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ABSTRACT. Rimmer JH, Rauworth AE, Wang EC, Nicola
L, Hill B. A preliminary study to examine the effects of
erobic and therapeutic (nonaerobic) exercise on cardiorespi-
atory fitness and coronary risk reduction in stroke survivors.
rch Phys Med Rehabil 2009;90:407-12.

Objectives: To compare the effects of 3 different exercise
raining regimens on cardiorespiratory fitness and coronary risk
actor reduction in subjects with unilateral stroke.

Design: A cluster assignment by residential location repeated-
easures design.
Setting: University-based medical center.
Participants: Fifty-five subjects with unilateral ischemic

troke were assigned to the following groups: intensity (n�18),
uration (n�19), and therapeutic exercise (n�18).
Intervention: A 14-week intervention with subjects ran-

omized to 1 of 3 interventions: (1) moderate intensity, shorter
uration (MISD) exercise (gradually increasing exercise inten-
ity while keeping exercise duration constant at 30 min), (2)
ow-intensity, longer duration (LILD) exercise (gradually in-
reasing duration to 60 min while keeping exercise intensity
onstant), or (3) conventional therapeutic exercise (TE) con-
isting mainly of strength, balance, and range of motion activ-
ties. All groups exercised 3 days per week.

Main Outcome Measures: Peak oxygen consumption
VO2peak), submaximal oxygen consumption (V̇O2), lipid
anel, and resting blood pressure.
Results: The MISD group attained more favorable effects on

ystolic (P�.04) and diastolic blood pressure (P�.002) and
otal cholesterol (TC) (P�.036) compared with LILD and TE
roups. Both MISD (P�.029) and LILD (P�.045) showed
ignificant reductions in triglycerides compared with TE
P�.029). There was no significant change in VO2peak and
ubmaximal V̇O2 in any of the groups.

Conclusions: Overall, both MISD and LILD conditions
chieved greater clinical and significant gains in coronary risk
eduction compared with TE.

Key Words: Cerebrovascular accident; Coronary circula-
ion; Exercise; Rehabilitation; Stroke.

From the Departments of Disability and Human Development (Rimmer, Rau-
orth), College of Nursing (Wang), Department of Orthopedic Surgery (Nicola),
niversity of Illinois, Chicago, IL; and Advocate Christ Medical Center (Hill), Oak
awn, IL.
Supported in part by the National Institutes of Health National Center for Medical

ehabilitation Research (grant no. HHS5R21HD40988).
No commercial party having a direct financial interest in the results of the research

upporting this article has or will confer a benefit on the authors or on any organi-
ation with which the authors are associated.

Reprint requests to James H. Rimmer, PhD, University of Illinois at Chicago, Dept
f Disability and Human Development, 1640 W Roosevelt Rd (M/C 626), Chicago,
L 60608-6904.
0003-9993/09/9003-00453$36.00/0
doi:10.1016/j.apmr.2008.07.032
© 2009 by the American Congress of Rehabilitation
edicine

EGULAR PHYSICAL ACTIVITY MAKES STRONG,
positive contributions to optimal health and well-being in

he general population,1-3 and there is growing evidence that
hysical activity has substantial health benefits in improving
ardiorespiratory and musculoskeletal fitness in persons with
troke.4-13 However, what is less clear is the volume and type
f exercise that is associated with coronary risk reduction (ie,
ardiorespiratory fitness, blood pressure, blood lipids) in this
opulation.14,15 Exercise interventions that expose stroke pa-
ients to various types and amounts of exercise are needed to
etermine the most effective treatment strategies for reducing
he risk of coronary heart disease and recurrent stroke in this
opulation.4,16,17

We conducted a preliminary study to examine the effects of
bouts of aerobic exercise (higher intensity/shorter duration vs

ower intensity/higher duration) compared with nonaerobic
herapeutic exercise in stroke survivors. Our hypothesis was
hat the MISD and LILD training programs would elicit greater
oronary risk reduction compared with nonaerobic conven-
ional therapeutic exercise and that the MISD group would
chieve greater gains than the LILD group.

