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Abstract

Objective: To investigate the associations between participants’ adherence to a physical activity and exercise program after stroke and functional
recovery 18 months after inclusion.

Design: Secondary analyses of the intervention arm in the multisite randomized controlled trial Life After Stroke (LAST).

Setting: Primary health care services in 3 Norwegian municipalities.

Participants: Of the participants enrolled (N=380), 186 (48.9%) were randomized to the intervention. The study sample comprised community
dwelling individuals included 3 months after stroke, with mean age of 71.7 4+ 11.9 years and 82 (44.1%) women. According to the National
Institutes of Health Stroke Scale, 97.3% were diagnosed as having mild (National Institutes of Health Stroke Scale<8) and 2.7% with moderate
(8-16 on the National Institutes of Health Stroke Scale) stroke.

Intervention: Monthly coaching by physiotherapists encouraging participants to adhere to 30 minutes of daily physical activity and 45-60
minutes of weekly exercise.

Main Outcome Measures: The primary outcome was Motor Assessment Scale (MAS). Secondary outcome measures were 6-minute walk test,
Timed Up and Go (TUG), Berg Balance Scale (BBS), and the physical domains of the Stroke Impact Scale (SIS). Adherence was assessed by
combining participants’ training diaries and physiotherapists’ reports.

Results: The relationship between adherence and functional recovery was analyzed with simple and multiple linear regression models. Adjusted
for age, sex, dependency, and cognition, results showed statistically significant associations between adherence and functional outcomes after 18
months, as measured by MAS, TUG, BBS, and SIS (P<.026).

Conclusions: Increased adherence to physical activity and exercise was associated with improved functional recovery after mild to moderate stroke.
This emphasizes the importance of developing adherence-enhancing interventions. Dose-response studies are recommended for future research.
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barriers,” which limits their ability and motivation to engage in
physical activities over time.**

Adherence to treatment is proposed to be the key link between
an intervention and the achieved outcomes, and degree of adher-
ence is shown to have major influence on findings from clinical
research.” Hence, neutral results might reflect the lack of adher-
ence to the intervention, rather than the lack of beneficial effects
of the intervention.

Previous rehabilitation studies that evaluated how patient out-
comes were affected by adherence have provided evidence for a
positive dose-response relationship between adherence and func-
tional outcomes after stroke.®'" This research mainly focused on
hospital or inpatient rehabilitation within 6 months after onset of
stroke. To our knowledge, no studies have investigated whether
these findings are observable long term or among community-
dwelling individuals after stroke.

In the Life After Stroke (LAST) study, a randomized
controlled trial, regular individualized coaching over 18 months
post stroke established and maintained increased levels of
physical activity and exercise. In spite of this, there were no
significant differences in maintenance of motor function be-
tween the intervention arm and the control arm.'” Training di-
aries from LAST revealed large differences in adherence
between participants,'® and therefore, the true effect of the
physical activity and exercise program may have been watered
down. In a long-term follow-up program after stroke, detailed
information from diaries on adherence provides a unique op-
portunity to study the associations between adherence and
functional outcomes.

In the present study, participants in the intervention group
who were the most adherent to the physical activity and exer-
cise protocol of LAST were hypothesized to achieve better
functional recovery at follow-up. Hence, the primary aim of the
present study was to assess the associations between partici-
pants’ degree of adherence to physical activity and exercise and
motor function 18 months after inclusion. Secondary aims were
to evaluate the associations between participants’ adherence
and walking capacity, balance, and self-perceived func-
tional outcomes.

Methods

Study design, setting, and participants

LAST was designed as a pragmatic, single-blinded, parallel group,
multisite randomized controlled trial.'* The present study reports
secondary analyses of the associations between adherence to the
physical activity and exercise program applied in the intervention
group and functional outcomes of LAST.

List of abbreviations:

6MWT 6-minute walk test
BBS Berg Balance Scale
LAST Life After Stroke
MAS Motor Assessment Scale
MMSE Mini-Mental State Examination
mRS modified Rankin Scale
SIS Stroke Impact Scale
TUG Timed Up and Go test

Participants in LAST were recruited from October 18, 2011,
to June 26, 2014, at the outpatient clinics at the stroke units of
2 Norwegian hospitals. Inclusion criteria were the following:
diagnosed as having first-ever or recurrent stroke (infarction or
intracerebral hemorrhage), aged 18 years or older, discharged
from hospital or inpatient rehabilitation at inclusion, commu-
nity dwelling, modified Rankin Scale (mRS) score<5, and
cognitive function by Mini-Mental State Examination
(MMSE)>20 points (>16 points for participants with aphasia).
Exclusion criteria were serious medical comorbidity with short
life expectancy or a condition contraindicating motor training.
To ensure safety, in line with good clinical practice and the
current Norwegian guidelines,'® participants underwent a
complete medical history and a physical examination by a
medical practitioner during screening. Patients with uncom-
pensated heart failure and/or unstable coronary function were
excluded. Consenting participants allocated to the intervention
group were followed prospectively every month for 18 months
after inclusion.

