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EFFECTIVENESS OF ADVANCED STAY STRONG STAY HEALTHY IN
COMMUNITY SETTINGS

Emily M. Crowe
Dr. Steve Ball, Thesis Supervisor
ABSTRACT

Introduction. The Advanced Stay Strong, Stay Healthy (ASSSH) program was developed
in 2009 by a team of MU Extension Specialists to meet the increasing need for a follow-up
program to the Stay Strong Stay Healthy (SSSH) program. The goal of the program is to
build on the fitness base acquired from SSSH by adding new and more complex exercises.
The neuromuscular system quickly adapts to stressors and loads and must be constantly
challenged for gains in strength, flexibility and balance to continue. Thus, it is necessary to
alter the exercise routine regularly. Advanced SSSH is designed to challenge older adults
in new and different ways to help staleness and plateaus, and to improve activities of daily
living (ADL’s). Loss of muscular strength, flexibility, and balance are strong predictors of
falls in the elderly.

Purpose. The primary purpose of this research was to investigate the effectiveness of the
MU Extension program Advanced Stay Strong, Stay Healthy. It was hypothesized that the
program can improve physical parameters of health including strength, balance, and
flexibility which indicate the risk of falling among seniors.

Methods. Twenty eight older adults volunteered to participate in this study. Matched pairs
t-tests were used to compare differences in measures of the physical indicators of strength,
flexibility, and balance. Two-way analysis of variance (ANOVA) was conducted to
examine the age effects on the increments in measures of the physical indicators of
strength from pre to post. Dual X-Ray absorptiometry (DXA) scans were conducted before
and after the 10-week exercise intervention to identify changes in body composition (lean
mass and fat mass) and changes in percent body fat (%BF).

Results. Twenty three subjects (21 female, 2 male; 50-76 y) successfully completed the 10
week training protocol and were included in the analysis. Following a 10-week structured
strength program, participants significantly improved strength, flexibility, and balance
(p<0.05). Results from the DXA indicated improvements in body weight and whole body
composition ratio displayed by a decrease in body fat (g) and an increase in lean body mass
(9), however, no significant differences were observed. Subjects showed a significant
decrease in %BF following 10 weeks of programming. No significant changes in bone
mineral content (BMC) or bone mass density (BMD) were observed.

Conclusion. The community-based MU Extension program ASSSH can significantly
improve muscular strength, flexibility, balance and, ultimately, reduce risk factors of
falling among seniors. Although subjects showed statistically significant improvement in
strength, flexibility and balance measures, 10 weeks appeared to be too short to achieve
significant changes in BMC, BMD and changes in lean body mass and fat mass.
Nevertheless, the positive trends observed in body composition and BMD suggest that
analysis of a longer intervention period to elicit observable changes in bone turnover (i.e.
12 months or greater) is warranted.



INTRODUCTION

Unexpected falls are a frequent and serious problem facing people aged 65 and
older. Injuries resulting from falls in older adults represent a significant health burden (89)
since approximately 30% of those aged 65 years and older experience at least one fall each
year and half of those fall recurrently (12, 88). The mortality rate for falls increases
dramatically with age in both sexes and in all racial and ethnic groups, with falls
considered the sixth leading cause of death in persons 65 years and older (62). One in ten
falls results in injuries such as hip fractures, subdural hematoma, serious soft tissue injuries
and head injuries (53) and are the leading cause of injury-related visits to emergency
departments in the United States (86).

Despite randomized control trials (13, 19, 87) and clinical guidelines (1) showing
that fall-prevention interventions can be successful, falls and fall-related injuries continue
to rise along with associated healthcare costs. A systematic review estimating the
economic burden of falls of older adults living in the community was shown to be $23.3
billion in the US alone (25). By 2050, the annual number of hip fractures occurring
globally is expected to be 6.26 million (68). Identifying strategies to reduce the number of
falls, and thus hip fractures remains a topic of international importance, given the
anticipated treatment costs and a 1-year mortality rate of up to 33% following hip fractures
(92).

Risk Factors for Falls. The skeletal and muscular organ systems are tightly
intertwined. The strongest mechanical forces applied to bone are those created by muscle
contraction that increase bone density and strength (16). It is not surprising, therefore, that

the decrease in muscle strength leads to lower bone strength. One of the hallmark features



of the aging process and significant risk factors for falls is sarcopenia. The term sarcopenia
first proposed by Irwin Rosenberg in 1989 describes the age-related loss of skeletal muscle
mass and strength (74). Ten years later, Baumgartner et al (8) introduced a clinical
definition of sarcopenia defined as a value of lean body mass 2 SD below the average value
calculated in healthy, young men and women. This strategy is equivalent to that used to
define osteoporosis in adults. Degenerative processes in the neuromuscular system,
reduced food intake, and physical inactivity are the most important causes of sarcopenia
(11). The declining muscle mass of sarcopenia occurs at the alarming rate of 4-5% per
decade (81) and results in impaired quality of skeletal muscle, leading to increased muscle
weakness (93). Such weakness is a strong predictor of falls in the elderly, a significant
contributor to decreased quality of life, and associated with an increased morbidity and
mortality in this population (59). It is still unclear what factors affect the magnitude of the
force generated by muscle tissue, but some data suggest that behavioral and environmental
factors are more important than genetic predisposition (84), implying that proper dietary
and lifestyle interventions are perhaps more effective at preventing sarcopenia.

Health Benefits of Strength Training. Research over several decades has
shown compelling evidence supporting the benefits of targeted physical activity programs
for older adults (17, 75). Strength training is considered a promising intervention for
reversing the loss of muscle function and the deterioration of muscle structure that is
associated with advanced age. This reversal is thought to result in improvements in
functional abilities and health status in the elderly by increasing muscle mass, strength and
power and by increasing BMD (40). Several studies have shown these improvements in

bone density with regular strength training in older adults, women in particular (21, 46, 61).



In 1994, Nelson et al. conducted a long-term strength-training study in women aged 50 to
70 years old. After one year of strength training two days per week, middle-aged women
became stronger, gained muscle mass, and had improvements in bone density above and
beyond the control group (61). Reducing the signs and symptoms of osteoporosis in older
adults is also advantageous for improving quality of life. In 2001, Baker et al. (4) studied
the impact of strength training in older adults aged > 55 with clinically diagnosed
osteoarthritis. After four months, the strength-training group had significant reductions in
pain and improvements in muscular strength, functional performance, physical abilities,
quality of life and self-efficacy (2).

Falls Prevention Programs. The benefits of physical exercise in improving the
functional capacity of frail, older adults have been the focus of considerable research in
recent years (31, 45, 92). Exercise intervention strategies including supervised resistance
training, balance training, coordination training, and multi-component exercises (i.e.,
combination strength, endurance, and balance training) have shown effective in reducing
falls in elderly at risk persons (7, 28, 49, 50, 58, 78, 94). Exercises that improve lower
body strength and balance have also been shown to reduce the risk of falls and fall-related
injuries among frail individuals living in nursing homes (1, 65, 79). In addition to strength
training, exercise programs, particularly those including balance training, have been shown
to reduce the risk of falls by 10%-49% (76).

However, research on falls and fall prevention can often be difficult and
problematic. There are inherent logistic difficulties in performing and interpreting these
types of studies. From a clinical standpoint, hospitals and outpatient clinics that measure

outcome variables such as number of falls and fallers recorded by staff members may



produce observation and recording biases (65). Also, a consistent lack of follow-up after
studies also makes it difficult to identify the effects the interventions have on actual rates of
falling. In addition, subjects with certain medical or pre-existing conditions (i.e., physical
frailty, sarcopenia) who have a higher risk of falling, are often excluded from these types of
intervention studies.

Despite the challenges associated with falls-related research, multifactorial
interventions conducted by skilled community health professionals have consistently
shown effective in preventing falls (18), particularly those programs targeting persons at
risk (33) and include several intervention strategies (26). Certain fall risk factors
mentioned above including impaired balance, abnormal gait patterns (24, 51), and muscle
weakness (63) respond favorably to physical activity (14, 32). Data suggests that people
with leg weakness have a 4-to-5 fold increase in risk for falls, and people with impaired
gait or balance have approximately a 3-fold increase (76). An example of an evidence-
based program that has been implemented by MU Extension professionals in community
settings is Stay Strong Stay Healthy (SSSH), a targeted strength training program geared
for older adults with higher fall risk. The SSSH program content was modeled after the
Strong Woman program developed at Tufts University (61). Each class of approximately
20 participants consists of group strength training, balance and flexibility one to two times
a week for 10 weeks. Translational research has shown that following programming,
participants of SSSH demonstrated statistically significant improvements in strength,
balance, coordination and flexibility (6).

Following the success of SSSH, the Advanced Stay Strong, Stay Healthy

(ASSSH) program was developed in 2009 by a team of MU Extension Specialists as the



need for a follow-up program to the SSSH program increased. The goal of the Advanced
SSSH program is to build on the fitness base acquired from SSSH by adding new and more
complex exercises and one additional training session per week (two days per week total).
Until now, the efficacy of this real-world community based and Extension delivered
program has not been evaluated.

Purpose. The purpose of this research was to investigate the effectiveness of the
MU Extension program Advanced Stay Strong, Stay Healthy. It is hypothesized that the
program can improve physical parameters of health including strength, balance, and
flexibility which are significant indicators of an individual’s fall risk profile.
METHODS

Subjects. Figure 1 shows the timeline of events in the experimental design.
Procedures in this research study were approved by the University of Missouri’s Health
Sciences Institutional Review Board. Subjects were recruited via flyers, online newsletters
and word of mouth on the University of Missouri’s campus. To be eligible for the study,
participants were between the ages of 50-85 y, post-menopausal (women only), and met
least one of the following criteria: a) completed the Stay Strong Stay Healthy program
and/or b) have been regularly participating in strength training activities for the past three
months or greater. Once recruited, subjects were scheduled for a preliminary meeting.
Subjects were presented with a consent form outlining the rationale for the study, the
participant description, procedure, possible risks and benefits of the study, and their rights
as a participant. Screening took place in the Exercise Physiology Lab in McKee
Gymnasium on the University of Missouri’s campus. Volunteers were screened for any

medical problems that might affect their ability to complete the study using the Physical



Activity Readiness Questionnaire (PAR-Q) (Public Health Agency of Canada, 2002).
Following written consent, subjects completed the personal contact and information form,
and provided proof of medical clearance from their doctors, if necessary. Qualified subjects
were then scheduled for a second meeting at McKee Gymnasium to collect anthropometric
data, complete the DXA scan and the physical fitness assessment outlined below.

DXA. Body composition was assessed by the DXA (QDR 4500A, Hologic., Inc.,

Bedford, MA, USA) using fan beam technology on the second visit. Each subject
completed a whole body DXA scan pre and post intervention. Subjects were instructed to
wear minimal clothing and have no metal objects on or near their body. The subject was
asked to lie supine on the DXA table and positioned by the technician. Body composition
was estimated using computer software (QDR Software for Windows XP, Hologic, Inc.,
Bedford, MA). Bone mass, fat mass, and lean tissue mass were represented in pounds; %BF
was calculated by the software and represented as fat mass(g)/total mass (g) x 100.

