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Abstract
Background and Purpose—Emerging evidence suggests that exercise may improve cognitive
function in older adults. The purpose of this pilot research project was to describe changes in
measures of cognition and executive function in individuals with chronic stroke following
participation in aerobic and strengthening exercise.

Methods—A single group pre-test post-test design was used. Nine individuals with chronic
stroke (mean age 63.7±9.1, mean time since stroke 50.4±37.9 months) completed a 12-week
program of aerobic and strengthening exercise, 3 days per week. The primary outcome measures
examined executive function (digit span backwards and Flanker tests). Secondary measures
examined various aspects of aerobic fitness (VO2peak, 6-minute walk distance) and function
(Fugl-Meyer, 10-meter walk speed).

Results—Following the intervention significant improvements were found in the digit span
backwards test (mean change = 0.56±0.9 digits; p=0.05), Fugl-Meyer score (mean change =
3.6±5.7; p=0.05), and SIS total score (mean change = 33.8±38.5; p =0.02). A significant
correlation was found between improved aerobic capacity and improved performance on the
Flanker test (r=0.74; p=0.02).

Discussion—The results of this pilot study indicate that a 12-week aerobic and strengthening
exercise program improved selected measures of executive function and functional capacity in
people with stroke. Limitations of this study include the small sample size and lack of a
comparison group.

Conclusions—This pilot study contributes to the emerging evidence that exercise is associated
with improved cognition in people with stroke. These benefits indicate the need for future study
with a larger group to have sufficient power to further explore these relationships.

BACKGROUND AND PURPOSE
It has been hypothesized that aerobic exercise may improve cognition in older adults and
promote neuroplasticity in people with neurologic pathology.1–6 Animal studies have
demonstrated that exercise enhances neurogenesis specifically in the hippocampus,7 and that
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exercise prior to injury has a neuroprotective effect for both focal ischemic injury and slow
degeneration models.8, 9 In humans, epidemiological research has suggested a strong
relationship between higher levels of self-reported physical activity levels and reduced risk
of cognitive decline.10–12

There is growing evidence that aerobic exercise interventions can improve cognition in
healthy older adults, with several systematic reviews on the topic.5, 13 Aerobic exercise may
improve brain blood flow and oxygen perfusion, which could lead to improved cognitive
performance. Resistance exercise has also been found to improve performance on cognitive
measures in healthy older women and men.14–16 Resistance training may be especially
important for individuals with dementia, as resistance training is associated with increased
insulin-like growth factor I (IGF-I) and decreased levels of homocystein.17 IGF-I is a
neurotrophin that promotes neuronal survival and improves cognition, while homocystein
may be neurotoxic and impairs neuropsychological function in older adults.

Few studies have investigated the result of exercise in people with dementia or other
cognitive impairments.18 A meta-analysis that compared exercise outcomes in cognitively-
impaired individuals suggested that they exhibit a response to exercise similar to
cognitively-intact individuals.19 Further, a relationship between aerobic fitness, cognitive
function, and brain volume measures has been identified in individuals with early
Alzheimer’s Disease.20

In people with stroke, substantial evidence suggests that physical exercise is beneficial to
improve aerobic fitness and muscle strength.21,22 However, the question of whether exercise
can also have an effect on cognition in people with stroke has only recently begun to be
addressed. A single session of 20 minutes of treadmill walking was found not to have an
effect on cognitive tests,23 and no improvement on executive function measures were found
following 8 weeks of aerobic exercise.24 However, previous research using regression
modeling has provided evidence that cognition appears to influence functional performance
in people with stroke. Various measures of mental status have been found to predict 6-
minute walk distance in healthy elders, using the mini-mental status exam (MMSE), a
depression symptom score, and measures of positive/negative affect and mood.25, 26 In
people with chronic stroke, MMSE score has been found to correlate with balance scores,27

and we recently reported a significant predictive relationship between MMSE and gait
speed.28 However, the MMSE was designed to be used as a screening tool for
dementia.29–31 Therefore, it’s validity as a measure of overall mental status and sensitivity
to change is limited.

The primary purpose of this pilot research project was to explore the relationship between
improvement in aerobic fitness and change in measures of cognition and executive function
in a small number of individuals with chronic stroke following participation in 12 weeks of
aerobic and strengthening exercise. We also assessed the influence of this exercise on
secondary measures of aerobic fitness and function.

