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Abstract
Lack of exercise contributes to systemic inflammation and is a major cause of chronic 
disease. The long-term impact of initiating and sustaining exercise in late life, as op-
posed to sustaining a sedentary lifestyle, on whole-body health measures such as 
physical performance is not well known. This is an exploratory study to compare 
changes in physical performance among older adults initiating exercise late in life 
versus inactive older adults. Data from two observational cohorts were included in 
this analysis, representing two activity groups. The Active group cohort comprises 
older adults (n = 318; age 72.5 ± 7.2 years) enrolled in a supervised exercise program, 
“Gerofit.” The inactive group comprises older adults (n = 146; age 74.5 ± 5.5 years) 
from the Italian study “Act on Ageing” (AOA) who self-reported being inactive. 
Participants in both groups completed physical performance battery at baseline 
and 1-year including: 6-min walk test, 30-s chair stand, and timed up-and-go. Two-
sample t-tests measured differences between Gerofit and AOA at baseline and 1-year 
across all measures. Significant between-group effects were seen for all performance 
measures (ps = 0.001). The AOA group declined across all measures from baseline to 
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1  |  INTRODUC TION

Physical inactivity is associated with a host of problems later in 
life including impaired immune function, increased likelihood of 
chronic disease, loss of independence, decreased mobility and func-
tion, and early mortality (Burini et al., 2020; Carlson et al.,  2018; 
Marques et al., 2014; Patterson et al., 2018; Silva et al., 2020; Visser 
et al., 2005). After age 70, aerobic capacity declines by greater than 
20% over the subsequent 10-year span (Fleg et al., 2005). Similar 
trends are reported for muscular strength (Frontera et al., 2000). 
Accelerated declines in cells and tissues underlie system-level 
changes, such as cardiorespiratory and musculoskeletal systems, 
contributing to clinical risk factors including whole-person physical 
function and maintenance of independence.

Gait speed and other physical performance measures are rec-
ognized valid predictors of important geriatric-focused health 
outcomes including hospitalization, mobility disability, and institu-
tionalization (Guralnik et al., 1989, 1995; Rikli & Jones, 2013). Rikli 
and Jones put forth a conceptual framework in which specific func-
tional measures, validated against fitness tests, would identify mod-
ifiable capabilities across multiple domains of physical function (Rikli 
& Jones,  1999; Rikli & Jones,  2013). For example, the six-minute 
walk test (6MWT) validated against treadmill testing, and 30-s chair 
stand test validated with tests of knee extension and flexion. The 
battery of tests included age and gender-based norms for functional 
assessments of strength, endurance, flexibility, and balance (Rikli & 
Jones, 1999, 2013). This framework has been widely adopted (Morey 
et al., 2018) with the addition of other performance measures prom-
inent in geriatrics (Bohannon et al., 1996; Guralnik et al., 1994). With 
these assessments, exercise prescriptions could be targeted to spe-
cific modifiable functional deficits (Häkkinen et al., 2002; Magistro 
et al., 2014) and followed over time.

Exercise is a known lifestyle intervention that has shown anti-
aging effects by extending lifespan and healthspan (Carapeto & 
Aguayo-Mazzucato, 2021). Limited information is available regard-
ing effects of exercise on maintaining/improving physical function 
over an extended follow-up in older adults. The majority of stud-
ies published have involved short, term-limited interventions (e.g., 
12 weeks, 6 months), and few include more than one follow-up 

timepoint of physical function (Pahor et al., 2014). The purpose of 
this study is to examine the impact of exercise over the longer term 
in older adults, using a comprehensive functional fitness battery. To 
do this work, we needed to identify cohort(s) that included: (1) older 
age participant sample, (2) defined activity intervention and com-
parator group(s), and (3) recurrent, longitudinal functional assess-
ments (12 months or longer follow-up). We were unable to identify 
an existing cohort that met all of these criteria. Instead, we identified 
two separate cohorts, that together, provided the information that 
was needed for analysis. The two cohorts are “Gerofit” and “Act on 
Ageing” (AOA). Gerofit is a clinical exercise program for older veter-
ans in the U.S. (Morey et al., 2018). Notable program elements are 
that participation in Gerofit is entirely voluntary and there is no term 
limit to participation, with many older adults participating for sev-
eral years. Many participants feature multiple comorbidities associ-
ated with aging such as arthritis, cardiac and metabolic disease, and 
chronic pain. The AOA is an observational, prospective cohort study 
of sedentary older adults in Italy (Magistro et al., 2014, 2015). Both 
cohorts used the same physical performance battery, allowing us to 
compare functional trajectories over 1 year among older adults who 
sustained an exercise program (Gerofit) and those who remained 
inactive (AOA). An objective of this work is to test the hypothesis 
that engaging in a long-term structured exercise program in late life 
prevents age-related declines in physical function.

2  |  METHODS

2.1  |  Design and participants

2.1.1  |  Cohort 1: Gerofit

Gerofit is a supervised, outpatient exercise program for older 
(65 years+) veterans offered by the Veterans Health Administration 
(VHA). It includes up to 3 days/week of exercise consisting of aerobic 
endurance, upper and lower body strengthening, balance and flex-
ibility training. To qualify, participants must be in stable health, lit-
tle/no cognitive impairment, independently mobile (use of assistive 
devices ok), and independent in activities of daily living.

