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ABSTRACT

Fragala, MS, Beyer, KS, Jajtner, AR, Townsend, JR, Pruna, GJ,
Boone, CH, Bohner, JD, Fukuda, DH, Stout, JR, and Hoffman, JR.
Resistance exercise may improve spatial awareness and visual
reaction in older adults. J Strength Cond Res 28(8): 2079-2087,
2014—Aerobic exercise has been shown to counteract age-related
neurological decrements that are associated with cognitive and
physical impairments. However, the effects of resistance exercise
on cognition, reaction, and neurotrophins are largely unknown. We
examined changes in spatial awareness, visual and motor reaction,
and circulating brain-derived neurotrophic factor (BDNF) in
response to a resistance exercise intervention in older adults (aged
70.6 * 6.1 years). Spatial awareness was evaluated before and
after training with a Neurotracker perceptual 3-dimensional object-
tracking device. Peripheral, visual, motor, and physical reaction
times were evaluated using a Dynavision visuomotor device. Circu-
lating BDNF was assayed. Data were analyzed for clinical sig-
nificance using magnitude-based inferences calculated from
independent ttests. Clinical interpretations of the analyses revealed
that resistance exercise training was ‘“likely beneficial” for improving
spatial awareness and visual and physical reaction times. Each
improved by 40.0, 14.6, and 14.0%, respectively. Circulating BDNF
and motor reaction time displayed no apparent meaningful changes.
Thus, resistance exercise training may be an effective means to
preserve or improve spatial awareness and reaction with aging.
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INTRODUCTION

ith aging, neurological changes occur in the
brain and periphery resulting in cognitive de-
clines and physical ailment. In the aging brain,
neurons lose size, myelination, and the ability
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to regenerate (32). In the periphery, motor units undergo
dysregulated synchronization, discharge, and conduction
velocity with aging (11). Cognitively, neurological changes
can alter central processing and increase the risk of develop-
ing symptoms of dementia (33). Physically, neuromuscular
changes can lead to fatigue-induced motor incoordination
and result in physical disability, accidents, falls, and skeletal
injuries (21). When combined, central and peripheral neuro-
logical changes can impair the ability of older adults to per-
ceive and respond to everyday stimuli leading to
consequential impairments in quality of life.

Spatial awareness is a component of cognitive function
that allows an individual to perceive and understand the
temporal and spatial components of the surrounding envi-
ronment (13). With normal aging, the speed at which infor-
mation can be processed slows down (39) and spatial
awareness declines (5). Deficits in visual-spatial functioning
are predictive of further cognitive decline (20). In addition,
the ability to react to stimuli slows down with aging (19)
because of both sensory and motor changes (17,36). Conse-
quently, reaction time substantially slows down in the early
stages of dementia (35) and has been shown to identify older
adults at the risk of developing dementia (18). Both the
ability to perceive the surrounding environment and the
ability to react to stimuli are paramount to accident avoid-
ance and safety in aging adults.

Although, mental stimuli in various interventions have
typically been recommended for cognitive maintenance,
some studies have implicated the role of physical exercise
in reducing the cognitive deterioration in older adults
(2,9,42). To date, most exercise interventional studies have
implemented aerobic type exercise, where cognitive benefits
were observed (2,42,48) especially in tasks requiring execu-
tive control (9). Few studies to date have evaluated the ef-
fects of resistance-type exercise on cognitive function and
reaction in older adults. Resistance exercise training has been
shown to be a safe and effective method for conditioning the
peripheral neuromuscular system and improving muscle
strength and power in older adults (1). However, its cogni-
tive effects on spatial awareness and subsets of visual and
motor reaction are largely unknown. In contrast to repetitive
aerobic-type exercise, resistance-type exercise requires
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judgment of proprioception and evaluation of loads, which
activate different regions of the brain (6,8). Similarly,
although aerobic exercise results in primarily cardiovascular
and circulatory adaptations (26), resistance-type exercise has
been shown to result in profound neurological adaptations
within the first several weeks of training (38).

