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Abstract

OBJECTIVE—To determine whether exercise-induced reductions in fall risk are maintained in 

older women one year following the cessation of three types of interventions – resistance training, 

agility training, and general stretching.

DESIGN—One-year observational study.

PARTICIPANTS—98 women aged 75–85 years with low bone mass.

MEASUREMENTS—Primary outcome measure was fall risk as measured by the Physiological 

Profile Assessment tool. Secondary outcome measures were current physical activity level as 

assessed by the Physical Activity Scale for the Elderly and formal exercise participation as 

assessed by interview.
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RESULTS—At the end of the follow-up, the fall risk among former participants of all three 

exercise programs was maintained (i.e., still reduced) from trial completion. Mean fall risk value at 

the end of follow-up was 43.3% reduced compared with the mean baseline value among former 

participants of the Resistance Training group, 40.1% reduced in the Agility Training group, and 

37.4% reduced in the general Stretching group. Physical activity levels were also maintained from 

trial completion. Specifically, there was a 3.8% increase in physical activity from baseline for the 

Resistance Training group, a 29.2% increase for the Agility Training group, and 37.7% increase 

for the general Stretching group.

CONCLUSION—After three types of group-based exercise programs, benefits are sustained for 

at least 12 months without further formal exercise intervention. Thus, these six-month exercise 

interventions appeared to act as a catalyst for increasing physical activity with resultant reductions 

in fall risk profile that were maintained for at least 18 months among older women with low bone 

mass.
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Falls in older people is a major health care problem 1 and falls prevention is a major health 

care priority. Falls occur, at least in part, due to physiological impairments of balance, 

muscle weakness, and reaction time 2,3. Although several randomized controlled trials 

demonstrated that exercise reduced both fall risk factors and falls in older people by 

ameliorating physiological impairments, very few have examined whether such benefits 

persist after formal cessation of the trials 4,5, and none has done so in those at high risk of 

sustaining fall-related fractures, such as older adults with low bone mass.

Exercise comes in various types including resistance, agility, and stretching training. 

Whether or not exercise benefits persist or are lost with ‘detraining’ after each of these types 

of exercise interventions has not been compared within one study. If one type of exercise 

were to provide more persisting benefits than another it would have implications for exercise 

prescription to prevent falls.

Although physical activity reduces the risk of falls in those with physiological risk factors 6, 

physical activity declines progressively with age. Physical inactivity results in functional 

decline, loss of independence, and increased disease burden 7. While a secondary benefit of 

exercise interventions is purported to be to an increase in general physical activity 

participation, only one published randomized controlled trial has examined the level of 

physical activity among their participants afterwards 8 and none has done so in the context of 

different types of group-based exercise programs or in frail older adults, such as those with 

low bone mass. It may be hypothesized that participation in group-based exercise programs 

would exert a positive change in general physical activity 7.

Recently, it was reported that both group-based resistance and agility training significantly 

reduced fall risk profile compared with a stretching program in women aged 75 to 85 years 

with low bone mass (i.e., osteoporosis or osteopenia) 9. In the present paper, these 

participants were observed during a 12-month period immediately after cessation of the 3 
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types of exercises to assess: (i) how fall risk profile changed after each was ceased, and (ii) 

participants’ level of physical activity.

METHODS

Study Design

A 12-month follow-up study immediately following the completion of our 25-week 

randomized controlled trial of three different types of exercises 9 was conducted. There were 

two measurement sessions during the 12-month follow-up, at 8 and 12 months post trial 

completion. Assessors were blinded to the participants’ original exercise group assignments.

Participants

The participants of this 12-month follow-up study were 98 women with low bone mass, aged 

75 to 85 years at recruitment, who completed the 25-week randomized controlled trial that 

has been described previously9. The recruitment process for the randomized controlled trial 

identified all women aged 75 to 85 years who were residents of Vancouver and in whom 

osteoporosis or osteopenia had been diagnosed at the BC Women’s Hospital and Health 

Centre (T-score at the total hip or spine at least 1.0 standard deviations below the young 

normal sex-matched areal bone mineral density of the Lunar reference database) 10. The 

number of participants in the treatment arms at each the stage of the 25-week randomized 

controlled trial have been previously reported 9.

