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Brief Report

Introduction

Physical function and muscle strength normally peak 
around age 20 to 30 years, plateau until the 50s, and then 
decline at increasing rates per decade thereafter (Frontera 
et al., 1991). Physical activity effectively combats age-
related musculoskeletal declines in older adults (Fragala 
et al., 2019) but despite this evidence, only about 20% 
of adults aged 55 to 64 years are meeting weekly national 
guidelines for aerobic and resistance training (RT) exer-
cises (Administration for Community Living [ACL], 
2019). Since, RT has been shown to improve muscle 
strength, functional performance, and balance more than 
aerobic training (Villareal et al., 2017), it is logical that 
RT should be prescribed to adults who are starting their 
5th and 6th decades of life.

Many RT programs, such as Stay Strong Stay Healthy 
(SSSH), specifically target older adults and have been 
shown to improve muscle strength, flexibility, and 
balance (Baker et al., 2020, 2021; Ball et al., 2013; 
Syed-Abdul et al., 2021). Unfortunately, longitudinal 
studies of the effects of RT are lacking, as most research 
is cross-sectional or short duration such as eight or 
12 weeks. When research participants no longer engage 

in the intervention, it makes long-term follow-up diffi-
cult; however, one technique that can be used is to model 
known declines in musculoskeletal capacity. For adults 
in their 60s it has been reported that musculoskeletal 
capacity declines at an average of 2.3% per year 
(Frontera et al., 2000).

Our first aim was to assess the extent older adults’ 
benefit from acute participation in 8 weeks of SSSH. 
Second, using a linear 2.3% modeled decline, we aimed 
to understand the duration of benefits from RT that 
might persist. We hypothesized that SSSH participation 
would improve older adults’ perceived health and physi-
cal function in 8 weeks and the positive benefits would 
be maintained 10 months later.
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Abstract
Age-related declines in physical function can be mitigated with resistance training (RT), but most adults do not 
regularly exercise. We aimed to identify the magnitude and duration of benefits after RT in the Stay Strong, 
Stay Healthy (SSSH) program. A total of 27 adults (Repeaters n = 15; Summer Only n = 12), aged 60.7 ± 4.8 years, 
completed the same 8 weeks of SSSH in the summer and Repeaters continued in fall and spring months. Independent 
and paired t-tests and repeated-measures ANOVAs were used to test changes in survey responses and physical 
performance over 10 months. Both groups were similar at baseline (p > .07) and improved from pre- to post-
summer for health surveys scores, 30 second-sit-to-stand, timed-up-and-go, and sit-n-reach (p ≤ .02). Additionally, 
Repeaters (measured data) and Summer Only (2.3% modeled decline) maintained those improvements 10 months 
later. Participation in 8 weeks of SSSH significantly improved physical strength and function and these improvements 
may last up to a year.
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Materials and Methods

Participants and Modeling Decline

Retrospective access to deidentified SSSH program data 
was approved by the University of Missouri Institutional 
Review Board (IRB #2031903). A total of 27 middle-
aged adults (92% female, 60.7 ± 4.7 years) enrolled in 
the SSSH program during the summer months (Repeaters 
n = 15; Summer Only n = 12). Repeaters also completed 
the fall and spring 8-week SSSH programs. A linear 
2.3% decline was modeled for all performance measures 
from the pre-fall to the post-spring for Summer Only 
participants. This simulates their data after they no lon-
ger re-enrolled in the SSSH program based on published 
rates of musculoskeletal decline in this age-group 
(Frontera et al., 2000).

SSSH Programming

SSSH programming has been described elsewhere 
(Baker et al., 2020, 2021; Ball et al., 2013; Syed-Abdul 
et al., 2021), but in summary the program meets in-per-
son two times per week for 60 minutes, with a warm-up 
and cool-down. All eight exercises are performed at a 
2.4 second tempo and include wide leg squat, leg curl, 
toe stand, side-leg raise, biceps curl, overhead press, 
bent-over seated row, and knee extension. All instructors 
have completed formal training from the SSSH program 
and either have, or are working towards, graduate 
degrees in Exercise Science, Nutrition, or a related field. 
For this study, all participants met at the same gymna-
sium on the University Missouri campus to complete 
testing and exercise classes.