The mechanisms underlying the neurological adaptations to
exercise intervention are yet to be elucidated, but likely involve
circulating growth factors and neurotrophins (29), a family of
proteins that are essential for the development, differentiation,
and survival of neurons (12). Of the neurotrophins, brain-
derived neurotrophic factor (BDNF) is the most prevalent
neurotrophin in the central nervous system where it plays
several pivotal roles in synaptic plasticity and neuronal survival
(45). Moreover, BDNF plays a major role in regulating axonal
and dendritic growth and guidance, long-term potentiation,
and participation in neurotransmitter release (4). Previous
studies have shown that BDNF measured in the serum is
associated with cardiopulmonary fitness, psychomotor pro-
cessing speed, cognition (44), hippocampal size (14), and phys-
ical activity (16). However, it is not clear whether resistance
exercise training affects circulating BDNF in older adults.

A few seminal studies have shown some cognitive
improvements from resistance training in older adults
(30,31). Nevertheless, to our knowledge, no prior studies
have evaluated the effects of resistance exercise training on
spatial awareness, visual and motor reaction time in older
adults. Additionally, to our knowledge, few studies have
evaluated the underlying mechanisms of such changes and
whether BDNF is related to cognitive changes resulting
from resistance training in older adults. We are unaware of
any studies that have evaluated serum BDNF, a biomarker
associated with remodeling of the neuromuscular junction,
in response to an intervention designed to stimulate and
train a large motor unit pool over several weeks. Thus, the
overarching objective of this study was to evaluate specific
changes in spatial awareness and reaction to short-term
resistance exercise training in previously untrained older
adults. We also sought to determine if the circulating levels
of BDNF change in response to a resistance training inter-
vention in older adults.

METHODS

Experimental Approach to the Problem

Spatial awareness, visual and motor reaction, and circulating
BDNF were evaluated at baseline and after 6 weeks of
resistance training or no intervention (control) in older
adults by using a randomized controlled design. Spatial
awareness was evaluated before and after training with
a Neurotracker perceptual 3-dimensional (3D) object-
tracking device. Peripheral, visual, motor, and physical
reaction times were evaluated using a Dynavision visuomo-
tor device. Circulating BDNF was assayed using Luminex
MagPix technologies. Differences between resistance exer-
cise training and control groups were analyzed for clinical

2080  Jotrnal of Strength and Conditioning Research

significance using magnitude-based inferences calculated
from independent ~tests.

Subjects

Twenty-five healthy older adults (age >60 years) volunteered
to participate in the study (age 70.64 * 6.11 years; height
1.69 = 0.09 m; weight 80.72 = 19.42 kg) and were random-
ized into the training (7 = 13) or control group (z = 12). All
the participants were free from cardiovascular, pulmonary, or
metabolic symptoms and disease and were free from muscu-
loskeletal injuries or recent surgeries. The participants were
informed of study procedures and provided an informed writ-
ten consent before participating in any of the study proce-
dures. The study was approved by the Institutional Review
Board at the University of Central Florida.

Procedures

All the participants completed all tests before and after 6
weeks of resistance training or control. All tests were
completed on the same day of testing in a standardized order.
Compliance to the resistance exercise intervention was 100%.

Spatial Awareness

Spatial awareness was measured as a threshold score on the
Neurotracker (CogniSens Athletic Inc., Montreal, Canada) 3D
multiple object-tracking device at baseline and after the
intervention or control period (Figure 1). Threshold scores
were derived based on object movement speeds in centimeters
per second as previously described (28). During the test, the
participants wore 3D glasses and sat in the 3D simulator cave.
Each testing session consisted of 20 trials in which the partic-
ipants were required to track designated objects as they moved
through space. The speed of object motion was adjusted for
subsequent trials based on prior scoring until a threshold was
determined. The score was considered to be the threshold for
effective perception and processing of visual information sour-
ces (15). Test-retest reliability for the Neurotracker threshold
values was determined using 12 healthy older men and
women (age >60 years) measured 7 weeks apart. The intra-
class correlation coefhicient (ICC) was 0.77, and standard error
of measurement (SEM) was 0.25. In addition, there was no
significant difference between the mean Neurotracker thresh-
old values from the reliability testing (mean threshold + SEM;
Pre: 0.73 £ 0.11 vs. Post: 0.75 = 0.10).

