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Abstract

Background

The aim of this trial was to evaluate the effectiveness of an online health behaviour change

intervention—Prevent 2nd Stroke (P2S)—at improving health-related quality of life

(HRQoL) amongst stroke survivors at 6 months of follow-up.

Methods and findings

A prospective, blinded-endpoint randomised controlled trial, with stroke survivors as the unit

of randomisation, was conducted between March 2018 and November 2019. Adult stroke

survivors between 6 and 36 months post-stroke with capacity to use the intervention (deter-

mined by a score of�4 on the Modified Rankin Scale) and who had access and willingness

to use the internet were recruited via mail-out invitations from 1 national and 1 regional

stroke registry. Participants completed baseline (n = 399) and 6-month follow-up (n = 356;

89%) outcome assessments via computer-assisted telephone interviewing (CATI). At base-

line the sample had an average age of 66 years (SD 12), and 65% were male. Randomisa-

tion occurred at the end of the baseline survey; CATI assessors and independent

statisticians were blind to group allocation. The intervention group received remote access

for a 12-week period to the online-only P2S program (n = 199; n = 28 lost at follow-up). The

control group were emailed and posted a list of internet addresses of generic health web-

sites (n = 200; n = 15 lost at follow-up). The primary outcome was HRQoL as measured by

the EuroQol Visual Analogue Scale (EQ-VAS; self-rated global health); the outcome was

assessed for differences between treatment groups at follow-up, adjusting for baseline mea-

sures. Secondary outcomes were HRQoL as measured by the EQ-5D (descriptive health

state), diet quality, physical activity, alcohol consumption, smoking status, mood, physical

functioning, and independent living. All outcomes included the variable ‘stroke event
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(stroke/transient ischaemic attack/other)’ as a covariate, and analysis was intention-to-treat.

At 6 months, median EQ-VAS HRQoL score was significantly higher in the intervention

group than the control group (85 vs 80, difference 5, 95% CI 0.79–9.21, p = 0.020). The

results were robust to the assumption the data were missing at random; however, the results

were not robust to the assumption that the difference in HRQoL between those with com-

plete versus missing data was at least 3 points. Significantly higher proportions of people in

the intervention group reported no problems with personal care (OR 2.17, 95% CI 1.05–

4.48, p = 0.0359) and usual activities (OR 1.66, 95% CI 1.06–2.60, p = 0.0256) than in the

control group. There were no significant differences between groups on all other secondary

outcomes. The main limitation of the study is that the sample comprises mostly ‘well’ stroke

survivors with limited to no disability.

Conclusions

The P2S online healthy lifestyle program improved stroke survivors’ self-reported global rat-

ings of HRQoL (as measured by EQ-VAS) at 6-month follow-up. Online platforms represent

a promising tool to engage and support some stroke survivors.

Trial registration

Australian New Zealand Clinical Trials Registry ACTRN12617001205325.

Author summary

Why was this study done?

• Stroke can lead to serious consequences for those who survive in terms of physical and

cognitive disability, psychological problems, and lower social participation, affecting

quality of life.

• Improving lifestyle and health risk behaviours (including reducing tobacco and alcohol

use, increasing physical activity, improving diet quality, and reducing depression and

anxiety) has the potential to significantly improve recovery, enhance quality of life and

independent living, and lower risk of recurrent stroke.

• The prevalence of health risk factors amongst stroke survivors is high. There is a striking

lack of information for stroke survivors and their families about effective lifestyle strate-

gies to help them improve recovery and reduce the risk of recurrent stroke.

What did the researchers do and find?

• We developed an online program (Prevent 2nd Stroke) providing easily accessible,

interactive, tailored healthy lifestyle and behaviour change information that encouraged

users to set goals and monitor progress across 6 core modules: (1) smoking, (2) alcohol,

(3) activity, (4) nutrition, (5) feelings and mood, and (6) blood pressure.
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• Adult stroke survivors (n = 399) participated in a randomised controlled trial. Partici-

pants completed a telephone survey and then were randomised to the online Prevent

2nd Stroke program arm (participants received access to the online program and were

encouraged to use it over a 12-week period) or a control arm (participants were sent a

list of generic health information websites). All participants completed a follow-up sur-

vey 6 months after their first survey.

• Participants who had access to the online program rated their overall health and well-

being 5 points higher on average than participants who received a generic list of health

behaviour information websites.

What do these findings mean?

• Online platforms are a viable and impactful model to address the health information

needs and behaviour change challenges of stroke survivors.

• Future studies should test program adaptations particularly for those with greater

stroke-related disability.

Introduction

Recurrent stroke is the major contributor to stroke-related disability and costs [1]. Stroke

recovery and rehabilitation can continue for years post-stroke, meaning it is critical that stroke

survivors are provided with and have access to a range of support options and evidence-based

information. Supporting healthy recovery and preventing recurrent stroke can reduce disabil-

ity and costs and improve quality of life. Despite clinical recommendations and evidence of

impact, Australian Stroke Foundation audits [2,3] have found that 40% of patients do not

receive information on stroke, lifestyle management, second prevention, and recovery at the

time of rehabilitation discharge. As stroke has such a wide-ranging impact on individuals,

health-related quality of life (HRQoL) is an important outcome in understanding and improv-

ing survival as well as informing secondary prevention, with stroke survivors as the centre of

care.