METHODS

esign
This pilot study used a cluster assignment (by geographic

ocation because of the complexity of transporting subjects by
an to the exercise facility and keeping the roundtrip travel
ime to under 2 hours) repeated-measures design to assess the
reatment effects of 3 different types of training: (1) MISD
erobic training, (2) LILD aerobic training, and (3) conven-

List of Abbreviations

BMI body mass index
ECG electrocardiographic
ES effect size
HDL-C high-density lipoprotein cholesterol
HRR heart rate reserve
LDL-C low-density lipoprotein cholesterol
LILD lower intensity, longer duration
MISD moderate intensity, shorter duration
ROM range of motion
TC total cholesterol
TE therapeutic exercise
TG triglycerides
VO2peak peak oxygen consumption

V̇O2 oxygen consumption

Arch Phys Med Rehabil Vol 90, March 2009



t
c
a
s
g
(
s

i
c
c
d
g
w
u
c
e
p
c
p
t
p
t
d

S

r
t
b
m
l
M
s
a
a

P

e
c
p
c

l
d
t
p
b
b
o
b

h
w
p

i
m
v
f
f
D
l
f

E

t
u
M
s
b
c
w
r
p
c
a
H
T
w
r
a
u
w
e
c
f
S
m
i
d
i

b
p
m
a

E

t
l

A
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A

ional TE. All subjects were transported to 1 location on the
ampus of a large medical center that contained a fitness center
nd rehabilitation room; they received their intervention at
eparate times of the day to avoid contamination between
roups. Health outcomes included cardiorespiratory fitness
VO2peak and submaximal V̇O2), blood lipids, and blood pres-
ure.

Table 1 presents a schematic of the research design. Partic-
pants were conveniently assigned to 1 of the 3 experimental
onditions. The MISD group was designed to gradually in-
rease participants’ intensity of exercise while keeping exercise
uration constant (30 min). The LILD group was designed to
radually increase the length of exercise (30 to 45 to 60 min)
hile keeping exercise intensity constant. The TE group sim-
lated a conventional rehabilitation program for stroke patients
onsisting of gait training, balance, strength, and flexibility/ROM
xercises. The study lasted 14 weeks, which included a 2-week
hase-in period. Participants were assessed on targeted out-
ome measures at baseline and at the end of the study. Both the
articipant and data collector were blinded to the study’s hypo-
heses. The study protocol and consent document were ap-
roved by the Office for the Protection of Research Subjects at
he university-based medical center where the study was con-
ucted.

ample and Setting
A total of 55 participants with unilateral stroke who had

esidual weakness and/or spasticity of the affected lower ex-
remity were recruited from the neurology department. Eligi-
ility criteria included the following: (1) poststroke at least 6
onths, (2) 18 years of age or older, (3) independently ambu-

atory with or without an assistive device, (4) score on the
ini-Mental State Examination18 of 16 or greater, (5) permis-

ion from their physician to participate in the exercise program,
nd (6) participation in the program was not contraindicated by
dverse events occurring during exercise.

reintervention Screening
Before the study began, each participant received a thorough

xplanation of the study procedures and was required to sign a
onsent form. During the course of the intervention, free trans-
ortation was provided to and from the university-based fitness
enter for all participants.

Participants were transported to the human performance
aboratory to perform a fasting blood draw, resting electrocar-
iogram, resting heart rate, resting blood pressure, and basal
emperature. They were given explicit directions on how to
repare for each visit. Project staff called participants the night
efore their scheduled visit to remind them to fast before their
lood test. To be approved for the VO2peak testing, which
ccurred on a separate day after the prescreening, participants’

Table 1: Study Design

Time Period

Intensity-Oriented Program (MISD)