Reaction Time

All reaction time measurements were assessed on the
Dynavision D2 Visuomotor Training Device (D2; Dynavi-
sion International LL.C, Chester, OH, USA), which features
a 4" X 4" display containing 64 individual lighted buttons
(Figure 2). Peripheral visuomotor reaction time was deter-
mined from a 60-second trial in which the participants were
instructed to tap buttons as fast as possible on the display as
they illuminated in a randomized pattern. Average reaction
time was calculated and used in subsequent analysis. The
visual, motor, and physical reaction times were assessed
from 10 trials in which the participants were instructed to
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starting point. Motor reaction
time was determined by the

length of time it took to hit
the light after lifting the hand
from the starting point. Physi-
cal reaction time was calcu-
lated as the combination of
the motor and visual reaction
times. The reliability (ICC =
0.88) of the Dynavision tests
has been previously reported
(25) on a group of 34 subjects.

Blood Sample Collection
and Preparation

Figure 1. Diagram of the Neurotracker 3D perceptual tracking test. The test was conducted in a three-
dimensional hood where the participants tracked 4 selected objects as they moved at varying speeds through
space. Scoring was based on the threshold speed for accurate perception and processing. A) Starting screen. B)
Four of the objects were illuminated. C) Objects return to baseline color and move in space for 8 seconds. D)
Objects stop motion and are numbered. E) The participants select the objects that were illuminated in step B.

hit an illuminated button and return to the original position
with the same hand as fast as possible. Visual reaction time
was calculated as the time that elapsed before each partici-
pant responded to the light by lifting his/her hand from the

Figure 2. The Dynavision D2 visuomotor device was used to quantify
peripheral visuomotor, visual, motor, and physical reaction times through
a series of tests.

Resting blood samples were col-
lected in the morning after an
overnight fast. Blood was drawn
from a forearm vein into serum
separator tubes for serum sam-
ple preparation. Serum tubes
were allowed to clot for 30 mi-
nutes before centrifugation. Serum samples were then separated
by centrifugation for 10 minutes at 1,000g at —4° C. The serum
was immediately aliquoted into designated preservative tubes
and stored as samples at —80° C until analysis. Before analysis,
the samples were thawed only once, centrifuged to remove
particulates, and mixed completely by vortexing.

Serum Brain-Derived Neurotrophic Factor

Serum BDNF was measured by a commercially available
immunoassay kit (Milliplex MAP Catalog No: HNDG3MAG-
36K, Billerica, MA, USA). Before analysis, the serum samples
were diluted in the ratio of 1:100 in an assay buffer. Twenty-
five microliters of the diluted serum sample was added into
the appropriate microtiter plate wells containing 25 pl of
matrix solution. Twenty-five microliters of fluorescent-
coded magnetic antihuman BDNF microspheres was then
added to each well, and the samples were incubated over-
night with shaking at 4° C. Well contents were removed, and
after washing, 25 pl of detection antibody was added to each
well. After a 1-hour incubation at room temperature, 25 .l of
streptavidin—phycoerythrin was added to each well. After
a 30-minute incubation, the contents of the wells were
removed, and 100 pl of sheath fluid was added to each well.
Fluorescence was measured on a MAGPIX instrument
equipped with xPONENT software (Luminex Corp.; Lumi-
nex, Austin, TX, USA). The concentration of BDNF in the
samples was determined using a 5-parameter logistic curve
fit. The sensitivity of this assay is 0.23 pg-ml~1, and intra-
assay and interassay precisions are 5.4 and 5.3%, respectively.
All samples were run in duplicate and thawed only once.