DXA reliability. All DXA scans were analyzed by the same technician. Normal
and standard DXA quality control measures, equipment checks, and calibrations as
recommended by the manufacturer will be performed prior to testing. DXA is a three-
compartment model that estimates bone mineral mass, lean tissue mass, and fat tissue mass.
Although DXA was originally developed as a tool for measuring bone mineral content, it
has been accepted as a valid method for measuring body composition, specifically percent
body fat (10, 54). DXA gives estimates of whole body and lean muscle mass with a
precision of error equal to or smaller than other non-invasive methods, thus providing the

rationale for its use and purpose in this study.



Physical Fitness Assessment. Four fitness measures from the Senior Fitness Test
(6) were evaluated pre and post strength training intervention. The primary outcome
measures included the “chair stand test” assessing lower body strength and muscular
endurance; the “8-foot up-and- go” assessing balance and coordination while moving; the
“chair sit and reach” assessing lower body flexibility; and the “back scratch” assessing
upper body flexibility; Balance was assessed using a graded balance test (4). Detailed
descriptions of each test are provided below and outlined in Table 1.

Chair Stand Test. Lower body strength and muscular endurance were assessed
using the chair stand test. Participants were instructed to sit on a chair with their arms
crossed on their chest and stand to a fully standing position and sit down successfully as
many times as they can in 30 seconds. Time was measured by a stop watch to the nearest
0.01 seconds. The score recorded was the total number of stands executed correctly in 30
s. For the Chair Stand Test, high test-retest reliability has been shown (ICC=.89) (85).

8-Foot Up-and-Go. Balance and coordination while moving were assessed using
the 8-foot-up-and-go test. Time was recorded with a stopwatch to the nearest 0.01 second.
Before testing, trained personnel provided verbal instructions regarding the test procedure.
Participants began seated and were instructed to walk 8 feet, turn around a cone, walk back
to the chair and sit down. The stopwatch was started on the command “ready-set-go” and
stopped as the participant sits down. Subjects were asked to walk as quickly as possible
without running. The 8-foot-up-and-go (or timed up and go (TUG)) has shown excellent

test-retest reliability (ICC=0.99) in older adults (70).



Chair Sit and Reach. Lower body flexibility was assessed using the Chair Sit and
Reach test. Participants were instructed to sit on the edge of a chair placed against a wall
for safety. One foot must remain flat on the floor. The other leg is extended forward with
the knee straight, heel on the floor, and ankle bent at 90°. Subject was instructed to place
one hand on top of the other with tips of the middle fingers even and to inhale, and then as
they exhale, reach forward toward the toes by bending at the hip, keeping the back straight
and head up and hold the reach for 2 seconds. Study personnel measured between the tip of
the fingertips and the toes. If the fingertips touch the toes then the score is zero. If they do
not touch, the distance between the fingers and the toes was measured as a negative score
(ininches). If they overlap, test personnel measured by how much and recorded a positive
score. Test was performed on both the left and right leg.
Back Scratch. Upper body flexibility was assessed with the Back Scratch test.

While in the standing position, the subject was instructed to place one hand behind the head
and back over the shoulder, and reach as far as possible down the middle of your back with
your palm touching your body and the fingers directed downwards. Placing the other arm
behind your back, palm facing outward and fingers upward and reach up as far as possible
attempting to touch or overlap the middle fingers of both hands. The distance between the
tips of the middle fingers was measured using a ruler or tap measure. If the fingertips
touch, then the score was zero. If they do not touch, the distance between the middle finger
tips was recorded as a negative score (inches). If they did overlap, the distance of overlap
was measured and recorded as a positive number.

Graded Balance Test. Balance was assessed using a graded balance test. Subjects

were asked to perform a series of six balance tests with increasing difficulty. Subjects were



asked to hold all positions for 10 seconds before progressing to the next test: (1) Standing
in a “mountain pose” — standing in an upright position with feet closed and eyes looking
straight ahead without swaying; (2) Tandem stand — standing with one foot directly in front
of the other. The heel of the front foot should be touching the toes of the back foot (3)
One-legged stand — Shift all your weight to one foot. Bend the knee on the other leg to
bring that foot up in the back. (4) Remain in tandem pose but with eyes closed; (5)
Tandem stand with eyes closed and head turning — Same as test (4) but turn head slowly to
the right, then slowly all the way to the left, and then return to face the front; (6) One-
legged stand with eyes closed — This is the same as test 3, except eyes were closed. Score
was assigned by the stage(s) of the balance test they successfully passed on a scale of 1-5.
Timed 25-Foot Walk Test. Walking performance was assessed with the 25-foot
walk test. All participants started in a standardized standing “start position”, which was 5
inches behind the starting line indicated by a black line on the floor. Each participant
received the following standard instructions “I’d like you to walk 25 feet as quickly as
possible, but safely. Do not slow down until after you’ve passed the finish-line. Ready?
Go”. The time to complete the task was assessed with a stopwatch and calculated from the
initiation of the instruction to start and ends when the participant reached the 25-foot mark.
The task is immediately administered again by having the patient walk back the same
distance. The 25-foot walk test has shown excellent test-retest reliability (ICC = 0.94) (48).
Exercise Intervention. Participants who met the inclusion criteria and were able
to commit to the 10 weeks of strength training were included for participation in the study.
The exercise intervention consisted of a 10-week resistance training program consisting of

two class sessions per week. All exercise training sessions were conducted at McKee



Gymnasium on the University of Missouri’s campus under the supervision of trained
exercise personnel. Participants were asked to maintain their usual activity levels outside
of the training intervention for the duration of the program.

The resistance-training intervention involved a combination of stretching,
balance, and strengthening exercises. Sessions began with a 5 minute warm-up period,
followed by two sets of 10 repetitions of eight to 10 various strength exercises including
(but not limited to) wide leg squat, standing leg curl, lunge, biceps curl, overhead press, toe
stand, front raise, rear raise, one arm row, chest press, chest fly and bent forward fly.
Classes finished with a 5 minute cool down period including light stretching and balance
exercises. The flexibility program included commonly used stretching activities for the
major muscle groups including two stretches each for the hamstrings, quadriceps, back,
shoulder and chest muscles. Each session lasted 45-60 min. Standby or hand supports
were only used when required. A large portion of the class was performed while standing.
Each stretch was held for a period of 20 s and repeated twice.

Exercise equipment available for this program included dumbbells (2, 3, 4, 5, 8
and 10 Ib) and chairs. Progression in the program was individualized. Whenever
participants felt that the last three repetitions of a set were “easy”, they were encouraged to
increase the amount of resistance by using the next-size-heavier dumbbell. For exercises
using only the resistance of the participants body weight (i.e. chair squats), participants
were encouraged to progress by either adding weight by holding a pair of dumbbells or
adding additional repetitions to the set.

Statistical analysis. Data was analyzed using SPSS for Windows (version 20.0).

10



Descriptive statistics were generated for variables of interest including age, weight and
height and were expressed as mean + standard deviation. Matched pairs t-Tests, using an
alpha level of .05 and 95% confidence interval (Cl), was used to compare differences in
measures of the physical indicators of strength, flexibility, and balance. Two-way analysis
of variance (ANOVA) was conducted to examine the age effects on the increments in
measures of the physical indicators of strength, flexibility, and balance from pre to post-

testing. All data was collected at the same laboratory.

Table 1. Data Collected to Assess Physical Strength

Physical performance test

Purpose

Description

30-s chair stand

Chair sit-and-reach left and
right

Back scratch left and right

8-foot up-and-go

Balance tests performed in
order of difficulty:
1. Mountain Pose

2. Tandem stand

3. One-legged stand

4. Tandem stand eyes closed

5. Tandem stand eyes closed
head turning

Assess lower body
strength

Assess lower body
flexibility

Assess upper body
flexibility

ASsess
agility/dynamic
balance
Sequentially
assess balance

Number of full stands that can be
completed in 30 seconds with arms
folded across chest

Distance in centimeters between
extended hand and toes when seated
at edge of chair with leg extended,;
negative number indicated inability to
reach toes

Distance in centimeters between one
hand reaching over shoulder and
second hand reaching up the middle
of the back

Number of seconds required to get up
from a seated position, walk 8 feet,
return to seated position

1. Ability to stand for 10 seconds
with feet side by side and touching,
without using hands for support

2. Ability to stand for 10 seconds
with heel of one foot touching toe of
other foot, one hand touching wall for
support.

3. Ability to stand for 10 seconds on
one leg

4. Same as mountain pose with eyes
closed

5. Same as tandem stand with eyes
close with head turning slowly left

11



and right

6. One-legged stand eyes 6. Same as tandem stand except eyes

closed
closed
-DXA scan ] -DXA scan
Exercise Treatment:
S . -Pre-Fitness o -Post-Fitness
-=Creening Two strength training Three month
Assessment sessions/week for 10 Assessment follow up survey
-Consent .
weeks (by mail)
-PAR-Q
- . - . - . "
| Visit 1 Visit 2 Visits 3-22 Visit 23 Visit 24 |
| N U |

—~

v

Total study timeline: 22 weeks

FIGURE 1. Experimental design describing milestones within exercise intervention.

RESULTS
Participants. Twenty-eight older adults (26 women, 2 men) volunteered to

participate in
this study. Twenty-three subjects completed the 10-week training program. Five subjects
were unable to complete the program, with most drop-outs being due to scheduling
conflicts and persistent joint pain. The mean age was 60.5 y (Range 50-76 y), height
167.6 cm, and a weight of 92.3 kg for the male subjects and 74.7 kg for female subjects at
baseline. Subjects in this study were apparently healthy community-dwelling older adults

with no mobility restrictions.
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All participants completed at least 16 of the 20 face-to-face exercise training
sessions except for one participant. Average attendance was 89.5% (Attended 17.9 out of
20 sessions). Subjects occasionally missed classes due to illness and conflicting
appointments. Those who missed the face-to-face class sessions were sent a list of
specific exercises they missed to complete at home. At the next training session, subjects
self-reported if they completed the at-home exercises or not. Of the six subjects that
missed training sessions, four completed the routine at home, increasing the overall
adherence rate to 90.5% for the total number of strength sessions completed during and
outside of class (Mean = 18.1 out of 20 total sessions).

Total body weight. Pre and post measures of body composition were examined
and analyzed by the DXA. Table 2 displays all pre and post-test measures of body
composition. All results are displayed as means + SD. At baseline, mean body weight
(Ibs) was 165.3+29.7. After the intervention, total body weight decreased slightly to
165.1+30.2. There was no significant change in total body weight from pre to post-
exercise intervention.

%BF. Subjects significantly reduced their %BF following the strength training
intervention (p<.05). At baseline, the mean %BF for all subjects was 36.9+5.5. After the
intervention, mean %BF was 33.31+5.9, a decrease in %BF by an average of 3.62%.