The 98 women who completed the 25-week randomized controlled trial were invited to 

participate in the one-year follow-up study. As none of the three exercise intervention 

programs offered during the trial were available at the community level at trial completion, 

all participants were provided information regarding various group-based exercise programs 

offered for older adults by local community centres.

The study was approved by the University Clinical Research Ethics Board and the Research 

Committee of the Women’s Hospital of British Columbia. All participants gave written 

informed consent prior to study participation.

Randomization (Original Trial)

After baseline assessment, participants were randomly assigned to one of three groups: 

Resistance Training, Agility Training, and Stretching (sham exercise). Randomization was 

stratified by baseline postural sway (cm), bisphosphonate use (yes/no), and baseline total hip 

area bone mineral density (g/cm2).

Exercise Intervention (Original Trial)

These exercise programs have been detailed elsewhere 9. Participants were required to attend 

their assigned exercise program twice weekly.

Descriptive Variables

General health was assessed at baseline of the 25-week randomized controlled trial by a 

questionnaire 11 relating to current medication use, current supplement use, and medical 

Liu-Ambrose et al. Page 3

J Am Geriatr Soc. Author manuscript; available in PMC 2012 June 18.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



conditions. Cognitive state was assessed at baseline using the Folstein’s Mini-Mental State 

Examination (MMSE) 12. Falls were also documented by monthly fall calendars during the 

12-month follow-up period.

Primary Outcome Measure – Fall Risk

Participant’s fall risk was assessed at the 8- and 12-month follow-up measurement periods 

using the Physiological Profile Assessment (PPA) © 13 (Prince of Wales Medical Research 

Institute, Randwick, Sydney, NSW, Australia). The PPA is a valid 14,15 and reliable 16 tool 

for assessing fall risk in older people. Based on the performance of five physiological 

domains (vision, proprioception, strength, reaction time and balance), the PPA computes a 

fall risk score (standardized score) for each individual and this measure has a 75% predictive 

accuracy for falls in older people over a 12-month period 14,15.

Secondary Outcome Measures – Physical Activity & Formal Exercise Participation

Each participant’s current level of physical activity was ascertained at the 8- and 12-month 

follow-up measurement periods with the Physical Activities Scale for the Elderly (PASE) 

questionnaire 17,18. As well, participants were asked if they were participating in any formal 

exercise classes or programs. Formal exercise programs were defined as those that are 

supervised, offered by community-centres, organizations, or by individuals, and they could 

be group-based or individual-based (e.g., personal training).

Statistical Analysis

Data were analysed using SPSS 19 statistical software. Variables that were not normally 

distributed (sway and hand reaction time) were transformed using natural logarithm before 

comparisons between the groups were made 9. Comparisons of group characteristics and 

baseline scores were undertaken using a Chi Square test for differences in proportions and 

Students t-tests for differences in means. Fall risk (i.e., PPA score), the five components of 

PPA, physical activity level (i.e., PASE scores) measured at the 8- and 12-month follow-up 

measurement periods were compared by forced entry multiple linear regression analysis, 

with trial completion scores and experimental group included as independent variables in the 

models 9. Multivariate analysis of variance (MANOVA) with repeated measures was used to 

determine whether there were significant changes in PPA scores, dominant quadriceps 

strength, postural sway, hand reaction time, joint position sense, and PASE scores at the end 

of the 12-month follow-up compared with trial completion and 8-month follow-up values 

within each of the three experimental groups (Resistance Training, Agility Training, and 

Stretching). Polynomial contrasts were also selected giving measures of linear and quadratic 

trends in the analyses of fall risk and current physical activity level. Finally, paired t-tests 

were used to determine within-group differences between baseline and 12-month follow-up 

values in fall risk scores. The overall alpha level was sets at P ≤ .05.
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RESULTS

Descriptive Variables

Of the 98 participants who completed the 25-week randomized controlled trial, 93 

participants were assessed at the 8-month follow-up measurement period and 89 participants 

at the 12-month follow-up measurement period (Figure 1).