Training Protocol
Before beginning the training program, the participants
completed 2 days of training familiarization in which
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TaBLe 1. Changes in spatial awareness (Neurotracker threshold speed), reaction, and BDNF from 6 weeks of

resistance exercise training or control in older adults.*f

Exercise (n = 13)

Control (n=12)

Pre Post Pre Post
Neurotracker threshold speed (au) 0.44 = 0.26 0.60 = 0.21 0.73 = 0.36 0.75 = 0.35
Peripheral visuomotor reaction time (s) 1.12 = 0.23 1.08 = 0.20 1.14 = 0.19 1.07 = 0.17
Visual reaction time (s) 0.53 + 0.20 0.45 = 0.05 0.47 *+ 0.05 0.46 = 0.08
Motor reaction time (s) 0.36 = 0.10 0.31 = 0.07 0.39 = 0.09 0.37 = 0.08
Physical reaction time (s) 0.88 = 0.24 0.76 = 0.10 0.86 += 0.11 0.83 = 0.08
Serum BDNF (ng-ml~1) 30.8 £ 153 28.6 = 15.0 28.3 = 12.7 278 = 11.2

*BDNF = brain-derived neurotrophic factor.
iData are presented as mean * SD.

exercises were taught and resistance was determined. The
training group underwent 2 resistance training sessions per
week for 6 weeks, with at least 48 hours between all training
sessions to allow for proper recovery. Each training session
began with a dynamic warm-up consisting of body weight
squats, high knee walking, heel kick walking, torso rotation,
and arm rotations. Full-body workouts were performed
during each session with 7 or 8 of the following exercises
performed each day. Exercises included leg extensions, leg
curls, seated rows, lat pull-downs, modified squats, modified
split squats, modified stiff-legged dead-lifts, biceps curls,
chest presses, shoulder presses, tricep extensions, abdomi-
nals, and calf raises. Three sets of each exercise were
performed with the exercises and the number of repetitions
systematically varying on a weekly basis ranging from 8 to
15 repetitions. The load was adjusted with the number of
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repetitions assigned. The OMNI scale (37) of perceived exer-
tion for resistance-type exercise ranging from 0 to 10 was
used to assess difficulty during the training. Load was pre-
scribed at a “moderate” perceived exertion corresponding to
a“5” or “6” on the scale. All training sessions were supervised
one-on-one training sessions overseen by a Certified
Strength and Conditioning Specialist. The exercise program
followed the recommended guidelines for older adults by the
American College of Sports Medicine and the National
Strength and Conditioning Association.

Statistical Analyses

The effects of resistance exercise were calculated as the

changes from pretraining to posttraining cognitive measure-

ments among the exercise and control groups. Magnitude-

based inferences were used to identify clinical differences in

the cognitive changes between the exercise and control
groups. Several studies have
supported  the use  of
magnitude-based inference sta-
tistics as a complementary tool
for null hypothesis testing to
reduce errors in interpretation
(3,23), and to provide more
clinically meaningful results.
Magnitude-based inference sta-
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Figure 3. Individual and group changes in perceptual 3D tracking threshold (spatial awareness) from 6-weeks of

resistance exercise training (black diamonds) or control (gray triangles).
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Control Group

tistics avoid the problem of
interdependence of observa-
tions by using within-subject
modeling, where repeated
measures are combined into
a single measure (unit of
change) for analysis. The pre-
cision of the magnitude of
inference was set at 90% confi-
dence limits, using a p value
derived from an independent
ttest. Threshold values for
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TasLE 2. Magnitude-based clinical inferences on changes in neural function with resistance exercise training.”

Mean change (% change)

% % % Clinical
Variable Exercise Control Positive Trivial Negative  inference
Neurotracker threshold 0.178 = 0.163 (40.0) 0.021 + 0.246 (2.9) 85.0 14.3 0.8 Likely
speed (au) beneficial
Peripheral visuomotor —0.102 * 0.072 (9.0) —0.072 = 0.110(6.3) 385 57.7 3.8 Unclear
reaction time (s)
Visual reaction time (s) —0.078 + 0.182 (14.6) —0.008 = 0.048 (1.7) 76.3 19.8 3.9 Likely
beneficial
Motor reaction time (s) —0.053 = 0.084 (14.8) —0.022 = 0.101 (5.6) 61.8 28.9 9.4 Unclear
Physical reaction time (s) —0.123 *= 0.188 (14.0) —0.031 = 0.112 (3.6) 80.2 17.2 2.6 Likely
beneficial
Serum BDNF (ng-ml~1) —2.26 * 6.4 (-7.3) —0.46 * 5.23 (-1.63) 35 644 32.1 Very unlikely
beneficial

