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ABSTRACT. Baert I, Daly D, Dejaeger E, Vanroy C, Van-
landewijck Y, Feys H. Evolution of cardiorespiratory fitness
after stroke: a 1-year follow-up study. Influence of prestroke
patients’ characteristics and stroke-related factors. Arch Phys
Med Rehabil 2012;93:669-76.

Objectives: To examine changes in cardiorespiratory fitness
over the first year poststroke and explore the effect of prestroke
patients’ characteristics and stroke-related factors on this
evolution.

Design: Descriptive, longitudinal study with repeated mea-
ures of exercise capacity at 3, 6, and 12 months poststroke.

Setting: Rehabilitation center and exercise testing laboratory.
Participants: Consecutive sample of patients with stroke

(N�33; mean age � SD, 59.0�11.3y).
Interventions: Not applicable.
Main Outcome Measures: Peak oxygen consumption

(VO2peak) and oxygen uptake efficiency slope (OUES) were
determined during a symptom-limited graded cycle ergometer
test at 3, 6, and 12 months poststroke. Age, sex, premorbid
physical activity level, clinical history (smoking, diabetes mel-
litus, chronic pulmonary diseases, cardiovascular diseases,
overweight, and hypertension), stroke type and area, side of
lesion, and assessments of stroke severity were evaluated at
intake.

Results: Mean VO2peak � SD was 18.1�6.6mL·kg�1·min�1,
9.8�8.0mL·kg�1·min�1, and 19.7�8.4mL·kg�1·min�1 at 3, 6,

and 12 months poststroke. Values for OUES were 1575.3�
638.3, 1710.7�710.3, and 1687.2�777.5, respectively. Mixed
models showed no significant difference over time for VO2peak
(P�.10), nor for the logarithm of OUES (P�.09). Stroke
survivors at risk of deconditioning were premorbidly less ac-
tive at work or in sport activities, diabetic, or initially more
severely impaired. Combination of factors revealed that older
patients with stroke and diabetes were less likely to improve on
VO2peak and that older, women, diabetic nonsmokers im-
roved less on log OUES.
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Conclusions: Cardiorespiratory fitness was reduced from 3 to
12 months poststroke and on average did not significantly
change over time. Further studies should elucidate methods of
increasing cardiorespiratory fitness during stay in the rehabil-
itation center and how community-based aerobic exercise train-
ing postrehabilitation can be organized.

Key Words: Cerebrovascular accident; Exercise; Rehabili-
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© 2012 by the American Congress of Rehabilitation
Medicine

CARDIORESPIRATORY FITNESS (CRF) is poor in per-
sons with stroke,1 with previous studies reporting a mean

eak oxygen consumption (VO2peak) (an indicator of aerobic
capacity) that ranged from 11.4�3.72 to 17.3�7.0mL·kg�1·min�1.3

This is 50% to 60% of the age- and sex-matched normative
values in healthy persons. Low exercise capacity may be com-
pounded by the increased energy cost of movement associated
with residual functional deficits and may therefore contribute to
low social participation4 and poor quality of life. In addition to
isease prevention, enhanced aerobic capacity also has bene-
cial effects on functional abilities and independent living.5 A
ecent meta-analysis6 supported the use of aerobic exercise

training to improve CRF in mildly or moderately impaired
stroke survivors and suggested that aerobic exercise is an
important component of stroke rehabilitation. It is nevertheless
unclear if current stroke rehabilitation programs induce an
aerobic training effect and if long-term benefits are retained.
Although previous studies2,3,6-19 have documented the reduced
CRF, these studies were mostly interventions and focused on
either the subacute or chronic phase. To our knowledge, the
longitudinal evolution of physical fitness over the first year
poststroke has not been previously studied.