The mean age of women at baseline of the randomized controlled trial was 79 ± 3 years. The 

three groups did not differ in any of the descriptive variables at baseline and there were no 

differences in exercise adherence during the 25-week intervention period (Table 1). From 

baseline to end of the 12-month follow-up, no major changes in general health were 

observed among the participants except in four individuals (two from Resistance Training, 

one each from Agility Training and Stretching). Of the two individuals from the Resistance 

Training group, one suffered a heart attack and the other became unable to live 

independently and moved in with her daughter. Chronic obstructive pulmonary disease 

became increasingly symptomatic for the one participant from the Agility Training group. 

The participant from the general Stretching group fell and fractured her sacrum. These 

women were unable to participate follow-up measurement sessions as a direct result of their 

medical conditions.

PPA Fall Risk Score & Its Components

Table 2 shows the fall risk (i.e., PPA scores) at baseline, trial completion, 8- and 12-month 

follow-up for the three experimental groups. The regression analyses revealed no significant 

between-group differences in fall risk at the 8- and the 12-month follow-up measurement 

periods (P ≥ .226). Fall risk at the end of the 12-month follow-up period was not 

significantly different from trial completion and 8-month follow-up values within each of the 

three experimental groups (P ≥ .229). The paired t-tests indicated a significant difference in 

fall risk from baseline to the end of the 12-month follow-up period within all three groups (P 
≤ .001). There were also no significant between-group differences (P ≥ .383) or within-

group differences (P ≥ .108) in any of the PPA components.

The Agility and Resistance Training groups both demonstrated a general trend towards an 

increase in fall risk over the 12-month follow-up period. However, this trend was not 

significant as the repeated measure MANOVA analysis indicated an insignificant linear 

contrast (P ≥ .104) and an insignificant quadratic contrast (P ≥ .873) for change in fall risk 

for both experimental groups.

The Stretching group demonstrated a general trend towards an improvement in fall risk 

throughout the 12-month follow-up period. However, this trend was not significant as the 

repeated measure MANOVA analysis indicated an insignificant linear contrast (P = .199) 

and an insignificant quadratic contrast (P = .817).

Physical Activity Level & Formal Exercise Program Participation

Table 2 shows the current physical activity level at baseline, trial completion, 8- and 12-

month follow-up. The regression analyses revealed no significant between-group differences 
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in current physical activity level at the 8- and 12-month follow-up measurement periods (P 
≥ .788). Current physical activity level at the end of the 12-month follow-up period was not 

significantly different from trial completion and 8-month follow-up values within both the 

Resistance Training and the general Stretching groups (P ≥ .241). However, the repeated 

measures MANOVA indicated a significant increase in current physical activity during the 

12-month follow up within the Agility Training group (P = .023).

All three experimental groups demonstrated a non-linear trend of a decrease in physical 

activity at the 8-month follow-up period and a subsequent increase in physical activity at the 

12-month follow-up period. However, this trend was found to be significant only in the 

Agility Training group (where P = 0.031 for the quadratic contrast). All linear contrasts were 

non-significant (P ≥ .104).

Of the 89 participants who completed the follow-up study, 50 participated in formal exercise 

during the 12-month period. These formal exercise programs included personal training, 

cardiac rehabilitation, and group-based exercise programs tailored for older adults with low 

bone mass that include both resistance and balance training. Of the 50 individuals, 16 were 

former participants of the Resistance Training group, 21 of the Agility Training group, and 

13 of the Stretching group (Table 1). Chi Square test indicated no significant differences in 

these proportions (P = .371).

Falls

Based on the monthly fall calendars, there were four fallers from the Resistance Training 

group, five from the Agility Training group, and seven from the Stretching group during the 

12-month follow-up period. Specifically, there were 5 falls in the Resistance Training group, 

six in the Agility Training group, and nine in the Stretching group.

