1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 06.

-, HHS Public Access
«

Published in final edited form as:
J Am Geriatr Soc. 2015 March ; 63(3): 462-469. doi:10.1111/jgs.13322.

Heterogeneity of Physical Function Responses to Exercise
Training in Older Adults

Elizabeth A. Chmelo, MS?, Charlotte I. Crotts?, Jill C. Newman?, Tina E. Brinkley, PhD?,
Mary F. Lyles, MD1, Xiaoyan Leng?, Anthony P. Marsh, PhD3, and Barbara J. Nicklas, PhD?
1J. Paul Sticht Center on Aging, Section on Gerontology and Geriatric Medicine, Department of
Internal Medicine, Winston-Salem, NC, 27157

2Department of Biostatistical Sciences, Wake Forest School of Medicine, Winston-Salem, NC,
27157

3Department of Health and Exercise Science Wake Forest University, Winston-Salem, NC 27109

Abstract

OBJECTIVES—To describe the inter-individual variability in physical function responses to
supervised, resistance and aerobic exercise training interventions in older adults.

PARTICIPANTS—Ninety-five older (65-79 years), overweight and obese (body mass index
[BMI] =27 kg/m?), sedentary men and women.

INTERVENTION—TFive-months of either 4 d/wk of aerobic training (AT, n=40) or 3 d/wk of
resistance training (RT, n=55).

MEASUREMENTS—Physical function assessments: global measure of lower extremity function
(short physical performance battery; SPPB), 400-meter walk, peak aerobic capacity (VOopeak),
and knee extensor strength.

RESULTS—On average, both exercise interventions significantly improved physical function.
For AT, there was a 7.9% increase in VOypeak; individual absolute increases varied from 0.4-4.3
ml/kg/min and four participants (13%) showed no change or a decrease in VO,peak. For RT, knee
extensor strength improved an average of 8.1%, but individual increases varied from 1.2-63.7
Nm, and 16 participants (30%) showed no change or a decrease in strength. Majority of
participants improved 400-m walk time, usual gait speed, chair rise time, and SPPB with AT, and
improved usual gait speed, chair rise time, and SPPB with RT; but, there was wide variation in the
magnitude of improvement. Compliance was only related to change in 400-m walk time following
RT (r=-0.31; p<0.05).
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CONCLUSION—Despite sufficient levels of adherence to both exercise interventions, some
participants did not improve function, and the magnitude of improvement varied widely.
Additional research is needed to identify factors that optimize responsiveness to exercise to
maximize its functional benefits in older adults.
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INTRODUCTION

Aging is universally associated with declines in physical function that lead to mobility
disability and loss of independence.1~> Regular performance of exercise that increases®-2
muscle strength and aerobic capacity enhances the ability of older adults to tolerate the
functional demands of activities of daily living and presumably remain mobile.10-16
Resistance exercise training (RT) improves the ability to perform functional tasks requiring
strength (e.g., chair rising, overhead lifting, lateral mobility tasks),5-2 while aerobic exercise
training (AT) improves one’s ability to perform functional tasks requiring repeated muscular
contraction or endurance (e.g., walking, stair climbing).17:18 Therefore, the current public
health recommendation is for older adults to engage in both muscle-strengthening and
aerobic physical activity for the maintenance of functional abilities and prevention of
disability.13

Despite the plethora of data showing an overall benefit of both RT and AT for improving, or
maintaining, functional ability in older adults, there is likely to be large inter-individual
variability in functional responses to exercise. Studies in younger adults show substantial
individual heterogeneity in physiological responses and benefits to standardized exercise,
including maximal aerobic capacity and muscle strength.1%-22 There may even be some
individuals who experience a negative response to regular exercise performance for certain
outcomes.23:24 |n older adults, exercise training studies that show efficacy for improving
functional tasks often report main effects or mean group differences without expressing the
extent of inter-individual variability for these tasks. Attention to individual differences, and
identification of factors that influence individual efficacy of exercise as a therapy for aging-
related loss of physical function, has important clinical significance. For example, some
individuals may respond more favorably to, and be more likely to engage in, one type of
exercise over another. Moreover, the specific amount of exercise necessary to elicit maximal
improvements in physical outcomes may differ between individuals.