Intensity D

Phase in (0–2 weeks) —
3–6 weeks Low (40%–49% HRR) 3
7–10 weeks Low moderate (50%–59% HRR) 3
11–14 weeks High moderate (60%–69% HRR) 3

bbreviations: HRR, heart rate reserve; NA, not applicable.
lood tests (ie, complete blood count, enzymes, protein levels) s

rch Phys Med Rehabil Vol 90, March 2009
ad to be within normal limits. If the preliminary blood work
as acceptable, participants returned for a second visit to
erform a graded exercise test.
Before exercise testing, each participant completed a screen-

ng instrument that included demographic information and
edical history. The health information included (1) the indi-

idual’s risk of coronary disease, (2) supervisory requirements
or exercise testing and training, (3) potential contraindications
or participation in the study, and (4) physical activity history.
etermination of these factors was based on the criteria estab-

ished in the American College of Sports Medicine Guidelines
or Exercise Testing and Training.19

xercise Testing and Measurements
Peak oxygen uptake. A symptom-limited graded exercise

est (VO2peak) was performed on an electronically braked
pright stationary cycle. VO2peak was assessed with a Sensor-
edics 2900 Metabolic Carta under the supervision of a phy-

ician and exercise physiologist. The machine was calibrated
efore each test with standard gases. Heart rate was monitored
ontinuously with a Marquette 12-lead ECG machine.b The
orkload was automatically adjusted by the metabolic cart. A

amp cycle ergometer testing protocol was used, which allowed
articipants to begin cycling at a workload of 20W and in-
reased by 10W every minute until maximal effort was
chieved. Participants were instructed to pedal at 60 rev/min.
eart rate and blood pressure were recorded every 2 minutes.
ests were terminated if one or more of the following criteria
ere met: (1) respiratory exchange ratio �1.1, (2) peak heart

ate within �10 beat/min of age-predicted maximal value, (3)
bnormal blood pressure response or ECG reading, and (4)
nable to continue pedaling above 50 rev/min. Participants
ho successfully completed the graded exercise test were

ligible for the study. Individuals who had adverse coronary
hanges (n�4) during exercise testing were excluded and re-
erred for further follow-up to their primary care physician.
ubmaximal V̇O2 at 40W was used as a measure of economy of
ovement. Energy cost for a particular activity is a general

ndicator of economy of movement.20 This measure was taken
uring the pre/post progressive exercise test at the same time
nterval.

Blood lipid panel. Participants performed an overnight fast
efore having their blood drawn (venipuncture) by a certified
hlebotomist or nurse at a referenced laboratory at a major
edical center. Blood measures included TC, HDL-C, LDL-C,

nd TG.

xercise Training Interventions
Subjects in the intensity-oriented program (MISD) achieved

heir target intensity level through changes in exercise work-
oad (eg, increasing or decreasing rev/min or resistance on a

Intervention Protocols

Experimental Condition

Duration-Oriented Program (LILD) Therapeutic exercise (TE)

n Intensity (�50%HRR) Duration Intensity Duration

— — — —
Low 30 min NA 60 min
Low 45 min NA 60 min
Low 60 min NA 60 min
and

uratio

—
0 min
0 min
0 min
tationary cycle or recumbent stepper). Exercise intensity was
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409EXERCISE AND CORONARY RISK REDUCTION IN STROKE SURVIVORS, Rimmer
et using the HRR established from the graded exercise test.
he MISD group gradually increased the intensity of exercise
y 10% every 4 weeks (40%–49%, 50%–59%, 60%–69%
RR). The duration-oriented group (LILD) maintained an in-

ensity level below 50% of HRR while increasing exercise time
rom 30 to 45 to 60 minutes in 4-week increments. The TE
roup participated in a conventional rehabilitation program for
4 weeks for approximately 60 minutes directed by a physical
herapist. Activities included gait training, balance, strength,
nd ROM exercises. The session began with 10 minutes of
assive ROM exercises on a mat table for the upper and lower
xtremities. This was followed by 30 minutes of gait and
alance training. Activities included walking up and down a
allway with therapist input to facilitate normal movement
atterns and to teach subjects how to avoid compensatory
ovement patterns. After a brief rest period, a series of balance

xercises were performed that required stepping over various-
ized bolsters and small objects to compensate for shifts in
eight and center of gravity. The session ended with strength-