1 year (range −18% to −24% change). The Gerofit group experienced significant gains 
in function for all measures (range +10% to +31% change). Older adults who initi-
ated routine, sustained exercise were protected from age-related declines in physi-
cal performance, while those who remained sedentary suffered cumulative deficits 
across strength, aerobic endurance, and mobility. Interventions to reduce sedentary 
behaviors and increase physical activity are both important to promote multi-system, 
whole-body health.

K E Y W O R D S
clinical, cohort, physical activity, physical performance, sedentary
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2.1.2  |  Cohort 2: Act on ageing

The AOA prospective cohort consists of sedentary, community-
dwelling older adults in the Piedmont area of Italy. To be eligi-
ble for the study, participants reported no regular participation in 
moderate-intensity exercise in the 5 years prior to enrollment. Other 
eligibility criteria included cognitively unimpaired, able to walk in-
dependently (no use of mobility aides), with no history of cardiac 
surgery within the 12 months prior to study enrollment, free of un-
controlled hypertension or diabetes, and with no orthopedic frac-
tures or impairments in the 6 months prior to enrollment (Magistro 
et al., 2015). With the exception of the mobility aides, inclusion cri-
teria are highly similar across both cohorts.

2.2  |  Measures

Physical performance assessments were completed in both groups 
at 3 timepoints: enrollment, 6 months, and 1 year. All assessments 
were completed by trained staff using standard protocols.

Six-Minute Walk Test (6MWT; Rikli & Jones, 2013): The total dis-
tance walked in 6 minutes was measured as an indicator of aerobic 
endurance.

30-Second Chair Stand Test: The number of chair stands com-
pleted in 30 s was measured as an indicator of lower extremity 
strength (Rikli & Jones, 2013).

Up&Go Test: Different protocols for the Up&Go test were used 
across the two groups. In the Gerofit cohort, the 8 Foot Up-and-Go 
protocol was used. This measures the time it takes to rise from a chair, 
walk as quickly as possible up to and around a cone placed 8 feet from 
the chair, and return to a seated position (Rikli & Jones, 2013). In the 
AOA group, the Timed Up and Go (TUG) protocol was used (Podsiadlo 
& Richardson, 1991). This measures the time it takes to rise from a chair, 
walk at their usual walking pace up to and around a cone placed 3 meters 
from the chair, and return to a seated position. Both tests are reliable 
indicators of mobility and dynamic balance. Because there were slight 
differences in how the Up&Go tests were assessed, all comparisons 
between groups for these measures are described as percent change.

2.3  |  Statistical analysis

Gerofit is a national program with several locations across the U.S. 
Data for this analysis were gathered from four sites (Durham, NC; 
Baltimore, MD; Canandaigua, NY; and Los Angeles, CA). Participants 
included for analysis were individuals with a baseline, 12-month, and 
least two follow-up assessment time points up to 4 years, indicative 
of continued program attendance. This is consistent with previous 
Gerofit manuscripts to define individuals that were considered pro-
gram adopters (Morey et al., 2018). To avoid contamination with the 
impact of COVID-19 pandemic on program outcomes, these data are 
limited to 2014–2019.

Primary aim: One-year changes in physical function were com-
pared between Gerofit and AOA cohorts. We calculated the following 

for the three performance tests (6MWT, Chair Stands and Up&Go): 
the absolute change from baseline to 1 year (Year 1-baseline) and the 
percent change ([Year 1-baseline/baseline] × 100) over 1 year. The 
difference between the groups for change in these performance 
measures was tested using the t-test. All statistical testing was con-
ducted using SAS v9.4, with a p-value of 0.05 used to determine 
significance.

Secondary aim: Subgroup change by cohort was evaluated by 
age group at baseline (65–74, 75–84, 85+) using Ordinary Least 
Squares (OLS) regression. Potential cohort by age group interactions 
and main effects of age group and cohort were assessed. These 
age groupings are consistent with classifying subjects as “youngest 
old” (65–74), “medium old” (75–84), and “oldest old” (85+) (Brown 
et al., 2022; Lee et al., 2018).

Exploratory aim: In the Gerofit cohort only, physical performance 
tests were completed annually up to 4 years. For illustrative pur-
poses, the AOA baseline to 1-year physical performance measure 
trajectories were extrapolated by extending the observed “baseline 
to 1 year” percent change for each year (i.e., Year 1 to Year 2, Year 
2 to Year 3, and Year 3 to Year 4) to 4 years and plotted against the 
observed values for the Gerofit group.

This report is a retrospective study of quality improvement in-
dicators of a clinical program. The Durham VA maintains an Insti-
tutional Review Board approval for retrospective analyses of the 
program which is reviewed and approved annually. Results are re-
ported following the Standards for Quality Improvement Report-
ing Excellence (SQUIRE) reporting guidelines (Ogrinc et al., 2015).

3  |  RESULTS

3.1  |  Sample characteristics

The baseline Gerofit cohort consisted of 318 older adults, with 
an average age of 72.5 years (SD = 7.19), and BMI of 30.6 kg/m2 
(SD = 5.32). The sample was predominantly male (94.6%), and evenly 
split between African American (50.3%) and Caucasian (49.7%). Ad-
ditional descriptive characteristics of the cohort have been reported 
previously (Morey et al., 2018).

The AOA cohort consisted of 146 older adults, with an average 
age of 74.4 years (SD = 5.49) and BMI of 26.9 kg/m2 (SD = 3.88). All 
participants identified as Caucasian, and male.