It remains to be seen if prestroke health-related conditions
and if stroke-related factors (eg, stroke type, area, and initial

List of Abbreviations

BI Barthel Index
CRF cardiorespiratory fitness
FAC Functional Ambulation Categories
MMSE Mini Mental State Examination
NIHSS National Institutes of Health Stroke scale
OUES oxygen uptake efficiency slope
RMA-GF Gross Motor Function of the Rivermead Motor

Assessment
RPE Ratings of Perceived Exertion scale
TIS Trunk Impairment Scale
VE minute ventilation
V̇O2 oxygen consumption

VO2peak peak oxygen consumption
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A

severity) influence recovery of CRF. Knowledge of the
influencing factors on CRF would enable identification at
intake in the rehabilitation center of those at higher risk of
(further) deconditioning. As a consequence, cardiovascular
exercise training should be a therapeutic goal for these
patients at risk and be started as early as possible. In the
healthy population, CRF has been related to several factors,
such as age, sex, level of physical activity, smoking, obesity,
cardiovascular diseases, chronic diseases, and resting heart
rate.20,21 It is unclear whether these factors, many of which
are also risk factors for stroke, are of similar importance in
the stroke population. Only a few studies have looked into
determinants of CRF poststroke.11,13,16,18 Age was found to

e negatively associated with VO2peak.11,13 Significant pos-
itive relationships were also found between VO2peak and the

ugl-Meyer test,18 the Berg Balance Scale,16 and the Barthel
ndex (BI),11 indicating that less disabled persons have a
etter CRF. These studies assessed CRF in either the sub-
cute or chronic phase and samples were usually small,
ncluding only mild to moderately impaired patients with a
ean age �50 years. Testing protocols varied from tread-
ill walking with and without body-weight support to semi-

ecumbent or upright stationary cycling. No studies exam-
ned factors influencing the evolution of CRF. Furthermore,
actors such as sex, clinical history, stroke type, stroke area,
nd side of lesion have never been investigated.

The purpose of this study was (1) to examine changes in
RF between 3, 6, and 12 months poststroke and (2) to
xplore the effect of prestroke patients’ characteristics and
troke-related factors on this evolution. This information
ould aid in developing more individualized rehabilitation
rograms.

METHODS

articipants
Fifty stroke patients consecutively admitted to the stroke

ehabilitation unit in the University Hospital, Leuven, Belgium,
ere recruited for the study on a volunteer basis. Screening
as done by the physician of the unit. The inclusion criteria
ere (1) first-ever stroke as defined by the World Health
rganization,22 (2) age �75 years, and (3) able to compre-

hend simple test instructions. The exclusion criteria were (1)
other neurologic disorders with permanent damage, (2) pre-
stroke BI score23 �50, (3) unable to perform a maximal
xercise test in accordance with absolute contra-indications
or exercise testing by the American College of Cardiology
oundation/American Heart Association,24 and (4) unable or
efusal to provide informed consent. Eligible participants
ere verbally informed, received written information, and

igned an informed consent form. The study was approved
y the Medical Ethical Committee of the Leuven University
ospital.

ssessments
Exercise testing. CRF was assessed at 3, 6, and 12
onths poststroke. Three months was chosen as the initial
easurement moment as spontaneous recovery of lower-

imb function occurred by 10 weeks poststroke.25 Partici-
pants were asked to avoid heavy exertion or exercise/sport
on the day of testing. CRF was assessed during a symptom-
limited graded cycle ergometer test on an electronically
braked, upright stationary bicyclea under the supervision of

physician and with continuous 10-lead electrocardiogram.b
The test procedure was explained to the participants and
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they were then familiarized with the testing equipment.
After this, after 3 minutes of seated rest on the stationary
bicycle, the participants started to pedal at 10W, with work-
load increments of 10W/min until voluntary cessation. Par-
ticipants were instructed to pedal at a comfortable rate
between 30 and 60 revolutions per minute and verbally
encouraged to continue as long as possible to reach maximal
effort. Exercise tests could also be terminated based on the
American College of Sports Medicine criteria.26 During
cycling, expired air was collected breath-by-breath and an-
alyzed at 10-second intervals with computerized open-cir-
cuit spirometry.c Volume and gas calibrations were done
before each test. Peak VO2 was determined as an average of

alues recorded between 20 and 50 seconds of the last fully
ompleted increment. Although this parameter is most fre-
uently used as a measure of CRF, it is influenced by the
atient’s motivation. Therefore, the oxygen uptake effi-
iency slope (OUES) developed by Baba et al27 was used as
second outcome measure. The OUES is an estimation of

ardiopulmonary function even at submaximal exercise and
s determined using the equation V̇O2 � a log10 VE � b,
here V̇O2 is oxygen consumption and VE is minute venti-