ning activities that focused on the lower extremities with more
mphasis on the hemiparetic side. Sessions were on Monday,
ednesday, and Friday. All groups exercised 3 days per week.
missed session was made up the following week on a

eparate day (Tuesday or Thursday) from the regularly sched-
led program.
During each exercise session, resting blood pressure and

eart rate were recorded when participants arrived to the ex-
rcise facility. Resting diastolic blood pressure had to be less
han 100 mmHg to begin exercising. Blood pressure and heart
ate were recorded several times during the exercise session.
oth MISD and LILD interventions consisted of a warm-up
eriod, exercise program, and a cool-down period. Exercise
essions were supervised by an exercise physiologist and phys-
cal therapist and several student interns to allow individual
onitoring and to maintain treatment fidelity (ie, exercising at

he recommended intensity/duration). The medical director was
n call to answer any questions that the staff had pertaining to
specific subject. Subjects wore a Polar Vantage XL heart rate
onitorc that was programmed with an audible beeper to keep

hem exercising in the appropriate target heart rate zone. Par-
icipants with diabetes were required to bring their own porta-
le glucometer and take a blood glucose measurement before
nd after the exercise class.

ata Analysis
Before final statistical analysis, preliminary data were ana-

yzed by using univariate and graphic methods wherever ap-
licable to facilitate inspection and interpretation of the data.
utliers and influential observations were identified and

hecked for accuracy. Data error because of data-entry over-
ight was appropriately corrected. Data were summarized by
sing descriptive statistics (eg, means and SDs for continuous
ariables, counts and frequencies for categoric variables).
aseline characteristics were compared using F tests (for con-

inuous variables) or chi-square tests (for categoric data) to
dentify baseline differences in demographics and physiologi-
al and functional measures among the 3 experimental groups.
y using on-treatment approach (including only subjects with
omplete data), paired t tests were conducted to assess pre-post
hanges in fitness (BMI, VO2peak, submaximal V̇O2), resting
lood pressure, and blood lipids (TC, HDL-C, LDL-C, TGs)
ithin each group. Finally, generalized linear mixed models
ere performed to test the effects of the exercise intervention

intensity or duration) on each outcome measure over time by
sing an intent-to-treat approach (including all subjects ran-

omized to the study). Significance was established at an alpha r
evel of .05. All statistical analyses were performed by using
AS 9.1 statistical software.d

RESULTS
Figure 1 provides a detailed study flowchart. Thirteen sub-

ects were excluded for the various reasons listed in the figure.
he remaining subjects (n�55) were assigned to 1 of 3 exper-

mental groups. Four subjects were lost to follow-up in the
ISD group, and 5 subjects were lost to follow-up in the LILD

nd TE groups.
Table 2 shows the subject demographics by experimental

ondition. Subjects were predominantly black (67%) women
60%) with a mean age of 59.6 years. Approximately 82% of the
articipants were overweight (BMI �25), and 56% were obese
BMI �30). The cardiorespiratory fitness level (VO2peak) of
ur stroke subjects was very low, with a mean baseline of 13.0
L·kg�1·min�1. Nondisabled, sedentary but otherwise healthy

ndividuals for the same age and sex typically have VO2peak
evels that range between 25 and 30 mL·kg�1·min�1.5 Subjects
n the TE group were somewhat older and had a lower BMI
han the other 2 treatment groups, although this was not sta-
istically significant (P�.05). There were no significant differ-
nces in sex, race, and baseline VO2peak values among the 3
xperimental groups.

Table 3 presents means and SDs for pre-post exercise out-
omes by designated group. The ESs ranged from 0.01 to 0.76
or the MISD group, 0.009 to 0.50 for the LILD group, and
.004 to 0.39 for the TE group. There was a significant (P�.05)
re-post reduction for the MISD group with moderate effect
izes in resting blood pressure (both diastolic, ES�0.76, and
ystolic, ES�0.56), TC (ES�0.72), and TG (ES�0.73) but
MI (ES�0.01), submaximal V̇O2 (ES�0.40), VO2peak (ES�
.09), HDL-C (0.04), and LDL-C (ES�0.47) were not statis-
ically significant. The LILD group also exhibited a significant