LAST was approved by the Regional Committee of Medical
and Health Research Ethics (REC no. 2011/1427) and registered
with ClinicalTrials.gov (no. NCT01467206).

Intervention

In addition to standard care in line with the Norwegian national
guidelines,'* participants randomized to the intervention group
received a follow-up program delivered by the primary health care
services in 3 Norwegian municipalities.'”” The intervention
comprised individualized coaching on physical activity and ex-
ercise by a physiotherapist during 18 consecutive months. The
main purpose of coaching was to motivate and encourage the
participants to follow an individually adapted training program,
with regular meetings between the participant and the physio-
therapist once every month. During the first 6 months, the meet-
ings were planned face-to-face, preferably at the participant’s
home. During the following 6 months, every second meeting could
be a phone meeting if preferred, while 4 of the 6 meetings could
be phone meetings in the final 6 months. In the meetings the
physiotherapist would lead the conversation using elements from
motivational interviewing technique.'® Together, physiotherapist
and participant reviewed and reassessed the content and progres-
sion of the planned training schedule. To reduce the risk of
contamination of the intervention to the control group, only the
intervention group was encouraged to report detailed information
about physical activity and exercise. Setting and regular evalua-
tion of goals were also part of the intervention and were empha-
sized during follow-up.

Participants were encouraged to perform 30 minutes of phys-
ical activity 7 days a week in addition to 45-60 minutes of exercise
once a week. Based on the individuals’ preferences and goals,
schedules with at least 2 alternatives for physical activity and 2
alternatives for exercise were set every month. Physical activity
was defined as any physical movement that causes energy
expenditure due to skeletal muscle contraction, in accordance with
the World Health Organization’s definition.'” Examples of phys-
ical activities were walking, housework, or gardening. Exercise
was defined as planned, structured, repetitive, and purposeful in
the sense that its objective was improvement or maintenance of 1
or more components of physical fitness.'” Participants were
encouraged to aim at high intensity (ie, a score of 15-17 on the
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1526 received acute treatment in the
stroke unit at St. Olav’s University
Hospital and Baerum Hospital

159 deaths
43 not stroke

A 4

A

1324 screened for inclusion
at the outpatient clinic 10 to
16 weeks after the stroke

631 not eligible
298 institutionalized
142 comorbid
77 MMSE<20

16 enrolled in another study
8 did not speak Norwegian
v 90 unknown reasons

380 randomly assigned

313 declined participation

.

:

186 allocated to intervention group

194 allocated to control group

v

184 available MAS at inclusion |

42 discontinued allocated
intervention
9 died during follow-up <
17 withdrew
6 serious illness
10 other reasons/unknown

A

intervention

144 received allocated

33 did not meet at 18-month
follow-up A

9 died during follow-up
24 lost to follow-up l—|
17 withdrew

153 assessed MAS at
18-month follow-up

2 serious illness
4 not available
1 unknown

186 included in analysis

Fig 1

6-20 Borg scale'®) during exercise. Hiking, swimming, or bicy-
cling were examples of exercise.

Baseline assessments

At inclusion, age, sex, living condition, type of stroke, and
medical history were recorded. Stroke severity was measured
by the National Institutes of Health Stroke Scale,'® func-
tional dependency by mRS,”° and cognitive function by
the MMSE.”'

Primary outcome

The primary outcome measure was the Motor Assessment Scale
(MAS)—~ at 18-month follow-up. MAS evaluates functional
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Flow chart.

tasks, scored on a scale from 0-48 (maximum),”* and covers all
basic motor functions, for example, walking stairs and advanced
hand functions.”

Secondary outcomes

Walking capacity was measured by the 6-minute walk test
(6MWT),”> which quantifies the distance walked (m) during 6
minutes.”*?’

Balance was assessed by Timed Up and Go test (TUG) and the
Berg Balance Scale (BBS). TUG?® assesses balance, functional
mobility, and risk of falling, measuring the time taken to rise from
a chair, walk 3 m, turn, walk back, and sit down.”” The BBS
consists of 14 items, each rated on a 5-point ordinal scale ranging
from 0 (cannot perform the task) to 4 (independence), making the
total scores within a range of 0-56.%°"
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Table 1  Baseline demographics and clinical characteristics Table 2  Functional outcomes at inclusion and at 18-month
Participants’ Demographics and Stroke Intervention follow-up, estimates based on multiple imputation
Characteristics Group (N=186) 18-Month Follow-
Age (y), mean + SD 71.7 (11.9) Inclusion up