ation. When V̇O2 in mL/min is plotted on the y axis and VE
in L/min is plotted on the semilog transformed x axis, the
slope of this linear relationship, “a,” represents the rate of
increase in V̇O2 in response to VE and is defined as the
OUES, whereas b is the intercept. As such, OUES provides
an estimation of the efficiency of ventilation with respect
to V̇O2, with greater slopes indicating greater ventilatory
efficiency. The first 30 seconds and last 10 seconds of the
ergometer test were omitted to calculate OUES values.
Other descriptive measures of exercise testing were max-
imal workload, peak heart rate, respiratory exchange ratio
peak, and Borg’s 16-point Ratings of Perceived Exertion
(RPE) scale.28 Intake of beta-blocker medication was
recorded.

Prestroke patients’ characteristics. Patients’ characteris-
tics were age at stroke onset, sex, premorbid physical activ-
ity level, and clinical history. Participants were questioned
on their premorbid physical activity level with the Baecke
Physical Activity Questionnaire, which is composed of 3
distinct dimensions: work, sport, and leisure activity.29 The
clinical history of each participant was recorded by the
physician of the stroke unit based on the patients’ general
medical record, including smoking habits and comorbidities
such as diabetes mellitus, chronic pulmonary diseases (eg,
chronic obstructive pulmonary disease), cardiovascular dis-
eases (eg, myocardial infarction, atrial fibrillation, coronary
heart disease), overweight (body mass index �25), and
hypertension. The latter was defined as systolic blood pres-
sure �160mmHg and/or diastolic blood pressure �95mmHg
based on several measurements or a 24-hour registration.
Patients treated with antihypertensives were considered to
have high blood pressure.

Stroke-related factors. Stroke severity on admission to the
rehabilitation center was assessed by the National Institutes of
Health Stroke Scale (NIHSS),30 Mini Mental State Examina-
tion (MMSE),31 Trunk Impairment Scale (TIS),32 Gross Motor
Function of the Rivermead Motor Assessment (RMA-GF),33

Functional Ambulation Categories (FAC),34 and BI.23 Type of
stroke (ischemic or hemorrhagic), stroke area (cortical, subcor-
tical, cerebellum-brainstem, or subarachnoidal), and side of
lesion (left, right, or both) were also recorded.

Treatment characteristics. To describe the rehabilitation
program undertaken by the participants in the current study,

length of stay at the stroke rehabilitation unit, time between
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stroke onset and admission to the stroke rehabilitation unit,
number of patients returning home at 3, 6, and 12 months
poststroke, and therapy received were documented. The infor-
mation on therapy received was based on registered thera-
pies during the stay at the stroke rehabilitation unit and
questioning in the home situation. At discharge, the patients
were given a written prescription for specific therapies.
Because nursing therapy was not registered during the stay
at the stroke rehabilitation unit, this type of therapy was not
retained. The types of therapy prescribed were physiother-
apy, occupational therapy, speech therapy, neuropsychol-
ogy, medical care, and exercise-sport activities. Frequency
(times/wk) and duration (min/wk) of therapy received were
averaged for the periods admission to the stroke rehabilita-
tion until 3 months poststroke, 3 to 6 months poststroke, and
6 to 12 months poststroke.

Data Analysis
Descriptive statistics were calculated for prestroke pa-

tients’ characteristics and stroke-related factors. Only par-
ticipants who could execute the exercise test at least twice
were retained for the analyses. Differences between the
included and excluded patients were verified with t tests,
Median tests, or chi-square tests, as appropriate. To evaluate
the differences for change in CRF (VO2peak and OUES),
repeated-measures regression models (proc mixed) were
used. Mixed models allow handling of missing data. In these
models, the intercept varied between subjects, and the re-
gression slopes were assumed to be fixed effects. OUES
values underwent logarithmic transformation to obtain nor-
mative distribution.