Surveys and Functional Assessments

Participants completed pre- and post-summer SSSH sur-
veys that included 13 questions on physical, mental, 
emotional and social health, and fear of falling during 
daily tasks. Total survey scores could range from 13 to 
58 with higher scores indicating better self-perceived 
health. Participants also completed five pre- and post-
intervention functional assessments. The 30 second-sit-
to-stand (30STS) is the number of full chair stands or 
repetitions completed in 30 seconds. The eight ft timed-
up-and-go (TUG) is the time it takes to rise from a chair, 
walk around a marker eight feet away and return to the 
seated position. Both of these validated tasks are mea-
sures of leg strength, balance, and coordination and have 
strong predictive capabilities for fall risk in older adults 
(Rose et al., 2002). Historically, static balance tests were 
used as a proxy for fall risk (Dominguez, 2020) but 
recently dual task balance tests have been shown to be 
stronger predictors of fall risk (Commandeur et al., 
2018). The short-form Berg balance assessment 
(SF-Berg) includes seven balance tasks that vary in dif-
ficulty. In order they include (1) reaching forward with 

an outstretched arm, (2) standing with eyes closed, (3) 
standing with one foot in front, (4) turning to look back, 
(5) retrieving an object from the floor, (6) standing on 
one foot, and (7) sitting to standing. Scores from 22 to 
28 indicate healthy functioning, scores from 14 to 21 
indicate increased risk for falls, and scores below 14 
indicate high risk for falls (Chou et al., 2006). Lastly, 
upper and lower body flexibility was assessed using the 
back scratch and seated sit and reach (SnR) tests.

Statistical Analysis

All statistical procedures were performed using IBM 
SPSS (v26, Armonk, New York) and significance was 
set at alpha = 0.05. All data were reported as unadjusted 
means and standard deviations (SD) in tables or unad-
justed means and standard errors (SE) in figures. All 
baseline performance measures were compared using 
independent t-tests. Additionally, independent and 
paired t-tests were used to measure baseline differences 
between total survey scores and improvements in survey 
scores within groups, respectively. Lastly, 2 × 3 repeated 
measures ANOVAs (RMANOVA) were used to analyze 
potential group × time interactions with groups being 
Repeaters versus Summer Only and times being pre-
summer, post-summer, and post-spring. Significant 
interaction models were further decomposed using 
paired t-tests for within group or independent t-tests for 
between group comparisons.

Results

Both groups were over 90% female and the self-reported 
racial diversity mimicked that of the recruitment county 
with 84% White/Caucasian, 8% Asian, 4% Hispanic, 
and 4% Native American. Over 35% of participants 
reported taking medication for their blood pressure, this 
incidence was not different between groups. All but 
seven participants noted some form of orthopedic ali-
ment, the most commonly cited issues were back and 
knee pain due to past injury or osteoarthritis. At baseline 
there was no difference between groups for age, total 
survey scores, or any of the five functional capacity 
measures (all p > .07; Table 1). Summer Only and 
Repeater participants reported 1+ and 4+ point 
improvements, respectively, in their total health survey 
scores from pre- to post-summer (p < .05). Significant 
time effects were found for 30STS, TUG, and SnR as all 
scores improved across the first 8-week summer session 
and these improvements were maintained 10 months 
later at post-spring (all post hoc p ≤ .01; Figures 1 and 
2). SF-Berg scores and back scratch distance did not 
change between groups or at any time point (all p ≥ .15; 
Figures 1 and 2). After the final spring survey 85% of 
Repeaters noted improved sleep and 61% reported 
reduced joint pain. Additionally, 61% of Repeaters 
reported adding new forms of physical activity to their 



Baker et al.	 3

weekly regimen and 54% noted purchasing personal 
weights to continue the SSSH program at home.

Discussion

This study demonstrates that participation in a single 
8-week SSSH RT program can provide significant 
improvements to muscle strength and flexibility tasks 
and participants’ fear of falling and perceptions of their 
health. These factors are strongly associated with fall 
risk and independence, suggesting even acute participa-
tion in SSSH may reduce fall risk. Furthermore, these 
data suggest that 8 weeks of participation in SSSH pro-
vides benefits to functional performance that may last 
up to 12 months despite no further participation in the 
program.