<80, n (%) 142 (76.3) Intervention Group n Mean (SE) n Mean (SE)
280, n (%) 44 (23.7) Instrument/domain
Sex, n (%) MAS (0-48), total sum 186  41.9 (0.5) 186  39.9 (0.9)
Female 82 (44.1) 6MWT (m) 186 391.1 (12.5) 186 371.6 (14.4)
Male 104 (55.9) TUG (s) 186 12.3(0.6) 186  19.5 (2.2)
Living: condition, no (%) BBS (0-56), total sum NA  NA 186 46.5 (1.2)
L1v1.ng with someone 130 (69.9) SIS muscle strength NA NA 186  78.1 (3.2)
Living alone 6 (30.1) (0-100)
BB, i 2 27 8 (2.3) SIS activities of daily NA  NA 186 81.0 (2.3)
>25, no (%) 164 (88.2) living (0-100)
<25, no (%) 2 (11.8) SIS mobility (0-100)  NA  NA 186 81.0 (2.3)
Time from stroke (d), mean £ SD 111.3 (24.5) 6 [l funEsonm NA  NA 186 77.8 (3.1)
Stroke type, no (%) (0-100)
Infarction 172 (92.5) SIS aggregate physical NA NA 186  79.5 (2.0)
Hemorrhage 14 (7.5) N R AU
NIHSS, mean + SD 1.5 (2.3) (0-100)
Mild stroke 181 (97.3)
<8, n (%) Abbreviation: NA, not applicable.
Moderate stroke 5 (2.7)
8-16, n (%) of physical activity and exercise immediately after each training
Severe stroke 0 (0) session. Additionally, the physiotherapists reported whether the
>16, n (%) participants had performed the training program in line with the
mRS, mean =+ SD 1. 45 (1.08) agreement at each appointment, and an overall estimation of
mRS=0, n (%) 4 (18.3) adherence was reported by the physiotherapists in standardized
mRS=1, n (%) 8 (41.9) separate adherence forms.' Comblmng data from these measures
mRS=2, n (%) 5 (19.3) made up the adherence measure.
mRS=3, n (%) 32 (17.3)
mRS=4, n (%) 6 (3.2) Statistical analyses
Comorbidity, n (%)
Previous stroke 9 (15.6) Descriptive statistics included participants’ demographics, clinical
TIA 0 (10.8) characteristics, and functional outcomes both at inclusion and at
Hypertension 0 (48.4) 18-month follow-up. Results were presented as n (%) and mean +
Myocardial infarction 9 (10.2) SD. For instrument scales with less than half of the items missing,
Heart failure 3 (1.6) the missing values were singly imputed using the expectation-
Atrial fibrillation 2 (17.2) maximization algorithm. The scores of participants who died in
Diabetes 5 (13.4) advance of the follow-up assessments were imputed as O on all
Lung diseases 19 (10.2) scales, except mRS (in which a score of 6 indicates death), TUG,

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; TIA,
transient ischemic attack.

Self-perceived functional outcomes were measured by the
Stroke Impact Scale 3.0 (SIS). SIS is a multidimensional self-
reported measure, divided into 8 subtests or domains, including 4
related to functional recovery.”® The four domains included in the
composite score were strength, hand function, mobility, and ac-
tivities of daily living/instrumental activities of daily living, each
rated on a scale from 0-100 (maximum).*>

Outcome measures were assessed both at inclusion and at
18-month follow-up, except BBS and SIS, which were assessed
only at follow-up.

Adherence

Adherence was assessed by self-reports in standardized training
diaries, in which participants were encouraged to report amounts

and the physical domains of SIS. Multiple imputation was used to
impute all other missing values, with m=100 imputations as
recommended by van Buuren.'*??

Participants performing at least 210 minutes of physical
activity during a week (eg, 30min 7d), and at least 45 minutes of
exercise, respectively, were defined as adherent to the treatment
protocol. Weeks with reported amounts of physical activity or
exercise below these limits were defined as nonadherent. Further,
number of weeks adherent to physical activity and exercise were
accumulated as total sums during the follow-up. With 4 weeks
within each month, the number of adherent weeks could possibly
range from 0-72 weeks. For those who died during follow-up or
discontinued the intervention, observations until death or discon-
tinuation were included in the further analyses.

Linear regression analyses were carried out with the functional
outcome scores of MAS, 6MWT, TUG, BBS, and the physical do-
mains of SIS, all measured at 18-month follow-up, as dependent
variables, and one at a time. Covariates of primary interest were
adherence to exercise, adherence to physical activity, and adherence
to both. The regression analyses were carried out both unadjusted and
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adjusted for the following covariates, 1 at a time and simultaneously:
age, sex, stroke severity as measured by mRS at inclusion, MMSE,
and the corresponding outcome variable score measured at baseline.

Two-sided P values<.05 were considered statistically signifi-
cant. Ninety-five percent Cls were reported where relevant. Sta-
tistical analyses were carried out in IBM SPSS version 24.0" and
Microsoft Excel 2010 for Windows."