Lean Mass. At baseline, average lean mass (Ibs) for all subjects was 103.6 +
18.6. After the intervention, lean mass increased to 104.6 +19.0. Overall, subjects
increased their lean mass by 1.0 Ibs, however, there was no statistical significance

observed from pre to post-exercise intervention.
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Fat Mass. At baseline, the mean fat mass was 56.9+15.6. After the intervention,
fat mass decreased by 1.24 Ibs to 55.6+16.2. However, there was no significant change in
fat mass from pre to post-intervention.

BMD. At baseline, the mean BMD for all subject was 1.115 + 0.1. After the
intervention, BMD increased slightly to 1.118 + 0.1, showing no significant change in
BMD from pre to post exercise intervention (Table 1).

Fitness Tests. Participants showed statistically significant improvement from pre
to post assessment in each of the seven markers used to assess strength and flexibility
(Table 3). Results from two-way ANOVA showed that younger participants, that is, those
less than 60 years old (n=12) significantly reduced their %BF (p<0.05), increased lean
body mass, slightly increased their BMD more than the older adults (60+ years old).
However, there was no significant difference between age groups when comparing the
physical measures of fitness.

Attendance. All exercise sessions were supervised and recorded by trained study

personnel to assure consistency and completion. Compliance to the aforementioned
protocols was excellent. Average attendance was 89.1% for the 10 weeks of strength
training sessions (Mean attendance= 17.9 out of 20 total sessions). Subjects did
occasionally miss classes due to illness, scheduling conflicts, etc. Those who missed the
face-to-face class sessions were sent a list of specific exercises they missed to complete at
home. At the next training session, subjects self reported if they completed the at-home
exercises or not. Of the six subjects that missed training sessions, four completed the
routine at home, increasing the overall adherence rate to 90.5% for all strength sessions

completed (Mean = 18.1 out of 20 total sessions). Six of the 23 total subjects attended
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100% of the exercise sessions. When comparing data from the participant’s in the upper
quartile for attendance (Attendance = 100%; n=6) to those in the lower quartile for
attendance (attendance = 81%; n=6), those with greater adherence to the exercise sessions
had more significant improvements in the sit-and-reach test (P=.03 vs. 06), balance test
(P=0.004 vs. 0.01), and several measures of body composition. Subjects with higher
adherence also had more significant reductions in fat mass (p=0.09 vs. 0.3), lean mass

(p=0.28 vs. 0.31), total body mass (p<0.05 vs. 0.39), and %BF (p=0.23 vs. 0.26)

Table 2. Pre and Post Differences in Group Means for Body Composition

Physical Pre Mean Post Mean P value
Measure (95%Cl)
Weight (Ib) 165.4 165.1 0.75
%BF 36.9 33.3* 0.02
Lean Mass (Ib) 103.6 104.6 0.18
Fat Mass (Ib) 56.9 55.6 0.07
BMD (g/cm?) 1.115 1.118 0.99
*p<0.05
n=23

Table 3. Pre and Post Differences in Group Means from Physical Fitness Test

Physical Measure Pre Mean  Post Mean Percent P value
Change (95% CI)
Chair stand 18.48 23.91* 29.38% <0.001
Chair sit & reach (right) 1.57 3.59* 128.66% 0.002
Chair sit & reach (left) 1.32 3.41* 158.33% 0.003
Back scratch (right) -1.93 -0.41* 78.76% 0.016
Back scratch (left) -3.87 -2.67* 31.01% 0.019
8-foot up-and-go 5.21 4.38* 15.93% <0.001
Balance test score 3.48 5.14* 47.70% <0.001
* p<0.05
n=23
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DISCUSSION
Main Findings

The results of our analysis show that the ASSSH program significantly improved
several parameters of physical fitness including lower body strength. This was
demonstrated by the improvement in the chair stand test, in which participants were able to
perform 5.43 more stands (on average) in 30 s after 10 weeks of programming. It is worth
mentioning that the physical fitness of the participants in this study was much higher than
the national average for this age population. The national range of scores for men in chair
stands is 12-19 stands for adult men age 60 and older. By comparison, the range of chair
stands completed by the men (Range 63-69 y) at baseline was 15.5 (Range 11-20 stands),
roughly average for the age group. However, the women in this study performed above the
national average. The range of scores for women in chair stands is 10-17 stands adult
women aged 60-74 y. By comparison, the chair stands completed by the women in this
study (Range 50-76 y) at baseline was 18.8 (Range 8-35), which is considered above
average for the 60+ age group. This comparative data highlights the fact that the subjects
recruited for this study were of above average fitness compared to the national averages.

Participants also significantly improved the time to complete the 8-foot up-and-go
test (-0.83 s), which demonstrates an improvement in balance and coordination while
moving. The 0.83 s improvement was not only statistically significant, but clinically
relevant and meaningful in this population. Poor balance is strongly coordinated with an
increased risk of falls for older adults (52), and although balance training was not a major
component of the intervention, balance and coordination improved as a result of the
strength training. In addition, improvements in balance performance have been shown to

be attributable to increases in strength. Subjects in this study improved their balance test
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score by 47.7%. These findings are consistent with previous research showing how
strength training can improve balance in older adults (66).

Participants also significantly improved upper and lower body flexibility as
shown by the change in chair sit and reach and the back scratch tests. Subjects improved
their chair sit-and-reach measures by 2.02 inches (in.) on the right side and 2.09 in. on the
left. Subjects were also able to improve their upper body mobility shown by an
improvement in the back scratch test by 1.52 in. on the right side and 1.2 in. on the left
side. Although strength training was the primary focus on the intervention, stretching was
incorporated daily into the training sessions, so an improvement in flexibility (upper and
lower body) was expected.

Strengths of the Study Design

The present study had several strengths. All exercise sessions were supervised
and recorded by trained study personnel to assure consistency and completion. Compliance
to the aforementioned protocols was excellent. Average attendance was 89.1% for the 10
weeks of strength training sessions (Mean attendance= 17.9 out of 20 total sessions).
Subjects did occasionally miss classes due to illness, scheduling conflicts, etc. Those who
missed the face-to-face class sessions were sent a list of specific exercises they missed to
complete at home. At the next training session, subjects self-reported if they completed the
at-home exercises or not. Of the six subjects that missed training sessions, four completed
the routine at home, increasing the overall adherence rate to 90.5% for all strength sessions
completed (Mean = 18.1 out of 20 total sessions). Six of the 23 total subjects attended

100% of the exercise sessions.
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The 10 week community-based exercise intervention showed participants
significantly reduced their %BF. It is worth mentioning that four subjects displayed
negative trends in body composition from pre to post intervention (increased body fat,
%BF, and decreased lean body mass). Although resistance training exercise is recognized
as the primary method for increasing muscle mass across the lifespan and reducing
sarcopenia in older adults, not all people respond the same way to resistance training
stimuli, nor do they experience the same degree of chronic adaptations such as
hypertrophy. This hypertrophic variability may be affected by gender, age, diet, physical
activity level, previous training status and various factors related to genetic predisposition
(30). It has been previously distinguished that those people who positively respond to a
training program/stimuli fall under a “responders” category, while those that do not
experience any chronic adaptation after identical training processes have been identified as
“non-responders”. When removing the “non-responders” from the data set, there was a
statistically significant improvement in fat mass (P<0.001), lean mass (P=0.02) and %BF
(p<.0.001). For the majority of subjects who completed the 10 week intervention, it is
important to realize that participants made substantial individual improvements in their
body composition when comparing lean mass and fat mass. As a whole, body fat
decreased by 1.24 Ibs. and lean mass increased by an average of 1.0 Ib. It has been found
that human muscle can exert a force of 6 kilograms per square centimeter of cross-sectional
area, which is equivalent to 85 Ibs. per square inch. Given that muscle mass and strength
are significant indicators of fall risk, the increase in lean mass in these subjects is likely to

be biologically significant, if not statistically significant, in this relatively small cohort.
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The trends observed in the present study were similar to the outcomes observed in
a study by Carter et al. (15) examining the efficacy of a community-based 10 week exercise
intervention to reduce fall risk factors in women with osteoporosis. The results of their
study showed that 10 weeks did not significantly reduce fall risk factors in women with
osteoporosis, however, there were trends towards improvement in key independent risk
factors for falling (15). This does not exclude the possibility that a longer intervention may
achieve such a result.

Apart from contributions of muscles weakness and deficits in balance, low bone
mass is also a risk factor for fracture (20, 39). The present strength training intervention
did not show significant improvements on total body bone mineral or regional BMD.
Year-long studies of high-intensity resistance training have shown an increase or
maintenance of BMD in postmenopausal women. However, given the time course of bone
remodeling (47), it was unlikely that a detectable change in BMD would occur following
the 10-week training period. Although there was a lack of sedentary control group in this
study, it is likely that this exercise intervention avoided BMD attenuation, and without
exercise, BMD would have likely decreased in these subjects as a result. Research by Shah
et al. (80) supports this concept in their study examining the independent and combined
effects of weight loss and resistance training on bone metabolism in relation to changes in
BMD in obese older adults. The results showed that bone loss at the total hip was
relatively less in the diet-exercise group (-1.1%) than in the diet group (-2.6%), whereas
BMD increased in the exercise group (1.5%) (between-group p<0.001). These data
showed that exercise training combined with diet-induced weight loss not only ameliorates

frailty but also attenuates the weight loss-induced reduction in BMD and lean body mass,
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suggesting that a combination of weight loss and exercise training may be important
therapy for obese older adults.

Although there was no measurable test for cognitive skills in this study, the
participant’s attitudes about exercise in general appeared to improve. Participants’
enthusiasm for exercise increased over the course of the 10 week study as they began to
increase strength and take note of the benefits of the program. Qualitative data from the
participants’ feedback forms indicated that they felt more confident in their physical
abilities, enjoyed the class and deemed it worthwhile. The instructor observed the
participants strong attendance was influenced by the social interaction and encouragement
to participate by their peers, an observation consistent with the literature that social support
from family, friends, or experts tend to adhere better to exercise behaviors (71).

Study Limitations

There were several limitations to our study design. Most of the study’s
limitations stemmed from the community-based design. Community-based exercise
programs such as ASSSH do not follow suit with traditional methods and ideal research
design, environment and methods. The best approach to this type of study is to randomize
subjects after recruitment and baseline testing to a control group and intervention groups.
This, unfortunately, was not feasible. The lack of control group in our current study limits
the level of evidence our data can provide. Had we recruited a pure, non-exercise control
group, between-group differences might have been more marked.