To further explore the evolution of CRF, patients were also
subdivided into 3 categories (improved, remained stable, and
deteriorated), separately for the periods 3 to 12 months, 3 to 6
months, and 6 to 12 months poststroke. The criterion for
improvement or deterioration was based on the standard error
of measurement of VO2peak (�2.0mL·kg·�1·min�1) given in a
reliability study by Eng et al.3

To determine which factors have an effect on the evolution
of CRF, interactions between time and covariates were univari-
ately entered in mixed models. Covariates of interest were
prestroke patients’ characteristics (age at stroke onset, sex,
prestroke Baecke work, sport and leisure index, smoking hab-
its, presence of diabetes mellitus, chronic pulmonary diseases,
cardiovascular diseases, overweight, and hypertension) and
stroke-related factors (stroke type, stroke area, side of lesion,
NIHSS, MMSE, TIS, RMA-GF, FAC, and BI). Only categor-
ical variables with at least 5 patients in each category (15%)
were retained. Multivariate analyses were then applied to
evaluate if combinations of factors have an influence on the
evolution of CRF. Interactions with a P�.10 in the univar-
iate models were entered in a multivariate mixed model, for
the prestroke patients’ characteristics and stroke-related fac-
tors separately. The remaining interactions with a P�.10 of
both categories were then included in a final model. Age and
sex were always kept in the model. In all analyses, P�.05
was considered significant. Data were analyzed with SAS
9.2.d

RESULTS

articipants
One hundred thirty patients, under the age of 75 years,

ere admitted to the stroke rehabilitation unit during the

tudy period. Of these, 80 patients did not fulfill the inclu-
ion criteria (not the first stroke: n�14; no recent stroke:
�18; not able to comprehend simple oral instructions:
�3; other neurologic impairment: n�7; refused consent: n�
9; unable to perform an exercise test: n� 9). Of the 50

remaining patients with stroke included in this study, 17
patients were assessed only once (n�7) or not at all (n�10)
and were therefore excluded. Of the 7 who were assessed
only once, 3 withdrew and 4 were incapable of performing
the cycle ergometer test because of medical complications
(eg, hip fracture, pneumonia), no sitting balance, or no
selective leg movement. Of the 10 who were not assessed at
all, 2 withdrew and 8 were incapable of performing the cycle
test. There were no significant differences between the 33
patients that remained in the study and the 17 excluded
patients with respect to age (P�.35), sex (P�.72), stroke
type (P�.28), side of lesion (P�.91), and comorbid condi-
ions prestroke (except cardiovascular disease, P�
03). In the exclusion group, significant higher values for
IHSS (P�.03) and significant lower values for TIS

P�.04) and FAC (P�.01) were found. Prestroke patients’
haracteristics and stroke-related factors of included pa-
ients are presented in table 1.

Table 1: Prestroke Patients’ Characteristics and Stroke-Related
Factors (N�33)

Variables Values

Prestroke patients’ characteristics
Age at stroke onset, mean � SD 59.0�11.3
Sex, men/women, n (%) 23 (70)/10 (30)
Comorbid conditions

Smoking, n (%) 15 (45.5)
Overweight, n (%) 16 (48.5)
Cardiovascular disease, n (%) 11 (33.3)
Pulmonary disease, n (%) 3 (9.1)
Diabetes mellitus, n (%) 5 (15.2)
High blood pressure, n (%) 19 (57.6)
Physical activity level

BPAQ work index, mean � SD 2.7�0.6
BPAQ sport index, mean � SD 2.3�0.8
BPAQ leisure index, mean � SD 2.4�0.8

Stroke-related factors
Stroke type

Ischemic, n (%) 26 (79)
Hemorrhagic, n (%) 7 (21)

Stroke area
Cortical, n (%) 20 (61)
Subcortical, n (%) 5 (15)
Cerebellum-brainstem, n (%) 6 (18)
Subarachnoidal, n (%) 2 (6)

Side of lesion
Left, n (%) 17 (53)
Right, n (%) 10 (31)
Both, n (%) 5 (16)

Stroke severity outcomes on admission
NIHSS, mean � SD 4.5�4.0
MMSE, mean � SD 25.9�4.0
TIS, mean � SD 16.8�3.9
RMA-GF, median (IQR) 8 (5–12)
FAC, median (IQR) 3 (1–5)
BI, mean � SD 66.7�26.7
Abbreviations: BPAQ, Baecke Physical Activity Questionnaire; IQR,
interquartile range.
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Treatment Characteristics
Treatment characteristics are presented in table 2. The ma-

jority of patients were still residing in the rehabilitation center
at 3 months poststroke, while at 12 months poststroke almost
all had returned home. Frequency and duration of therapies
received decreased over time, except for exercise-sport activ-
ities. Nevertheless, the number of patients actually participat-
ing in exercise-sport activities decreased.