Little attention is also given to identifying determinants of individual differences in response
to standard exercise training. Certainly, compliance to the exercise prescription is an
important factor in determining the success of the intervention for improving
function.10:25:26 Therefore, the purpose of this study is to describe the extent of inter-
individual variability in physical function responses to supervised, resistance and aerobic
exercise training interventions in older adults. We also determined whether intervention
compliance, age, gender, race, comorbidity, and baseline level of physical function were
associated with this variability.
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METHODS

Participants

Ninety-five, older, overweight and obese men and women completed one of two five-month
exercise interventions, aerobic training (AT, n=40) or resistance training (RT, n=55). Men
and women from Forsyth and surrounding counties were recruited via media advertisement
and mass mailings. Participants were enrolled based on the following criteria: (a) age 65-79
years, (b) sedentary (<2x/week of structured exercise), (c) BMI=27-40 kg/m2, (d) non-
smoking for the past year, (€) normal cognitive function, (f) no evidence of clinical
depression, heart disease, cancer, liver or renal disease, chronic pulmonary disease,
uncontrolled hypertension, physical impairment or any contraindication for exercise. After a
phone screen, those eligible underwent a subsequent medical history, physical exam, and
physical function assessments. Both studies were approved by the Wake Forest School of
Medicine Institutional Review Board and all participants provided written, informed consent
to participate. Participants were not paid to participate in the study.

Exercise Interventions

Exercise sessions were center-based and supervised by two trained exercise physiologists
who provided safety oversight and monitored compliance to the exercise frequency,
duration, and intensity.

Participants in the Aerobic Training (AT) study exercised four days/week on treadmills.
Each session commenced with a slow-pace five-minute warm-up and concluded with a five-
minute cool-down and stretching. Participants walked at an intensity of 65-70% of heart rate
reserve (HRR, assessed during the peak aerobic capacity test [VOopeak]). Exercise duration
progressed from 15-20 minutes at 50% HRR the 15t week to 30 minutes at 65-70% HRR by
the end of the 6! week and thereafter. Treadmill speed and grade were adjusted individually
to insure that participants exercised at their prescribed intensity (as monitored by heart rate).
At least two heart rate readings, treadmill speed, grade, exercise duration, and the amount of
energy expended were recorded each session to monitor compliance to the exercise
prescription.

Participants in the Resistance Training (RT) study exercised three days/week on weight
stack resistance machines. Each session commenced with a slow-pace five-minute warm-up
of walking or cycling and concluded with a five-minute cool-down and stretching.
Interventionists taught participants how to adjust the equipment and how to perform the
exercises safely. The machines used were: 1) leg press; 2) leg extension; 3) seated leg curl;
4) seated calf; 5) incline press; 6) compound row; 7) triceps press; and 8) bicep curl. The
protocol involved a gradual progression of weight and repetitions during the 15t month to
allow familiarization with the equipment, minimize muscle soreness, and reduce injury
potential. The maximal weight that a person could lift with correct form in a single
repetition (1RM) was used to prescribe intensity. The training goal was to complete 3 sets of
10 repetitions for each exercise at 70% 1RM for that specific exercise. Participants rested
one minute between sets. Resistance was increased when a participant was able to complete
>10 reps on the 3™ set for 2 consecutive sessions. Strength testing was repeated every four
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weeks and training loads were adjusted to be consistent with the 70% 1RM goal. Each
participant recorded the weight lifted, number of repetitions completed, and number of sets
completed for each exercise.

Assessments

Baseline assessments were conducted within three weeks of the start of interventions and
post-assessments were conducted 20-21 weeks after the start of intervention while
participants were still exercising. Physical function assessments were performed by all
participants, except for the peak aerobic capacity test, which was only conducted in the AT
study and the isokinetic knee extensor strength test which was only conducted in the RT
study.