Second, we relied on field measures of strength, balance and flexibility to assess
fall risk, which may be limiting by ceiling effects, rather than laboratory-based objective

measures which would require inaccessible, expensive equipment such as a force-plate,
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perturbation platform or sway meter (22). The use of the wide array of field tests may,
however, be considered a strength of this study because it allows testing in settings that are
convenient to the participants and more feasible for this type of community-based program.
Third, this study did not measure changes in aerobic endurance of the participants.
It has been shown that resistance training alone can increase aerobic capacity of older
adults (92), so while there was no aerobic component in this particular exercise
intervention, it can be assumed that aerobic capacity increased as a result of the strength
training. The addition of a test to measure aerobic fitness would strengthen the credibility
of the program and provide a more comprehensive look at the individual’s overall fitness
level. One example of such test is the 2-minute step test and is measured by the number of
full steps completed in two minutes, raising each knee to a point midway between the
patella (kneecap) and iliac crest (top hip bone). The score is the number of times the right
knee reaches the proper height (72). This is a safe, functional alternative to the 6-minute
walk test and would be a good addition to the existing measures in the ASSSH program.
Exercise intervention studies appeal to those who are already healthy and motivated
(67), and the participants who volunteered for this study were already particularly fit for
their age. This limits the population to which results can be generalized. However, the
positive results shown in this study with an already fit group of participants would imply
that if a group of unfit individuals recruited and endured the same 10-week intervention,
there is the potential for even greater improvements. It is also worth mentioning that
improving a fall risk factor does not guarantee a fall reduction. There is a need for a larger
study of this design to evaluate the effect that is powered to detect a treatment effect on

falls, and ideally, injurious falls and fractures (44).
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In addition, the results of this study showed subjects did not significantly improve
their body composition as a whole. There are several possible explanations for this finding.
First, this study did not have a dietary component. Subjects were not asked to keep a dietary
log and dietary education was not provided to subjects. This may have caused subjects to
overestimate the caloric expenditure of the added activity and as a result, overcompensate
by increasing their daily caloric intake, providing one possible explanation for the minimal
weight loss and lack of significant changes in body composition. Recent research has
supported this overcompensation effect following exercise. A study by Finlayson et al.
(2009) examined hedonic and homeostatic mechanisms involved in the acute effects
of exercise on food intake. After exercise, compensators (C) increased their El, rated the
food to be more palatable, and demonstrated increased implicit wanting (29). An enhanced
implicit wanting for food after exercise may help to explain why some people
overcompensate during acute eating episodes. Some individuals could be resistant to the
beneficial effects of exercise due to a predisposition to compensate for exercise-induced
energy expenditure. Also, subjects lost 1.24 Ibs. of fat mass overall but gained 1.0 Ibs. of
lean body mass, equaling a weight loss of only 0.24 Ibs, demonstrating that although some
subjects gained weight, the weight gained was lean body mass and not fat mass. This
statistic also highlights the importance and primary goal of strength training which is to
improve overall body composition, not decreasing total body weight per se.

Another study limitation is the lack of fall tracking. Prospective reporting of falls
using fall calendars are considered the gold standard (37), but are not possible when
establishing fall rates before commencing a study. Thus, the potential preventative role of

these programs warrants longer term investigation in a larger sample to determine the
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impact on fall rates. The small sample size also limited the power to detect small between-
group differences, suggesting that a larger sample may be warranted for future research.
Future Directions for Research

A reduction in fall occurrence and fall risk is important in older adults. A
prospective study such as ours with a larger sample size and a broader cohort documenting
improved postural stability, reduced fall occurrence, and reduced fall risk as a result of
multifactorial exercise intervention is needed. Although our research plan and data
gathering were prospective, we relied on some self-reported data and did not report
participants fall history over time. A similar method should be applied to a sample of
people at risk for falls, with a daily telephone follow-up of fall history as the gold standard.

As declining muscle strength and balance promote falls and fracture in older adults,
we suggest that a high-intensity progressive resistance training program of only one session
per week may prove useful in reducing the risk of falls and, hence, fracture and that
additional research should be directed at this possibility. In addition, 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
exercise on falls in those with low bone mass and/or sarcopenia.

As mentioned above, compliance to the aforementioned protocols in the present
study was excellent. Average attendance was 89.1% for the 10 weeks of strength training
sessions (Mean attendance= 17.9 out of 20 total sessions). It is well documented that
adherence to an exercise program, regardless of type, intensity, volume, is key to
improving acute and long-term health outcomes. Morey et al. (2002) reported that among

older adults enrolled in a physical activity program for over 10 years, participants classified
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as adherent had a long-term survival benefit by time compared to a non-adherent group
(60). Other research has shown that individuals who are more adherent to the regular
exercise programs, compared to those who are less adherent, experience greater
improvements in fitness, physical function, quality of life, and disease-specific outcomes
(9). Despite the compelling evidence, older adults have lowest rates of participation in
formal exercise programs among all age groups (82). Long-term weight loss is a difficult
task, and most individuals who start with good intentions and commit to change their
behavior fail to continue. However, long-term adherence to physical activity is essential
for the maintenance of health benefits. MU Extension professionals can use behavior
change strategies to enhance participants' motivation and adherence to regular physical
activity and healthy diet, rather than only focusing on weight changes. In addition,
flexibility programs may be useful as an alternative exercise program for older adults who
do not find resistance training manageable or appealing. The benefits of including
flexibility programs on alternate days with resistance training is an interesting potential
area for future research and warrants further investigation.
CONCLUSION

The purpose of this study was to determine the effectiveness of the MU Extension
program Advanced Stay Strong Stay Healthy on reducing fall risk. Older adults are the
fastest growing segment of American society. Those that maintain good muscular strength,
flexibility, and balance by exercise participation have a lower risk of falls, enjoy a better
quality of life, and generally live longer than their inactive counterparts. Unfortunately,
there are few community based exercise programs targeted at older adults. Most

community professionals lack the training, skills, and confidence to lead exercise classes.
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Not surprisingly, many have avoided using exercise as a means to improve the health of
their community. ASSSH is a viable option for community professionals interested in
helping older adults maintain independence through improved muscular strength,
flexibility, and balance.

There is an increasing demand for exercise studies to clearly define the
dimensions of exercise needed to ameliorate health. In the present study, we evaluated a
10-week community-based strength training program that focuses on three major intrinsic
fall risk factors: balance impairments, gait instabilities, and muscle weakness. The
proposed exercises require relatively low supervision and material costs. The clinical
implication of this study is that appropriately supervised community based exercise classes
can be safe for older adults prone to osteoporosis, osteopenia and risk of falling. Although
subjects showed statistically significant improvement in strength, flexibility, balance
measures, 10 weeks appears to be too short a time period to achieve significant changes in
body composition. Nevertheless, the positive trends observed in this study suggest that
analysis of a longer intervention is warranted

We acknowledge that improving a fall risk factor profile does not necessarily
guarantee fall reduction. There is a need for a larger study to evaluate the effect of this
type of intervention in a high risk group that is powered to detect a treatment effect on falls
and ideally, injurious falls and fractures. Nevertheless, the clinical implications of this
study are significant. With the growing aging population, the number of falls will likely
increase in years to come. Decades of experimental research has shown that exercise
appears to play an important role in preventing falls among older adults. However,

currently there is a limited availability of low-cost, exercise-intervention programs to help
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increase strength, flexibility and balance in older adults prone to falls. The demand for this
type of organized community program will continue to grow as the aging “baby boomer”
population grows older over the next several decades. ASSSH showed significant and
meaningful improvements in strength, balance, and flexibility and is a functional option for
older adults looking to maintain independence and improve their quality of life for years to

come.
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BENEFITS OF STRENGTH TRAINING ON FALL RISK AND BONE HEALTH IN
OLDER ADULTS: A SYSTEMATIC REVIEW

Osteoporosis and related fractures are a serious public health problem worldwide
because of the associated morbidity, mortality and health care costs. In 2011, 1.2 million
Americans were diagnosed with osteoporosis and another 5.4 million had osteopenia and
are therefore at risk of fragility fracture (38). Due to the demographic trend towards an
ageing population, the incidence of osteoporosis-related conditions is projected to rise to
three million people by 2021, with a fracture occurring every three and a half minutes
unless effective prevention strategies are implemented. For those that sustain a hip
fracture, it is estimated that more than 20% will die within 6 to 12 months post
fracture (36), almost 50% will require long-term nursing care and up to
80% of those who survive will fail to regain their pre-fracture level of function (90).

Since most osteoporaotic fractures are due to a fall or minimal trauma (77) there is
considerable interest in identifying safe, effective and widely accessible community-based
strategies for addressing multiple fracture-related risk factors, particularly reduced bone
density, muscle wasting and weakness, poor balance and impaired gait and mobility which
increase the risk of falling.

Despite randomized control trials (13, 19, 87) and clinical guidelines (1) showing
that fall-prevention interventions can be successful, falls and fall-related injuries continue
to rise, along with associated healthcare costs. A systematic review estimating the

economic burden of falls of
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older adults living in the community was shown to be $23.3 billion in the US alone (25).
By 2050, the annual number of hip fractures occurring globally is expected to be 6.26
million (68). ldentifying strategies to reduce the number of falls, and thus hip fractures
remains a topic of international importance, given the anticipated treatment costs and a 1-
year mortality rate of up to 33% following hip fractures (91).

Therefore, the aim of this review was to summarize the health benefits of strength
training for older adults. This review will also cover the effects of different types of
intervention programs on decreasing fall risk factors older adults and elderly people as a
starting point for developing future interventions that maintain a healthy bone mass and
higher quality of life in
people throughout their lifetime

Effects of Strength (Resistance) Training on Elderly. Research over several
decades has shown compelling evidence supporting the benefits of targeted physical
activity programs for older adults (17, 75). Strength training can also help reduce the
symptoms of various chronic diseases such as arthritis, depression, type-2 diabetes,
osteoporosis, sleep disorders and heart disease (11- 19). Several studies have shown
improvements in bone density with regular strength training in older adults, women in
particular (21, 46, 61). Nelson et al. conducted a long-term
strength-training study in women aged 50 to 70 years old. After one year of strength
training two days per week, middle-aged women became stronger, gained muscle mass,
and had improvements in bone density above and beyond the control group (7). Reducing
the signs and symptoms of osteoporosis in older adults is also advantageous for improving

quality of life. In 2001, Baker et al (4) studied the impact of strength training in older adults
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aged > 55 with clinically diagnosed osteoarthritis. After four months, the strength-training
group had significant reductions in pain and improvements in muscular strength, functional
performance, physical abilities, quality of life and self-efficacy (2).

Falls Prevention Programs. The benefits of physical exercise in improving the
functional capacity of frail, older adults have been the focus of considerable research in
recent years (31, 45, 92). Exercise intervention strategies including supervised resistance
training, balance training, coordination training, and multi-component exercises (i.e.,
combination strength, endurance, and balance training) have shown effective in reducing
falls in elderly at risk persons (7, 28, 49, 50, 58, 78, 94). Exercises that improve lower body
strength and balance have also been shown to reduce the risk of falls and fall-related
injuries among frail individuals living in nursing homes (1, 65, 79). In addition to strength
training, exercise programs, particularly those including balance training, have been shown
to reduce the risk of falls by 10%-49% (76).