DISCUSSION

The risk of falling among former participants of group-based exercise programs remained 

unchanged (i.e., still reduced fall risk) 12 months after the exercise programs ceased and 

remained significantly reduced compared with baseline values. Specifically, the mean fall 

risk at the end of the follow-up period was still 43.3% * reduced from baseline among 

former participants of the Resistance Training group and 40.1% reduced in the Agility 

Training group. These novel findings inform the physiology of detraining in the aging 

population and imply that researchers studying cost-effectiveness of exercise interventions 

for falls prevention might consider extending the period of analysis beyond the time-frame 

of the intervention and its immediate follow-up period.

Although the risk of falling at the end of the one-year follow-up was maintained from trial 

completion, a gradual increase in fall risk was observed in both the Resistance Training and 

the Agility Training groups over the 12-month period. From trial completion to the end of 

the follow-up period, the risk of falling increased by 30.6% in the Resistance Training 

group, and by 15.2% in the Agility Training group. These percentage changes in fall risk are 

*Percent changes were calculated based on the scores of the 89 individuals who completed the 12-month follow-up study.
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large compared to previous published detraining studies of bone health 20, muscle strength 
21, and muscle cross-sectional area 21 and may be attributable, at least in part, to the 

substantial reductions of PPA scores observed during the intervention period 9.

Aging, withdrawal of a targeted exercise intervention, and physical inactivity could all have 

contributed to the increase in fall risk after withdrawal of exercise. Based on normative data 
13 one would expect a 79 year-old (i.e., mean baseline age of cohort) woman’s fall risk score 

to increase by 0.09 standard deviations when she reaches 80 years of age. However, as the 

magnitude of changes in fall risk from trial completion to the end of the follow-up period 

were greater than 0.09 (range for the three groups, 0.19 to 0.31), aging does not account for 

all the observed increase in fall risk.

In addition to aging, withdrawing the exercise programs may have contributed to the 

observed increase in fall risk in both the Resistance and Agility Training groups. Although 

individuals were free to attend exercise programs during the 12-month observational period, 

those who had participated in the resistance and agility exercise programs commonly stated 

that they had difficulty finding exercise programs as challenging as those undertaken during 

the intervention. Thus, while a high proportion of the former participants of the resistance 

and agility training programs participated in formal exercise programs during the follow-up 

period (Table 1), these programs were reported (subjectively) to be of lesser intensity. Thus, 

a relative reduction in the intensity of exercise programs may have contributed to the 

increase in fall risk. This study was not designed specifically to quantify such a contribution.

Contrary to the trend in fall risk observed in the Resistance Training and Agility Training 

groups, a trend of gradual fall risk reduction was observed among former participants of the 

Stretching group during the follow-up period. Former participants of the Stretching group 

demonstrated a 37.4% fall risk reduction from baseline at the end of the follow-up year 

compared with only a 20.2% 9 risk reduction at trial completion. This trend appears 

somewhat at odds with the current evidence on the types of exercises that reduce falls and 

fall risk in older adults 22 (i.e., muscle strengthening and balance retraining 23 and Tai Chi 
24). The participants of the general stretching program may have reduced their fall risk by 

increasing participation in general physical activities (8%; NS), as indicated by the PASE 

scores, over the one-year follow-up period. Such physical activity may have presented a 

greater challenge to their physiological systems than that they were encountering in the 

Stretching classes; these classes were specifically designed to provide core strength and 

flexibility, but avoided resistance training or balance exercises. Nevertheless, this speculation 

must remain guarded and future studies may investigate the mechanisms that underpin 

maintenance, or loss, of exercise-induced reductions in fall risk.

Current physical activity levels at the end of the one-year follow-up period were maintained 

(i.e., still elevated) from trial completion values. Specifically, at the end of the follow-up 

period, a 3.8% increase was observed in current physical activity from baseline for the 

Resistance Training group, a 29.2% increase for the Agility Training group, and 37.7% 

increase for the general Stretching group. Furthermore, 56.2% of the 89 older women 

participated in formal exercise programs during the 12-month follow-up. These data 

reinforce Kriska’s 8 finding that older women who participated in a randomized clinical trial 
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of walking intervention demonstrated higher levels of physical activity compared with 

controls 10 years after the intervention stopped. One should note the temporary reduction in 

physical activity at 8-month follow-up (only significant for the Agility Training group) 

which took place in spring. This was likely related to a seasonal fluctuation in physical 

activity levels 25, as both trial completion and 12-month follow-up measurement sessions 

occurred in summer.