Body composition (whole body fat mass, lean mass and percent body fat) was measured by
dual x-ray absorptiometry (DXA; Hologic Delphi QDR, Bedford, MA).

Peak aerobic capacity (VO,peak) was determined on a motorized treadmill during a graded
exercise test to exhaustion using a Ramp protocol as previously described,2” in which speed
was held constant as the grade increased incrementally. Each test achieved two of the
following three criteria to be considered:28:29 1) plateau in oxygen consumption with
increasing workload (< 200 ml/min); 2) respiratory exchange ratio =1.10; and 3) maximal
HR within 90% of age-predicted.

Mobility was assessed using a 400-meter walk test.28:29 Participants were instructed to
complete the distance (10 laps on a flat indoor surface 20m in length) as quickly as possible.
Time to complete the walk was recorded in seconds. Standardized encourage was given
every lap.

Lower extremity function was assessed using the Short Physical Performance Battery
(SPPB).30 The battery consists of three measures including usual gait speed over a 4m
course, time to complete five repeated chair rises without use of their arms, and a standing
balance test. Results from each of the three tests are scored from 0, indicating inability to
perform the test, to 4 indicating highest function. Scores from the three tasks are summed for
the total SPPB score, ranging from 0 (lowest function) to 12 (highest function).

Maximal knee extensor strength was measured on an isokinetic dynamometer (Biodex) at a
speed of 60° per second with the participant sitting and the hips and knees flexed at 90°.
Participants were asked to extend the knee and push as hard as possible against the
resistance pad. Strength of the right leg recorded as peak torque in Newton-meters (Nm) was
used for analyses.

Statistical Analysis

Baseline descriptive statistics were calculated and values are reported as mean +standard
deviations or as a frequency in percentage. Absolute and percent changes (post-exercise
minus pre-exercise) were calculated for physical function variables. Paired t-tests were used
to assess response changes to each intervention. Pearson correlation coefficient analyses and
one-way ANOVA were used to determine whether inter-individual changes in physical
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function variables with AT or RT were related to: 1) variation in compliance (percentage of
prescribed exercise sessions attended); 2) baseline values of functional variables; or 3)
demographic characteristics. Analyses were performed using SPSS version 21.0 and SAS
version 8.3. A P-value < 0.05 was considered statistically significant.

Participant Characteristics at Baseline

Table 1 shows baseline demographics and physical characteristics. The mean age of all the
participants was 69 years, with the majority being white and female. All participants were
overweight or obese with the mean BMI > 30 kg/m?.

Exercise Compliance

Overall, compliance to the prescribed exercise interventions was high in both studies.
Attendance to the prescribed frequency of training (AT=4 d/wk; RT=3 d/wk) averaged
86+15% for AT and 85+12% for RT. There were 31 AT participants (78%) that had
attendance >80% (attendance range 41-100%), three had perfect attendance. With RT, 45
participants (82%) had attendance =80% (attendance range 30-100%), one had perfect
attendance.

Changes in Physical Function with Aerobic Training and Resistance Training

Table 2 shows the mean values for the physical function variables before and after
interventions. At baseline, participants had a mean SPPB score >10, a usual gait speed >1.0
m/sec, and were able to complete the 400-meter walk in less than five and one-half minutes.
On average, physical function measures significantly improved in response to AT and RT
(with the exception of the 400-m walk in RT). However, there was large inter-individual
heterogeneity of responses as shown in Figures 1 and 2 which depict individual absolute
changes in functional variables, and Table 3 shows the range of relative changes in
functional variables.

In response to AT, there was an overall 7.9% increase in VOopeak, with 27 of 31 (87%; 31
participants had complete data) participants experiencing an increase in peak aerobic
capacity. Individual absolute increases varied from 0.4 to 4.3 ml/kg/min (Fig. 1a) and four
participants showed no change or a decrease in VO,peak. Although the majority of
participants improved their 400-m walk time (n=32, 84%), usual gait speed (n=30, 75%),
and chair rise time (n=28, 72%) with AT, there was large variation in the magnitude of
improvement and a subset of participants experienced no change or a decline in these
functional variables (Fig. 1b—d; Table 3). For the SPPB, 21 of 31 (68%) participants with
room for improving their score (e.g., baseline score of <12) experienced an increase in
response to AT (Table 3).