However, research on falls and fall prevention can often be difficult and
problematic. There are inherent logistic difficulties in performing and interpreting these
types of studies. From a clinical standpoint, hospitals and outpatient clinics that measure
outcome variables such as number of falls and fallers recorded by staff members may
produce observation and recording biases (65). Also a consistent lack of follow-up after
studies also makes it difficult to identify the effects the interventions have on actual rates of
falling. In addition, subjects with certain medical or pre-existing conditions (i.e., physical
frailty, sarcopenia) who have a higher risk of falling, are often excluded from these types of

intervention studies.
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Despite the challenges associated with falls-related research, multifactorial
interventions conducted by skilled community health professionals have consistently
shown effective in preventing falls (18), particularly those programs targeting persons at
risk (33) and include several intervention strategies (26). Certain fall risk factors mentioned
above including impaired balance, abnormal gait patterns (24, 51), and muscle weakness
(63) respond favorably to physical activity (14, 32). Data suggests that people with leg
weakness have a 4-to-5 fold increase in risk for falls, and people with impaired gait or
balance have approximately a 3-fold increase (76). An example of an evidence-based
program that has been implemented by Extension professionals in community settings is
Stay Strong Stay Healthy (SSSH), a targeted strength training program geared for older
adults with higher fall risk. The SSSH program content was modeled after the Strong
Woman program developed at Tufts University (61). Each class of approximately 20
participants consists of group strength training, balance and flexibility one to two times a
week for ten weeks. Translational research has shown that following programming,
participants of SSSH demonstrated statistically significant improvement from pre to post
assessment in each category measuring strength, balance, coordination and flexibility (6).

Risk Factors for Falls. The skeletal and muscular organ systems are tightly
intertwined. The strongest mechanical forces applied to bone are those created by muscle
contraction that increase bone density and strength (16). It is not surprising, therefore, that
the decrease in muscle strength leads to lower bone strength. One of the hallmark features
of the aging process and significant risk factor for falls is sarcopenia. The term sarcopenia
first proposed by Irwin Rosenberg in 1989 describes the age-related loss of skeletal muscle

mass and strength (74). 10 years later, Baumgartner et al (8) introduced a clinical
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definition of sarcopenia defined as a value of lean body mass 2 SD below the average value
calculated in healthy, young men and women. This strategy is equivalent to that used to
define osteoporosis in adults. Degenerative processes in the neuromuscular system,
reduced food intake, and physical inactivity are the most important causes of sarcopenia
(112).

The declining muscle mass of sarcopenia occurs at the alarming rate of 4-5%
per decade (81) and results in impaired quality of skeletal muscle, leading to increased
muscle weakness (93). Such weakness is a strong predictor of falls in the elderly, a
significant contributor to decreased quality of life, and associated with an increased
morbidity and mortality in this population (59). It is still unclear what factors affect the
magnitude of the force generated by muscle tissue, but some data suggest that behavioral
and environmental factors are more important than genetic predisposition (84), meaning
proper dietary and lifestyle interventions are perhaps more effective at preventing
sarcopenia.

Duration and Frequency of Strength Training in Elderly. Despite the
widespread acceptance among experts that strength training is necessary, even at an older
age, numerous aspects of the dose-response relation have not been explained conclusively
(3, 23,57, 66, 69). Activities of daily living (i.e. walking, feeding, bathing, home making)
are not sufficient as a training stimulus for the muscles. Elderly men and women who do
not undergo additional training will lose body strength and the strength of the arms to a
disproportionate extent (56). Typically, strength (resistance) training aiming for
hypertrophy is done at least 3 times a week for 8 to 12 weeks; a longer training period

increases a more sustained effect (69).
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The view that with advancement in age, load bearing intensity should be reduced

in order to avoid injuries and chronic overuse is widespread. However, this effect is not
supported by current evidence in the literature, and several studies have pointed out the

need for higher intensities for elderly as well as young people. In a meta-analysis of 29

randomized controlled studies including a total of 1313 subjects older than 65 years, Steib

et al. showed a notable dependence of the improved strength capacity on the intensity of

the weight training (83). High-intensity strength training (>75% of the maximal strength

capacity) thus triggers higher increases in strength than training of medium or low

intensity. More distinguished recommendations regarding the duration and frequency were

recommended in a review article by Mayer et al. and are described in detail in the table

below (40).

Effects and examples of recommended training dosages and possible organizational approaches to different forms of
strength training for elderly people

Increase in muscle

Increase in muscle mass

8-12 repetitions per muscle group

Fitness studio; gymnasium, home

dons and bones

collagen; reduction in bone
density loss

of the one-repetition-maximum, >body
weight); several training units per
week; weeks to months

strength in 70-85 % of the one-repetition- program, initially under instruction,
maximum, 3 sets; 2-3 training units later independently
per week; at least 8-12 weeks
Training of intramuscular Up to 8 repetitions per muscle group | Fitness studio; gymnasium, home
coordination with intensities of more than 80% of program, under instruction
the one-repetition-maximum; 3-5 sets;
3 training units per week; several
weeks
Training of intermuscular Several repetitions; up to daily training | Training on uneven surfaces with or
coordination units; high speed of movement, without additional weights; under in-
among others struction, later independently
Reduction of Increase in muscle mass 8-12 repetitions per muscle group Fitness studio; gymnasium, home
sarcopenia in 60-80% of the one-repetition- program, initially under instruction,
maximum; 3 sets, 3 training units per | later independently
week, at least 8-12 weeks
Adaptation of ten- Increase in net synthesis of Medium to high intensities (>60-80% | Fitness studio; gymnasium, under

instruction

Prevention of falls
and injuries

Optimizing postural contral;
training of intermuscular
coordination

Several repetitions; up to daily training
units; high speed of movement

Training on uneven surfaces with or
without additional weights; under
instruction, later independently

Training of intramuscular
coordination

Up to 8 repetitions per muscle group
in intensities of more than 80% of the
one-repetition-maximum; 3-5 sets; 3
training units per week; several weeks

Fitness studio; gymnasium, home
program, under instruction
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Falls Prevention Programs. A variety of physical activity (i.e., exercise)
programs have been used to improve the physical parameters associated with fall risk. The
benefits of physical exercise in improving the functional capacity of frail, older adults have
been the focus of considerable research in recent years (31, 45, 92). Regular exercise is
associated with many health-related improvements within this population. For example,
physical activity can reduce or prevent the need for medical treatment, or it can be an
important addition to medical treatment. Furthermore, regular physical activity improves
the functioning of the cardiovascular, respiratory, metabolic, endocrine, and immune
systems. By doing this, it greatly reduces risk factors associated with coronary artery
disease, and may also prevent the development of, or effectively treat, diseases such as
non-insulin- dependent diabetes mellitus, osteoarthritis, osteoporosis, obesity, colon cancer,
peripheral vascular occlusive arterial disease, arthritis, and hypertension. Regular physical
activity also reduces body fat stores, increases muscle strength and endurance, strengthens
bones, and improves mental health (73).

Specifically, exercise intervention strategies including supervised resistance
training, balance training, coordination training, and multi-component exercises (i.e.,
combination strength, endurance, and balance training) have shown effective in reducing
falls in elderly at risk persons(7, 28, 49, 50, 58, 78, 94). Exercises that improve lower body
strength and balance have also been shown to reduce the risk of falls and fall-related
injuries among frail individuals living in nursing homes (1, 65, 79). In addition to strength
training, exercise programs, particularly those including balance training, have been shown

to reduce the risk of falls by 10%-49% (76).
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In addition to the numerous health benefits of physical activity, many of these
benefits may have a positive effect on balance in older adults as well. Several studies have
examined the effects of general exercise programs on balance. Cress et al. randomly
assigned older adults to a control or combined (aerobic and strength exercise) group and
observed no changes in balance measures in either group upon completion of a 6-month
training program. In another study, static balance on one foot with eyes closed was
significantly improved in older adults following a 1-year training program consisting of
back extension exercises, strength training, and flexibility/relaxation exercises (47). Other
resistance training studies have utilized more balance-specific training programs. Wolfson
et al. assigned elderly adults into four different training groups: a strength training group, a
balance training group, a balance plus strength training group, or an educational control
group. Changes in single-stance balance, strength, and loss of balance measures were
evaluated before and after 3 months of training. Loss of balance was significantly less in
the balance group than in the control, strength training, and balance plus strength training
groups (97). Both the balance and balance plus strength groups showed significant
improvements in single-stance time after 3 months of training, demonstrating the
importance of multi-factorial intervention program to see improvements in overall balance.

Impact on Bone and Joint Health. Osteoporosis, a disease characterized by low
bone mass and micro-deterioration of bone tissue (2), is increasingly common with
advancing age. Bone loss and structural damage lead to bone fragility. This increase in
skeletal fragility, along with a rise in fall risk, results in an increased susceptibility to
fractures with aging known as ‘fragility fractures’ (27). One of the major risk factors for

fragility fracture is low bone mass (27). In the current clinical practice setting, the
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identification of low bone mass in an older patient without a personal history of fragility
fracture is usually based on measurement of bone mineral density (BMD). The World
Health Organization defines osteoporosis as a hip BMD 2.5 or more standard deviations
(SD) below the mean for young white adult women (i.e. femoral neck T score —2.5 SD or
below using the National Health and Nutrition Examination Survey Il referent population
of women aged 20-29 years) (41). The prevalence of low bone density in older adults

is significant and widespread across all genders, race, and cultural groups. Osteopenia,
which is the precursor to osteoporosis, is characterized by a BMD between 2.5 and 1.0 SD
’below the young adult mean. Since bone strength is defined as its resistance to fracture; and
lower bone is related to increased fracture risk, both of these conditions can increase an
individual’s fall risk (5).

Several training methods have been used to improve bone mineral content (BMC)
and BMD in prospective studies. However, not all forms of exercise have the same positive
effects on bone mass and because of that the studies that evaluated the role of exercise
programs on bone-related variables in elderly people have obtained conflicting results (34).
Kelley et al. (42) showed through a meta-analysis that some types of exercise training do
not improve femoral neck BMD in postmenopausal women and, recently, in a systematic
review and meta-analysis, Nikander et al (64) did not find any significant effects of
exercise on bone strength from any training program, which may partly be explained by the
short duration and inadequate power of the few published trials. Guadalupe-Grau et al (35)
reported that studies performed in older adults show only mild increases, maintenance or
just attenuation of BMD losses in postmenopausal women. Nevertheless, other meta-

analyses showed very consistently that exercise training program have benefits in both the
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lumbar spine and femoral neck in postmenopausal women (43, 96) Moreover, a systematic
review found that both impact and non-impact exercises have a positive effect on

bone (95) and another recent article by Martyn-St James and Carroll (55) suggested that
impact exercise in the form of jogging when combined with other low impact activity, such
as stair climbing and walking, and program combining impact exercise with high-
magnitude exercise in the form of resistance training, have a positive effect on preserving
BMD in postmenopausal women. Thus, it is suggested that each kind of exercise program
has different effects on bone mass and risk of fracture in elderly people. Nevertheless, the
literature still remains controversial on the topic.

Future Directions & Conclusions. Reviewing the literature on strength training
and elderly, there are a few significant holes in the research. Most noticeably, there is very
limited data specific to very old adults. Most randomized controlled trials focus on older
adults with an average age of 5570 years, so studies detailing fall-related habits of the
elderly population are rare. Therefore, no reliable conclusions as to the effect of exercise
during senescence can be reported. The majority of the longitudinal studies have been
performed in older women due to the importance of maintaining bone health and
preventing osteoporosis in this population. As a result, studies accounting for bone health
in aging men are few and far between. Future research in this population is necessary to
know the potential effects of exercise in this gender and age group.