3.2  |  Change in physical performance over 1 year

Table 1 displays the 1-year change in both cohorts for the three out-
come measures. On average, the Gerofit cohort improved over the 
1-year period while the AOA cohort declined in performance across 
all 3 functional measures. Using percent change as the analytic met-
ric, the cohort differences were significantly different at p < 0.0001 
for all three outcomes.

Six-Minute Walk Test (6MWT): On average, over the 1-year time 
the Gerofit cohort improved the 6MWT distance by 44.1 yards, 
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representing a 10.9% increase. The AOA cohort declined by 75.8 
yards for a −18.7% change from baseline.

30-Second Chair Stand: The Gerofit cohort improved the number 
of chair stands over 1 year by an average of 3.1, for a 30.6% increase. 
The AOA cohort declined by an average of 3.2 chair stands, for a 
−24.5% change from baseline.

Up&Go Tests: The Gerofit cohort improved their Up&Go time by 
9.2%, while the AOA cohort declined on average by −19.4%.

3.3  |  Effect of age on changes in physical 
performance over 1 year

The OLS regression showed that for both cohorts, the time × age 
group interaction term was not significant. Improvements in physical 
function were observed across all decades over age 65 from Base-
line to 1 year.

3.4  |  Descriptive changes in physical performance 
over 4 years

Figure 1 illustrates the observed baseline and 1 year means by co-
hort for the three outcome measures. For the Gerofit cohort, the 
observed means at 2 (n = 140), 3 (n = 78), and 4 years (n = 40) are 
displayed. For the AOA cohort, the percent change from baseline 
to 1 year is carried forward for the Years 2, 3, and 4 to estimate 
trajectories.

On average, the Gerofit cohort maintains 1-year improvements 
in the 6MWT, Chair Stands, and Up&Go over the 4 subsequent years.

Six-Minute Walk Test (6WMT): In year two, the Gerofit cohort 
decreased 6MWT distance 13.4 yards, a 2.5% reduction from the 
previous year. In Year 3, the 6MWT distance decreased 1.9 yards, 
a <%0.1 change from the previous year. In Year 4, 6MWT distance 
increased 26.5 yards, a 4.8% increase from the previous year.

30-Second Chair Stand. In Year 2, the Gerofit cohort decreased 
chair stands 0.41 stands from Year 1, 2.8% reduction. In Year 3, chair 
stands increased 0.02 chair stands, <0.1%. In Year 4, chair stands 
increased 0.25 chair stands, 1.7%.

Up-and-Go Tests: In Year 2, the Gerofit cohort increased (reflect-
ing worsening performance) Up&Go time 0.49 s, a 6.6% increase 
from the previous year. In Year 3, Up&Go time decreased 0.01 s, a 
<0.1% change from the previous year. In Year 4, Up&Go times in-
creased 0.23 s, a 3.0% worsening from the previous year.

3.5  |  Effect of age on changes in physical 
performance over 4 years

Figure 2 illustrates the physical function data by decade of life from 
65 years (65–74, 75–84, 85+) for each cohort, over 4 years. Improve-
ments in physical function were observed across all decades over 
age 65 from baseline to 1 year.TA
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4  |  DISCUSSION

The key findings of this study are the differences in 1-year trajecto-
ries by activity status. The AOA sedentary cohort experienced a no-
table decline in function which stands in stark contrast to the Gerofit 
cohort who maintained and improved function following initiation of 
exercise. We have long sought to contextualize previously reported 
short-term changes in physical performance in Gerofit, but this real-
world program lacks several attributes of a clinical trial, including 
a “non-intervention” group. The comparison with the AOA cohort 
gives a compelling glimpse of age-related changes at the person 
level with exercise, and the deleterious effects of physical inactiv-
ity over the longer term. Equally notable was that age did not mat-
ter; confirming the findings of others that benefits of exercise can 
be achieved even if initiated in late life, and further highlighting the 
detrimental impact of physical inactivity on healthy aging (Cidoncha-
Moreno et al., 2022; Moreno-Agostino, 2020; Piercy et al., 2018).

Previous studies have documented performance cut points 
which indicate the strength, endurance, and mobility needed for 
maintaining physical independence in later life (Rikli & Jones, 2013). 
Both the AOA and Gerofit cohorts fell far short of the standards 
at baseline. When compared to age- and gender-matched U.S. pop-
ulation norms (Rikli & Jones,  1999), baseline Gerofit participants 
ranked in the 13th percentile in endurance (6MWT), 24th percentile 
in lower body strength (chair stands), and < 5th percentile in balance 
and mobility (Up&Go). Despite these numbers, program participants 
were able to increase function across all measures and sustain im-
provements at levels greater than baseline values up to 4 years later. 
In contrast, the AOA group, a robust comparator of high-functioning 
older adults with little health or disability burden, performance 
worsened. This report demonstrates the great potential for resil-
ience in older age and the robustness of exercise as an intervention 
to attenuate age-related declines in a sample with substantial health 
and function burden.

F I G U R E  1 Physical function 
trajectories over time by cohort. All 
data shown for the Gerofit cohort are 
from observed physical performance 
assessments. Baseline and Year 1 
data shown for the AOA cohort are 
from observed physical performance 
assessments; Year 2–4 data points are 
estimates.

F I G U R E  2 Physical function 
trajectories over time by age and cohort. 
All data shown for the Gerofit cohort 
are from observed physical performance 
assessments. Baseline and Year 1 
data shown for the AOA cohort are 
from observed physical performance 
assessments; Year 2–4 data points are 
estimates.



