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Feasibility of Aerobic Interval Training in
Nonambulant Persons after Stroke
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ABSTRACT

Background: Modifiable cardiovascular risk factors are prevalent and poorly managed in people after stroke. Aerobic exercise
is effective in reducing many modifiable cardiovascular risk factors after stroke but is challenging and under-researched in
nonambulant persons. This pilot study aimed to investigate the feasibility of aerobic interval training in nonambulant persons
after stroke.

Methods: Acrobic exercise was performed on an upright or semi-recumbent cycle ergometer. Participants were prescribed
4 x4-min intervals of exercise at 85% maximum age-predicted heartrate (APHR ) witha 3-min active recovery at 70%APHR
per 30-min session, 3 times per week for 10 weeks. Heart rate, rating of perceived exertion, workload, cadence, and duration of
exercise achieved were recorded for each interval.

Results: Nine participants (mean+SD; age 62+12 y; 5 males) unable to walk without assistance after stroke (2.9+3.9 y) were
recruited. There were no adverse events reported, but there was one dropout (due to bronchitis). Attendance for the remaining
participants was 93+6%. The mean training %APHR __ was 72414% for the higher intensity interval and 57+21% for the
recovery interval. The mean increase in training workload between weeks 1 and 10 was 11.2+11.6 W (27+28%) for the higher
intensity interval and 4.0+ 7.7W (17+33%) for the recovery interval. The mean increase in VO, was2.3£2.9 mL-kg'*min™"
(18+22%) over the 10-week intervention.

Conclusion: Aecrobic interval training at a moderate-vigorous intensity on an upright or recumbent cycle ergometer is feasible
for nonambulant persons after stroke. Aerobic interval training should be further investigated to determine its potential to
improve cardiorespiratory fitness after stroke and risk factors for recurrent stroke. Journal of Clinical Exercise Physiology.
2019;8(3):97-101.
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INTRODUCTION dyslipidemia) are extremely prevalent and poorly managed
People with stroke are at increased risk of subsequent car- in people with mild-to-moderate hemiparetic weakness after
diovascular events, with the cumulative risk of stroke recur- stroke (2,3).
rence being 26.4% at 5 years (1). Modifiable cardiovascular A recent meta-analysis reported the effectiveness of
risk factors (e.g., obesity, hypertension, hyperglycemia, and aerobic exercise in reducing many modifiable cardiovascular
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TABLE 1. Eligibility criteria for participants recruited for the upper limb rehabilitation study.

Inclusion Criteria
216 years old

Clinical diagnosis of ischemic or hemorrhagic stroke

Upper limb movement deficit, i.e., score <52 on the ARAT or <63 on the WMFT

Able to undertake aerobic exercise training
Medical clearance

Exclusion Criteria

Upper limb movement deficits attributable to nonstroke pathology

Unable to lift hand off lap when asked to place hand behind head (gross motor task from the ARAT)

Severe fixed contractures of elbow or wrist (i.e., grade 4 on the modified Ashworth scale)

Moderate to severe receptive aphasia (<10 on ‘receptive skills’ of Sheffield Screening Test for Acquired Language Disorders)

ARAT = Action Research Arm Test; WMFT = Wolf Motor Function Test

risk factors after stroke, including reducing systolic blood
pressure, fasting glucose, and fasting insulin, and increasing
high-density lipoprotein cholesterol, providing evidence for
its use as a secondary prevention strategy (4). The current
guidelines for physical activity and exercise after stroke state
that multiple shorter bouts of moderate-intensity exercise
may be better tolerated by stroke survivors than longer con-
tinuous exercise (5). Continuous vigorous exercise may be
challenging to sustain for many people after stroke, which
may decrease exercise adherence (6). Interval training
involves concentrated bouts of relatively vigorous exercise
interspersed with bouts of recovery of varying duration and
intensity and is feasible in the subacute stage of recovery
from mild-moderate stroke (7). A study examining the effects
of 3 different exercise interventions reported that 30 min of
moderate-intensity aerobic exercise was more effective in
reducing systolic and diastolic blood pressure, total choles-
terol, and triglycerides than either 60 min of lower intensity
aerobic exercise or nonaerobic exercise in persons indepen-
dently ambulant after stroke (8).