METHODS
This study utilized a pre-test post-test design and was approved by the Human Subjects
Committee of the University of Kansas Medical Center. All participants provided written
informed consent prior to participation in this study.

Participants
A convenience sample of individuals with a single stroke at least 6 months prior was
recruited for this study. All participants were able to transfer from a sitting to a standing
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position and were able to walk 30 feet without assistance of another person. Medical
clearance was received from their primary physicians for participation in an exercise
program. Participants all had a baseline mini-mental status exam (MMSE)32 score of 23 or
greater. Participants were excluded from the project if they had any of the following: (1)
hospitalization for myocardial infarction, heart surgery, or congestive heart failure during
the preceding 3 months, (2) significant cardiac arryhthmia, hypertrophic cardiomyopathy,
severe aortic stenosis, or pulmonary embolus, (3) recent symptoms of chest discomfort, (4)
currently smoking or significant pulmonary pathology, (5) musculoskeletal problems from
conditions other than stroke that would limit ability to exercise; (6) were concurrently
receiving physical therapy intervention outside of this study; or (7) other neurologic
disorders in addition to the stroke.

Outcome Measures
Measures were assessed at baseline and after 12 weeks of exercise:

The primary outcome measures were tests of cognition/executive function, and included:

1. The Digit Span Backwards (DB) task from the Wechsler Adult Intelligence Scale
(3rd edition; WAIS-III). This test is an index of working memory, which is a
component of executive function. This task has been used previously as a measure
of working memory in older adults with mild cognitive impairment,33 and has been
found to be responsive to change with an exercise intervention.16 The test consists
of seven pairs of random number sequences that are read aloud to the participant,
and the task is to repeat the sequence in reverse order. The test is scored by
identifying the number of digits that the individual can successfully repeat
backwards.

2. The Flanker test.34, 35 This is a test of attention and executive function that requires
the individual to respond correctly to a cue embedded in an array of 5 arrows
pointing in either the same “congruent” (e.g. <<<<<) or opposite “incongruent”
direction (e.g. <<><<). This task has been used to examine the influence of
cardiovascular fitness on cognitive performance in healthy elderly.2 Participants
were asked to respond to the orientation of the central arrow by pressing a button
on the computer with their less-involved hand. The index and middle fingers were
positioned on a left-facing arrow and a right-facing arrow. They were tested in 6
blocks of 18 trials, with an equal number of congruent and incongruent trials
presented in random order. The outcome variables for this task included 1) percent
of correct trials with congruent stimuli, 2) percent of correct trials with incongruent
stimuli, and 3) percent increase in reaction time with incongruent stimuli according
to the following equation:

3. The Memory component of the Stroke Impact Scale (SIS version 2.0).36 The SIS
memory component is a self-report measures ___

The secondary outcome measures were tests of aerobic fitness (peak aerobic capacity, 6-
minute walk distance) and function (Fugl-Meyer, 10-meter walk speed):

1. Peak aerobic capacity. A total of 4 maximal graded exercise tests were conducted
for each participant; 2 before the intervention and 2 after the intervention. The tests
before and after the intervention were performed within 1 week of each other, one
with a bicycle ergometer (Lode Corival, Groeningan Nederland) and one with a
total body recumbent stepper (TBRS) (Nustep Inc, Ann Arbor MI). The protocol
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for the bicycle ergometer test was based on previous literature,37 and the protocol
for the TBRS test was developed specifically by our lab for use in individuals with
stroke (mTBRS-XT).38 The purpose of performing 2 exercise tests was to validate
the mTBRS-XT protocol, and these results are reported elsewhere.38 For the
purpose of this project, the data for each individual was from the testing protocol
with the highest baseline fitness measures, as it was assumed that this would
provide the closest approximation to maximal aerobic capacity for that participant.

Blood glucose level was checked prior to the exercise test, and participants were
instructed in the testing procedure and oriented to a 15-point rating of perceived
exertion (RPE).39 A metabolic cart (Parvo Medics TrueOne 2400) was used to
collect expired gases with a 12-lead ECG to monitor heart rate and rhythm. The
tests continued until maximal effort was achieved, defined as heart rate at 90% of
predicted maximum unless one of the following occurred, which required early
termination: angina, dyspnea, fatigue (voluntary exhaustion or inability to maintain
cycling cadence > 40 rpm), hypertension (>250 mm Hg systolic or >115 mm Hg
diastolic), hypotension, or ischemic ECG abnormalities.40 The peak heart rate, peak
aerobic capacity (VO2peak), exercise duration, RER (respiratory equivalent ratio)
and metabolic equivalent level (METs) were monitored and recorded during the
exercise tests.