Evolution of CRF
Outcome variables of exercise testing at 3, 6, and 12

months poststroke are summarized in table 3. Individual
performance on VO2peak and OUES at 3, 6, and 12 months

oststroke is presented in figure 1. On the RPE scale, 88%,
7%, and 97% of the participants exerted themselves at least
somewhat hard” during the exercise testing at 3, 6, and 12
onths poststroke, respectively. Mixed models showed no

ignificant difference over time for VO2peak (P�.10), nor
for log OUES (P�.09) (table 4).

Changes in VO2peak between 3 and 6 months and between 6
and 12 months poststroke are shown in figure 2. Between 3 and
6 months poststroke, 46% of patients improved, 33% remained
stable, and 21% deteriorated. Between 6 and 12 months post-
stroke, 26% improved, 48% remained stable, and 26% deteri-
orated. Over the entire 1-year follow-up period (3–12mo post-
stroke), 46% improved, 27% remained stable, and 27%
deteriorated. Only 6 of the patients who improved over 3 to 6
months poststroke further improved or remained stable be-
tween 6 and 12 months poststroke. Four patients began to
improve only after 6 months poststroke.

Influencing Factors on the Evolution of CRF
Stroke area and pulmonary diseases were not retained as

covariates, as �15% of patients were found in either category.
Results of the univariate and multivariate mixed model analy-
ses are shown in tables 4 and 5. Univariate analysis revealed
significant interactions with Baecke work and sport indexes,
diabetes, TIS, and BI for VO2peak. For log OUES Baecke
work, diabetes, side of lesion, TIS, RMA-GF, FAC, and BI
were significant covariates. Multivariate mixed model showed
significant interactions between time and the covariates age,
diabetes for VO2peak and age, diabetes, sex, and smoking
habits for log OUES.

DISCUSSION
The primary aim of this study was to examine changes in

CRF between 3, 6, and 12 months poststroke. Neither
VO2peak nor log OUES changed significantly over time,
implying that on average CRF did not change during and
after stay in the rehabilitation center. Figures 1 and 2 also
show the wide range of exercise capacity and great diversity
in evolution of CRF between participants. This may even be
underestimated, as those with the most significant disability
after stroke were removed or were unable to complete the
study. MacKay-Lyons and Makrides14 also found no signif-
cant difference in VO2peak, measured during treadmill
alking with 15% body-weight support, between 3 and 6
onths poststroke. Although nearly half of the therapy

eceived was spent in physiotherapy and exercise-sport until
months poststroke, this seemed insufficient to significantly

hange CRF between 3 and 6 months poststroke. Previous
tudies35,36 documented the duration and intensity of therapy
n patients with stroke. MacKay-Lyons and Makrides35

stated that the time per physiotherapy session spent in

activities capable of inducing a cardiorespiratory training

rch Phys Med Rehabil Vol 93, April 2012
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effect was low (2.8�0.9min), and was negligible (0.7�
0.2min) per occupational therapy session between 2 and 14
weeks poststroke. Kuys et al36 showed a mean intensity of

4% heart rate reserve during standing and walking activi-
ies, which was insufficient to cause a cardiorespiratory
raining effect. Clarification is needed on how stroke reha-
ilitation could be adapted to obtain a greater cardiorespi-
atory training effect.

Beyond 6 months, on average CRF did not change sig-
ificantly and individual exploration showed that only one
ourth improved their fitness. A recent meta-analysis6 sup-
orted the use of aerobic exercise training to improve CRF
n mildly or moderately impaired stroke survivors. Improve-
ents in VO2peak from 8%9 to 17%15 have been reported in

erobic training studies involving patients with chronic
emiparesis. Although data are lacking on follow-up to
valuate long-term benefits and future studies should ex-
lore the effect of dose (intensity, frequency, and duration)
nd type (aerobic training, muscle strengthening, or a com-
ination) of training, a systematic offering of functional
xercise programs and sport activities in the community
eems worthwhile. We should also develop motivational
trategies for patients with stroke to encourage a more active
ifestyle.