6 of 9  |     MANNING et al.

Preserving strength, endurance, and mobility is central to main-
taining a high quality of life and independence in the community. 
Our findings contribute to a growing field of research testing ex-
ercise as a nonpharmacologic gerotherapeutic approach to prevent, 
delay, or attenuate functional decline and chronic disease (Forman 
et al., 2023; Grevendonk et al., 2021). Indeed, exercise as a transdi-
agnostic intervention tool that impacts biopsychosocial aspects of 
aging is acknowledged across disciplines and across the translational 
research spectrum. The molecular mechanisms by which exercise 
improves health are complex, and are currently under study in sev-
eral NIH-funded trials (Sanford et al., 2020). The Gerofit clinical pro-
gram has amazing potential to fill this gap, with serial, longitudinal 
assessments of physical performance, and opportunities for ancil-
lary efforts that combine laboratory-based studies with this real-
world program (Ferrucci et al., 2016). Widespread implementation 
of the Gerofit program to other VHA medical centers is underway, 
offering even more opportunity for studying these associations and 
longitudinal trajectories in large, diverse sample of older adults with 
morbidity.

There are several strengths of this study. First, this study in-
cluded longitudinal, repeated measures of physical performance 
in older adults. Much of the literature to date is rooted in epidemi-
ologic studies that report cross-sectional assessments of physical 
function by age (Cunningham et al.,  2020; Paterson & Warbur-
ton, 2010; Ramsey et al., 2021). Second, the work described here 
was done in community-dwelling older adults, in real-world set-
tings. And yet the findings reported here are consistent with re-
ports from rigorously controlled clinical trials (Pahor et al., 2014). 
Third, the AOA is a robust comparator group, relatively free of 
chronic disease and functional burden; a stark contrast to the 
Gerofit sample. It can be safely assumed that the between-group 
difference in physical performance over 1 year would have been 
even more pronounced if a sample with morbidity could have been 
identified. Finally, the diversity (racial and health profiles) of the 
Gerofit sample and the Gerofit program being embedded in the 
Veterans Health Administration, one of the largest coordinated 
care systems in the U.S. has implications for future implemen-
tation and dissemination of this intervention to sedentary older 
adults with morbidity.

This analysis is not without limitations. A limitation of the cur-
rent report, but an area ripe for future study, is the inability to ex-
amine relevant pathways through which the benefits of exercise are 
conveyed on more holistic/whole-person outcomes in the Gerofit 
cohort. Another limitation is missing data beyond 1 year. Caution is 
warranted when interpreting the 4-year results, given our reliance 
on 4-year estimated trajectories for this group and the inability to 
confirm activity status over that timeframe in the AOA comparator. 
Ideally, the AOA would have continued to collect repeated measures 
beyond 1 year. In the Gerofit cohort, the drop from 318 baseline as-
sessments to n = 40 at 4 years limits our ability to draw any strong 
conclusions. Both attrition (drop-out) and loss to follow-up (still ac-
tive in program but did not complete assessments) are at play here. 
For this project, we did not distinguish between these two types of 

loss of data, and acknowledge that the remaining data likely repre-
sent a “survival” bias with only the most robust individuals retained 
in the study. Additionally, factors such as a predominanly male sam-
ple, location (U.S. vs. Italy), BMI differences between cohorts, and 
lack of comorbidity data for the AOA sample warrant consideration 
when interpreting these findings.

There is a paucity of literature with longitudinal data using these 
physical performance assessments among sedentary older adults. 
The absence of longitudinal cohort studies with serial assessments 
of physical performance and no intervention led us to creatively in-
tegrate data from the Act on Ageing sedentary cohort. We quantify 
here the impact of initiating and sustaining physical activity on physi-
cal performance in later life, and show the cumulative negative impact 
of sustaining an inactive lifestyle. These findings in a community-
based, real-world setting are consistent with other studies, the ma-
jority of which are highly-controlled clinical trials. For example, Pahor 
and colleagues reported that major mobility disability over 2.5 years 
was significantly reduced in older adults who initiated a long-term 
structured exercise program compared to those who did not (Pahor 
et al., 2014). These data support the call for action to promote physi-
cal activity among sedentary adults, in particular among older adults 
with morbidity (Langhammer et al., 2018; Piercy et al., 2018).

5  |  CONCLUSION

This work fills a gap in understanding the powerful impact of sus-
tained exercise on the physical performance of older adults. Impor-
tant longitudinal trajectories are revealed among both sedentary 
and exercising older adults by decade of life. These data contribute 
to the ever-growing evidence of the importance of exercise in late 
life, and the substantial harm of a sedentary lifestyle on functional 
independence in late life.

This Gerofit cohort represents a diverse comorbid popula-
tion. Individuals with conditions such as obesity, diabetes, hy-
pertension, cardiovascular disease, pulmonary disease, cancer, 
arthritis, and others have benefitted from participation (Addison 
et al., 2019; Cowper et al., 1991; Morey et al., 1988, 1991, 1996, 
2002; Pepin et al., 2020; Wilkins et al., 2021). We have demon-
strated here the powerful effect of exercise training to slow down 
the age-related progression of the disabling cascade, even in the 
context of chronic disease (Rebelo-Marques et al., 2018). Future 
studies utilizing geroscience approaches would enable us to assess 
the impact of exercise training on biological aging and healthspan 
in this cohort. The model of assessing and treating functional defi-
cits with progressive, structured exercise should be transferrable 
to other settings treating similar conditions affected by a lack of 
exercise.