2. Walking endurance. The distance walked in six minutes (6-Minute Walk Test) was
used as a measure of endurance. This measure has been found to be a reliable
submaximal test of cardiovascular fitness in people with stroke.47, 48

3. The Fugl-Meyer test. This test was used as a measure of voluntary motor control of
the upper and lower extremity.41 The motor score includes upper and lower
extremity components for a total of 100 possible points. Reliability, validity, and
responsiveness of this measure in people with stroke has been reported
previously.42–44

4. Self-selected gait speed. The time required to walk a distance of 10 meters was
measured (10-meter walk test), and the average of 2 trials was used for analysis.
This measure has been found to be a determinant of functional mobility in people
with stroke.45, 46

5. SIS total score and mobility subscale score. The non-memory domains of the SIS
(strength, hand function, mobility, activities of daily living, communication,
emotion, participation, physical function, and percent recovery) were measured.
Reliability, validity, and responsiveness of the SIS is well established in people
with stroke.36, 49, 50 Raw scores for each domain were transformed into a score
ranging from 0–100 using the equation:36

A total SIS score was computed that included each of the domains plus memory,
and a mobility subscale was determined by adding the domain scores for strength,
ADLs, mobility, and hand function.36

Intervention
The intervention consisted of a 12-week program of aerobic exercise and lower extremity
muscle strengthening exercise, 3 times each week for 1 hour sessions. Heart rate and blood
pressure were monitored during each session. For the participants who were diagnosed with
diabetes, blood glucose levels were measured prior to each exercise session; exercise was
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not permitted if the blood glucose values were below 70 or above 300.51 The sessions
started with aerobic exercise that incorporated upper and lower extremity reciprocal
movements on a TBRS. The initial intensity of exercise for each individual was determined
by the heart rate during the exercise test at 50% peak oxygen uptake and/or RPE 11–14,
which indicates a light-to-moderate level of intensity for older adults.40 The 30-minute
session included a 5-minute warm up period, maintenance of target heart rate for 20
minutes, and a 5-minute cool down period. Heart rate and RPE were monitored every 5
minutes during exercise to ensure that the target intensity was reached, and resistance and
speed were gradually progressed to maintain training heart rate intensity. Strengthening
exercises for the lower extremities were performed in a sitting position using resistive bands
[Theraband, Hygenic Corporation, Akron OH] for bilateral knee flexors, knee extensors,
ankle dorsiflexors, and ankle plantar flexors. These muscles were targeted because they are
important for transfers and gait. Participants started with 1 set of 10 repetitions of each
exercise, focusing on technique, with slow movements and minimal compensations. These
exercises were gradually progressed by adding repetitions and increasing resistance by
changing elastic bands.

Data Analysis
Analysis was performed using SPSS 16.0 for Windows. For each of the outcome
measurements, descriptive statistics (mean, standard deviation) were calculated and scatter
plots were examined visually to find outliers caused by data entry or other errors. Normal
distribution of variables was confirmed through visual analysis of histograms, calculations
of skewness indices,52 and the Kolmogorov-Smirnov Z statistic. The use of parametric
statistical tests were justified for this small data set, as no significant difference was found
between a normal distribution and the distribution of each variable, with a probability of the
Z statistic above 0.05 in all cases (range of 0.2 to 0.9). The pre-intervention and post-
intervention scores were compared using a one-tailed paired t-test, with significance set at α
= 0.05. The relationships among change in cognitive measures and change in aerobic fitness
were determined using Pearson’s correlation coefficient.

RESULTS
Twenty-four people were screened for the project, 11 people initiated the study, and 9
people completed all testing and at least 27 of the 36 sessions (75% adherence rate). One
participant withdrew after 1 week because of transportation and schedule conflicts. The
other participant withdrew after 4 weeks of exercise after experiencing a fall at home. No
other adverse events were reported by the participants in this study. Demographics for the 9
individuals who completed the study are provided in Table 1.

Following the intervention, scores on the digit span backwards test (working memory) were
significantly improved, with trends for improvement in the Flanker test scores for both the
congruent and incongruent items (Table 2). Significant improvements were noted in the SIS
total score and FM total score following the intervention (Table 3). Changes in aerobic
fitness were not significant following the intervention as determined by both VO2peak and
6-minute walk distance, however there were strong trends for these measures as well as for
the SIS mobility subscale and the 10-meter walk speed.