Fig 1. CONSORT diagram.
eduction (P�.05) in TG (ES�0.50) but did not attain signif-

Arch Phys Med Rehabil Vol 90, March 2009
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A

cance on the other outcomes (BMI, ES�0.01; submaximal
˙ O2, ES�0.33; VO2peak, ES�0.20; diastolic BP, ES�0.49;
ystolic BP, ES�0.46; TC, ES�0.42; HDL-C, ES�0.15;
DL-C, ES�0.03). None of the pre-postchanges on any out-
omes was significant in the TE group, and the largest ES was
n TG (ES�0.39).
By using an intent-to-treat approach, table 4 provides similar

esults on coronary risk factors (ie, cardiorespiratory fitness,
lood pressure, lipid panel) for the generalized linear mixed
odels analysis. There were significant group/time interaction

ffects on diastolic blood pressure, TC, and LDL-C. Post hoc
ontrast analysis indicated that the MISD group attained more
avorable effects on diastolic blood pressure, TC, and LDL-C
cross time compared with the TE group (P�.05) but not the
ILD group. There was also a significant time effect for TG

P�.007) because all 3 groups showed a decrease over the
4-week intervention period. Compared with the TE group, the

Table 2: Subj

Total (N�55) Intens

Age (mean�SD) 59.6�10.2 55.
Sex, n (%)

Male 22 (40) 6
Female 33 (60) 12

Race, n (%)
White 10 (18) 2
Black 37 (67) 13
Hispanic 6 (11) 2
Other 2 (4) 1

BMI (kg·m2) (mean�SD) 31.9�7.8 33
Affected side, n (%)

Right 23 (42) 7
Left 28 (51) 10
Unknown 4 (7) 1

VO2peak (mL·kg�1·min�1) (mean�SD) 13.0�4.9 14
Comorbidities, n (%)

Diabetes 17 (31) 6
Hypertension 41 (75) 13
Congestive heart failure 4 (7) 1

F test for continuous variables; chi-square test for categoric variab

Table 3: Outcome Measures by Pr

Variables

MISD (n�14)

Pretest Posttest
Effect
Size P*

Cardiorespiratory fitness
BMI (kg.m2) 33.3�9.0 33.2�9.1 .011 .818 3
Submaximal V̇O2(40W) 10.61�3.8 9.36�2.3 .398 .190 9
VO2peak (mL·kg�1·min�1) 15.06�7.4 15.71�7.6 .087 .239 13

Blood pressure
Diastolic (mmHg) 77.7�10.3 69�12.6 .756 .002 8
Systolic (mmHg) 129.5�13.5 119.2�22.0 .564 .048 13

Lipid panel (mg/dL)
Total cholesterol 173.6�25.6 158.2�16.3 .718 .036 18
HDL-C 52.5�14.8 51.9�16.1 .039 .747 5
LDL-C 101�23.4 91.4�16.6 .473 .192 9
TG 100.6�42.4 73.8�29.9 .731 .029 13
OTE. Values are mean � SD unless otherwise indicated. Boldface value
Paired t test; 4, 5, and 5 subjects in MISD, LILD, and TE groups, respect

rch Phys Med Rehabil Vol 90, March 2009
ISD group also showed overall significantly lower TC
P�.027) and LDL-C (P�.035). Post hoc comparisons found
o differences on any health outcomes between MISD and
ILD groups. Overall, there were no significant group/time
ffects on VO2peak, submaximal V̇O2, and HDL-C.