Although the strongest studies included in this review (and in general scientific
literature) are randomized controlled trials, there were also several non-randomized studies.
The latter condition may have created self-selection in group assignment of the

participants, which is particularly important in exercise trials where individuals may be
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more or less predisposed, or motivated, to participate in exercise research. And lastly, the
relatively short term of some of the aforementioned strength training trials could possibly
mask a positive effect of exercise on bone content.

As stated above, there are several future directions in this area of research.
Possibilities for future research proposals include: (a) long-term exercise training programs
that allow muscle and bone to adapt to the mechanical stress of training; (b) trials including
men and older participants (70+ yrs); (c) trials comparing the influence of sex and age in
training response(s); (d) the inclusion of diet parameters as covariates in the analysis; and

(e) research, which assesses the effect of detraining after exercise intervention.
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CONSENT FORM TO PARTICIPATE IN A RESEARCH STUDY

INVESTIGATOR'S NAME: STEFHEK DL BALL
PrOJECT #: 1209026

STUDY TITLE: ADVANCED 5TAY STRONG, STAY HEALTHY

INTRODUCTION

This consentmay contain words that you do notunderstand. Please ask the investigator or the
study staff to explain any words or information that you do not clearly understand.

Thisis a research study. Besearchstudies include only people who chooseto participate. As a study
participart youhave therght to know abot the procedires that will be used in this research study so that
vou canmakethe dedsion whether ornot toparticipate. The infonmationpresentedhere is simply an
effort to make you better nforme d so that vourmay give or withhold vour consert to participatein this
research study.

Pleaze take vourtimeto make your decision and diseuss it with vour farvly and friends.

You are being askedto take part in this study because youare a healthy a dult who has conpletedthe Stay
Strong, Stay Healthy program and’or have bemstrenglh training for six months orlonger.

This study is being sponsored by MU Extension

In orderto participate in this study, it will be necesszaryto give your written consert.

WayY Is THis STUDY BEING DONE?

A vanety of health promotion mterventions have been shown to be effective m maxmizmg the health and
mdependence of older zdults. The most effective programs target the mportant risk of f2lls prevention and
focus on mproving muscle strength, mmimize muscle loss and morease strength significantly. Besistive
emerrize (such as strength traming) zlse improves bone density and helps to mimimize ostzoporosis. These
improvemsnts i muscle and bens help prevent £20lz and zllow elder zdults to meintzin mdependence and
enjoy better quality of life. The purpoess of this resexrch 15 to detetmine the effectiveness of the MU Extension
Advanced Stay Strong, Stay Healthy program at mproving muscular strength, flexibility and ultmately risk of
fzlling =mong older zdults.

How Many People Will Take Part In The Study?
About 20 people will take partin this study

WHAT IS INVOLVED IN THE STUDY?
Tfvou tzke part m this study, vou will have the following tests and procadurss:
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Visit1: Screening and Consent

Cmce the consent fonmn has beensigned, all participarts will be screened to detenrine if they are eligible
to participate. Screering will talke place in the Exercize Physology Labin McKee Gynmaswm and will
take 1 how. During the screering, study persormel will answer any questions the participarts may have
about the study. Participarts will be asked to conplete the following forms: participant cortact
mformation physical authonizationby a personal physician (where applicable), anda physical activity
questiormaire (PAR-Q). Qualified subjects will be scheduled forvisit 2 will take place atMhcEee
Gymnasien

Visit2: DX A Scan and Pre-Fimess Assessments

CQualified subjects will come backto McEee Gynmazum for a secondvisit to comnplete a dual ray
absormptiometry (DHEA) scan The DEA scan will require vou to e still for approximately 10 nomuates
during the procedure. Subjects wilbe exposedto a small amont ofradiation diring the scan equivalent
to 1/10ththeradiation ofa chest 3ravandabou 1/1000 ofa similar Conputed Tomograplry scan All
study participarts will undergo anadditional DXA scan following the condusionofthe 10-week
program Subjects will be provided with the results ofther scan If youhave any questions about the
results, vou willneed to contact your personal provider. Intarpretaion ofthe results o fyour DXA scan
must be perfonmnedby a plygcian.

In addition to demograplic data, four fitness outeormes will be evaluatedbefore andafter the 10week
programusing measures fromthe Senior Fitness Test (1 7). Measures include the
“chair standtest™ assessing lower bo dy strength andmuscular endurance; the ™3 -foot up-and- go™
azzessing balanee and coordinationwhile moving; the “chair sit andreach”™ assessinglowerbody
flexibility; and the “back scrateh™ assesangupper body flexibility. Balance willbe

assessed using a graded balance test.

Visits 3-21: Exercise Intervention

All exercise training sessions will be conducted atthe McKee GymFitness Center under the suparvision
oftramnedexerase personng. The class of approsamately up to 20 participarts will consist of group
strength trairing, balance and flexibility twice a weel forten weeks. Eachsessionbegns with a 5 mimate
wann-up peniod followedby two sets of tenrepetitions of eight strength exercizes including, butnot
limited to, wideleg squat, standingleg curl, side hip raise knee extension biceps curl, overheadpress toe
stand and bernt forerard flyv. Exerdses are subject to change and will vary with each individual az needed
Classes end with a 5 mimite cool downpenodincluding light stretching andbalance exercises.

Visit22: DX A scan and Post-Assessment
Followingthe conclusionofthe 10 weektraining period subjects willrepeat the same Senior Fitness
Aszzessmenttests and DX A scan The procedire for this visit will be the same as Visit 2.

A follow up survey willbe mailed to the participants 3 months followingthe 10week traiming period
Subjects willnot need to schedule a visit to comnplete this form

HowLone WILLI BEIN THE STUDY?

Youwil be in the study for approxamately 22 weeks. The studywillinvolve 10 weelk of strength trairing
claszesplus a followap survey 3 months post-tranmng,
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The mmvestigator and‘or vour doctor may decide to take you offthis study, ifm their judgment thatitisin
wvour best mterest

Youcanstop participating at any time. Your decision to withdraw from the study will not affectin
any way your medical care and/or benefits. If vou decide to stop participating in the study, vou are
encouraged to discuss vour decision with vour doctor.

WHAT ARETHE RISKS OF THE STUDY?

While on the study, you are atnsk forthe side effects desmbedbelow. You should discuss these with the
mvestigator and’or vour doctor. There may also beother side effects that we carmot predict. Marry side

effects go away shortly afterthe exercize sessionhas ended, bt in sorme cases side effects can be serous
orlong-lasting or penmanent.

Bisks and side effects related to the proce dures in this studymnclude:

The Dual Enersy X-rav Absorpticmetry (D3A)

Youwil be expozed to a small amourt ofradiation The DEA scanis equivalentto 1/10ththe radiation of
a chest X-ray andabout 1/1000 ofa similar Congited Tomo graply scan. Badiation effects are
currlative. You should always mfonm fivre doctors o fyowr participation m this study.
Eeproductivensks: The effects ofthe DEA on the female ormale reproductive systems or on a
developing fetus areunknownbut could cause harm. For this reason, women of child-bearing a ge will be
excluded from this studyto ensure nohammwill be done.

B.esistance Exercise Traming:

Eesistance traiming may cause mmesciloskeletal soreness andinjury (particularly in the first few exerdse
sessions) andthe possibility ofmuscle andjointinjury as aresult of participating in the weight lifting
exercises. Participants will be mstructed in the sa fe and proper procedures for all exercize activities and
supervised by exerdse personne at all times. All exercize sessions will nclude wanm-up and cool-down
procedures to firther mirinmze the nsk ofmjury.

Forthe reasons stated above theinvestigator will observe vouclosely while giving the treatment desoaibed
and, if youhave ary wormsome synptoms or synptorms that the investigator or his assodates have described
to vou, rmuﬁ theinv estigator mrumediately. Dr. Stephen Ball's telephone mamberis 373-2628-2606. For
more information about risks and side effects, askthe investigator or contactthe study coordinator at 573-
882-2334

ARE THERE BENEFITS TO TAKING PART IN THE STUDY?

Ifyou agreeto talcepart in this study, there may ormaynot be direct medical benefit to yvou. Youmay
expect to benefit fmmtalungpa.tT.mﬂus. researchto the extentthatvouare contributing to medical
knowledge. We hope themfommation leamed fromthis study will benefit other patients hoping to mprove
their muscular strength, flexibility, belance and, ultmately, reduce thewr f2ll risk inthe future.

WHAT OTHER OPTIONS ARE THERE?

An altemativeils to not participatein this research study.
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Pleasze discuss thess and other options with the investigator and vour doctor.

WHAT ABOUT CONFIDENTIALITY?

Information produce dby this study will be stored in the nvestigator’s file and identifisd by a code
number only. The code key commecting vour nameto speafic nfonmationabout vouwill be keptin a
geparate, secirelocation Information containedin your records may not be given to armyone unaffiliated
with the study in a formthat could identify youwithout yvour wrtten consent, exceptasrequired bylaw.
Ifthe investigator conducting this studyis not your primary, or regular docter, he/she must obtainyour
penmission before contacting vour regula.r docter forinformation aboutvour past medical istory orto
mfonm thamthat youare in this tnal.

Fesults ofthis researchmaybe published and reports maybe madeto govemment agencies, funding
agencies, marnmifachwers, or scientific groups, but vy ouwill not be identifiedin anysuchpublicationrepoit
In addition the Federal Foodand Drug Administration, Health Sciences MU IRE, or other SOVenTTIaT
agencies may nspect and copy your medical records that apply to thisresearch. Inall cazes, mfonmation
about youwillbe treated confidentially.

The results ofthis studymay be publishedin a medical book orjowumal orused forteading purposss.
However, your name or other identifying mfornation will not be used n any publication or teaching
materials without vour speafic penrission

WHAT ARE THE COSTS?
There isno cost to vou for parficipating in the study.

All costs forthe measwrements andprocediwes that are part ofthisrezearchstudy will be paid by the MU
Exercize Physiology Laboratory. Your only cost will be traveling to the laboratory on a regularbasis.

You oryourinsurance company will be charged for comtinung medical care and’or hospitalization.

WILL I BE PATD FOR PARTICTPATING IN THE STUDY?
Youwill recerve no payment for talang part in this study.

WHATIF I av INJURED?

Itiznot the policy ofthe University o fivlissoum to conmpensate limyan subjects in the event theresearch
resultsmmjury. The University o fhizsowm, n fulfilling its public responsibility, has providedmedical,
professicnal and general hability insurance coverage for anyinpury in the event suchinjuryis caused by the
neglgence ofthe University ofVissowmn, its faculty andstaff The University o f Missoun alsowill provide,
within the limitations o f thelaws o fthe State o f Missouri, fadlities andmedical attertionto subjects who
suffer injireswhile participating in the research projects ofthe Univeraty o fMizsoun. Inthe eventyvou
havesufferedmpry as theresult o fparticipationin this researchprograrm youareto cortact the Risk
Managament Officer, telephone murber (373) 882-1181, atthe Health Sciences Ceanter, who canreviewthe
matter and provide fiwther information This stateament is nottobe construed as an a dmission o fhability.
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WHATAREMY RICHTS A5 A PARTICIPANT?