In response to RT, knee extensor strength improved an average of 8.1% among participants.
The majority (n=37 of 53; 70%) increased their knee extensor strength, but individual
increases varied from 1.2 to 63.7 Nm, while 16 participants (30%) showed no change or a
decrease in strength (Fig. 2a). Less than one-half (n=25; 46%) of participants experienced an
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improvement in their 400-m walk time with RT (Fig 2b; Table 3). The majority improved
their usual gait speed (n=39, 71%) and chair rise time (n=36, 67%) with RT, but, again,
there was wide variation in the magnitude of improvement and some participants
experienced no change or a decline in usual gait speed and chair rise time (Fig. 2c—d; Table
3). Approximately 70% (n=26) of participants with room for improving their SPPB score
showed an increase in response to RT (Table 3).

We also examined whether there was overlap of “non-responders” (e.g., those who did not
show a change in the desired direction) across functional variables (e.g., whether the same
individuals were non-responsive in multiple measures). Two of the four individuals who did
not improve their VOopeak with AT were non-responsive in at least one other functional
measure (usual gait speed and chair rise time). On the other hand, 15 of the 16 individuals
who did not improve their knee strength with RT were non-responsive in another measure of
function; four of these were non-responsive in all measures of function and seven were non-
responsive in at least three other functional measures.

Correlates of Physical Function Responses to Exercise Training

Compliance to the prescribed number of exercise sessions was not associated with change or
percent change in any functional variable (including change in VOypeak) in response to AT
(r’s=0.05 to 0.24; p>0.15 for all). With RT, the magnitude of change in 400-m walk time
was related to compliance (absolute change: r= —0.31; relative change: r= —0.32, p<0.05 for
both), showing individuals with greater exercise attendance frequency had greater
improvements in time to walk 400-m. However, variation in compliance was not associated
with change or percent change in other functional measures (including knee extensor
strength) in response to RT. Furthermore, analyses of only those individuals with >80%
compliance to the prescribed exercise frequency (n=31 for AT; n=41 for RT) continued to
show large variation in functional responses. For example, relative changes in VOspeak and
usual gait speed with AT ranged from —5% to 23% and —15% to 39%, respectively, and
relative changes in knee extensor strength and usual gait speed with RT ranged from —10%
to 51% and —22% to 41%, respectively, in these subsamples with high compliance.

The magnitude of change in a physiological trait often depends on the initial level of that
trait, thus we analyzed whether the baseline level of each physical function variable was
associated with its change after exercise training. In response to AT, changes in 400-m walk
time (r= —0.34, p<0.05), usual gait speed (r= —0.36, p<0.05), chair rise time (r= —0.62,
p<0.01), and SPPB (r= -0.65, p<0.01), but not VOypeak (r= —0.23, p=0.18) were negatively
correlated with initial function (e.g., greater improvement in those with worse baseline
function). In response to RT, changes in usual gait speed (r= —0.28, p<0.05), chair rise time
(r=-0.68, p<0.01), and SPPB (r= -0.61, p<0.01), but not 400-m walk time (r=-0.02,
p=NS) or knee extensor strength (r= —0.05, p=NS) were negatively correlated with baseline
function.