.018
.020

NA
.026

01
.029
01

(I
NA

SIS Physical Domain (n=186)
<.001 42.307 38.889-45.725 .001 74.561 68.061-81.062 <.001

NA

Results

Of the 380 participants enrolled in LAST, 186 (48.9%) were
randomized to the intervention arm and included in the present
study (fig 1). Forty-two participants (22.6%) discontinued the
intervention, including 9 participants (4.8%) who died during
follow-up. In total, 144 participants received the allocated inter-
vention. All participants were invited to the 18-month follow-up
assessments, regardless of whether they had completed the inter-
vention or not. Hence, a total of 153 participants were eligible for
follow-up assessments at 18-months after inclusion. At follow-up,
some participants did not perform the complete test procedure
because of exhaustion, lack of capacity, or inability to walk
(n=130 assessed 6MWT, n= 148 assessed TUG, n=152 assessed
BBS, n=144 assessed SIS).

Mean age £ SD in the study sample was 71.7 £ 11.9 years and
82 (44.1%) were women (table 1). Most participants (97.3%)
suffered mild stroke with a score<8 points on the National In-
stitutes of Health Stroke Scale. Outcome measure scores at
baseline and at 18-month follow-up (table 2) reflected a relatively
high level of functional capacity and recovery.

The mean = SD number of weeks that participants were
adherent to the combination of physical activity and exercise
was 24.3 £ 21.3, ranging from 0-69 weeks. Adherence to
physical activity was 33.4 £+ 25.3 weeks and adherence to ex-
ercise was 36.9 + 24.0 weeks, ranging from 0-72 weeks. De-
tails of participants’ degree of adherence are reported
elsewhere. "

.001 0.203 0.033-0.373
.002 0.175 0.018-0.333
.001 0.209 0.041-0.378
.001 0.186 0.032-0.339
.001 0.205 0.033-0.376

NA
.001 0.167 0.021-0.314

BBS (n=186)
(I

006 0.175 0.070-0.279
.018 NA NA
015 0.148 0.057-0.239

.008 0.172 0.068-0.276
.012 0.152 0.057-0.247
.007 0.175 0.071-0.279
.008 0.163 0.066-0.259

TUG (n=186)

CI
.019 —0.255 —0.442 to —0.068

.028 —0.230 —0.409 to —0.051
.012 —0.259 —0.446 to —0.072
.017 —0.243 —0.423 to —0.062
.019 —0.262 —0.450 to —0.074
.101 —0.216 —0.395 to —0.037
.086 —0.216 —0.391 to —0.041

6MWT (n=186)

(I

Associations of adherence with primary outcome

1.564 0.254-2.875
1.233 0.130-2.336
1.636 0.356-2.916
1.424 0.253-2.595
1.576 0.257-2.896
0.794 —0.156 to 1.744
0.747 —0.106 to 1.599

Unadjusted, increasing adherence to physical activity and exercise
studied both in combination and independently were associated
with increased motor function as measured by MAS (P<.007)
(table 3-5). After adjustments for age, sex, mRS, MMSE, and
MAS score at baseline, the regression coefficient estimates (B)
were slightly lower, but the associations between adherence and
MAS remained statistically significant (table 3-5).

<.001
.001
<.001
<.001
<.001
.004

0

186)

(I
36.489 33.907-39.070 <.001 333.631 290.205-377.056 <.001 25.674 18.938-32.410

0.141 0.062-0.220

Associations of adherence with secondary
outcomes

MAS Score (n
0.130 0.055-0.206
0.143 0.064-0.222
0.134 0.061-0.207
0.143 0.064-0.222
0.112 0.036-0.187
0.118 0.045-0.190

Unadjusted for the covariates, adherence to physical activity and
exercise combined was significantly associated with 6MWT,
TUG, BBS, and the physical domains of SIS (table 3). When
adjusted for the covariates, the estimates were slightly lower. In
spite of this, the associations remained statistically significant,
except for GMWT (P=.086) (table 3).

Unadjusted, adherence to physical activity and exercise,
measured independently, was significantly associated with all of
the secondary outcomes (P<.007), except for exercise in relation
to SIS (P=.155) (table 4, 5). The regression coefficient estimates

Linear regression with functional outcomes as dependent variables and adherence to physical activity and exercise combined as primary covariate, unadjusted and adjusted for

additional covariates, based on multiple imputation

activity and exercise (wk)

Adjusted separately for

Age
Sex
at baseline

Adjusted for all

Abbreviations: B, regression coefficient for adherence; CI, 95% confidence interval; NA, not applicable; P, P value.

Note. The dependent variables are MAS (0-48), 6MWT, TUG, BBS (0-56), and SIS (0-100).