The recent meta-analysis by D’Isabella et al. (4)
reported that only 1 of the 18 studies included had enrolled
severe or nonambulatory participants, and this study used
only low-intensity aerobic exercise (9). Another meta-anal-
ysis highlighted the lack of studies investigating whether
improved levels of cardiorespiratory fitness (CRF) can be
obtained in those with greater impairments after stroke (10).
Considering the risks of sedentary behavior for secondary
stroke (11), as well as the sedentary nature of being nonam-
bulant after stroke, it is reasonable to assume that these
individuals are at a high risk of secondary events. Although
it may be more challenging to establish effective exercise
interventions for them, given the potential for greater ben-
efits and better tolerability of interval training compared to
longer continuous exercise, further research to establish its
feasibility was warranted. This pilot study aimed to investi-
gate the feasibility of aerobic interval training in nonambu-
lant persons after stroke.

METHODS

This is a convenience sample of participants recruited for a
pilot, randomized, controlled, upper limb rehabilitation
study that used aerobic interval exercise training in one arm
of the study (eligibility criteria presented in Table 1) (12,13).
This brief report presents pre-post data on the subgroup of
participants who were not ambulant and were randomized to
the intervention that included aerobic interval exercise.

Aerobic interval training was performed in a university
exercise rehabilitation research laboratory on a low entry
level upright (928G3, Monark, Sweden) or semi-recumbent
(RT2, Monark, Sweden) cycle ergometer. The specific
ergometer was prescribed according to individual ability and
impairment. Age-predicted maximum heart rate (APHR _ )
was calculated as 220-age, as recommended by the physical
activity and exercise guidelines for stroke survivors (5,14).
Participants were prescribed 4 x4-min intervals of high-
intensity exercise (85% of APHR_ ) with a 3-min active
recovery (70% of APHR__) period between each interval
(7), 3 times a week for 10 weeks. Heart rate (T31, Polar),
rating of perceived exertion (Borg 6-20) (RPE), workload in
Watts (W), cadence (RPM), and duration of exercise
achieved were recorded by an exercise scientist in the last 15
seconds of each interval. Workload was progressively
adjusted with the aim of maintaining the target heart rates or,
where not tolerable, an RPE of 14 to 16 during the higher
intensity interval and 12 to 13 for the recovery interval.

An incremental cycle ergometer test was performed at
baseline and follow-up during which oxygen consumption
was measured by a portable metabolic system (K4b2,
Cosmed, Rome, Italy), while cardiac rhythm and HR were
recorded by a portable electrocardiogram (ECG) (Quark
T12, Cosmed, Rome, Italy). Participants pedaled at 50 to 60
RPM beginning at a workload of 20W. Workload increased
by 10W increments every 30 seconds by adjusting resis-
tance. Gas exchange data were collected breath-by-breath
and averaged over 30 second intervals. Peak oxygen con-
sumption (VOzpeak), HR . and peak respiratory exchange

peak’
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ratio (RER) were determined as the highest value obtained
during 30 seconds of exercise. HR and RPE (15) were also
manually recorded every 30 seconds.

Descriptive statistics were calculated and presented as
means and standard deviations, or counts and percentages.
The primary outcome of this study was the mean training
%APHR __  values during the intervals. Effect sizes were
calculated as Cohen’s d.

RESULTS

Nine participants nonambulant after a stroke were recruited.
Table 2 presents participant characteristics at baseline.

There were no adverse events reported, but 1 participant
dropped out due to bronchitis. Attendance for the remaining
8 participants was 93+6% (i.e., 2842 out of 30 sessions).
The mean training %APHR __ at the end of each interval was
72+ 14% for the higher intensity interval and 57+21% for
the recovery interval. When the mean training HR values
were expressed relative to peak HR achieved in the baseline
incremental cycle ergometer test, this was 92+9% HR for
the higher intensity interval and 83+6% HR . for the
recovery interval. All participants except one achieved
>85% APHR at least once during the program with the mean
number of times being 28+49 of the 120 intervals over the
30 sessions. The mean change in training workload was
11.2+11.5W (27£28%) for the higher intensity interval and
4.0+7.7TW (17£33%) for the recovery interval. The mean

e Was  13£4.5 mL-kg"'min”' at baseline and
15.3+3.8 mL-kg"'min™" at follow-up, showing a mean
improvement of 2.3+2.9 mL-kg™!-min~' (18 £22%) over the
10-week intervention period. The mean RER was 1.09+0.17
at baseline and 1.22+0.17 at follow-up. The mean peak HR
was 77+17%APHR __ at baseline and 79+15%APHR__ at
follow-up. The mean workload was 68+33W at baseline and
84 +37W at follow-up, showing a mean increase of 17+23W
(25+34%).