*BDNF = brain-derived neurotrophic factor.

positive and negative effects were calculated by multiplying
the standard deviations of baseline values by 20% (22). Infer-
ences on true differences between the exercise and control
groups were determined as positive, trivial, or negative ac-
cording to methods that were previously described (23). In-
ferences were based on the confidence interval range relative
to the smallest clinically meaningful effect. Unclear results are
reported if the observed confidence interval overlaps both
positive and negative values. The probability of the effect
was evaluated according to the following scale: <0.5%, most
unlikely; 0.5-5%, very unlikely; 5-25%, unlikely; 25-75%, pos-
sibly; 75-95%, likely; 95-99.5%, very likely; and >99.5%,
most likely (22).

0.20

REsuLTS

Baseline Neurotracker 3D perceptual tracking threshold
speed (spatial awareness) was 0.44 = 0.26 and 0.73 = 0.36
au for the training group and control group, respectively
(Table 1). Baseline peripheral visuomotor, visual, motor,
and physical reaction times for the training group were
1.138 = 0.228 seconds, 0.533 * 0.208 seconds, 0.359 =+
0.109 seconds, and 0.877 = 0.248 seconds, respectively.
The control group displayed similar baseline scores for
peripheral visuomotor, visual, motor, and physical reaction
times, 1.141 * 0.192 seconds, 0470 = 0.054 seconds,
0.390 = 0.094 seconds, and 0.859 = 0.114 seconds, respec-
tively. After the 6-week intervention, the training group

experienced a greater mean

change than did the control

group in all cognitive variables

(Figure 3). The mean changes

for each group and the differ-
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Figure 4. Individual and group changes in visual reaction time (seconds) from 6-weeks of resistance exercise

training (black diamonds) or control (gray triangles).

Control Group

ness (Neurotracker threshold
speed) where the exercise
training group improved by
0.178 = 0.163 (40.0%) and the
control group improved by
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Figure 5. Individual and group changes in physical reaction time (seconds) from 6-weeks of resistance exercise

training (black diamonds) or control (gray triangles).

0.021 * 0.246 (2.9%) from the baseline (Table 2). Neuro-
tracker threshold speed displayed an 85% probability of
improving with resistance exercise training, indicating
a qualitative inference of “Likely Beneficial.” Similarly, the
exercise training group improved in visual reaction time by
0.078 = 0.182 seconds (14.6%) and physical reaction time
by 0.123 *+ 0.188 seconds (14.0%) (Table 2) (Figures 4 and
5). The control group changed by 0.008 * 0.048 seconds
(1.7%) and 0.031 = 0.112 seconds (3.6%) for visual and
physical reaction times, respectively. Visual and physical
reaction times displayed 76.3 and 80.2% probabilities of
improving from resistance exercise training, indicating qual-
itative inferences of “Likely Beneficial.” Magnitude-based
inferences and probabilities of beneficial, negligible, and
negative effects are given in Table 2.

Confidence intervals that substantially overlapped both
positive and negative values revealed “unclear” effects of resis-
tance exercise training on peripheral visuomotor reaction time
and motor reaction time. Despite being statistically unclear by
magnitude-based inferences, peripheral visuomotor reaction
time and motor reaction time improved by 0.102 = 0.072
(9.0%) seconds and 0.053 = 0.084 (14.8%) seconds, respec-
tively, in the resistance exercise training group. Possibly ben-
eficial effects of 38.5 and 61.8% for peripheral visuomotor
reaction time and motor reaction time, respectively, were
observed. The probabilities of negligible or trivial effects of
resistance training were 57.7 and 28.9% for peripheral visuo-
motor reaction time and motor reaction time, respectively.