Next we analyzed whether absolute changes in physical function in response to AT or RT
were univariately related to age, gender, adiposity (BMI, fat mass, or percent body fat), or to
self-reported hypertension, sleep apnea, diabetes, back pain, arthritis, or osteoporosis. In
response to AT, changes in 400-m walk correlated negatively with age (r= —0.33, p<0.05;
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e.g., older individuals improved more), and there was a tendency (p=0.06) for improvement
in usual gait speed to be greater in individuals without (0.10+0.13 m/s) compared to with
(0.00£0.12 m/sec) diabetes. In response to RT, race was associated with improvement in
usual gait speed (whites: 0.10+0.16 m/sec; blacks: —0.06+0.13 m/sec, p<0.05). Also,
adiposity was associated with improvements in chair rise time (BMI: r=0.41, p<0.01; fat
mass: r=0.25, p=0.07) and SPPB (BMI: r= —0.33, p<0.05; fat mass: r= -0.35, p<0.05) with
RT, such that greater functional improvement was seen in those with lower BMI and less fat
mass at baseline.

DISCUSSION

Mean change effects of exercise interventions are well documented, whereas individual
responses are reported less frequently but provide valuable insight into the individual
effectiveness of exercise training. Our results showed large heterogeneity in physical
function responses to well-controlled, supervised aerobic and resistance training
interventions. Although the majority of participants showed some improvement, there was a
wide range in their magnitude of improvement and there was a subset of “non-responders”
who showed no change or a decline in function after the interventions (e.g., a range of -5%
to 23% change in VOpeak in response to AT and a range of —34% to 50% increase in
muscle strength with RT). These results are similar to the few studies, mostly in younger
adults, that report individual adaptations in physical and functional responses to exercise,
including maximal aerobic capacity and muscle strength.19-22:31-33 The wide variation in
individual adaptations to exercise training may be due to differences in physiological
mechanisms needed to increase strength versus aerobic capacity, or to differences in
volitional effort, to the prescribed training. Fewer individuals in the AT study (50% versus
94% in the RT study) were non-responsive across multiple functional domains; in fact, four
individuals did not show improvement in any functional outcome with RT. This suggests
that improvements in muscle strength may be necessary to elicit improvements in gait speed
and lower extremity function and has important clinical ramifications for the nearly one-
third of older adults who may not experience a strength benefit from performing RT.

Other factors than age, race, gender, or compliance must play a role in responsiveness as
they were not generally associated with the variation in physical function responses; only in
RT was change in 400-m walk time related to compliance. In response to AT, older
individuals showed greater improvements in 400-m walk time and in response to RT, blacks
improved their usual walking speed more than whites. Interestingly, in response to RT,
greater functional improvements were seen in those with lower BMI and less fat mass at
baseline, suggesting higher adiposity may blunt the functional benefits of RT. Finally,
results showed that greater improvement in functional responses was seen in participants
with worse baseline function. This may be due to a regression to the mean phenomenon, or
to a greater capacity for those with less function to improve with training. Overall, these
findings are consistent with existing data showing that age, sex, and ethnic origin are not
major predictors of exercise responsiveness, but baseline level of function may be.20:31
Moreover, there are likely multiple genetic, epigenetic, cellular, physiological and
environmental factors that affect the efficacy of exercise training for improving functional
and health outcomes.34=38 For example, our prior work suggests that genetic variability in
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the angiotensin-converting enzyme gene affects functional responses to exercise training.3’
However, more research is needed to delineate these factors that affect inter-individual
variability of exercise training responses.

Although we analyzed non-responsiveness as showing no change, or a decline in function,
after the interventions, it may also be informative to examine results in terms of what
percentage of participants showed a clinically meaningful change in the functional
outcomes. A change in gait speed of 0.05 m/sec indicates a small change, and a change of
0.10 m/sec indicates a substantial change.38:3% In our study, 18% of those performing AT
and 16% of those performing RT showed at least a small meaningful change (e.g., improved
greater than 0.05 m/sec). Approximately 66% of participants in AT and 70% of participants
in RT, showed a 1 point or greater improvement in the SPPB, which has been shown to be
clinically meaningful.38:3% Walking 400 meters at least 12 seconds faster indicates a small
meaningful improvement while walking at least 28 seconds faster indicates a substantial
change.39 Based on these cut points, 34% of participants in AT and 15% in RT had an
improvement of 12-27 secs; while 39% in AT and 22% in RT showed improvements of 28
secs or greater. On an individual basis, exercise appears to result in clinically significant
functional improvements in 20-70% of participants. While showing improvements in these
cut points may be clinically meaningful they lack explanation of why some individuals do
not improve and miss an opportunity for early intervention when functional changes occur.
Also, it may be difficult for participants who have higher baseline functioning to show a
meaningful change based on these cut points. Future studies are needed to examine specific
mechanisms that affect improvements in response to aerobic and resistance training,
especially evaluating the role that baseline function plays in achieving desired benefits.
Additional research is needed to identify non-responders based on a baseline biomarker or
level of function, and/or to identify non-responders earlier in an exercise training program.