Using the effect sizes of change in VO, (¢=0.55) and
peak workload (d=0.47) from this study, the estimated
sample size for a subsequent randomized controlled trial to
investigate efficacy of aerobic interval training is 53 partici-
pants per group to detect a statistically significant 2.34+2.9
mL-kg''min' change in VO, and 77 participants per
group to detect a statistically significant 17+23W change in
peak workload (a=0.05, $=0.8).

DISCUSSION

Acrobic interval training on a cycle ergometer is feasible in
nonambulant persons after stroke. Attendance was good,
there were no adverse events, and there was only 1 drop-out
unrelated to the study intervention. Compliance to the exer-
cise training protocol was good with participants demon-
strating an ability to perform high-intensity training, and on
average performed at a vigorous intensity (72+14%), as
measured by APHR . Although this vigorous intensity was
lower than targeted (85% APHR ), higher intensities may
not be achievable in this population as this represented
92+9%HR for the higher intensity interval and 83+6%

TABLE 2. Participant characteristics at baseline. Data are
mean=+SD or n (%).

Age (y) 62.1+11.7
Male 5 (56)
Months since stroke 34.6+£46.3
Paresis of prestroke dominant side 6167
No comorbidities 4 (44)
Comorbidities
Hypertension 4 (44)
Atrial Fibrillation 1(11)
Heart valve replacement 1(11)
Bilateral lung transplant 1(11)
Shortness of breath 2 (22)
Asthma 1(11)
Bilateral knee replacement 2 (22)
Osteoporosis 1(11)
Thyroid disease 1(11)
Factor V Leiden mutation 1(11)
BMI 26.9+5.5
WHR
Males 0.95+0.04
Females 0.82+0.04
MoCA 22+5
FAS 28.1+£8.0
IPAQ 1.8+£0.7

BMI = Body Mass Index; WHR = Waist-to-Hip Ratio; MoCA =
Montreal Cognitive Assessment (max = 30; normal > 26); FAS =
Fatigue Assessment Scale (max = 50; fatigue cut-off >24); IPAQ =
International Physical Activity Questionnaire (1 =low, 2 =
moderate, 3 = high)

HR_ for the recovery interval based on the HR_ ., of the
baseline incremental cycle ergometer test. Comparable
interval parameters have previously been shown to be feasi-
ble for persons with mild to moderate impairment after
stroke, who were able to perform aerobic interval training at
85% to 95% of HR (1) but, to our knowledge, this is the
first study to show that this intensity of interval training is
also feasible for nonambulant persons after stroke.

It should be noted that the physical activity and exer-
cise guidelines for stroke survivors state that prescribing
exercise training based on data from a symptom-limited
(other than cardiopulmonary limited) exercise test may
result in a lower training intensity than desired, as HR_
may underestimate true HR . Conversely, APHR _ may
overestimate true HR __, resulting in a higher intensity than
desired. This prescription challenge is reflected in the vari-
ance between the %APHR | and %HR _ values exhibited
by our participants during training. HR from an incre-
mental cycling test after stroke often occurs at approxi-
mately 74% to 86% of APHR _ (5), as was observed in our
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participants who peaked at 77+17%APHR _  at baseline
and 79+£15%APHR__ at follow up.

Our participants improved CRF by 2.3+£2.9 mL-kg™'-min"!
(18+22%) with 10 weeks of training 3 times per week. A pre-
vious meta-analysis calculated that a 2 mL-kg™'-min™" or 10%
to 15% improvement in CRF can be achieved by people with
stroke after an exercise training intervention (10). Data from
our small sample indicates that nonambulant persons may have
the same capacity to improve CRF as ambulant persons after
stroke. Improving CRF lowers the risk of first-ever stroke and
mortality in persons with and without atrial fibrillation, diabe-
tes mellitus, and hypertension (16,17). Given the sedentary
nature of this population, the importance of exercising at an
intensity sufficient to improve CRF is reflected by a large
study (n=26,483) in people without known cardiovascular
disease that found that estimated CRF, but not physical activ-
ity, abolishes the increased odds of cardiovascular risk factors
associated with sedentary behavior which is ubiquitous after
stroke (18,19).