DISCUSSION
The findings from this preliminary study partially supported

ur hypothesis that an MISD training protocol would elicit
reater improvements on selected coronary risk factors (ie,
lood pressure, lipids) compared with LILD aerobic exercise
nd conventional nonaerobic TE. Although the LILD group
howed a similar trend as the MISD group, the gains were
maller and only one of the measures reached statistical sig-
ificance (TG). The conventional TE group showed no signif-
cant improvement on any of the outcomes.

emographics

Intervention Group

P*18) Duration (N�19) Therapeutic exercise (N�18)

.6 59.4�7.1 63.7�9.1 .059
.772

8 (42) 8 (44)
11 (58) 10 (56)

.459
2 (11) 6 (33)

15 (79) 9 (50)
2 (11) 2 (11)
0 (0) 1 (6)

0 33.0�8.2 28.9�5.0 .124
.052

11 (58) 5 (28)
5 (26) 13 (72)
3 (16) 0 (0)

9 12.5�3.7 12.4�3.7 .461

7 (37) 4 (22) .607
15 (79) 13 (72) .862
1 (5) 2 (11) .780

ttest and Experimental Condition

LILD (n�14) TE (n�13)

st Posttest
Effect
Size P* Pretest Posttest

Effect
Size P*

5.7 30.5�5.3 0.009 .887 29.6�5.4 29.4�5.1 .038 .432
2.0 8.95�1.8 0.329 .371 9.59�2.2 9.89�2.8 .119 .509
3.6 14.02�3.9 0.200 .279 12.57�4.2 12.22�3.6 .090 .467

10.4 78.3�13.6 0.487 .081 77.3�11.5 76.8�8.8 .049 .875
13.2 122.3�22.3 0.458 .188 130.3�17.3 127.7�15.6 .158 .575

35.5 170.3�19.1 0.424 .113 196.1�41.8 196.3�50.9 .004 .963
27.5 54�21.4 0.154 .340 57.7�18.3 59.2�23.3 .072 .475
29.8 96.1�16.9 0.025 .935 113.2�35.1 119.5�40.3 .167 .280
61.9 106.4�70.5 0.503 .045 113.1�63.1 92.6�40.8 .386 .128
ect D

ity (N�

7�12

(33)
(67)

(11)
(72)
(11)
(6)

.8�9.

(39)
(56)
(5)

.3�6.

(33)
(72)
(6)
e-Pos

Prete

0.5�

.57�

.27�

4.2�

0.7�

2.4�

7.8�

6.7�

9.8�
s indicate statistical significance (ie, � .05).
ively, did not complete the posttest.
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Surprisingly, we did not see a statistically significant im-
rovement in cardiorespiratory fitness (VO2peak) or submaxi-
al V̇O2 for any of the groups. However, subgroup analysis

howed small, clinical improvements of 4.3% for the MISD
roup and 5.7% for the LILD group on VO2peak, whereas the
E group had a contrary reduction of 2.8%. Although we were
xpecting changes in VO2peak to be similar to previously
eported values from randomized controlled trials (9.0%8 to
2.5%),12 it is difficult to make comparisons across studies
ecause of the heterogeneity of the sample (eg, age, race/
thnicity, disability status, length of stroke, type and severity of
troke, body composition, etc). Our stroke cohort had very high
ean BMIs (M�31.9 kg·m2�7.8), and the majority were

bese (56%), and predominantly black (67%) women (60%).
lthough there were no improvements in VO2peak or submaxi-
al V̇O2, the percent improvement in submaximal V̇O2, which

as been reported to be an indicator of improved physiologic
eserve and gross motor efficiency,5,20 was 11.8% (ES�0.40)
or the MISD group and 6.4% (ES�.33) for the LILD group,
hereas the TE group had a contrary reduction of 3.1%. These
ndings could be considered clinically relevant for the MISD
roup in particular and to a lesser extent for the LILD group
ased on their moderate effect sizes and percent improvement.
The nonsignificant findings on the cardiorespiratory fitness

utcomes could be caused by the study’s low statistical power.
ecause of the small sample size, the pilot study was only
owered to detect a minimum effect size of 0.50 for within
actor, 0.75 for between factor, and 0.47 for the within-between
nteraction at an alpha level of .05. A larger study is warranted
or further investigation of these interesting trends.