The results of this one-year follow-up study indicate that physiological benefits of group-

based exercise programs extended at least 12 months beyond the intervention period itself in 

older women with low bone mass. However, the conclusions that can be drawn about 

physical activity in this population are limited. Physical activity is a difficult variable to 

measure and although self-reported measures of current physical activity are commonly used 

in research studies, they are imperfect 26,27 and are unlikely to be as accurate as direct, 

objective and prospective measures of physical activity (i.e., pedometers) 28. However, even 

pedometers cannot measure the different dimensions of an exercise prescription (i.e., 

intensity, type) that may influence fall risk. Finally, the primary study outcome was fall risk, 

as opposed to falls. Thus, future research using falls as the primary outcome measure is 

needed to confirm the persisting beneficial effect of different types of exercises on falls in 

those with low bone mass.

In conclusion, fall risk profile remained significantly 29 reduced among former participants 

of three types of group-based exercise programs even one year after the formal cessation of 

exercise programs. Also, current physical activity levels remained maintained (i.e., still 

elevated) from trial completion among all three exercise groups. Thus, these six-month 

intervention exercise programs appeared to act as a catalyst for increasing physical activity 

with resultant reductions in fall risk that were maintained for at least 18 months among older 

women with low bone mass. Taken together, these findings support the implementation of all 

three types of group-based exercise programs in reducing fall risk profile and promoting 

general physical activity population of older women at high risk of fracture.
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Figure 1. 
Flow Chart Outlining Number of Participants in Each Study Arm during the 12-Month 

Follow-up
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Table 1

Descriptive Statistics for Descriptor Variables (N = 98)

Variable * † Resistance (n = 32) Agility (n = 34) Stretching (n = 32)

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

Baseline Age (yr) 79.6 (2.1) 78.9 (2.8) 79.5 (3.2)

Baseline Height (cm) 160.1 (6.0) 157.0 (6.1) 158.3 (8.4)

Trial Completion Height (cm) 159.9 (6.0) 156.8 (6.2) 158.4 (8.3)

Baseline Weight (kg) 59.9 (9.4) 62.5 (9.3) 65.2 (12.6)

Trial Completion Weight (kg) 58.7 (9.2) 61.5 (8.7) 64.2 (12.7)

Prescribed Medications at Baseline 2.6 (2.3) 3.2 (2.1) 4.1 (3.3)

Number of Classes Attended§ 41.0 (9.4) 41.9 (6.1) 37.8 (10.1)

Baseline PASE Score|| 98.0 (51.8) 83.3 (35.1) 76.3 (30.0)

Baseline MMSE Score (max 30 pts)|| 28.7 (1.4) 28.6 (1.4) 28.3 (1.9)

Osteoarthritis¶ 11 (34.4) 13 (38.2) 17 (53.1)

Osteoarthritis of the Knee¶ 5 (15.6) 6 (17.6) 6 (18.8)

Use of Walking Aid¶ 4 (12.5) 2 (5.9) 5 (15.6)

Formal Exercise Participation¶ # 16 (53.3) 21 (65.6) 13 (48.1)

yr = year; cm = centimetres; kg = kilograms; PASE = Physical Activity Scale for the Elderly; MMSE = Mini-Mental State Examination

*
SD = standard deviation;

†
 There were no significant differences among the groups for any measure.

§
 During the 25-week intervention period. Maximum number of classes required to be attended was 48.

||
PASE scores may range from 0 to 400 (or higher), with a higher value indicative of higher levels of physical activity. MMSE scores: Scores of 24 

to 30 indicate no cognitive impairment. Scores of 18 to 23 indicate mild cognitive impairment. Scores of 0 to 17 indicate severe cognitive 

impairment 30.

¶
Count (%). Count=Number of “yes” cases within each group. % =Percent of “yes” cases within each group.

#
During the 12-month follow-up period. N = 89. Resistance Training = 30, Agility Training = 32, Stretching = 27.
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