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BACKGROUND—Previously, we demonstrated that 12 months of group based resistance 

training intervention delivered once or twice weekly provided significantly lower healthcare 

resource utilization costs and health benefits including improvement in health related quality of 

life than balance and tone exercises.

OBJECTIVE—We conducted a 12-month follow-up study to determine whether these health and 

cost benefits of resistance training were sustained 12 months after formal cessation of the 

intervention.

DESIGN—Cost-utility analysis conducted alongside a randomized controlled trial.

SETTING—Community-dwelling women aged 65 to 75 years living in Vancouver, British 

Columbia.

PARTICIPANTS—123 of the 155 community-dwelling women aged 65 to 75 years who 

originally were randomly allocated to once-weekly resistance training (n=54), twice-weekly 

resistance training (n=52), or to twice-weekly balance and tone exercises (i.e., control group) 

(n=49) participated in the 12-month follow-up study. Of these, 98 took part in the economic 

evaluation (twice-weekly balance and tone exercises, n=28, once-weekly resistance training, n=35; 

twice-weekly resistance training, n=35).

MEASUREMENTS—Our primary outcome measure was incremental cost per quality adjusted 

life year (QALY) gained. Healthcare resource utilization was assessed over 21 months (2009 

prices); health status was assessed using the EQ-5D to calculate QALYs using a 21 month time 

horizon.

RESULTS—Once- and twice-weekly resistance training were less costly than balance and tone 

classes with incremental mean healthcare costs of Canadian dollars (CAD$) -$1857 and -$1077, 

respectively. The incremental QALYs for once- and twice weekly resistance training were -0.051 

and -0.081, respectively, compared with balance and tone exercises.

CONCLUSION—The cost benefits of participating in a 12-month resistance training intervention 

were sustained for both the once- and twice-weekly resistance training group while the health 

benefits were not.
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INTRODUCTION

Adults over 65 years are at increasing risk for cognitive decline with implications for future 

costs related to their care. There would be tremendous benefit in identifying effective 

intervention strategies that prevented or delayed the onset of cognitive decline. Indeed, it has 

been estimated that if the onset and progression of Alzheimer’s disease could be delayed by 

even one year, there would be nearly 9.2 million fewer cases of disease in 2050.1

While emerging evidence from randomized controlled trials strongly suggests that exercise 

training may be an effective strategy against cognitive decline 2–5 – even among those with 

existing mild cognitive impairment 6, 7 – no study to date has examined whether such benefit 
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persists after formal cessation of the trials. Furthermore, despite the growing interest in 

targeted exercise training as an alternative approach to the prevention and treatment of 

cognitive decline,8 no randomized controlled trial in this area of research has estimated the 

health and economic benefits of such interventions. Our limited health care resources 

emphasize the need for economic evaluations to enable decision makers to better establish 

health care priorities.9, 10 However, a key challenge to quantifying health and economic 

benefits within a trial aimed to examine the cognitive benefits of exercise is what outcome 

the economic evaluation should be based on. We propose that one relevant outcome for 

economic evaluations of randomized controlled trials of exercise and cognitive function is 

quality adjusted life years (QALYs).11 Using QALYs as a measure of health benefit is 

advantageous because they are a universal measure that captures multiple health benefits.12

Recently, we reported that 12 months of once- or twice-weekly resistance training provided 

better value for money compared with balance and tone (BAT) exercises (control) among 

community-dwelling senior women (i.e., Brain Power study).3, 13 The BAT program 

consisted of stretching exercises, range-of-motion exercises and basic core-strength and 

balance exercises. Other than body weight, no additional loading was applied to any of the 

exercises. There is no evidence that these exercises improve cognitive function.4 The 

resistance training program used a progressive, high intensity protocol performed either 

once- (1x RT) or twice- (2x RT) weekly depending on group allocation. 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. Other key 

strength exercises included minisquats, minilunges, and lunge walks. From the Brain Power 

study, we found that 12 months of progressive resistance training once- or twice-weekly 

improved selective attention and conflict resolution relative to the BAT program.3 In this 

present study, we conducted a 12-month follow-up study to determine whether the cost and 

health benefits of resistance training were sustained 12 months after formal cessation of the 

Brain Power study.