Participation in this study is voluntary. You do nothave to participate in this study. Your present
or future care will not be affected should vou choose not to participate. Ifvoudedde to participate,
vou canchange your mind and drop out o fthe study at ary time withowut affecting vour present or fuhre
care at the University of Mizsoun. Leaving the study will not result in any penalty orloss ofbenefitz to
which yvou are enfitled In addition the mvestigator ofthis study may decide to endvour participationin
this studw at arry time afterhe has explainedthe reasons for dumg so andhas hElpEdan'sng for vour
continued care b} wvour own doctor, if needed

WrHoMDo I CALLIF I HAVE QUESTIONS OR PROBLEMS?

If vouhave arny questionsregarding vour rights as a participant in this research and/or concems about the
s.tudﬂf orifvou feelunder any pressire to erwoll or to contirmie to participate m this study, yvourmay
contactthe Univ ersity o f Missowri Health Sciences Institutional Review Board(whichis a group of
people who review the researchstudies to protect parficipants’ nghts)at (373 882-3181.

Youmavyaskmore questions about the study at anytime. For questions aboutthe study or a rezearch-
related injury, cortactthe study coordinator at 373-268-2696.

A copy ofthis consent formwillbe givento yvouto keep.
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Signature

[ confinm that the purpose ofthe research the study procediwes, the possible nskes and discomforts as well
as potential benefits that I may expearience have beenexplainedto me. Altematives to ny participationin
the study also have beendiscussed Thavereadthis consent form andmy questions havebeenanswered

My signature belowindicates nry willingness to participatein this study.

SubjectPatient* Date

Legal Guardian/Advocate Witness (if required)** Date

Additional Signature (if required) (identify relationship to subject)®** Date

*A minor’s signature on this line indicatas his/her assent to participats in this study. A minor’s signatura is not
reguirad if he/she is under 7 wears old. Use the “Lagal Guardian/AdvocateWitness"™ line for the parent’s signature,
and wou mav ussa the "Additional Sisnatura” line for the second parent’s sisnature, if requirad.

##¥The presence and signaturs of an impartial witness is required during the entire informed consent discussion if
the patient or patient’s lagslly authorizad representative is unabls to read.

*%#%The "Additional Sienature" line may be usad for the second parsnt’s signaturs, if requirsd. This line may also
baused for anv other siensturs which is ragquirad as per fadaral stats, local, sponsor and/or anv other antity
raguirsments.

“If required” means that the signaturs line is signad onlv if it is required as per faderal, state, local, sponsor and/or
any other antity raquirsments.

SIGNATURE OF STUDY REPRESENTATIVE

T hawve explamed the purpose ofthe research the study procedires, identifying those thatare
mvestigational the posable risks and discomforts as well as potential benefite and have answered
guestions regarding the studvto the best of v abality.

Study Fepresentative ™+ Date

##&50mdw Rapresentative is a person authorizad to obtain consent. Parthe policies of the Universite of hMissouri
Heaalth Cara, for anv ‘significant risk/treatment’ studyv, the Study Ezprasentative mustbe a phvsician who is sither
the Principal or Co-Invasticator. Ifthe study is deemed sither “significant risk/non-treatment’ or ‘minimal risk ' the
Study Rapresentative may be a non-phvsician study invastigator.
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STUDY TITLE: ADVANCED STAY STRONG, STAY HEALTHY
PROJECT #: 1209026

DATE: 09-25-13

VERSION #: 2

PRIMARY INVESTIGATOR: STEPHEN D. BALL, PH.D
113 McKee Hall

Columbia MO 65211

Phone: 573.882.2334

Fax: 573.884.4885

INTRODUCTION

Among the elderly, an important musculoskeletal disease is the development of
sarcopenia, loss of skeletal muscle mass. The declining muscle mass of sarcopenia occurs
at the alarming rate of 4-5% per decade (7) and results in impaired quality of skeletal
muscle, leading to increased muscle weakness (8). Such weakness is a strong predictor of
falls in the elderly, a significant contributor to decreased quality of life and increased
morbidity and mortality in this population (5). A variety of health promotion interventions
have been shown to be effective in maximizing the health and independence of elderly
populations (1). The most effective of these programs target the important risk of falls
prevention and focus on improving muscle strength (3). These programs include resistive
exercise, that is, strength training, which help attenuate muscle loss and increase strength
significantly (5). Resistive exercise also improves bone density and helps to minimize
osteoporosis (2). These improvements in muscle and bone help prevent falls and allow
older adults to maintain independence and enjoy better quality of life.

Minimal follow-up has been done to assess the outcomes of clinical trials that are
implemented in general community practice. Additionally, the efficacy of this community
based and Extension delivered program has not been evaluated. The goal of this research
is to validate the effectiveness of the Advanced SSSH program implemented by Extension
professionals across the state of Missouri.

RISKS

Throughout the study, participants are at risk for the side effects described below.
Participants should discuss these with the investigator and/or their doctor. There may also
be other side effects that we cannot predict.

The Dual Energy X-ray Absorptiometry (DXA)

Participants will be exposed to a small amount of radiation. The DXA scan is equivalent
to 1/10th the radiation of a chest X-ray and about 1/1000 of a similar Computed
Tomography scan. Radiation effects are cumulative. Participants should always inform
future doctors of their participation in this study.

Reproductive risks: The effects of the DXA on the female or male reproductive systems or
on a developing fetus are unknown but could cause harm. For this reason, women of
child-bearing age will be excluded from this study to ensure no harm will be done.
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Resistance Exercise Training:

Resistance training may cause musculoskeletal soreness and injury (particularly in the first
few exercise sessions) and the possibility of muscle and joint injury as a result of
participating in the weight lifting exercises. Participants will be instructed in the safe and
proper procedures for all exercise activities and supervised by exercise personnel at all
times. All exercise sessions will include warm-up and cool-down procedures to further
minimize the risk of injury.

BENEFITS

If participants agree to take part in this study, there may or may not be direct medical
benefits to the participant. Subjects may expect to benefit from taking part in this research
to the extent that they are contributing to medical knowledge. We hope the information
learned from this study will benefit other patients in the future looking to improve their
muscular strength, flexibility, balance and, ultimately, reduce their fall risk.

Other benefits include participating in a supervised exercise program and body
composition analysis.

Subjects may also acquire additional benefits of exercise not describe herein.

TRIAL OBJECTVIES AND PURPOSE
The specific aims of this project will include the following:

Specific Aim 1: To validate the effectiveness of the MU Extension Advanced Stay Strong,
Stay Healthy program through improvements in muscular strength, flexibility, and
ultimately, decrease the risk of falling among seniors.

STUDY DESIGN

Primary endpoints: Significant improvements in muscular strength, flexibility, body
composition and decreased risk of falls after 10 weeks of strength training using the
Senior Fitness Assessments as clinical markers.

Subject Recruitment:

Participants will be recruited via flyers, word of mouth, and advertisement through the
University

of Missouri campus organization Healthy for Life. Approximately 20 people will
participate in this study. Because this is an organized exercise class with potential research
implications, we are only allowing the class to have a maximum of 20 participants to
maintain high quality individualized care.

Visit 1: Screening and Consent

Once consent has been obtained, all participants will be screened to determine if they are
eligible to participate. Screening will take place in the Exercise Physiology Lab in McKee
Gymnasium and will last approximately 1 hour. During the screening, study personnel
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will answer any questions the participant may have about the study and will complete the
following forms: participant contact information, participant consent, physical
authorization (where applicable), and a physical activity questionnaire (PAR-Q). Qualified
subjects will be scheduled for visit 2 which will take place at McKee Gymnasium.

Visit 2: DXA Scan and Pre-Fitness Assessments

Qualified subjects will come back to McKee Gymnasium for a second visit to complete a
DXA scan. The DXA scan will require subjects to lie still for approximately 10 minutes
during this procedure. Subjects will be exposed to a small amount of radiation during the
scan, equivalent to 1/10th the radiation of a chest X-ray and about 1/1000 of a similar
Computed Tomography scan. All study participants will undergo an additional DXA scan
following the conclusion of the 10-week Advanced SSSH program. Subjects will be
provided with the results of their scan. If subjects have any questions about the results of
their scan, they will need to contact their family practitioner. Interpretation of the results
of the DXA scan must be performed by a physician.

In addition to demographic data, four fitness outcomes will be evaluated pre and post the
10 weeks of strength training using measures from the Senior Fitness Test (6). Measures
include the “chair stand test” assessing lower body strength and muscular endurance; the
“8-foot up-and- go”

assessing balance and coordination while moving; the “chair sit and reach” assessing
lower body

flexibility; and the “back scratch” assessing upper body flexibility. Balance will be
assessed using a graded balance test (4). These tests will be repeated following the 10-
week training period.

Visits 3-22: Exercise Intervention

All exercise training sessions will be conducted at McKee Gymnasium under the
supervision of trained exercise personnel. The class of approximately 10-20 participants
will consist of group strength training, balance and flexibility twice a week for ten weeks.
Each session begins with a 5 minute warm-up period, followed by two sets of ten
repetitions of eight strength exercises including, but not limited to, wide leg squat,
standing leg curl, side hip raise, knee extension, biceps curl, overhead press, toe stand, and
bent forward fly. Exercises are subject to change and will vary with each individual as
needed. Classes end with a 5 minute cool down period including light stretching and
balance exercises.

Visit 23: DXA scan and Post-Assessment
Following the conclusion of the 10 week training period, subjects will repeat the Senior
Fitness Tests and DXA scan. The procedure for this visit will be the same as Visit 2.

A follow up survey will be mailed to the participants 3 months following the 10 week

training period. Subjects will not need to schedule a visit to complete this form. All data
will be coded and not include the participants name.
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Visit Information

A. Number of total visits
23 visits

B. Frequency of visits:
Two days per week

C. Length of visits:
60-75 minutes

DXA scan & Pre-

Assessments DXA scan & 3 month follow up
Introduction Post-Assessment survey
& consent
form
‘l’ Visit 3-22
I Visit 1 Visit 2 I _ | Visit 23 I
I | Exercise Treatment | |

(10 weeks strength training)

) ) _ Total study timeline: 22 weeks
Figure 2. Experimental Design
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Table 1. Senior Fitness Assessments

Physical
Performance Test

Purpose

Description

30-second chair
stand*

Assess lower body
strength

Number of full stands that can be completed in 30
seconds with arms folded across chest

Chair sit-and-reach
left and right*

Assess lower body
flexibility

Distance in centimeters between extended hand and
toes when seated at edge of chair with leg
extended;

Negative number indicates inability to reach toes.