Participation in the 8-week summer SSSH program 
improved dynamic movement tasks and lower body 
flexibility that are associated with falls and these 
improvements were maintained 10 months later. 
Comparing 30STS data from this study to the CDC’s 
STEADI initiative (Stopping Elderly Accidences, 
Deaths and Injuries) (Center for Disease Control and 
Prevention [CDC], 2018) normative values showed both 
groups at or above average scores at baseline and for the 
duration of the study. For the TUG both Repeaters and 
Summer Only started at and remained nearly 2 seconds 
below the “at risk for falls” level of 8.5 seconds as dis-
cussed by Rose, Jones, and Lucchese (Rose et al., 2002). 
All pre and post summer short-form Berg scores were 
within healthy functioning levels, suggesting low fall 
risk. Lastly, SnR scores were slightly below average at 
baseline (Chen et al., 2009) but had reached normal val-
ues after just 8 weeks of SSSH and remained elevated 
10 months later. These data suggest the Summer Only 
participants started the program with average to above 
average fitness levels. Furthermore, despite the modeled 
2.3% decline, the gains experienced from the first 
8 weeks of SSSH were maintained 10 months later in 
this group. The Repeaters started the program with 

average fitness levels that were below Summer Only 
participants in nearly all measures. However, with sus-
tained SSSH participation, this group’s fitness improved 
to the level of Summer Only participants and stayed at 
or above average for age-group normative values. These 

Table 1.  Baseline Characteristics, Survey, and Functional 
Performance scores—Mean (SD).

Measures
Repeaters 

(n = 15)
Summer only 

(n = 12)
Ind. t-test  
p Value

Age (years) 61.0 (3.7) 60.4 (6.0) .781
Health survey 

scores
48.7 (6.8) 50.1 (4.0) .412

30 STS (reps) 14.1 (5.1) 16.3 (3.8) .231
8 ft TUG (sec) 6.2 (1.7) 5.9 (1.1) .327
SF-Berg 26.2 (1.7) 27.2 (1.1) .074
SnR (in) 1.6 (3.7) 2.5 (2.6) .524
Back scratch (in) −3.6 (4.5) −5.8 (4.8) .255

Ind = independent t-tests; 30 STS = 30 second sit to stand; TUG: 
timed up and go; SF-Berg = short-form Berg balance tests; SnR = sit 
and reach.

Figure 1.  Significant time effects for 30 STS (top) and 8 ft 
TUG (center) as functional performance improvements from 
Pre- to Post-Summer were maintained at the Post-Spring 
time point (*p < .05). No significant changes across time or 
group were observed for the SF- Berg (bottom).
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data suggest SSSH participation effectively improves 
dynamic task and lower body flexibility performance 
that can positively affect participants’ classifications for 
fall risk.

Older adults’ motivation to engage in RT, and exer-
cise in general, is an important factor to consider. First, 
despite groups being statistically equivalent at baseline, 
the Summer Only group started with greater measured 
and self-perceived baseline health and fitness levels. 
Summer Only participants may not have recognized a 
need for improving their health as described by the 
Protection-Motivation Theory (Rogers, 1975). This 
could have reduced their motivation for continued 
engagement as evidenced by a modest 1.1 unit improve-
ment in survey scores while Repeaters reported a large 
increase of 4.2 units after 8 weeks. Second, many older 
adults may perceive RT to be difficult and not worth the 
time. Practitioners need to educate older adults on these 
data demonstrating acute participation in SSSH can 
elicit lasting benefits and can kick-start engagement in 

other forms of exercise (Baker et al., 2020), which may 
provide additional motivation to improve health. Data 
from this study support these findings as over half of 
Repeaters reported engaging in new forms of physical 
activity and purchased weights for continued at-home 
resistance training. Finally, this study showed potential 
seasonal variations in the amount of decline between 
SSSH programs. For instance, during the winter months 
flexibility seemed to decline rapidly while dynamic per-
formance was affected to a lesser extent. Our future 
endeavors will continue to investigate if seasonal varia-
tion may impact the persistence of benefit from RT in 
the SSSH program.