The highly controlled, supervised, and progressive exercise training protocols is a strength
of this study. Another strength is that functional responses to exercise training were not
confounded by the addition of a dietary component to the exercise interventions, by mixing
or combining modes of exercise, or by loss of body weight during the interventions (data not
shown). However, since the participants we studied were older, sedentary, and overweight/
obese with several co-morbid health conditions, results may not be applicable to a younger,
leaner, or more active population. It may be that exercise training responses are more
variable in older populations; future research should consider whether the response
heterogeneity to training is affected by age or health status. Another thing to consider is how
the participant was feeling on the day of their assessments and during training. Personal
attitudes, attributes, and barriers (e.g, fatigue or pain) may contribute to one’s perceived
effort and intensity. Moreover, the intensity, duration, and/or total volume of exercise
necessary to elicit maximal improvements in certain physical outcomes may differ between
individuals.

In conclusion, understanding individual differences in functional responses to exercise in
older adults is critical as some individuals may respond more favorably to, and be more
likely to engage in, one type of exercise over another. Reporting the effects of exercise
interventions within, as well as across, individuals is necessary to specifically tailor exercise
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type and dose to optimize the effectiveness of exercise as a therapy for aging-related loss of
function. These results and future identification of the sources of exercise response
variability are needed to develop personalized exercise prescriptions and to identify
adjuvants that will enhance the benefits of exercise training in individuals who are non-
responsive to a standard exercise treatment.
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Figure 1.
Variability in Physical Function Responses to Aerobic Training: A) Peak oxygen

consumption; B) Time to walk 400-m; C) Usual gait speed; D) Chair rise time. Results are
scaled so that the bars represent one participant and so that the results could be presented
together.
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Table 1
Baseline Participant Characteristics
Aerobic Training  Resistance
(n=40) Training
(n=55)
Age (yrs) 69.0 (3.6) 69.1 (3.4)
Female No. (%) 31 (78%) 28 (50%)
Whites No. (%) 33 (83%) 48 (87%)
BMI (kg/m?) 34.1(3.1) 30.6 (2.4)
Percent body fat (%) 44.2 (5.3) 38.4 (6.4)
Fat mass (kg) 41.8 (6.9) 32.8(5.8)
Lean mass (kg) 52.9(9.9) 55.0 (12.1)
Waist (cm) 104.3 (11.1) 96.2 (9.4)
Hip (cm) 117.2 (8.3) 108.3 (6.7)
WHR 0.89 (0.10) 0.89 (0.10)
Systolic blood pressure (mmHg) 133.5(12.9) 137.2 (22.5)
Diastolic blood pressure (mmHg) 75.2 (10.8) 77.1 (11.0)
Self-reported comorbidity
Hypertension 23 (58%) 26 (47%)
Diabetes” 8 (20%) 8 (15%)
Sleep apnea 13 (33%) 16 (29 %)
Arthritis 31 (78%) 32 (58%)
Chronic back pain 15 (38%) 10 (18%)
Medication use
Anti-hypertensive 26 (65%) 31 (56%)
Cholesterol-lowering 21 (53%) 22 (40%)
Glucose control 8 (20%) 7 (13%)
Thyroid 5 (13%) 15 (27%)
Anti-depressant/mood 16 (40%) 8 (15%)

Values are Mean (standard deviation) or N (%)

*

Non-insulin-treated Diabetes
BMI-Body Mass Index
WHR-Waist to Hip Ratio
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