AUTHOR CONTRIBUTIONS
Kenneth M. Manning, Katherine S. Hall, Cathy C. Lee, Steven Cas-
tle, Teresa Kopp, Leslie Katzel, Jamie Giffuni, Teresa Kopp, Michelle 
McDonald, Miles Miyamoto, Stephen C Jennings, Janet Prvu 



    |  7 of 9MANNING et al.

Bettger, Megan Pearson, and Miriam C. Morey: implementation and 
dissemination of Gerofit program; data collection; concept, design, 
and review of manuscript. Kenneth M Manning, Kenneth M. Man-
ning, Janet Prvu, Richard Sloane, Stephen C. Jennings, Daniele Mag-
istro, and Miriam C. Morey: data collection, analysis, preparation, 
and review of manuscript, ER: data collection, analysis. All authors: 
final approval of manuscript submitted.

ACKNOWLEDG MENTS
We would like to thank all the Veterans who participated in Gerofit 
and the staff from Gerofit sites in Baltimore, Canandaigua, Durham, 
and Los Angeles. We are grateful to the VA offices and centers that 
have supported the Gerofit dissemination efforts: Office of Geriat-
rics and Extended Care Mentored Partnerships Program; Geriatric 
Research, Education and Clinical Center; Office of Rural Health 
Enterprise-Wide Initiatives; and Whole Health. The views expressed 
in this article are those of the authors and do not necessarily reflect 
the position or policy of the United States Government or Depart-
ment of Veterans Affairs.

FUNDING INFORMATION
Gerofit dissemination has been funded by the Veterans Health Af-
fairs Office of Geriatrics and Extended Care Non-Institutional Long 
Term Care Funding and Mentored Partnership program and the VHA 
Office of Rural Health. The Gerofit program has been locally sup-
ported by the Durham VA Geriatric, Research, Education, and Clini-
cal Program, Drs. Morey and Hall and Mr. Sloane are supported in 
part by the Duke OAIC NIH/NIA AG028716. Part of these data were 
presented at the Gerontological Society of America Annual Meeting 
of 2020.

CONFLIC T OF INTERE S T S TATEMENT
All authors have no conflict of interest or commercial relationships 
to disclose.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

ORCID
Kenneth M. Manning   https://orcid.org/0009-0007-0954-1291 
Cathy C. Lee   https://orcid.org/0000-0002-7325-7603 

R E FE R E N C E S
Addison, O., Serra, M. C., Katzel, L., Giffuni, J., Lee, C. C., Castle, S., 

Valencia, W. M., Kopp, T., Cammarata, H., McDonald, M., Oursler, 
K. A., Jain, C., Bettger, J. P., Pearson, M., Manning, K. M., Intrator, 
O., Veazie, P., Sloane, R., Li, J., & Morey, M. C. (2019). Mobility 
improvements are found in older veterans after 6-months of 
Gerofit regardless of BMI classification. Journal of Aging and 
Physical Activity, 27(4), 848–854. https://doi.org/10.1123/
japa.2018-0317

Bohannon, R. W., Andrews, A. W., & Thomas, M. W. (1996). Walking 
speed: Reference values and correlates for older adults. Journal of 
Orthopaedic & Sports Physical Therapy, 24(2), 86–90.

Brown, R. T., Diaz-Ramirez, L. G., Boscardin, W. J., Cappola, A. R., Lee, 
S. J., & Steinman, M. A. (2022). Changes in the hierarchy of func-
tional impairment from middle age to older age. The Journals of 
Gerontology. Series A, Biological Sciences and Medical Sciences, 77(8), 
1577–1584.

Burini, R. C., Anderson, E., Durstine, J. L., & Carson, J. A. (2020). 
Inflammation, physical activity, and chronic disease: An evolution-
ary perspective. Sports Medicine and Health Science, 2(1), 1–6.

Carapeto, P. V., & Aguayo-Mazzucato, C. (2021). Effects of exercise on 
cellular and tissue aging. Aging, 13(10), 14522–14543.

Carlson, S. A., Adams, E. K., Yang, Z., & Fulton, J. E. (2018). Percentage 
of deaths associated with inadequate physical activity in the 
United States. Preventing Chronic Disease, 15, E38. https://doi.
org/10.5888/pcd18.170354

Cidoncha-Moreno, M. Á., Sancho-Sena, M. D. M., Baraiaetxaburu-
Zarandona, I., Busto-Santos, M. T., Ibáñez-Ruiz de Arcaute, I., 
González-Pisano, A. C., & Otago Working Group. (2022). Effect of 
the Otago exercise Programme on the frailty of people between 
65 and 80 years old. Enferm Clinica (English Edition), 32(4), 225–233. 
https://doi.org/10.1016/j.enfcle.2021.11.003

Cowper, P. A., Morey, M. C., Bearon, L. B., Sullivan, R. J., DiPasquale, 
R. C., Crowley, G. M., Monger, M. E., & Feussner, J. R. (1991). The 
impact of supervised exercise on psychological well-being and 
health status in older veterans. Journal of Applied Gerontology, 10, 
469–485.

Cunningham, C., O' Sullivan, R., Caserotti, P., & Tully, M. A. (2020). 
Consequences of physical inactivity in older adults: A system-
atic review of reviews and meta-analyses. Scandinavian Journal of 
Medicine & Science in Sports, 30, 1–12.