Table 3

Unadjusted

Intercept

Adherence to physical
mRS at baseline

MMSE at baseline
Outcome variable score
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Linear regression with functional outcomes as dependent variables and adherence to physical activity as primary covariate, unadjusted, and adjusted for additional covariates, based on

multiple imputation

Table 4

SIS Physical Domain (n=186)

BBS (n=186)

(I
<.001 40.693 36.976-44.410 <.001 72.402 65.347-79.457 <.001

TUG (n=186)

(I

186)
35.400 32.591-38.209 <.001 308.149 261.090-355.207 <.001 27.762 20.392-35.132

6MWT (n
o

MAS Score (n=186)

(I

CI

Unadjusted

Intercept

.004

0.212 0.069-0.356

<.001

.002 0.173 0.086-0.261

—0.407 to —0.089

—0.248

.001

<.001 1.902 0.807-2.997

0.136 0.069-0.202

Adherence to physical

activity (wk)
Adjusted separately for

Age
Sex

.004
.002

0.196 0.062-0.329
0.221 0.078-0.363
0.178 0.047-0.308

0.212 0.069-0.356

NA

<.001
<.001
<.001
<.001
NA

.003 0.161 0.082-0.241
.002 0.178 0.091-0.265

—0.385 to —0.081
.005

—0.233

<.001
<.001

1.704 0.787-2.621
1.995 0.927-3.062
1.624 0.639-2.608

1.902 0.805-2.999

0.788

<.001
<.001
<.001
<.001

0.129 0.065-0.192
0.138 0.071-0.204
0.121 0.059-0.183
0.136 0.069-0.202
0.105 0.041-0.169

—0.254 -0.412 to —0.095

—0.224
—0.248

—0.199

.008
.004

NA

0.155 0.073-0.237

—0.378 to —0.069

.001
.001

—0.031 to 1.606 0.059

mRS at baseline

.002 0.174 0.086-0.261

—0.408 to —0.089

MMSE at baseline

NA

NA

NA

—0.353 to —0.045 .011

.001

Outcome variable score

at baseline
Adjusted for all

0.171 0.047-0.296 .007

<.001

.010 0.148 0.072-0.225

—0.349 to —0.049

—0.199

<.001 0.905 0.172-1.638 0.016

0.109 0.048-0.171

Note. The dependent variables are MAS (0-48), 6MWT, TUG, BBS (0-56), and SIS (0-100).

Abbreviations: B, regression coefficient for adherence; CI, 95% confidence interval; NA, not applicable; P, P value.

(B) of adherence to physical activity or exercise were slightly
lower after the adjustment of the covariates (table 4, 5), except a
slight increase in the estimates for adherence to exercise and TUG,
BBS, and SIS (table 5).

Discussion

In line with the hypothesis, the main results indicated positive
associations between adherence to a physical activity and exer-
cise program and functional recovery after stroke. After ad-
justments for important influencing covariates, increased
adherence to the combined measure of physical activity and
exercise were significantly associated with improved motor
function, balance, and self-perceived functional outcomes at
18-month follow-up. Increased adherence to either physical ac-
tivity or exercise was also significantly associated with primary
and secondary outcomes. A stronger association was found be-
tween adherence to physical activity and functional recovery
than between adherence to exercise and functional recovery. The
present study is the first to show that better adherence to a
physical activity and exercise program was associated with
better functional recovery during a follow-up period of 18
months in a large cohort of community-dwelling older in-
dividuals after stroke.

The results of the present study support previous research that
enhanced adherence is associated with improved stroke out-
comes.™ Duncan et al reported that better adherence to poststroke
rehabilitation guidelines was associated with better physical
functioning 6 months after stroke.® A comparable study by
Micieli et al indicated effect on survival and disability.” Later
studies have confirmed that there is evidence for a dose-dependent
relationship between intensity of rehabilitation therapies and
functional recovery within the first 6 months after stroke, espe-
cially on walking ability, walking speed, and extended activities
of daily living.® "'

In the present study, the statistically significant associations
between adherence to physical activity and exercise and motor
function may also be clinically meaningful. A 10% increase of the
total MAS score from baseline appears clinically meaningful,
although no minimal clinically important difference of MAS score
is established for chronic stroke.”® Based on the results of the
present study, it would require an average of 26.0 weeks of
adherence to physical activity, or an average of 36.3 weeks
of adherence to exercise to achieve a clinical meaningful change
of MAS score (ie, an increase of >4 points). Actually, only 40.3%
of the participants achieved>26.0 weeks adherence to physical
activity, and 55.9% achieved>36.3 weeks adherence to exercise.
Furthermore, a difference in adherence to physical activity and
exercise of, for instance, 20 weeks would change the MAS score
by 2.82 points (ie, 0.141 points/wk, table 3). This shows how
different degrees of adherence may have large consequences for
functional recovery at follow-up.