METHODS

Study Design

We conducted a 12-month follow-up study from May 2008 to April 2009 of participants 

who completed the 52-week Brain Power randomized controlled trial of resistance training 

from May 2007 to April 2008. Reassessment occurred during April and May of 2009. The 

assessors were blind to the participants’ original group allocation.

Participants

Of the original 155 participants in the 52-week randomized controlled trial, 123 consented to 

the follow-up study. We have previously reported the recruitment process for the randomized 

controlled trial.3 Of these, 98 took part in the economic evaluation (twice-weekly balance 

and tone, n=28, once-weekly resistance training, n=35; twice-weekly resistance training, 

n=35). We recruited women who lived in Vancouver, Canada, and: 1) were aged 65 to 75 

years; 2) were living independently in their own home; 3) scored ≥ 24 on the Mini-Mental 

State Examination (MMSE); and 4) had a visual acuity of at least 20/40 with or without 
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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 last six months; 

3) had a neurodegenerative disease and/or stroke; 4) had depression; 5) did not speak and 

understand English fluently; 6) were taking cholinesterase inhibitors; 7) were on estrogen 

replacement therapy; or 8) were on testosterone therapy. The number of participants in each 

of the treatment arms at each the stage of the 52-week trial have been previously reported.3

Ethical approval was obtained from the Vancouver Coastal Health Research Institute and the 

University of British Columbia’s Clinical Research Ethics Board. All participants provided 

written informed consent.

Exercise Interventions

These exercise programs have been detailed elsewhere.3 Briefly, all classes were led by 

certified fitness instructors who received additional training and education from the study 

investigators. The classes were 60 minutes in duration, with a 10-minute warm-up, 40 

minutes of core content, and a 10-minute cool-down. We modeled the BAT program (i.e., 

control) on a provincial-wide exercise program currently available to seniors in British 

Columbia designed to reduce falls risk among seniors with low bone mass (i.e., Osteofit). 

We used a progressive high intensity resistance training protocol.3 The intensity of the 

training stimulus was at a work range of 6 to 8 repetitions (2 sets). The training stimulus was 

subsequently increased using the 7-RM method, when 2 sets of 6 to 8 repetitions were 

completed with proper form and without discomfort.

Primary Outcome for Economic Evaluation

We used a Canadian health care system perspective for the economic evaluation. The main 

outcome was the incremental cost per quality adjusted life year (QALY) gained (i.e., cost-

utility).

Health Care Costs

We used a questionnaire to track health care resource utilization over 21 months. We 

previously reported health resource utilization details for the intervention period using a 9-

month time horizon.14 Briefly, we used a questionnaire to track healthcare resource 

utilization prospectively for each participant for 9 months of the 12-month study period. The 

major resource categories were: visits to healthcare professionals, admissions or procedures 

carried out in a hospital, and laboratory and diagnostic tests. We also calculated the costs of 

delivering the 1x RT, 2x RT and BAT (comparator group) exercises for 9 months. Our base 

case analysis considered the costs of all healthcare resource use. We excluded research 

protocol driven costs from our analysis.

For the intervention and the follow-up study, we collected health care resource utilization 

over 12 months. The major resource categories included were: 1) appointments with health 

care professionals, including general practitioners, specialists, physiotherapists, etc; 2) visits, 

admissions or procedures carried out in a hospital; and 3) laboratory and diagnostic tests. 

For the 21-month economic evaluation, our base case analysis considered total healthcare 

resource use costs.
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For each component of health resource utilization, we assigned a unit cost. All hospital 

admission related costs were based on a fully allocated cost model of a tertiary care hospital, 

Vancouver General Hospital. For health care professional unit service costs, we based costs 

on fee for service rates from the British Columbia Medical Services Plan 2009 price list. For 

specialized services such as physiotherapy, chiropractic or naturopathic medicine, we used 

unit costs from the British Columbia Medical Services Plan 2009 price list for each 

specialty. We inflated (where appropriate) costs to 2009 Canadian dollars using the 

consumer price index reported by Statistics Canada. Discounting was not applied.

Effectiveness Outcome

We used the EuroQol-5D (EQ-5D) to calculate the total QALYs for the three experimental 

groups. During the Brain Power intervention period, the EQ-5D was administered at three 

time points using a 9-month time horizon. Participants completed and returned the EQ-5D 

monthly during the 12-month follow-up period.