Back scratch left and
right*

Assess upper body
flexibility

Distance in centimeters between one hand reaching
over shoulder and second hand reaching up the
middle of the back

8-foot up-and-go*

ASSess
agility/dynamic
balance

Number of seconds required to get up from a seated
position, walk 8 feet, return to seated position

Balance tests
performed in order of
difficulty

1. Mountain pose

2. Tandem stand

3. One-legged stand
4. Tandem stand eyes
closed

5. Tandem stand eyes
closed head turning
6. One-legged stand
eyes closed

Sequentially assess
balance

1. Ability to stand for 10 seconds with feet side by
side and touching, without using hands for
support

2. Ability to stand for 10 seconds with heel of one
foot touching toe of other foot, one hand
touching wall for support.

3. Ability to stand for 10 seconds on one leg

4. Same as mountain pose with eyes closed

5. Same as tandem stand with eyes close with head
turning slowly left and right

6. Same as tandem stand except eyes closed

COMPLIANCE STATEMENT
This research will be conducted in compliance with the protocol, Good Clinical Practice
(GCP), and the applicable regulatory requirement(s).

SELECTION CRITERIA
Inclusion criteria will include the following:
1. Subjects must be middle-aged or older adults (ages 50-85) who have completed
the Stay Strong, Stay Healthy program and/or have been strength training for 3
months or longer.

Exclusion criteria will include the following:

1. Women of child-bearing potential

Subject withdrawal criteria and procedures specifying:

a. When and how to withdraw subjects from the trial / investigational product

treatment.
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If the participant is unable to make 60% of the scheduled exercise sessions,
we will have to withdraw the participant from the study.
If subjects are unable to complete the assigned exercises, we will have to
withdraw the subject from the study.

b. The type and timing of the data to be collected for withdrawn subjects.
All data collected from subjects will be recorded and locked in the office of
the primary investigator.

c. Whether and how subjects are to be replaced.
To replace a withdrawn subject, we will recruit another one through email
and flyer advertisements.

d. The follow-up for subjects withdrawn from investigational product treatment/trial

treatment.

There will be no follow-up for withdrawn subjects.

TREATMENT OF SUBJECTS

Participants will remain in the lab during most of the testing procedures to assure
compliance. All exercise sessions will be supervised by trained exercise personnel.
Testing will stop and the IRB will be notified immediately in case of adverse event and
current illnesses. The participants will be contacted via phone to determine if they have
recovered from their adverse event.

STATISTICS

Statistical analyses will be performed using the IBM SPSS statistical software version 20
(IBM Corporation, Armonk, NY, USA). Descriptive statistics will be generated and
matched pair T-tests will be used to compare differences in measures of the physical
indicators of strength, flexibility, and balance. Two-way analysis of variance (ANOVA)
will be conducted to examine the gender and age effects on the increments in measures of
the physical indicators of strength from pre to post assessments in the Senior Fitness
Tests. Significance will be set at P < 0.05.

The level of significance to be used: P <0.05
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APPENDIX C:
DATA COLLECTION FORMS
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Stay Strong, Stay Healthy R
-

PAR-0: PHYSICAL ACTIVITY READINESS QUESTIONNAIRE

Regular exercise is associated with many health benefits, yet any change of activity may
increase the risk of injury, Completion of this guestionnaire is a first step when planning to
increase the amount of physical activity in your life. Please read each question carefully and
answer every question honestly:

Yes Mo 1) Has a physician ever said you have a heart condition and you should
only do physical activity recommended by a physician?

Yes No | 2) Do you feel pain in your chest when you do physical activity?

Yes Mo 3) In the past month, have you had chest pain at a time when you were
not doing physical activity?

Yes No | 4) Do you ever lose consciousness or do you lose your balance because
of dizziness?

Yes Mo 5) Do you have bone or joint problems (back, knee or hip) that may be
made worse by a change in your physical activity?

Yes No 6) Is a physician currently prescribing medications for your blood pres-
sure or heart condition?

Yes Mo 7) Are you 69 years of age or older?

Yes No 8) Do you know of any other reason you should not exercise or increase
wyour physical activity?

If you answered “yes” to any of the above questions, talk with your doctor before you become
more physically active. Tell your doctor your intent to exercise and to which questions you an-

swered “yes.”

If you honestly answered "no” to all questions, you can be reasonably positive that you can
safely and gradually increase your level of physical activity.

Mote: This PAR-Q is valid for a maximum of 12 months from the date it is completed. If at any
time your medical condition changes, you must complete a new PAR-Q and the previous one
becomes invalid.

Participant signature

Date

UNIVERSITY OF MISSOURI

B Extension

an equal opportunity/ADA institution
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e ey e [ UNIVERSITY OF M[%SDURI
f2OnE SR HELEY Lol B Extension

Advanced Stay Strong, Stay Healthy Program
Physician Authorization Form

Patient Name:

Address:

Phone Number:

Wes, my patient can participate.

Yes, my patient can participate with the following limitations:

Mo, my patient cannot participate at this time due to his’her medical conditions and
health status.

Physician’s Signature:

Print Name:

Address:

Phone Number: FAX Number:

This form mav be given to patient, faxed, or scanned and refurned back to:

Emily Crowe

Room 106 McKee Gymnasium
Columbia, MO 65211

Phone: 573-225-3808

Fax#: 573-884-4885
Email: emcdlcimmail missouri.edu

Please return this form by:
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Advanced
%

Stay Strong, Stay Healthy

UNIVERSITY OF MISSOLURI

B Extension

Participant Contact Information

Mame:

Street Address:

City: State:

Zip:

County:
Email:
Age and year ofbirth:

Daytimme phone

Program site:

muriber or cell phone:

Gender:

Start date:

Incase of emergency, please call:

Mame:

Phone number:

Eelationship:

OR

Mame:

Phone nurmber:

Felationship:

Follow-up survey:

Arevouwilling to participate in a three-mornth follow-up survey? T Yes orZ No

Ifves, dovoupreferthat the survey is sent via e-mail? = Yes or Z No, please send via mail

Ifves, please provide e-mail address:

University of Missouri Extension wants to make sure
that we are presenting our programs to a wide range
of participants, This information is voluntary and
confidential and will be used to identify our andiences
in general,

Face
American Indian/Alaskan Native
Asian
Black or African American
Native Hawailan or other Pacific
Islander
White
Two or more races/Other
Unknown
anic
Yes
Z No
Veteran status
Mon veteran
Veteran

o Vietnam Veteran
o Other

His

O8O oo

Disahled
2 Yes
1 No

Ineed to tell vou...

Here’s where you can put any pertinent
comments that you think I need to
knaow.

Jobhe Hanoock Cener for Fhysical Activity and hutdton
Fledman School of MNuifon Sclence and Follcy
Coppright 2008 Tols Unlversity, Bosion Meassachosefix
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Advanced Stay Strong,
Stay Healthy Fitness Assessment

Stay Strong, Stay Healthy
L J

UNIVERSITY OF MISSOURI

B Extension

Assessments Pre Post
Chair Stand
(No. of Stands in 30 sec.)
Chair Sit/Reach R Name
(No. of in. +/-) L Age M F
Back Scratch R Location:
(No. of in. +/-) L Pre Assessment Date:
8-FootUp-&-Go Post Assessment Date:
(No. of seconds)
25 Foot Walk Test
(No. of seconds)
Balance Tests Pre Post If the highest test you Your Balance is
Record the time in seconds. If participant cannot could pass was: considered:
complete a test for 10 seconds, do not proceed to
the next test.
Mountain Pose Unable to pass any test Very Poor
(seconds)
Tandem Stand Test 1: Tandem stand Poor (challenging for
(seconds) frail 80-90 year olds)
One-Legged Stand Test 2: One-legged stand | Fair (expectation for 50-
(seconds) 80 year olds)
Tandem Stand w/eyes closed Test 3: Tandem stand with | Good (expectation for
(seconds) eyes closed healthy 35-50 year olds)
Tandem Stand w/eyes closed & head turning Test 4: Tandem stand with | Very Good (expectation
(seconds) eyes closed/headturning | for <35 year olds)
One-Legged Stand w/eyes closed Test 5: One-legged stand | Excellent (expectation
(seconds) with eyes closed for fit <35 year olds)
113 An equal opportunity ADA institution
20NN Hancock Cemer R PysicE ACDAly 303 Nuon
< H Freoman SChodl of Nuiion Scence and Poscy
@ Copynght 2005 Tuls Universty, Boston Massacnusens
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Stay Strong Stay Healthy
w

Stay Strong, Stay Healthy
Program Feedback

Name of Instructor: Date:

Location:

Personal Information: Gender: M F

Age: (1<40 1 40-50 151-60 161-70 71-80 [181-

90 U over 90

1) Hand Weights Currently Using (Ibs): 10 [11-4 [15-7 [18-10 []11lor more
2) Ankle Weights Currently Using (Ibs per ankle): 00 O01-25 03-55 06-85 O
9 or more

3) Overall, were you satisfied with the class? Not at all Somewhat Very
much
4) Was your instructor helpful? Not at all Somewhat Very much

5) After participating in “Stay Strong”....
....do you feel that your health is better because of the program? __ Yes _ No
Comments:

...do you feel physically stronger? __ Yes ___No
Comments:

...do you feel that you have more energy? _ Yes ___No
Comments:

...do you sleep better? ___Yes ___ No ____Not anissue for me
Comments:

...are your joints any less painful? Yes No Not an issue for me
Comments:

...do you feel more flexible? _ Yes ___No
Comments:

6) Have you added any other physical activities to your weekly schedule (i.e., walking,
water aerobics, PACE, etc.)? __ Yes ___No
Examples:

7) Since beginning this program, have you purchased weights or do you currently own
weights?
___ Yes ___No
8) In addition to doing the exercises in class, did you perform the strength training
exercises at home?
Yes; if answered yes, how many more times per week?

No additional times, | just did the exercises during class.
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9) How confident are you that you will be able to continue the strength training exercises
you have been learning the past few weeks?

very confident confident somewhat confident not confident

10) How did you hear about the Stay Strong, Stay Healthy program?
____ from a friend, family member, or coworker
____ Stay Strong, Stay Healthy website
_____newspaper ad
__ flyer
____other

11) What prompted you to enroll in the Stay Strong, Stay Healthy program? (Check all
that
apply)
____needed to improve strength & balance
___reduce risk for osteoporosis
____social interaction of a group motivates me to exercise
____less intimidating than a fithess center or exercise gym
____don’t have access to any other way to improve my strength
____affordable, the price was right
_____other

12) Would you recommend this program to anyone else? Yes No
Unsure

13) Before | participated in this program, my knowledge skills, or understanding was
__ None ___Alittle Some Alot _ Agreatdeal

14) After | participated in this program, my knowledge, skills, or understanding was
___None __Alittle Some Alot _ Agreatdeal

15) Please share two (2) ways this program has improved your life:

16) How could this program be improved?

17) Additional comments are welcome: UNIVERSITY OF MISSOURI

B Extension

1/10

] o N An equal opportunity/ADA institution
John Hancock Center for Physical Activity and Nutrition

Friedman School of Nutrition Science and Policy
Copyright 2006 Tufts University, Boston Massachusetts
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