Further research is needed to determine the importance
of CRF in the prevention of secondary stroke, as well as the

REFERENCES

1. Mohan KM, Wolfe CDA, Rudd AG, Heuschmann PU,
Kolominsky-Rabas PL, Grieve AP. Risk and cumulative risk of
stroke recurrence: a systematic review and meta-analysis.
Stroke.2011;42(5):1489-94.doi: 10.1161/strokeaha.110.602615.

2. Kopunek SP, Michael KM, Shaughnessy M, Resnick B, Nahm
ES, Whitall J, Goldberg A, Macko RF. Cardiovascular risk in
survivors of stroke. Am J Prev Med. 2007;32(5):408-12. Epub
2007 May 5. doi: 10.1016/j.amepre.2007.01.021. PubMed
PMID: 17478267; PubMed Central PMCID: PMCPMC1963444.

3. Mouradian MS, Majumdar SR, Senthilselvan A, Khan K,
Shuaib A. How well are hypertension, hyperlipidemia,
diabetes, and smoking managed after a stroke or transient
ischemic attack? Stroke. 2002;33(6):1656-9. Epub 2002 Jun
8. PubMed PMID: 12053007.

4. D’Isabella NT, Shkredova DA, Richardson JA, Tang A.
Effects of exercise on cardiovascular risk factors following
stroke or transient ischemic attack: a systematic review and
meta-analysis. Clin Rehabil. 2017;31(12):1561-72. Epub
2017 May 20. doi: 10.1177/0269215517709051. PubMed
PMID: 28523989.

5. Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA,
Johnson CM, MacKay-Lyons M, Macko RF, Mead GE, Roth
EJ, Shaughnessy M, Tang A. Physical activity and exercise
recommendations for stroke survivors. A statement for
healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2014;45(8):2532-53.
doi: 10.1161/str.0000000000000022.

6. Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and
displeasure people feel when they exercise at different
intensities: decennial update and progress towards a tripartite
rationale for exercise intensity prescription. Sports Med.
2011;41(8):641-71. doi: 10.2165/11590680-000000000-00000.

7. Askim T, Dahl AE, Aamot IL, Hokstad A, Helbostad J,
Indredavik B. High-intensity aerobic interval training for
patients 3-9 months after stroke: a feasibility study. Physiother

effectiveness of aerobic interval training in improving CRF
and cardiovascular risk factors for nonambulant persons
after stroke. Developing exercise interventions to avoid sub-
sequent stroke has been identified as a top ten research prior-
ity by persons after stroke, as well as their caregivers and
therapists (20).

CONCLUSION

Aerobic interval training at a moderate-vigorous intensity on
an upright or recumbent cycle ergometer is feasible and safe
for nonambulant persons after stroke. It should be further
researched to investigate its potential to improve CRF after
stroke and risk factors for recurrent stroke.

Clinical Implications

* Moderate-vigorous aerobic interval training on a cycle
ergometer is feasible in nonambulant persons after stroke.

» A small sample of nonambulant persons after stroke dem-
onstrated similar capacity to improve cardiorespiratory
fitness as their ambulant peers.

Res Int. 2014;19(3):129-39. Epub 2014 Jan 1. doi: 10.1002/
pri.1573. PubMed PMID: 24375978.

8. Rimmer JH, Rauworth AE, Wang EC, Nicola TL, Hill B. A
preliminary study to examine the effects of aerobic and
therapeutic (nonaerobic) exercise on cardiorespiratory fitness
and coronary risk reduction in stroke survivors. Arch Phys
Med Rehabil. 2009;90(3):407-12. Epub 2009 Mar 4. doi:
10.1016/j.apmr.2008.07.032. PubMed PMID: 19254604.

9. WangZ, Wang L, Fan H, Lu X, Wang T. Effect of low-intensity
ergometer aerobic training on glucose tolerance in severely
impaired nondiabetic stroke patients. J Stroke Cerebrovasc
Dis. 2014;23(3):e187-93. doi: https://doi.org/10.1016/j.
jstrokecerebrovasdis.2013.09.021.