Handling Missing Data

For the follow-up to the Brain Power study, 80% (n=98) of participants had complete 

follow-up data for health care resource utilization, 42% (n=41) of participants had complete 

follow-up data for the EQ-5D at all 12 time points, and 84% (n=82) of participants had 

complete follow-up data for the EQ-5D for at least 8 of the 12 time points during the 1 year 

follow-up study. Given that missing cost data in particular introduces substantive bias into 

the cost estimation,15–18 we calculated the cost and effectiveness estimates using an imputed 

data set, and a complete case set.

Using the ice procedure in STATA, we followed recommendations for multiple imputation 

of missing cost and effectiveness data.15–18 For all discrete time points, we used a 

combination of multiple imputation and bootstrapping to estimate uncertainty caused by 

missing values. We determined the amount of missing data for the 1 year study follow-up 

period at each time point and for each participant separately for both cost and effectiveness 

outcomes. For each time point, we imputed missing EQ-5D and healthcare resource use 

values. As reported for our economic evaluation of the Brain Power study, for each missing 

value, we generated five possible values using multiple linear regression.16 Covariates 

included group, MMSE, functional comorbidity index, fall risk profile, baseline utility score, 

and the weight and value of the missing variable in the preceding period. The final imputed 

value was the mean of the five data sets created.

Cost Utility Analysis

We expressed the differences in mean costs and health outcomes in each group by reporting 

the incremental cost per QALY. Given that the health benefit (i.e., QALY) difference was 

close to zero, we used 5000 bootstrapped replications of mean cost and QALY differences.19 

We used these to generate a cost utility acceptability curve to estimate the probability that 

once-weekly resistance training or twice-weekly resistance training is considered cost 

effective compared with balance and tone classes over a range of willingness to pay values.
20
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Sensitivity Analysis

We applied multiple imputation, bootstrapped confidence interval estimation, adjustment for 

imbalances in baseline utility and bootstrapped estimates of the incremental cost 

effectiveness and cost utility ratios. Included in our sensitivity analyses were both 

deterministic and probabilistic assumptions. For example, we restricted our data to a 

complete case analysis, thus including only participants for whom we had complete cost and 

effectiveness data to eliminate uncertainty caused by missing data.

RESULTS

Participants

Of the 123 who consented to the follow-up study (Table 1), 109 completed the assessment at 

the end of the 12-month follow-up; 37 from the once-weekly resistance training group, 41 

from the twice-weekly resistance training group, and 31 from the BAT group. Of these, 35 

from the once-weekly resistance training group, 35 from the twice-weekly resistance 

training group, and 28 from the BAT group completed the economic evaluation. The mean 

(SD) age of the cohort was 71.6 (3.0) years. Characteristics of the 155 participants who were 

randomized at baseline, the 135 who completed the 12-month intervention study, and the 

123 who consented to the 12-month follow-up study have been reported previously.3 There 

were no differences in the baseline characteristics for the 123 participants who took part in 

the follow-up study compared with the 32 of the original 155 participants who declined to 

participate in the follow-up study.

Economic Evaluation

Of the 123 who consented to participate in the follow-up study, 80% (n=98) of participants 

had complete data for health care resource utilization. These 98 participants were 

comparable on all baseline characteristics with the 123 individuals who consented to be part 

of the follow-up study (Table 2). That is, there were no differences in baseline characteristics 

for the 98 participants who were included in the follow-up economic evaluation compared 

with the 25 with no economic data. For the EQ-5D, 33% (n=41) of participants had 

complete follow-up data at all 12 time points and 67% (n=82) had complete follow-up data 

for at least 8 of the 12 time points. There were no significant differences in drop outs or 

response rates between the three experimental groups. Unit costs for health care cost items 

detailed by treatment group are provided in Table 3. Overall, admission to hospital was the 

main driver of total health resource utilization.

After controlling for baseline EQ-5D levels, the incremental QALY after 12 months 

calculated using the EQ-5D was -0.051 for the once-weekly resistance training group and 

-0.081 for the twice-weekly resistance training group compared with balance and tone 

classes (Table 3).