There are important limitations of this study that can 
inform future research endeavors. First, the study popu-
lation is mainly comprised of White/Caucasian females 
reducing generalizability of the results. Subsequent 
studies should utilize targeted recruitment strategies to 
increase diversity beyond that of local demographics. 
Second, metrics of fall risk commonly used such as the 
30STS, TUG, and Short-Form Berg scores stratify par-
ticipants into fall risk categories, but no such test is a 
substitute for quality, longitudinal, assessments of falls 
(incidence, type, location, and injury status). Our pro-
gram now includes a more comprehensive falls assess-
ment and collects these data at 3, 6, 9, and 12 months 
following SSSH program participation, regardless of if 
the participant continues in the program or not.

Conclusions

The SSSH program provides significant benefits to mid-
dle-aged adults’ lower body strength and flexibility that 
may be maintained for up to 12 months despite only 
8 weeks of participation.

Acknowledgments

Authors would like to thank the 15,000+ participants of the 
SSSH program, regional specialists/instructors, and all pro-
gram coordinators for making past, current, and future SSSH 
programs a key resource for healthy and independent aging.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this 
article: University of Missouri Extension and Engagement 
Office. This funding source had no influence on data collec-
tion, analysis, or reporting.

ORCID iDs

Breanne S. Baker  https://orcid.org/0000-0002-0098-149X

Kelsey J. Weitzel  https://orcid.org/0000-0003-3608-6996

Figure 2.  Significant time effect for SnR (top) distance 
improved from Pre- to Post-Summer and was maintained at 
the Post-Spring time point (*p < .05). No significant changes 
across time or group were observed for the back scratch 
distance (bottom).

https://orcid.org/0000-0002-0098-149X
https://orcid.org/0000-0003-3608-6996


Baker et al.	 5

References

Administration for Community Living. (2019). Profile of 
older Americans. https://acl.gov/aging-and-disability-in-
america/data-and-research/profile-older-americans

Baker, B. S., Miller, K., Weitzel, K. J., Duren, D. L., 
Gammon, R., Mills-Gray, S., & Ball, S. D. (2021). 
Resistance training reduces age-and geography-
related physical function discrepancies in older adults. 
Gerontology and Geriatric Medicine, 7, 1-9. https://doi.
org/10.1177/2333721421992251 

Baker, B. S., Weitzel, K. J., Royse, L. A., Miller, K., Guess, T. M., 
Ball, S. D., & Duren, D. L. (2020). Efficacy of an 8-week 
resistance training program in Older adults: A randomized 
controlled trial. Journal of Aging and Physical Activity, 
29(1), 121–129. https://doi.org/10.1123/japa.2020-0078

Ball, S. D., Gammon, R., Kelly, P. J., Cheng, A., Chertoff, K., 
Kaume, L., Abreu, E. L., & Brotto, M. (2013). Outcomes 
of stay strong, stay healthy in community settings. 
Journal of Aging and Health, 25(8), 1388–1397. https://
doi.org/10.1177/0898264313507318

Center for Disease Control and Prevention. (2018). Stopping 
elderly accidents, deaths and injuries. https://www.cdc 
.gov/steadi/pdf/STEADI-Assessment-30Sec-508.pdf

Chen, H.-T., Lin, C.-H., & Yu, L.-H. (2009). Normative physi-
cal fitness scores for community-dwelling older adults. 
Journal of Nursing Research, 17(1), 30–41. https://doi 
.org/10.1097/JNR.0b013e3181999d4c

Chou, C.-Y., Chien, C.-W., Hsueh, I.-P., Sheu, C.-F., Wang, 
C.-H., & Hsieh, C.-L. (2006). Developing a short form of 
the Berg Balance Scale for people with stroke. Physical 
Therapy, 86(2), 195–204. https://doi.org/10.1093/ptj 
/86.2.195