The relationships among change in aerobic fitness as determined by VO2peak and change in
cognitive measures were explored further (Table 4 and Figure 1). A significant relationship
was found between improved aerobic fitness and improved identification of incongruent
arrangements on the Flanker test. The relationship between improved aerobic fitness and
improved correct responses on the congruent Flanker items and self-report of memory
function on the SIS subscale were moderately strong but did not reach significance.
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DISCUSSION
We have described the changes in aerobic fitness, cognitive function, and functional
measures in a small group of individuals with chronic stroke following participation in 12
weeks of aerobic and strengthening exercise in this pilot study. Improvements in a measure
of working memory (digit span backwards test) were noted following exercise. However,
the magnitude of this change was small (mean 0.56 digits) and may not be clinically
significant. Other researchers found a 1.0 digit change in healthy older adults after 4 weeks
of strengthening exercise.16 Although this measure has not been used extensively in people
with stroke, previous researchers have described differences in the digit span backwards test
between older adults with and without mild cognitive impairment (range of 3.3–4.4 digits
and 4.6–5.6 digits, respectively).33 The post-intervention scores for our participants are
within the range reported for adults with mild cognitive impairment.

A significant correlation between change in aerobic fitness and improved score on an
executive function test (the Flanker-incongruent score) was found following the
intervention. The incongruent condition was more challenging than the congruent condition,
as indicated by the higher error rate. Executive function as measured with the Flanker test
has been previously described with very low error rates in healthy adults, with correct scores
in ~99% of congruent trials and ~97% of incongruent trials.2, 35 Our participants scored
lower, with 92.4% correct responses in the congruent condition and 71.8% correct responses
in the incongruent condition at baseline. We found that our participants had a 29% increase
in reaction time with incongruent stimuli compared to responses to congruent stimuli. This
level of interference is comparable to the 26% increase found in older adults with low levels
of physical fitness.2 Our participants showed a 7.7% improvement in their ability to
overcome interference following participation in exercise. Although the clinical significance
of this change is unknown, it is less than the 11% improvement reported following a 6-
month exercise intervention in older adults.2

A meta-analysis of the effects of exercise and cognition in older adults found strong support
for the hypothesis that aerobic fitness training improves cognitive performance on a variety
of tasks.5 The strongest benefit was noted for executive-control processes, as compared to
other measures of cognition (speed, visuospatial, or controlled- processing). Both of our
cognitive outcome measures (digit span backwards and Flanker tests) could be considered to
be in the executive-control domain. Further, the meta-analysis found that combined aerobic
and strengthening exercise programs have a greater influence on cognitive measures
compared to aerobic exercise alone.5 Although our subjects underwent both strength and
aerobic training, our analysis focused on changes in aerobic fitness. It would be interesting
to assess the relationships between changes in motor strength or fat-free mass (e.g. with
dual-x-ray absorptiometry measures) with measures of cognition in future studies.

The effect of exercise on cognition in people with stroke is only beginning to be explored. A
randomized controlled trial in people with chronic stroke examined the effect on executive
function, motor learning, and mobility of 8 weeks of aerobic-only exercise compared to a
control intervention (home stretching program).24 Greater improvements in information
processing speed and motor learning were found in the aerobic intervention group.
However, no differences were noted between the groups in tests of executive function (e.g.
Trail Making B-A, Stroop, and Wisconsin Card Sorting tests). Direct comparison between
studies is limited by the different cognitive outcome measures and the overlap between
different cognitive domains assessed by these measures. These early results are encouraging
and examination of the dose and type of exercise on cognition in people with stroke seems
important for further study.

Kluding et al. Page 6

J Neurol Phys Ther. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Most of our participants improved aerobic fitness following the intervention, and these
changes showed a trend toward statistical significance. Other authors have found improved
aerobic fitness and motor function following exercise in people with chronic stroke.24, 53–56

The baseline VO2peak values in our participants are comparable to those in other studies,
and illustrate the poor cardiorespiratory fitness of people poststroke. We may have found
greater changes in aerobic fitness with a longer intervention, or with a higher level of
training intensity.