Based on the point estimates for total healthcare resource use and QALYs calculated from 

the EQ-5D for our base case analysis, we found that the incremental cost-utility ratio for 

once-weekly resistance training per QALY gained was less costly and equally effective 
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compared with BAT. The incremental cost-utility ratio for twice-weekly resistance training 

per QALY gained was less costly and less effective compared with BAT.

The origin of the cost-effectiveness plane indicated no difference in costs or health benefits 

between the intervention and the comparator. We found that for once-weekly resistance 

training compared with BAT, half of the bootstrapped cycles (51% of the 5000 cycles in 

southeast quadrant of the cost-effectiveness plane) were represented in the southeast 

quadrant and half in the southwest quadrant. Thus, for once-weekly resistance training 

compared with BAT, ~50% of the bootstrapped cycles were also represented in the 

southwest and southeast quadrant, indicating lower costs and no net health benefits when 

compared with BAT. We found that for twice-weekly resistance training compared with 

BAT, 70% of the bootstrapped cycles were also represented in the southwest quadrant, 

indicating lower costs and lower health benefits when compared with BAT.

DISCUSSION

We previously reported that in 65 to 75 year old community-dwelling women, 12 months of 

progressive resistance training once- or twice-weekly resulted in lower health resource 

utilization costs and improved health outcomes, compared with twice-weekly balance and 

toning exercises. Based on the point estimates from our base case analysis during the 

intervention, we found that both once- and twice-weekly resistance training groups incurred 

significantly lower health resource utilization costs (p<0.05) and both were more effective 

than twice-weekly balance and tone classes. Follow-up 12 months after formal cessation of 

the Brain Power study intervention indicated that health benefits obtained during the trial 

were not sustained; however, economic benefits for both groups were sustained. Two 

potential reasons for these findings include: 1) the once-weekly resistance training group 

consistently had the greatest level of leisure time physical activity during the intervention 

and follow-up period, indicating they were able to sustain a once-weekly intensive program 

beyond the intervention period, and 2) the twice-weekly resistance training group did not 

sustain as frequent physical activity levels post intervention compared with the once-weekly 

resistance training group, thus potentially experiencing a greater decline in health benefits.

Decision makers have threshold amounts of money that they are willing to pay when 

choosing between existing community programs and alternative effective interventions. 

Given that both resistance training interventions in our study resulted in lower healthcare 

resource utilization costs, these two resistance training options may be considered 

economically attractive alternatives to balance and tone classes.

Uncertainty in Findings

To quantify uncertainty, we used multiple imputation for missing values of the EQ-5D and 

healthcare resource utilization and nonparametric bootstrapping to estimate the uncertainty 

around the incremental cost effectiveness/utility ratios. From both our probabilistic and 

selective one way sensitivity analyses, we found that there were few differences between our 

imputed data analysis, complete and available case analyses.
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Limitations

Our comparator used was based on classes commonly available to seniors in the community 

(ie, Osteofit). This provides an extremely conservative estimate of effectiveness.

Strengths

A unique aspect of our study is that we followed individuals beyond the duration of the 

clinical trial. This is the first long-term follow-up of a resistance training intervention in 

older adults. Further, we collected health state utility value information monthly for our 1-

year follow-up study, using the EQ-5D, to provide a more accurate estimation of QALYs and 

to minimize recall bias.

Conclusions

Despite the fact that the direct health benefits from 12 months of resistance training were not 

sustained, a significant reduction in healthcare resource utilization costs persisted after 

completion of both once-and twice-weekly resistance training compared with balance and 

tone classes. The reduction in health care resource utilization was due in part to lower fall 

related costs. These novel findings should remain guarded, as further studies are needed to 

explore methods of assessing health outcomes and defining economic cost items that are the 

key components driving the results of economic evaluations.
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Figure 1. 
Figure 1a. Cost effective plane depicting the 95% confidence ellipses of incremental cost 

and effectiveness for comparison between once-weekly resistance training and balance and 

tone (comparator) with Quality Adjusted Life Years (QALYs) estimated from the EuroQol 

(EQ-5D);

1b. Cost effective plane depicting the 95% confidence ellipses of incremental cost and 

effectiveness for comparison between twice-weekly resistance training and balance and tone 

(comparator) with QALYs estimated from the EQ-5D.
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Table 1