Commandeur, D., Klimstra, M., MacDonald, S., Inouye, K., 
Cox, M., Chan, D., & Hundza, S. (2018). Difference 
scores between single-task and dual-task gait measures 
are better than clinical measures for detection of fall-risk 
in community-dwelling older adults. Gait and Posture, 66, 
155–159. https://doi.org/10.1016/j.gaitpost.2018.08.020

Dominguez, L., Jr. (2020). Postural control and perturbation 
response in aging populations: Fall risk implications. 
Journal of Neurophysiology, 124, 1309–1311. https://doi 
.org/10.1152/jn.00767.2019

Fragala, M. S., Cadore, E. L., Dorgo, S., Izquierdo, M., Kraemer, 
W. J., Peterson, M. D., & Ryan, E. D. (2019). Resistance 
training for older adults: Position statement from the 
national strength and conditioning association. Journal of 
Strength and Conditioning Research, 33(8), 2019–2052. 
https://doi.org/10.1519/JSC.0000000000003230

Frontera, W. R., Hughes, V. A., Fielding, R. A., Fiatarone, 
M. A., Evans, W. J., & Roubenoff, R. J. (2000). Aging 
of skeletal muscle: A 12-yr longitudinal study. Journal 
of Applied Physiology, 88(4), 1321–1326. https://doi 
.org/10.1152/jappl.2000.88.4.1321.

Frontera, W. R., Hughes, V. A., Lutz, K. J., & Evans, W. J. 
(1991). A cross-sectional study of muscle strength and 
mass in 45-to 78-yr-old men and women. Journal of 
Applied Physiology, 71(2), 644–650. https://doi.org/ 
10.1152/jappl.1991.71.2.644

Rogers, R. W. (1975). A protection motivation theory of 
fear appeals and attitude change. Journal of Psychology, 
91(1), 93–114. https://doi.org/10.1080/00223980.1975.9
915803

Rose, D. J., Jones, C. J., & Lucchese, N. (2002). Predicting 
the probability of falls in community-residing older adults 
using the 8-foot up-and-go: A new measure of functional 
mobility. Journal of Aging and Physical Activity, 10(4), 
466–475. https://doi.org/10.1123/japa.10.4.466

Syed-Abdul, M. M., McClellan, C. L., Parks, E. J., & Ball, 
S. D. (2021). Effects of a resistance training commu-
nity programme in older adults. Ageing & Society, 1–16. 
https://doi.org/10.1017/S0144686X20001786

Villareal, D. T., Aguirre, L., Gurney, A. B., Waters, D. L., 
Sinacore, D. R., Colombo, E., Armamento-Villareal, R., 
& Qualls, C. (2017). Aerobic or resistance exercise, or 
both, in dieting obese older adults. New England Journal 
of Medicine, 376(20), 1943–1955. https://doi.org/10.1056/
NEJMoa1616338

https://acl.gov/aging-and-disability-in-america/data-and-research/profile-older-americans
https://acl.gov/aging-and-disability-in-america/data-and-research/profile-older-americans
https://doi.org/10.1177/2333721421992251
https://doi.org/10.1177/2333721421992251
https://doi.org/10.1123/japa.2020-0078
https://doi.org/10.1177/0898264313507318
https://doi.org/10.1177/0898264313507318
https://www.cdc.gov/steadi/pdf/STEADI-Assessment-30Sec-508.pdf
https://www.cdc.gov/steadi/pdf/STEADI-Assessment-30Sec-508.pdf
https://doi.org/10.1097/JNR.0b013e3181999d4c
https://doi.org/10.1097/JNR.0b013e3181999d4c
https://doi.org/10.1093/ptj/86.2.195
https://doi.org/10.1093/ptj/86.2.195
https://doi.org/10.1016/j.gaitpost.2018.08.020
https://doi.org/10.1152/jn.00767.2019
https://doi.org/10.1152/jn.00767.2019
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1152/jappl.2000.88.4.1321
https://doi.org/10.1152/jappl.2000.88.4.1321
https://doi.org/10.1152/jappl.1991.71.2.644
https://doi.org/10.1152/jappl.1991.71.2.644
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1123/japa.10.4.466
https://doi.org/10.1017/S0144686X20001786
https://doi.org/10.1056/NEJMoa1616338
https://doi.org/10.1056/NEJMoa1616338