Mean � SD values of VO2peak at 3, 6, and 12 months
ere 18.1�6.6mL·kg�1·min�1, 19.8�8.0mL·kg�1·min�1, and

19.7�8.4mL·kg�1·min�1, which is between 63% to 70% of
hat of the age-matched, healthy sedentary men and 65% to
9% of women.26 Yates et al2 reported a mean VO2peak � SD
f 11.4�3.7mL·kg�1·min�1 at 70�27.8 days poststroke, and
uncan et al12 reported 11.5�3.1mL·kg�1·min�1 at 76�
8 days poststroke. This is clearly lower than the 18.1�
.6mL·kg�1·min�1 found in this study at a similar measure-
ent time. In both studies,2,12 exercise testing continued

ntil maximal effort, defined as 90% of maximal predicted
eart rate. In our study approximately one third exceeded
his limit, which may contribute to the higher VO2peak.

acKay-Lyons and Makrides14 found a mean VO2peak of
17.3�7.0mL·kg�1·min�1 at 6 months poststroke. Inclusion

f sport activities in the rehabilitation program might ex-
lain our slightly higher value. Previous studies1,3,7,9,10,14-17,19

evaluating CRF in the chronic phase (�6mo poststroke)
howed VO2peak values from 11.7�2.8 to 17.3�

7.0mL·kg�1·min�1, all below 19.7�8.4 as found in our
tudy. The upper age limit of 75 years and the presence of
hiefly men participants in our study may have contributed
o this higher value. To our knowledge, the present study is

Table 3: CRF at 3, 6, and

Variable 3 Months

VO2peak (mL·kg�1·min�1) 18.1�6.6
Men (n�23) 19.6�7.2
Women (n�10) 14.9�3.4

OUES (mL/min O2)/(L/min VE) 1575.3�638
Men (n�23) 1801.4�650
Women (n�10) 1098.2�214

Workload peak (W) 112.9�55.0
HR peak (bpm) 128.9�31.2
RER peak 1.02�0.11
RPE scale 13.5�1.4

OTE. Data are presented as mean � SD. Abbreviations: bpm, beat
ratio.
he first in which OUES values were calculated in the stroke a
opulation. Values were 77% to 82% of healthy men and
9% to 79% of healthy women.37 In the present study,

Spearman correlations between VO2peak and OUES were
igh (.78, .72, and .86) at 3, 6, and 12 months poststroke.
ven higher correlations were found (.89, .91, and .94 at 3,
, and 12mo poststroke, respectively) when OUES was
xpressed per kilogram body weight. As most patients did
ot reach a respiratory gas exchange ratio value of 1.1 or
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12 M

.3

.2
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Fig 1. Individual performance on VO2peak (A) and OUES (B) at 3, 6,
nd 12 months poststroke (N�33).
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more, the parameter OUES, which is a reflection of sub-
maximal exercise, might be more appropriate.

Our second aim was to explore the effect of prestroke
patients’ characteristics and stroke-related factors on the
evolution of CRF. Although some differences exist between
factors influencing the evolution of VO2peak and log OUES,
general conclusions could be drawn. Univariate analysis
revealed that stroke survivors at risk of deconditioning were
premorbidly less active at work or in sport activities, dia-
betic, or initially more severely impaired. These results
suggest that present rehabilitation therapies are not suffi-
cient to change CRF for premorbidly less active persons,
and that extra stimulation may be required to change their
sedentary lifestyles. Guidance postrehabilitation will be es-
sential to retain long-term benefits. Although optimal recov-
ery of functional performance is a prerequisite to improve
CRF, additional aerobic training for initially more severe
stroke patients is needed. A multivariate approach high-
lighted that older patients with stroke and diabetes were less
likely to improve their VO2peak value while older, women,

iabetic nonsmokers improved less on log OUES. Clearly,
atients with stroke with diabetes, especially if elder-
y, should participate in aerobic exercises. The fact that
lder, women, diabetic smokers improved more than older,
omen, diabetic nonsmokers on log OUES is probably

aused by cessation of smoking habits. No other study
nvestigated factors influencing the evolution of CRF after
troke, and therefore comparison with the literature was not