Baseline Characteristics of Trial Participants Who Consented to Follow-up Study (n=123)

Variable BAT (n=36) 1x RT (n=42) 2x RT (n=45) Total (n=123)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (yr) 69.5 (2.8) 69.4 (2.5) 69.3 (3.0) 69.4 (2.8)

Height (cm) 161.3 (7.2) 161.0 (6.9) 162.3 (6.3) 161.5 (6.8)

Weight (kg) 68.1 (10.8) 70.0 (15.7) 70.1 (14.8) 69.5 (14.0)

Education

 Less than Grade 9 0.0 (0) 1.0 (2.4) 0.0 (0) 1.0 (0.8)

 Grade 9 to 12 without certificate or diploma 2.0 (5.6) 2.0 (4.8) 3.0 (6.7) 7.0 (5.7)

 High school certificate or diploma 5.0 (13.9) 7.0 (16.7) 9.0 (20.0) 21.0 (17.1)

 Trades or professional certificate or diploma 12.0 (33.3) 10.0 (23.8) 3.0 (6.7) 25.0 (20.3)

 University certificate or diploma 3.0 (8.3) 8.0 (19.0) 9.0 (20.0) 20.0 (16.3)

 University degree 14.0 (38.9) 14.0 (33.3) 21.0 (46.6) 49.0 (39.8)

MMSE score (maximum 30) 28.8 (1.2) 28.5 (1.3) 28.5 (1.5) 28.6 (1.4)

Falls in the last 12 months (yes/no) 12 (34.3) 10 (23.8) 15 (33.3) 37 (30.3)

Geriatric Depression Scale (maximum 15) 0.2 (1.3) 0.3 (1.1) 0.9 (2.4) 0.5 (1.8)

Physical Activity Scale for the Elderly 128.7 (52.9) 121.7 (64.6) 122.6 (62.3) 124.1 (60.1)

Timed up and go test (sec) 6.8 (1.5) 6.6 (1.5) 6.4 (1.1) 6.6 (1.4)

Edge contrast sensitivity (dB) 22.6 (1.4) 22.4 (2.0) 22.1 (1.4) 22.3 (1.6)

BAT = balance and tone classes; 1x RT = once-weekly resistance training; 2x RT = twice-weekly resistance training; MMSE = Mini-mental State 
Examination.
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Table 2

Baseline Characteristics of Participants Who Consented to Follow-up Economic Evaluation (n=98)

Variable BAT (n=28) 1x RT (n=35) 2x RT (n=35) Total (n=98)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (yr) 69.6 (2.9) 69.7 (2.8) 69.2 (3.1) 69.5 (2.9)

Height (cm) 160.7 (7.4) 161.9 (7.3) 162.4 (6.3) 161.7 (7.0)

Weight (kg) 68.4 (10.5) 71.9 (16.8) 71.4 (15.6) 70.7 (14.9)

Education

 Less than Grade 9 0 (0) 1 (2.9) 0 (0) 1 (1.0)

 Grade 9 to 12 without certificate or diploma 1 (3.6) 2 (5.7) 3 (8.6) 6 (6.1)

 High school certificate or diploma 5 (17.9) 6 (17.1) 7 (20.0) 18 (18.4)

 Trades or professional certificate or diploma 8 (28.6) 7 (20.0) 2 (5.7) 17 (17.3)

 University certificate or diploma 2 (7.1) 8 (22.9) 6 (17.1) 16 (16.3)

 University degree 12 (42.9) 11 (31.4) 7 (20.0) 30 (30.6)

MMSE score (max. 30 pts) 29.0 (1.2) 28.3 (1.3) 28.5 (1.7) 28.5 (1.4)

Falls in the Last 12 Months (yes) 9 (32.1) 9 (25.7) 10 (28.6) 28 (28.6)

Geriatric Depression Scale (max. 15 pts) 0 (0) 0.3 (1.2) 0.8 (2.5) 0.4 (1.7)

Edge Contrast Sensitivity (dB) 22.6 (1.4) 22.1 (2.1) 22.2 (1.8) 22.3 (1.7)

BAT = balance and tone classes; 1x RT = once-weekly resistance training; 2x RT = twice-weekly resistance training; MMSE = Mini-mental State 
Examination.
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