The associations between adherence to physical activity and
functional recovery were stronger than the associations between
adherence to exercise and functional recovery. This may be
explained by the challenge of achieving high-intensity exercise
within this patient population.” Previous results showed that
only an average of 24% of the reported amount of exercise
among participants in the intervention group of LAST reached
high intensity as required per protocol.'’ It is to be expected
that adherence to the exercise intensity was not sufficient to
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weeks
Adjusted separately

for
Age
Sex

246
.160

.025
.155

NA

.007 0.089 —0.062 to 0.240
.004 0.155 —0.046 to 0.275

<.001 0.171 0.022-0.320

.037 0.118 0.032-0.205
.024 0.138 0.043-0.232
.005 0.169 0.082-0.256
.020 0.140 0.046-0.235

.057 —0.179 —0.347 to —0.011
.031 —0.202 —0.378 to —0.027
.001 —0.244 —0.413 to —0.075
.031 —0.208 —0.384 to -0.032

.052

0.971 —0.057 to 1.970
1.274 0.118-2.430
1.739 0.690-2.789
1.309 0.123-2.496

.012
.007
<.001

0.088 0.019-0.157
0.099 0.027-0.171
0.122 0.058-0.189
0.100 0.028-0.173
0.106 0.040-0.173

mRS at baseline

.004 0.118 —0.045 to 0.281

NA

.006

MMSE at baseline

NA

NA

NA

.008 NA

-0.225 —0.392 to —0.059

0.846 —0.008 to 1.700

.002

Outcome variable score

at baseline
Adjusted for all

.050

.007 0.149 0.066-0.231 <.001 0.142 0.000-0.285

.027 —0.225 —0.388 to —0.062

.001  0.878 0.100-1.656

0.110 0.045-0.175

Note. The dependent variables are MAS (0-48), 6MWT, TUG, BBS (0-56), and SIS (0-100).

Abbreviations: B, regression coefficient for adherence; CI, 95% confidence interval; NA, not applicable; P, P value.

induce a cardiorespiratory effect that could reduce disability.*
The low intensity levels may be explained by physical and
psychological impairments, such as hemiparetic gait, reduced
balance, increased risk and fear of falling, poststroke fatigue,
lack of motivation, depression, or lower self-efficacy for exer-
cise, which are common barriers to vigorous exercise after
stroke. >’

Despite differences between adherence to physical activity
and exercise, the findings support that participants were
capable of achieving clinically meaningful improvements in
functional recovery with increased levels of adherence over
time. Because the potential for motor recovery is highest
within the first 3 months after stroke,”® a strength of the
present study was that participants were included 10-16 weeks
after the acute stroke. Consequently, the improvements in
function were gained after the phase of spontaneous recovery
and early rehabilitation. Nevertheless, a complex combination
of factors seem to affect adherence to physical activity and
exercise after stroke, particularly in long-term stroke care.”
Unfortunately, these challenges are still getting little atten-
tion, both in research and in clinical work.” Future in-
terventions should address the modifiable factors that
influence adherence to physical activity and exercise, helping
clinicians to identify individual barriers and facilitators to
physical activity in patients with stroke.”

Study limitations

The design of the study does not allow conclusions about cau-
sality. Further, conclusions for individuals with severe stroke
cannot be drawn because the study sample consisted of partici-
pants mildly to moderately affected by stroke and mainly with few
limitations of function.

Several participants may have reached ceiling effects for some
of the functional outcome measures, such as MAS and BBS. In
addition, adherence was defined in a conservative way (meaning
that physical activity and exercise exceeding the recommendations
by the treatment protocol would be underestimated). This may
have resulted in underestimation of the associations of adherence
with functional recovery.

Bias related to self-reported data should also be regarded as a
limitation,””*" although self-reports in training diaries seemed to
have enhanced adherence, as predicted in the protocol.'® It could
also be discussed whether it was appropriate to adjust for the
corresponding outcome variable scores at baseline. However,
when unadjusted and adjusted estimates were similar, this
strengthened the findings.

Conclusions

This study indicates evidence for both clinically and statistically
significant associations between increased adherence to a physical
activity and exercise program and improved functional recovery
after mild to moderate stroke in long-term rehabilitation. This
influence of adherence on patient outcomes, both in short and
long-term follow-up, indicates that the development of in-
terventions to enhance adherence should be given priority within
this patient population. Dose-response studies would be needed to
determine the relationship between the degree of adherence and to
the amounts of physical activity and exercise in long-term reha-
bilitation after stroke.


http://www.archives-pmr.org

2258

M. Gunnes et al

Suppliers

a. SPSS version 24.0; IBM.
b. Microsoft Excel 2010 for Windows; Microsoft.

Keywords

Exercise; Patient compliance; Rehabilitation; Stroke rehabilitation

Corresponding author

Mari Gunnes, MSc, Faculty of Medicine and Health Sciences,
NTNU, PO Box 8905, N-7491 Trondheim, Norway. E-mail
address: mari.gunnes @ntnu.no.

Acknowledgments

We thank Christian Sesseng for assistance with the analyses of the
adherence data and Ingrid Riphagen (MH Faculty Administration,
Faculty of Medicine, and Health Sciences, NTNU) for lan-
guage editing.

References

10.

11.

. Furie KL, Kasner SE, Adams RJ, et al. Guidelines for the prevention

of stroke in patients with stroke or transient ischemic attack: a
guideline for healthcare professionals from the american heart asso-
ciation/american stroke association. Stroke 2011;42:227-76.

. Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet

2011;377:1693-702.

