analysis
of atrophy in Alzheimer’s disease: cross-validation of BSI, SIENA and SIENAX.
Neuroimage. 2007;36(4):1200-1206.

22. Camara O, Schnabel JA, Ridgway GR, et al. Accuracy assessment of global and
local atrophy measurement techniques with realistic simulated longitudinal Alz-
heimer’s disease images. Neuroimage. 2008;42(2):696-709.

23. International Conference on Harmonisation E9 Expert Working Group. ICH Har-
monised Tripartite Guideline: statistical principals in clinical trials. Stat Med. 1999;
18(15):1905-1942.

24. Wolf PA, Beiser A, Elias MF, Au R, Vasan RS, Seshadri S. Relation of obesity to
cognitive function: importance of central obesity and synergistic influence of con-
comitant hypertension: the Framingham Heart Study. Curr Alzheimer Res. 2007;
4(2):111-116.

25. Yaffe K, Kanaya A, Lindquist K, et al. The metabolic syndrome, inflammation,
and risk of cognitive decline. JAMA. 2004;292(18):2237-2242.
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