Table 4: Univariate Mixed Model Analyses for Evoluti

Outcome Effect*

VO2peak (mL·kg�1·min�1) Evolution
Time

Prestroke patient ch
Time � BPAQ wor
Time � BPAQ spo
Time � diabetes

No
Yes

Stroke-related factor
Time � TIS
Time � BI

Log OUES (mL/min O2)/(L/min VE) Evolution
Time

Prestroke patient ch
Time � BPAQ wor
Time � diabetes

No
Yes

Stroke-related factor
Time � side of les

Left
Right
Both

Time � TIS
Time � RMA-GF
Time � FAC
Time � BI

Abbreviations: BPAQ, Baecke Physical Activity Questionnaire; O2, o
*Only significant interactions are retained.
easible. p

rch Phys Med Rehabil Vol 93, April 2012
tudy Limitations

Some methodologic issues have to be considered when
nterpreting the data. Of the 50 recruited patients, only 33
ere included for further analysis. The 17 excluded patients
ere more severely impaired. Results of the present study

hould not be generalized because of the small sample
ecruited from 1 institution and exclusion of severe stroke
atients. Further research should explore the evolution of
tness in this group by adapting the cycle ergometer test (eg,
road seat with backrest, foot fixation, calf assists). Sec-
ndly, some factors, such as residence and intake of beta-
locker medication, may have changed during the 1-year
ollow-up period and may have influenced fitness. These
onfounders were not controlled. However, only 1 patient
hanged beta-blocker intake over time. Exploratory correla-
ion analysis revealed no significant relation (r�.30) be-
ween CRF and residence at 3, 6, and 12 months poststroke.

Nonetheless, this study provided an insight into the longitu-
inal evolution of CRF over the first year after stroke and the
ossible risk factors of deconditioning. Moreover, a new index
f CRF, the OUES, was introduced in this population. This
ndex was more sensitive in detecting risk factors and may as
uch be promising as an alternative measure in intervention
tudies. Future research should evaluate the evolution of CRF
n a larger stroke sample with a wide range of disability to
onfirm current results and should monitor fitness after 1 year

Cardiorespiratory Fitness and Its Influencing Factors

n F P Estimate

33 2.72 .10 .004
ristics

13 5.23 .03 .003
31 3.86 .05 .002

33 5.11 �.01 .006
�.009

33 4.36 .04 �.001
33 4.01 .05 �.001

33 3.02 .09 �.001
ristics

13 4.88 .04 �.001

33 3.54 .04 �.001
��.001

32 4.61 �.01 �.001
��.001

�.001
33 5.27 .03 .006
33 4.47 .04 �.001
33 3.29 �.01 �.001
33 5.18 .03 .002

.
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CONCLUSIONS
CRF was reduced from 3 to 12 months poststroke and did

ot on average significantly change during and after stay in the
ehabilitation center. Individual data exploration showed that
ess than half of the sample improved their fitness from 3 to 12
onths poststroke and only one fourth improved beyond 6
onths. Exercise-based interventions of sufficient intensity,

requency, and duration should be initiated in the rehabilitation

3 to 6 months post-stroke

11 +
(46%)

2 +

4 =

3 -

2 ?

24
subjects

3 -

2 ?

8 = (33%)

1+

6 =

1 -1 -

3 +

1 =

1 -1 -

5 new
subjects

1+

2=

2-

+ improvement

= remains stable

-  

? unknown

6

5 -
(21%)

Table 5: Multivariate Mixed Model Analyses for Influen

Outcome n �2

VO2peak (mL·kg�1·min�1) 33 78.90

Log OUES (mL/min O2)/(L/min VE) 33 42.66
Abbreviation: O2, oxygen.
Only significant interactions are retained.
enter and continued in the community. Stroke survivors at risk
f deconditioning were premorbidly less active at work or in
port activities, diabetic, or initially more severely impaired.
ombining factors revealed that older patients with stroke with
iabetes were less likely to improve on VO2peak, and older,

women, diabetic nonsmokers improved less on log OUES. This
study provided a better understanding of fitness recovery after
stroke.

7 +
(26%)

13 = (48%)

SUMSUM

27
subjects

months post-stroke

7 -
(26%)

Fig 2. Individual changes in
VO2peak between 3 and 6 months
and between 6 and 12 months
poststroke.

Factors on the Evolution of Cardiorespiratory Fitness

P Effect* F P

�.001 Time � age 14.26 �.001
Time � diabetes 11.31 �.001

�.001 Time � age 43.12 �.001
Time � diabetes 8.28 �.001
Time � sex 6.01 .02
Time � smoking 4.54 .04
to 12
cing
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