Ferrucci, L., Cooper, R., Shardell, M., Simonsick, E. M., Schrack, J. A., & 
Kuh, D. (2016). Age-Related Change in Mobility: Perspectives From 
Life Course Epidemiology and Geroscience. Journals of Gerontology 
Series a: Biomedical Sciences and Medical Sciences, 71(9), 1184–1194. 
https://doi.org/10.1093/geron​a/glw043

Fleg, J. L., Morrell, C. H., Bos, A. G., Brant, L. J., Talbot, L. A., Wright, J. 
G., & Lakatta, E. G. (2005). Accelerated longitudinal decline of aer-
obic capacity in healthy older adults. Circulation, 112(5), 674–682. 
https://doi.org/10.1161/CIRCU​LATIO​NAHA.105.545459

Forman, D. E., Kuchel, G. A., Newman, J. C., Kirkland, J. L., Volpi, E., Taffet, 
G. E., Barzilai, N., Pandey, A., Kitzman, D. W., Libby, P., & Ferrucci, 
L. (2023). Impact of Geroscience on therapeutic strategies for older 
adults with cardiovascular disease: JACC scientific Statement. 
Journal of the American College of Cardiology, 82(7), 631–647.

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

Grevendonk, L., Connell, N. J., McCrum, C., Fealy, C. E., Bilet, L., Bruls, 
Y. M. H., Mevenkamp, J., Schrauwen-Hinderling, V. B., Jörgensen, 
J. A., Moonen-Kornips, E., Schaart, G., Havekes, B., de Vogel-van 
den Bosch, J., Bragt, M. C. E., Meijer, K., Schrauwen, P., & Hoeks, J. 
(2021). Impact of aging and exercise on skeletal muscle mitochon-
drial capacity, energy metabolism, and physical function. Nature 
Communications, 12(1), 4773.

Guralnik, J. M., Branch, L. G., Cummings, S. R., & Curb, J. D. (1989). 
Physical performance measures in aging research. Journal of 
Gerontology, 44, M141–M146.

Guralnik, J. M., Ferrucci, L., Simonsick, E. M., Salive, M. E., & Wallace, 
R. B. (1995). Lower-extremity function in persons over the age 
of 70 years as a predictor of subsequent disability. New England 
Journal of Medicine, 332, 556–561.

https://orcid.org/0009-0007-0954-1291
https://orcid.org/0009-0007-0954-1291
https://orcid.org/0000-0002-7325-7603
https://orcid.org/0000-0002-7325-7603
https://doi.org/10.1123/japa.2018-0317
https://doi.org/10.1123/japa.2018-0317
https://doi.org/10.5888/pcd18.170354
https://doi.org/10.5888/pcd18.170354
https://doi.org/10.1016/j.enfcle.2021.11.003
https://doi.org/10.1093/gerona/glw043
https://doi.org/10.1161/CIRCULATIONAHA.105.545459
https://doi.org/10.1152/jappl.2000.88.4.1321


8 of 9  |     MANNING et al.

Guralnik, J. M., Simonsick, E. M., Ferrucci, L., Glynn, R. J., Berkman, 
L. F., Blazer, D. G., Scherr, P. A., & Wallace, R. B. (1994). A short 
physical performance battery assessing lower extremity function: 
Association with self-reported disability and prediction of mortality 
and nursing home admission. Journal of Gerontology, 49(2), M85–
M94. https://doi.org/10.1093/geron​j/49.2.m85

Häkkinen, K., Kraemer, W. J., Pakarinen, A., Triplett-McBride, T., 
McBride, J. M., Häkkinen, A., Alen, M., McGuigan, M. R., Bronks, R., 
& Newton, R. U. (2002). Effects of heavy resistance/power training 
on maximal strength, muscle morphology, and hormonal response 
patterns in 60–75-year-old men and women. Canadian Journal 
of Applied Physiology, 27(3), 213–231. https://doi.org/10.1139/
h02-013

Langhammer, B., Bergland, A., & Rydwik, E. (2018). The importance of 
physical activity exercise among older people. BioMed Research 
International, 2018, 7856823.

Lee, S. B., Oh, J. H., Park, J. H., Choi, S. P., & Wee, J. H. (2018). 
Differences in youngest-old, middle-old, and oldest-old patients 
who visit the emergency department. Clinical and Experimental 
Emergency Medicine, 5(4), 249–255. https://doi.org/10.15441/​
ceem.17.261

Magistro, D., Candela, F., Brustio, P. R., Liubicich, M. E., & Rabaglietti, 
E. (2015). A longitudinal study on the relationship between aero-
bic endurance and lower body strength in Italian sedentary older 
adults. Journal of Aging and Physical Activity, 23(3), 444–451. 
https://doi.org/10.1123/japa.2013-0215

Magistro, D., Liubicich, M. E., Candela, F., & Ciairano, S. (2014). Effect 
of ecological walking training in sedentary elderly people: Act 
on aging study. The Gerontologist, 54(4), 611–623. https://doi.
org/10.1093/geron​t/gnt039

Marques, E. A., Baptista, F., Santos, D. A., Silva, A. M., Mota, J., & 
Sardinha, L. B. (2014). Risk for losing physical independence in older 
adults: The role of sedentary time, light, and moderate to vigorous 
physical activity. Maturitas, 79(1), 91–95. https://doi.org/10.1016/j.
matur​itas.2014.06.012

Moreno-Agostino, D., Daskalopoulou, C., Wu, Y. T., Koukounari, A., Haro, 
J. M., Tyrovolas, S., Panagiotakos, D. B., Prince, M., & Prina, A. M. 
(2020). The impact of physical activity on healthy ageing trajecto-
ries: evidence from eight cohort studies. The International Journal 
of Behavioral Nutrition and Physical Activity, 17(1), 92. https://doi.
org/10.1186/s12966-020-00995-8

Morey, M., Cowper, P., Dipasquale, R., Crowley, G., Kitzman, D., Feussner, 
J., & Sullivan, R. (1988). Exercise outcomes in older veterans. Journal 
of the American Geriatrics Society, 36, 663.