There is a need to continue to explore the utility of aerobic
xercise training programs in stroke survivors to determine the
recise training doses needed to achieve coronary risk factor
eduction (ie, blood pressure, lipids).15 A shorter-duration (30
in), higher-intensity training bout may be more practical in

erms of application in rehabilitation and community-based
ettings in which supervision time may be limited or adherence
o longer-duration aerobic exercise (ie, 60 min) may be difficult

Table 4: Results of Mixed M

Cardiorespiratory Fitness

Submaximal V̇O2 V

b* P b

Time 0.396 .695 �0.613
Group (MISD)† �0.535 .597 1.675
Group (LILD)† �0.963 .344 0.692
Time�group (MISD) �1.552 .132 1.351
Time�group (LILD) �0.948 .351 1.452

Total Cholesterol

b P b

Time 0.633 .530 0.736
Group (MISD)† �2.277 .027 �0.680
Group (LILD)† �1.572 .123 �0.740
Time�group (MISD) �2.115 .040 �0.686
Time�group (LILD) �1.544 .130 �1.439

OTE. Boldface values indicate statistical significance (ie, � .05).
Standardized coefficient.
Reference group for experimental condition was TE.
o attain for many stroke survivors. c
Although research on nondisabled populations often as-
ociates “dose response” with all-cause mortality,1 what
ay be more important for stroke survivors is the need to

xamine the effects of exercise training in enhancing or
aintaining functional mobility, reducing coronary risk and

ecurrent stroke, and minimizing certain secondary condi-
ions (eg, fatigue, severe deconditioning). Rehabilitation
rofessionals need more effective treatment strategies for
argeting these outcomes in people with stroke, and future
linical trials should continue to identify specific dose-
esponse effects of various forms of aerobic exercise train-
ng.

tudy Limitations
The small sample size, group assignment based on geo-

raphic cluster, lack of an attentional control group, and the
ignificantly higher percentage of blacks who were obese limit
he generalizability of our findings to the broader population of
ersons with stroke. Similarly, only subjects approved through
n in-depth medical screening were allowed to participate in
he study. Although subjects were blinded to specific treatment
utcomes, it was impractical to completely blind testers to
ubject treatment assignment during aerobic exercise training
s a result of personnel constraints. However, every effort was
ade to reduce bias among testers by not allowing pretest data

o be known during posttesting. Although our data are intrigu-
ng in terms of showing a trend for more favorable gains in
oronary risk factor reduction with the higher intensity, shorter
uration bout of exercise, more research is needed with larger
amples to determine the precise dose of aerobic exercise
eeded to achieve coronary risk reduction in this population.

CONCLUSIONS
This preliminary study showed that an aerobic exercise

raining program for chronic stroke survivors using a higher-
ntensity, shorter duration threshold (50%–70% HRR for 30
in per session 3 days a week) resulted in more favorable

s on Coronary Risk Factors

Blood Pressure

k
Diastolic Blood

Pressure
Systolic Blood

Pressure

P b P b P

.542 �0.035 .972 �0.350 .728

.100 �1.663 .102 �1.041 .303

.492 �0.194 .847 �0.789 .434

.183 �2.134 .038 �1.184 .242

.153 �0.982 .331 �0.532 .597

Lipid Panel

LDL-C Triglycerides (TG)

P b P b P

.466 1.557 .126 �1.507 .007

.500 �2.175 .035 �0.990 .327

.463 �1.693 .097 0.515 .609

.496 �2.247 .029 �0.410 .684

.157 �1.178 .245 �0.482 .632
odel

O2pea

HDL-C
hanges in certain coronary risk factors compared with a lower-
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ntensity, longer duration training program (�50% HRR for 60
in per session 3 days a week) and a conventional (nonaero-

ic) therapeutic exercise program. Although our findings
howed a positive trend in coronary risk reduction with the
horter, more intense bout of exercise, the small sample size
ffected our ability to find significance on several key out-
omes.

Coronary risk reduction is an essential part of treatment for
troke survivors.16,21 The use of aerobic exercise in reducing
lood pressure and blood lipids in persons with chronic stroke
an have a substantial benefit in their overall health and well-
ess during and after recovery.22-26 Randomized controlled
rials with adequate power are needed to establish more evi-
ence that aerobic exercise training has a significant effect on
oronary risk reduction in stroke populations.
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