Baseline BDNF was significantly lower in women than in
men (22.4 = 14.2 vs. 35.5 = 12.8 ng-ml~1), but training and
control groups, consisting of both men and women, did not
differ. Although circulating BDNF tended to decrease in the
training group (—7.3% mean change) after 6 weeks, no sig-
nificant or clinically meaningful changes were observed.
With 64.4% probability of the changes in BDNF being triv-
ial, clinical inferences indicated “very unlikely beneficial”
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effects of resistance training

on circulating BDNF. Addi-

tionally, changes in circulating

BDNF did not seem to corre-

late with any measure of neural
+ function.

DiscussioN

Our results indicate that spe-
cific measures of cognitive
function and reaction in older
adults may show improve-
ments from short-term resis-
tance exercise of a 6-week
duration. Although, previous
research has shown resistance
exercise to improve some as-
pects of cognitive function
(30,31), to our knowledge,
prior studies have not evaluated the effects of resistance
exercise training on spatial awareness and distinct visual
and motor aspects of reaction time. Moreover, to our knowl-
edge, no prior studies have evaluated the effects of only 6
weeks of resistance exercise training on any cognitive meas-
ures in older adults.

Spatial awareness exhibited an 85% positive probability
of improving from resistance exercise training. Spatial
awareness involves higher order processing of the temporal
and spatial components of the surrounding environment
(13) and reflects the function of the superior temporal cor-
tex (24). The decline in spatial awareness (5) and slowing
down of the speed at which information can be processed
(40) with aging can make tasks such as driving dangerous
for older adults. Although spatial awareness is vital to in-
teracting with dynamic situations in the environment, quan-
tifying spatial awareness has previously been challenged by
the lack of a feasible and accessible testing apparatus. One
prior study has shown that the use of 3D virtual environ-
ments can improve spatial awareness in children with phys-
ical disabilities (49). Similarly, although studies in older
adults are lacking, a recent study reported lower baseline
threshold neurotracking speeds in older adults than in
younger adults (28).

Interventions that can improve spatial awareness are vital
to healthy aging and preserving cognitive functioning in
dementia. Our data show that resistance exercise training
may be an important means to improve spatial awareness in
older adults. Mechanisms as to how resistance exercise may
improve spatial awareness are not known. However, prior
research has shown that physical exercise can prevent age-
related atrophy in the temporal lobe of older adults (7), and
some research has uncovered the potentially mediating role
of circulating growth factors and neurotrophins in neural
adaptations (29). Moreover, physical exercise has been
shown to affect the structure and function of the brain via

Control Group
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increased cerebral blood flow; improved transport; and use
of nutrients, neurogenesis, and neurotransmission (46,47).

Physical reaction time, which was calculated as the
combined measure of visual and motor reaction times,
displayed an 80.2% probability of improving with exercise.
Similarly, previous research has shown a positive relation-
ship between high levels of physical activity and faster
reaction times (42). This improved ability to respond to
a stimulus seems to be related to an improvement in visual
reaction time rather than to motor reaction time. Visual
reaction time showed a 76.3% probability of improving with
resistance exercise training, whereas motor reaction time
had only a 61.8% probability of improving with exercise.
Visual reaction time was defined in this study as the amount
of time to recognize a light stimulus and release a button.
Previous research has shown that faster reaction times are
related to faster brain wave frequencies (43). Hence,
although not measured in this study, it is possible that resis-
tance exercise training has a profound influence on brain
wave activity. Prior research has reported that engaging in
>12 hours of intense exercise a week correlated with an
increased frequency in brain waves (27).