Morey, M. C., Cowper, P. A., Feussner, J. R., DiPasquale, R. C., Crowley, 
G. M., & Sullivan, R. J., Jr. (1991). Two-year trends in physical 
performance following supervised exercise among community-
dwelling older veterans. Journal of the American Geriatrics Society, 
39, 549–554.

Morey, M. C., Lee, C. C., Castle, S., Valencia, W. M., Katzel, L., Giffuni, J., 
Kopp, T., Cammarata, H., McDonald, M., Oursler, K. A., Wamsley, 
T., Jain, C., Bettger, J. P., Pearson, M., Manning, K. M., Intrator, O., 
Veazie, P., Sloane, R., Li, J., & Parker, D. C. (2018). Should struc-
tured exercise be promoted as a model of care? Dissemination 
of the Department of Veterans Affairs Gerofit Program. Journal 
of the American Geriatrics Society, 66(5), 1009–1016. https://doi.
org/10.1111/jgs.15276

Morey, M. C., Pieper, C. F., Crowley, G. M., Sullivan, R. J., & Puglisi, C. M. 
(2002 Dec). Exercise adherence and 10-year mortality in chronically 
ill older adults. Journal of the American Geriatrics Society, 50(12), 
1929–1933. https://doi.org/10.1046/j.1532-5415.2002.50602.x

Morey, M. C., Pieper, C. F., Sullivan, R. J., Jr., Crowley, G. M., Cowper, 
P. A., & Robbins, M. S. (1996). Five-year performance trends for 
older exercisers: A hierarchical model of endurance, strength, and 

flexibility. Journal of the American Geriatrics Society, 44(10), 1226–
1231. https://doi.org/10.1111/j.1532-5415.1996.tb013​74.x

Ogrinc, G., Davies, L., Goodman, D., Batalden, P., Davidoff, F., & Stevens, 
D. (2015). Squire 2.0 (standards for quality improvement reporting 
excellence): Revised publication guidelines from a detailed con-
sensus process. American Journal of Critical Care, 24(6), 466–473. 
https://doi.org/10.4037/ajcc2​015455

Pahor, M., Guralnik, J. M., Ambrosius, W. T., Blair, S., Bonds, D. E., Church, 
T. S., Espeland, M. A., Fielding, R. A., Gill, T. M., Groessl, E. J., King, 
A. C., Kritchevsky, S. B., Manini, T. M., McDermott, M. M., Miller, 
M. E., Newman, A. B., Rejeski, W. J., Sink, K. M., Williamson, J. D., 
& LIFE study investigators. (2014). Effect of structured physical ac-
tivity on prevention of major mobility disability in older adults: The 
LIFE study randomized clinical trial. JAMA, 311(23), 2387–2396.

Paterson, D. H., & Warburton, D. E. (2010). Physical activity and func-
tional limitations in older adults: A systematic review related 
to Canada's physical activity guidelines. International Journal 
of Behavioral Nutrition and Physical Activity, 7, 38. https://doi.
org/10.1186/1479-5868-7-38

Patterson, R., McNamara, E., Tainio, M., de Sá, T. H., Smith, A. D., Sharp, 
S. J., Edwards, P., Woodcock, J., Brage, S., & Wijndaele, K. (2018). 
Sedentary behaviour and risk of all-cause, cardiovascular and can-
cer mortality, and incident type 2 diabetes: A systematic review 
and dose response meta-analysis. European Journal of Epidemiology, 
33(9), 811–829.

Pepin, M. J., Valencia, W. M., Bettger, J. P., Pearson, M., Manning, K. 
M., Sloane, R., Schmader, K. E., & Morey, M. C. (2020). Impact of 
supervised exercise on one-year medication use in older veterans 
with multiple morbidities. Gerontology and Geriatric Medicine, 19(6), 
2333721420956751. https://doi.org/10.1177/23337​21420​956751

Piercy, K. L., Troiano, R. P., Ballard, R. M., Carlson, S. A., Fulton, J. E., 
Galuska, D. A., George, S. M., & Olson, R. D. (2018). The physical 
activity guidelines for Americans. Jama, 320(19), 2020–2028.

Podsiadlo, D., & Richardson, S. (1991). The timed “up & go”: A test of basic 
functional mobility for frail elderly persons. Journal of the American 
Geriatrics Society, 39, 142–148.