10. Marsden DL, Dunn A, Callister R, Levi CR, Spratt NJ.
Characteristics of exercise training interventions to improve
cardiorespiratory fitness after stroke: a systematic review with
meta-analysis. Neurorehabil Neural Repair. 2013;27(9):
775-88.

11. Goldstein LB, Bushnell CD, Adams RJ, Appel LJ, Braun LT,
Chaturvedi S, Creager MA, Culebras A, Eckel RH, Hart RG,
Hinchey JA, Howard VIJ, Jauch EC, Levine SR, Meschia JF,
Moore WS, Nixon JV, Pearson TA. Guidelines for the primary
prevention of stroke: a guideline for healthcare professionals
from the American Heart Association/American Stroke
Association. Stroke. 2011;42(2):517-84. Epub 2010 Dec 4. doi:
10.1161/STR.0b013e3181fcb238. PubMed PMID: 21127304.

12. Valkenborghs SR, Visser MM, Dunn A, Erickson KI, Nilsson
M, Callister R, van Vliet P. AExaCTT — Aerobic Exercise and
Consecutive Task-specific Training for the upper limb after
stroke: protocol for a randomised controlled pilot study.
Contemp Clin Trials Commun. 2017;7:179-85. doi: https://
doi.org/10.1016/j.conctc.2017.07.009.

13. Valkenborghs SR, van Vliet P, Nilsson M, Zalewska K, Visser
MM, Erickson KI, Callister R. Aerobic exercise and
consecutive task-specific training (AExaCTT) for upper limb
recovery after stroke: a randomized controlled pilot study.

$S9208 93l) BIA Z20-90-GZ0Z e /wod Aioyoeignd-poid-swid-yiewlsiem-jpd-awiid//:sdiy wouy papeojumoq



INTERVAL TRAINING AFTER STROKE 101

14.

15.

16.

17.

Physiother Res Int. 2019; e1775. https://doi.org/10.1002/
pri.1775.

Eng JJ, Dawson AS, Chu K. Submaximal exercise in
individuals with stroke: Test-retest reliability and concurrent
validity with VO(2)max. Arch Phys Med Rehabil.
2004;85(1):113-8. PubMed PMID: PMC3167868.

Scherr J, Wolfarth B, Christle JW, Pressler A, Wagenpfeil S,
Halle M. Associations between Borg’s rating of perceived
exertion and physiological measures of exercise intensity. Eur
J Appl Physiol. 2013;113(1):147-55.

Pandey A, Patel MR, Willis B, Gao A, Leonard D, Das SR,
Defina L, Berry JD. Association between midlife
cardiorespiratory fitness and risk of stroke: the Cooper Center
Longitudinal Study. Stroke. 2016;47(7):1720-6. doi: 10.1161/
strokeaha.115.011532.

Hussain N, Gersh BJ, Gonzalez Carta K, Syd6 N, Lopez-
Jimenez F, Kopecky SL, Thomas RJ, Asirvatham SJ, Allison
TG. Impact of cardiorespiratory fitness on frequency of atrial

18.

19.

20.

fibrillation, stroke, and all-cause mortality. Am J Cardiol.
2018;121(1):41-9. doi: https://doi.org/10.1016/j.amjcard.2017.
09.021.

Nauman J, Stensvold D, Coombes JS, Wisloff U.
Cardiorespiratory fitness, sedentary time, and cardiovascular
risk factor clustering. Med Sci Sports Exerc. 2016;48(4):625-
32. Epub 2015 Nov 21. doi: 10.1249/mss.0000000000000819.
PubMed PMID: 26587846.

English C, Healy GN, Coates A, Lewis L, Olds T, Bernhardt J.
Sitting and activity time in people with stroke. Phys Ther.
2016;96(2):193-201. Epub 2015 Jun 27. doi: 10.2522/
ptj.20140522. PubMed PMID: 26112254,

Pollock A, St George B, Fenton M, Firkins L. Top 10 research
priorities relating to life after stroke—consensus from stroke
survivors, caregivers, and health professionals. Int J Stroke.
2014;9(3):313-20. Epub 2012 Dec 12. doi: 10.1111/.1747-
4949.2012.00942.x. PubMed PMID: 23227818.

140d3d HOJYVIS3Y 43149

$S900E 93J) BIA 20-90-G2Z0Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumo(