Peripheral visuomotor and motor reaction times revealed
unclear effects of resistance exercise training. Unclear find-
ings from magnitude-based inferences indicate that the
probabilities of a positive or negative outcome are both
substantial. Previous research has suggested that when
unclear results are obtained, further research may be
necessary in a larger sample size to decipher likely results
(3). Nevertheless, peripheral visuomotor and motor reaction
times did demonstrate substantial probabilities of improving
with resistance exercise, 38.5 and 61.8%, respectively. Pre-
vious research has indicated that such probabilities could be
interpreted as “possibly beneficial” (23). We elected to con-
servatively report that these results were “unclear.” The rea-
son that peripheral visuomotor and motor reaction times did
not seem to benefit from resistance exercise training is not
well understood. It could be that our small sample size and
relatively high degree of variance for each measure contrib-
uted to the results. However, prior research has shown that
motor reaction time does improve with physical activity
(10). It may be that our “unclear” effect of resistance training
on peripheral visuomotor and motor reaction times is valid
for older adults. Prior research has shown that motor re-
sponses to resistance training are attenuated in older adults
compared with that in younger adults (34). Perhaps,
although visual reaction time improves with exercise training
in older adults, the motor aspect is less adaptable with resis-
tance exercise training. Further research is needed to provide
a more definitive determination of the impact of resistance
exercise training on peripheral visuomotor and motor reac-
tion times.

Surprisingly, circulating BDNF did not show statistically
or clinically meaningful changes with resistance exercise
training. As previous studies have shown that BDNF

measured in the serum is associated with cardiopulmonary
fitness, psychomotor processing speed, cognition (44), hip-
pocampal size (14), and physical activity (16), we had ex-
pected to see increases in circulating BDNF with resistance
training that paralleled neural functioning improvements.
The reason for the lack of observed changes in resting cir-
culating BDNF may be attributable to the time frame of
measurement. We measured fasting and resting concentra-
tions of circulating BDNF before and after the 6-week inter-
vention to assess potential chronic changes. However, recent
evidence in younger adults has suggested that circulating
changes may be more transient, and last only 20 minutes
after exercise and are dependent on exercise intensity (41).
Thus, although we could not attribute our observed neural
functional improvements to measured changes in circulating
BDNF, it is possible that BDNF still was involved in the
neural adaptations in the acute time frame surrounding each
bout of exercise. Because BDNF plays a major role in regu-
lating axonal and dendritic growth and guidance, long-term
potentiation, and participation in neurotransmitter release
(16), its elevations in serum may be more transient. Further,
studies in older adults are required to examine the potentially
transient nature of BDNF and its relationship with resistance
training.

Despite our reported findings, it is important that the results
be interpreted within the context of this study. Although our
intervention was designed to be 6 weeks in duration as a first
attempt to explore and characterize neural performance
changes, we may be able to gain further information on the
trainability of specific aspects of cognition with an interven-
tional study of a longer duration. Additionally, as a preliminary
study to explore such changes, our results were interpreted
using magnitude-based inferences to reduce errors in inter-
pretation and to identify clinically relevant outcomes.
Although confidence limits for clinical interpretations are
derived from p values obtained from independent statistical
mean comparisons, clinical significance may not always align
with statistical significance. Further, although our study was
designed to first assess quantifiable outcomes on specified neu-
ral performance tests, future studies may yield greater insights
into the mechanisms of the adaptations that occur. Finally,
how such improvements translate to success in performing
activities of daily living remains unknown, and this may pro-
vide a fruitful area for future research.

PRACTICAL APPLICATIONS

There is a pressing need for effective interventions aimed at
offsetting cognitive decline, especially because few pharma-
cological treatment options exist. Resistance exercise, in
addition to the well-known physical benefits, may also
provide clinically meaningful cognitive benefits in older
adults. The results of this study support the use of resistance
exercise as a means to potentially preserve or improve spatial
awareness and visual and physical reaction times in older
adults. Both spatial awareness and reaction are essential to
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accident avoidance in everyday living because they enable
the individual to perceive and react to the surrounding
environment. Thus, in accordance with the public health
recommendations that older adults partake in resistance
exercise training to improve physical health, further moti-
vation to adhere to a structured and well-planned resistance
exercise program should be encouraged by the cognitive
benefits. Strength and conditioning professionals working
with older adults should promote and encourage the
potential cognitive benefits of resistance exercise to help
clients attain a generally higher quality of life.
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