. Simpson LA, Eng JJ, Tawashy AE. Exercise perceptions among

people with stroke: barriers and facilitators to participation. Int J Ther
Rehabil 2011;18:520-30.

. Morris JH. Body, person and environment: why promoting physical

activity (PA) with stroke survivors requires holistic thinking. Brain
Impair 2016;17:3-15.

. Vermeire E, Hearnshaw H, Van Royen P, Denekens J. Patient adher-

ence to treatment: three decades of research.A comprehensive review.
J Clin Pharm Ther 2001;26:331-42.

. Duncan PW, Horner RD, Reker DM, et al. Adherence to postacute

rehabilitation guidelines is associated with functional recovery in
stroke. Stroke 2002;33:167-77.

. Micieli G, Cavallini A, Quaglini S. Guideline compliance improves

stroke outcome: a preliminary study in 4 districts in the Italian region
of Lombardia. Stroke 2002;33:1341-7.

. Horn SD, DeJong G, Smout RJ, Gassaway J, James R, Conroy B.

Stroke rehabilitation patients, practice, and outcomes: is earlier and
more aggressive therapy better? Arch Phys Med Rehabil 2005;86(12
Suppl 2):101-14.

. Wang H, Camicia M, Terdiman J, Mannava MK, Sidney S,

Sandel ME. Daily treatment time and functional gains of stroke pa-
tients during inpatient rehabilitation. PM R 2013;5:122-8.

Veerbeek JM, Koolstra M, Ket JC, van Wegen EE, Kwakkel G. Effects
of augmented exercise therapy on outcome of gait and gait-related
activities in the first 6 months after stroke: a meta-analysis. Stroke
2011:42:3311-5.

Foley N, McClure JA, Meyer M, Salter K, Bureau Y, Teasell R.
Inpatient rehabilitation following stroke: amount of therapy received
and associations with functional recovery. Disabil Rehabil 2012;34:
2132-8.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Askim T, Langhammer B, IThle-Hansen H, Gunnes M, Lydersen S,
Indredavik B. Efficacy and safety of individualized coaching after
stroke: the LAST Study (Life After Stroke): a pragmatic randomized
controlled trial. Stroke 2018;49:426-32.

Gunnes M, Langhammer B, Aamot IL, et al. Adherence to a long-term
physical activity and exercise program after stroke applied in a ran-
domized controlled trial. Phys Ther 2019;99:74-85.

Indredavik B, Salvesen R, Nass H, Thorsvik D. Treatment and
rehabilitation after stroke (clinical guidelines). Oslo, Norway: Nor-
wegian Directorate of Health; 2010.

Askim T, Langhammer B, Thle-Hansen H, Magnussen J, Engstad T,
Indredavik B. A long-term follow-up programme for maintenance of
motor function after stroke: protocol of the Life After Stroke-the
LAST Study. Stroke Res Treat 2012;2012:392101.

Miller WR, Rollnick S. Motivational interviewing: preparing people
for change. 2nd ed. New York, NY: Guilford Press; 2002.

World Health Organization. Global strategy on diet, physical activity
& health 2017. Available at http://www.who.int/dietphysicalactivity/
pa/en/. Accessed November 1, 2017.

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports
Exerc 1982;14:377-81.

Brott T, Adams HP Jr, Olinger CP, et al. Measurements of acute ce-
rebral infarction: a clinical examination scale. Stroke 1989;20:864-70.
Banks JL, Marotta CA. Outcomes validity and reliability of the
modified Rankin scale: implications for stroke clinical trials: a liter-
ature review and synthesis. Stroke 2007;38:1091-6.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A prac-
tical method for grading the cognitive state of patients for the clini-
cian. J Psychiatr Res 1975;12:189-98.

Carr JH, Shepherd RB, Nordholm L, Lynne D. Investigation of a
new motor assessment scale for stroke patients. Phys Ther 1985;65:
175-80.

Kjendahl A, Jahnsen R, Aamodt G. Reliability of the MAS instrument.
Adv Physiother 2005;8:12-7.

Malouin F, Pichard L, Bonneau C, Durand A, Corriveau D. Evaluating
motor recovery early after stroke: comparison of the Fugl-Meyer
Assessment and the Motor Assessment Scale. Arch Phys Med Reha-
bil 1994;75:1206-12.

Guyatt GH, Sullivan MJ, Thompson PJ, et al. The 6-minute walk: a
new measure of exercise capacity in patients with chronic heart fail-
ure. Can Med Assoc J 1985;132:919-23.

Bushnell C, Bettger JP, Cockroft KM, et al. Chronic stroke outcome
measures for motor function intervention trials: expert panel recom-
mendations. Circ Cardiovasc Qual Outcomes 2015;8(6 Suppl 3):163-9.
Flansbjer UB, Holmback AM, Downham D, Patten C, Lexell J.
Reliability of gait performance tests in men and women with hemi-
paresis after stroke. J Rehabil Med 2005;37:75-82.

Mathias S, Nayak US, Isaacs B. Balance in elderly patients: the “get-
up and go test”. Arch Phys Med Rehabil 1986;67:387-9.

Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring
balance in the elderly: validation of an instrument. Can J Public Health
1992;83(Suppl 2):7-11.

Blum L, Korner-Bitensky N. Usefulness of the Berg Balance Scale in
stroke rehabilitation: a systematic review. Phys Ther 2008;88:559-66.
Saso A, Moe-Nilssen R, Gunnes M, Askim T. Responsiveness of the
Berg Balance Scale in patients early after stroke. Physiother Theory
Pract 2016;32:251-61.

Duncan PW, Wallace D, Lai SM, Johnson D, Embretson S, Laster LJ.
The Stroke Impact Scale version 2.0. Evaluation of reliability, validity,
and sensitivity to change. Stroke 1999;30:2131-40.

van Buuren S. Flexible imputation of missing data. Boca Raton:
Taylor & Francis Group; 2012.

Donnellan C, Sweetman S, Shelley E. Health professionals’ adherence
to stroke clinical guidelines: a review of the literature. Health Policy
2013;111:245-63.

Gordon NF, Gulanick M, Costa F, et al. Physical activity and exercise
recommendations for stroke survivors: an American Heart Association

www.archives-pmr.org


mailto:marigunnesntnuno
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref1
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref1
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref1
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref1
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref2
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref2
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref3
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref3
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref3
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref4
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref4
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref4
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref5
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref5
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref5
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref6
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref6
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref6
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref7
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref7
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref7
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref8
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref8
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref8
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref8
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref9
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref9
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref9
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref10
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref10
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref10
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref10
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref11
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref11
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref11
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref11
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref12
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref12
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref12
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref12
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref13
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref13
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref13
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref14
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref14
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref14
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref15
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref15
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref15
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref15
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref16
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref16
http://www.who.int/dietphysicalactivity/pa/en/
http://www.who.int/dietphysicalactivity/pa/en/
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref18
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref18
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref19
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref19
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref20
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref20
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref20
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref21
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref21
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref21
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref22
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref22
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref22
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref23
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref23
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref24
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref24
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref24
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref24
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref25
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref25
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref25
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref26
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref26
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref26
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref27
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref27
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref27
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref28
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref28
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref29
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref29
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref29
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref30
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref30
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref31
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref31
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref31
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref32
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref32
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref32
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref33
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref33
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref34
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref34
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref34
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref35
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref35
http://www.archives-pmr.org

Influence of long-term adherence post stroke

2259

36.

37.

scientific statement from the Council on Clinical Cardiology, Subcom-
mittee on Exercise, Cardiac Rehabilitation, and Prevention; the Council
on Cardiovascular Nursing; the Council on Nutrition, Physical Activity,
and Metabolism; and the Stroke Council. Circulation 2004;109:2031-41.
Saunders DH, Sanderson M, Hayes S, et al. Physical fitness
training for stroke patients. Cochrane Database Syst Rev 2016;3:
CDO003316.

Prout EC, Mansfield A, Mcllroy WE, Brooks D. Patients’ perspectives
on aerobic exercise early after stroke. Disabil Rehabil 2017;39:684-90.

www.archives-pmr.org

38.

39.

40.

Kwakkel G, Kollen BJ. Predicting activities after stroke: what is
clinically relevant? Int J Stroke 2013;8:25-32.

Pisters MF, Veenhof C, Schellevis FG, Twisk JW, Dekker J, De
Bakker DH. Exercise adherence improving long-term patient outcome
in patients with osteoarthritis of the hip and/or knee. Arthritis Care
Res (Hoboken) 2010;62:1087-94.

Sluijs EM, van Dulmen S, van Dijk L, de Ridder D, Heerdink R,
Bensing J. Patient adherence to medical treatment: a meta review.
Utrecht (The Netherlands): NIVEL; 2006.


http://refhub.elsevier.com/S0003-9993(19)30504-0/sref35
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref35
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref35
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref35
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref36
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref36
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref36
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref37
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref37
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref38
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref38
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref39
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref39
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref39
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref39
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref40
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref40
http://refhub.elsevier.com/S0003-9993(19)30504-0/sref40
http://www.archives-pmr.org

	Associations Between Adherence to the Physical Activity and Exercise Program Applied in the LAST Study and Functional Recov ...
	Methods
	Study design, setting, and participants
	Intervention
	Baseline assessments

	Primary outcome
	Secondary outcomes
	Adherence
	Statistical analyses

	Results
	Associations of adherence with primary outcome
	Associations of adherence with secondary outcomes

	Discussion
	Study limitations
	Conclusions
	Suppliers
	Keywords
	Keywords
	Corresponding author
	Acknowledgments
	References