The FM motor score improved significantly in our subjects following the intervention. It has
been suggested that a change of 6–7 points in the FM score indicates clinical significance.57

Our participants had a smaller change (mean 3.6 points) although their baseline score was
>80 which indicates a relatively mild severity of motor deficits.58 Total SIS scores also
improved significantly, even though the intervention did not include functional task practice.
The SIS score change of 33.8 noted in our participants reflects change over 8 different
domains, and interpretation of changes in this self-report measure must be interpreted with
caution in the absence of a control group that received a comparable amount of attention, as
it is possible that the subjects improved simply by virtue of participation in a study.59 SIS
total scores have been reported to distinguish between mild and moderate stroke (605.3 and
512.5 respectively, at 6 months following stroke),36 and the total SIS scores of our subjects
fell within this range.

One interesting factor is that 4 of our 9 participants were diagnosed with diabetes mellitus,
and older adults with type 2 diabetes may have deficits in memory and learning (specifically
list learning tasks).60 These deficits may be secondary to a chronic hyperglycemia-induced
‘central neuropathy’,61 cortical atrophy,62, 63 or atrophy specifically in the hippocampus and
amygdala.64, 65 The possible confounding influence of the dual diagnosis of diabetes and
stroke on executive function has not received attention in the literature but would be another
important area of future study.

One of the primary limitations of this pilot project was the difficulty with recruitment and
retention during this 12-week project. The intensity of this project (3 times each week for 12
weeks) and the requirement that participants come to an urban academic medical center for
the intervention may have contributed to the difficulty with recruitment and retention. The
small number of subjects increased the possibility of a Type II error, when the sample size
has insufficient power to detect a statistically significance difference.59

In summary, the findings of this pilot study indicate that participation in a 12-week aerobic
and strengthening exercise program improved selected measures of executive function in
people with stroke. These results contribute to the emerging literature on improvements in
cognition following exercise in people with stroke. These benefits indicate the need for
future study with a larger group to further explore these relationships.
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Figure 1.
Scatterplot with trend line for relationship between change in aerobic fitness and change in
cognitive tests: (A) relationship between VO2peak and percent correct on Flanker congruent
items (changecon), and (B) relationship between VO2peak and percent correct on Flanker
incongruent items (changeinc).
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Table 2

Change in cognitive measures following the intervention.

Pre-
intervention

Post-
intervention

Change P
value

Digit Span Backwards 3.22 (0.7) digits 3.78 (0.8) digits 0.56 (0.9) digits 0.05†

Flanker % Correct (congruent) 92.4 (3.7) 94.6 (3.1) 2.2 (4.3) 0.08

Flanker % Correct (incongruent) 71.8 (18.2) 83.3 (17.1) 11.4 (24.9) 0.1

Flanker % Increase RT 29 (35.9) 21.3 (23.4) −7.7 (21.9) 0.16

SIS-memory score 73.3 (18.7) 76.7 (17.4) 3.4 (15.5) 0.26

†
p≤ 0.05 with one-tailed, paired t test

RT = Reaction time, SIS = Stroke Impact Scale
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Table 3

Change in measures of functional capacity following the intervention

Pre-intervention Post-intervention Change P-
value

VO2peak(ml/kg/m) 13.9 (4.5) 15.2 (4.3) 1.4 (2.4) 0.06

10-meter walk speed (m/s) 0.6 (0.5) 0.7 (0.6) −0.08 (0.1) 0.08

6-minute walk (m) 760 (696.3) 826.3 (661) 66.3 (117.2) 0.06

Fugl-Meyer 87.7 (29.1) 91.2 (26.4) 3.6 (5.7) 0.05†

SIS Total 526.4 (101.1) 560.2 (100.5) 33.8 (38.5) 0.02†

SIS Mobility Subscale 252.1 (83) 266.4 (67.6) 14.2 (25) 0.06

†
p≤ 0.05 with one-tailed, paired t test

VO2peak = peak oxygen uptake, SIS = Stroke Impact Scale, s = seconds, m = meters
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Table 4

Correlation between change in aerobic fitness and cognitive measures.

Pearson Correlation Coefficient (r) with
Change in VO2peak

p value

Change in SIS-memory score 0.567 0.11

Change in Flanker (congruent) 0.588 0.1

Change in Flanker (incongruent) 0.74 0.02†

Change in Flanker RT Cost −0.231 0.55

Change in Digit Span Backwards −0.485 0.19

†
p≤ 0.05 with one-tailed, paired t test

SIS = Stroke Impact Scale, RT = reaction time
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