Ramsey, K. A., Rojer, A. G. M., D'Andrea, L., Otten, R. H. J., Heymans, M. 
W., Trappenburg, M. C., Verlaan, S., Whittaker, A. C., Meskers, C. 
G. M., & Maier, A. B. (2021). The association of objectively mea-
sured physical activity and sedentary behavior with skeletal muscle 
strength and muscle power in older adults: A systematic review and 
meta-analysis. Ageing Research Reviews, 67, 101266. https://doi.
org/10.1016/j.arr.2021.101266

Rebelo-Marques, A., De Sousa, L. A., Andrade, R., Ribeiro, C. F., Mota-
Pinto, A., Carrilho, F., & Espregueira-Mendes, J. (2018). Aging hall-
marks: The benefits of physical exercise. Frontiers in Endocrinology 
(Lausanne), 25(9), 258. https://doi.org/10.3389/fendo.2018.00258

Rikli, R. E., & Jones, C. J. (1999). Development and validation of a func-
tional fitness test for community-residing older adults. Journal of 
Aging and Physical Activity, 7(2), 129–161. https://doi.org/10.1123/
japa.7.2.129

Rikli, R. E., & Jones, C. J. (2013). Senior fitness test manual (2nd ed.). 
Human Kinetics.

Sanford, J. A., Nogiec, C. D., Lindholm, M. E., Adkins, J. N., Amar, D., 
Dasari, S., Drugan, J. K., Fernández, F. M., Radom-Aizik, S., Schenk, 
S., Snyder, M. P., Tracy, R. P., Vanderboom, P., Trappe, S., Walsh, 
M. J., & Molecular Transducers of Physical Activity Consortium. 
(2020). Molecular transducers of physical activity consortium 
(MoTrPAC): Mapping the dynamic responses to exercise. Cell, 
181(7), 1464–1474.

Silva, D. A. S., Tremblay, M. S., Marinho, F., Ribeiro, A. L. P., Cousin, E., 
Nascimento, B. R., … Malta, D. C. (2020). Physical inactivity as a 
risk factor for all-cause mortality in Brazil (1990–2017). Population 
Health Metrics, 18(1), 1–9.

https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1139/h02-013
https://doi.org/10.1139/h02-013
https://doi.org/10.15441/ceem.17.261
https://doi.org/10.15441/ceem.17.261
https://doi.org/10.1123/japa.2013-0215
https://doi.org/10.1093/geront/gnt039
https://doi.org/10.1093/geront/gnt039
https://doi.org/10.1016/j.maturitas.2014.06.012
https://doi.org/10.1016/j.maturitas.2014.06.012
https://doi.org/10.1186/s12966-020-00995-8
https://doi.org/10.1186/s12966-020-00995-8
https://doi.org/10.1111/jgs.15276
https://doi.org/10.1111/jgs.15276
https://doi.org/10.1046/j.1532-5415.2002.50602.x
https://doi.org/10.1111/j.1532-5415.1996.tb01374.x
https://doi.org/10.4037/ajcc2015455
https://doi.org/10.1186/1479-5868-7-38
https://doi.org/10.1186/1479-5868-7-38
https://doi.org/10.1177/2333721420956751
https://doi.org/10.1016/j.arr.2021.101266
https://doi.org/10.1016/j.arr.2021.101266
https://doi.org/10.3389/fendo.2018.00258
https://doi.org/10.1123/japa.7.2.129
https://doi.org/10.1123/japa.7.2.129


    |  9 of 9MANNING et al.

Visser, M., Simonsick, E. M., Colbert, L. H., Brach, J., Rubin, S. M., Kritchevsky, 
S. B., Newman, A. B., Harris, T. B., & Health ABC Study. (2005). Type 
and intensity of activity and risk of mobility limitation: The mediating 
role of muscle parameters. Journal of the American Geriatrics Society, 
53(5), 762–770. https://doi.org/10.1111/j.1532-5415.2005.53257.x

Wilkins, S. S., Melrose, R. J., Hall, K. S., Blanchard, E., Castle, S. C., Kopp, 
T., Katzel, L. I., Holder, A., Alexander, N., McDonald, M. K. S., 
Tayade, A., Forman, D. E., Abbate, L. M., Harris, R., Valencia, W. M., 
Morey, M. C., & Lee, C. C. (2021). PTSD improvement associated 
with social connectedness in Gerofit veterans exercise program. 
Journal of the American Geriatrics Society, 69(4), 1045–1050. https://
doi.org/10.1111/jgs.16973

How to cite this article: Manning, K. M., Hall, K. S., Sloane, 
R., Magistro, D., Rabaglietti, E., Lee, C. C., Castle, S., Kopp, T., 
Giffuni, J., Katzel, L., McDonald, M., Miyamoto, M., Pearson, 
M., Jennings, S. C., Bettger, J. P., & Morey, M. C. (2024). 
Longitudinal analysis of physical function in older adults: The 
effects of physical inactivity and exercise training. Aging Cell, 
23, e13987. https://doi.org/10.1111/acel.13987

https://doi.org/10.1111/j.1532-5415.2005.53257.x
https://doi.org/10.1111/jgs.16973
https://doi.org/10.1111/jgs.16973
https://doi.org/10.1111/acel.13987

	Longitudinal analysis of physical function in older adults: The effects of physical inactivity and exercise training
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Design and participants
	2.1.1|Cohort 1: Gerofit
	2.1.2|Cohort 2: Act on ageing

	2.2|Measures
	2.3|Statistical analysis

	3|RESULTS
	3.1|Sample characteristics
	3.2|Change in physical performance over 1 year
	3.3|Effect of age on changes in physical performance over 1 year
	3.4|Descriptive changes in physical performance over 4 years
	3.5|Effect of age on changes in physical performance over 4 years

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