On average, HRQoL after stroke is low compared to general population norms for at least 5

years post-stroke [4]. Even in patients with transient ischaemic attack (TIA) or minor strokes,

stroke recurrence is associated with poor HRQoL [5]. Mood improvement, cognitive stimula-

tion, and healthier behaviours such as physical activity are linked with better HRQoL amongst

stroke survivors [6]. Health risk factors, particularly physical inactivity and obesity, that persist

following a stroke may also contribute to compromised functioning and independent living

during recovery [7]. Even survivors who are not physically disabled, or who have ‘mild’ stroke,

experience ongoing ‘invisible’ changes such as fatigue, memory problems, anxiety, mood dis-

turbance, and depression [8]. Depression and anxiety are modifiable affective states associated

with increased post-stroke morbidity and mortality [9], as well as reduced social participation

[6]. Depression has also been associated with poor adherence to treatment and healthy behav-

iours [10]. HRQoL has become a key outcome in stroke research, offering a comprehensive

and multidimensional assessment of the impact of stroke, recovery, and social, physical, and

psychological health from the patient’s perspective.
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A landmark study identified 10 risk factors associated with 90% of the risk of stroke, including

smoking, poor diet, physical inactivity, alcohol intake, depression, waist-to-hip ratio, diabetes

mellitus, and cardiac causes [11]. Addressing behavioural and affective risk factors may not only

lower the risk of subsequent stroke but may improve recovery from the first stroke and HRQoL.

One modelling study suggests that a strategy combining appropriate medication adherence with

diet and physical activity could result in a cumulative relative risk reduction for recurrent stroke

of up to 80% [12]. Unfortunately, these modifiable risk factors are rarely addressed effectively

after stroke. Australian Stroke Foundation audits show that 28% of stroke patients in acute set-

tings and 35% in rehabilitation settings do not receive risk factor education [2,3].

Providing behavioural intervention, such as brief advice, education and, counselling, to

modify patient health risk behaviours is evidence-based best practice [13]. Cited barriers to

delivery of such care include practitioners’ lack of training, confidence, skills, and time to pro-

vide counselling and advice [14]. There is a striking lack of information on effective health

behaviour change strategies for stroke survivors for prevention of a second event [15].

Although promising, evidence from secondary prevention trials [16] is sparse and based on

shared care and nurse-led programs that are reliant on substantial resources and are costly to

the health service.

Online programs are increasingly popular and may reach a higher number of people than

face-to-face programs, including people with mobility restrictions. Up to 80% of patients have

an interest in supplementing clinician-delivered support with web-delivered information [17].

Reviews have consistently demonstrated the effectiveness of online interventions both with

non-clinical populations for health behaviour change [18] and with co-morbid populations for

reducing pain, disability, depression, and anxiety [19,20]. Only 3 small pilot trials of online

health programs for stroke survivors have been reported, but they show promising results [21–

23]. There is a need for well-powered, well-designed trials of the effectiveness of online inter-

ventions for improving quality of life and health behaviours for stroke survivors.

The primary aim was to evaluate the effectiveness of an online health behaviour change

intervention—Prevent 2nd Stroke (P2S)—at improving HRQoL amongst stroke survivors at 6

months of follow-up. The development of the P2S program [24] and acceptability and feasibil-

ity piloting [25] of the program have been reported elsewhere. Secondary aims were to exam-

ine the effect of the online P2S program on 4 health behaviours (smoking, alcohol use, fruit

and vegetable intake, and moderate physical activity), mental health (depression and anxiety),

and self-reported physical functioning and independent living.

Methods

Design

A prospective, blinded-endpoint randomised controlled trial with stroke survivors as the unit

of randomisation was conducted between March 2018 and November 2019. We have reported

our trial according to the Consolidated Standards of Reporting Trials (CONSORT) guidelines

(S1 CONSORT Checklist). The full study protocol has been described in detail [26]. Briefly,

independent computer-assisted telephone interviewing (CATI) assessors conducted baseline

surveys with all participants. The research team mailed correspondence to participants alerting

them to group allocation and providing 12-week access to the P2S program for those in the

intervention group. Six months following the baseline survey, the blinded CATI assessors con-

ducted follow-up telephone surveys. Participants were considered ‘lost to follow-up’ if they

were unable to be contacted at the 6-month assessment time point. The study received ethics

approval from the University of Newcastle Human Research Ethics Committee (H-2017-

0051).
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Recruitment

Participants were recruited through 2 sources: (1) the Australian Stroke Clinical Registry

(AuSCR) database and (2) the Hunter Stroke Research Volunteer Register (HSRVR). The

AuSCR and HSRVR screened their database registrants against the study eligibility criteria

and sent invitation packs on behalf of the study team to potentially eligible individuals. Eligible

participants were aged 18 years and over, had been admitted to an AuSCR hospital for acute

stroke or TIA (indexed stroke event) or were registered with the HSRVR, were between 6 and

36 months post-stroke, were sufficiently fluent in English, and had sufficient facility in internet

use via a home device (e.g., phone, computer, tablet device) or were willing to use public inter-

net services (e.g., public library). The invitation packs contained study consent and consent-

to-contact forms. If interested, potential participants sent the completed forms directly to the

study team. The study team contacted potential participants via telephone to complete eligibil-

ity screening, enrolment, and scheduling of the baseline survey. Participants were ineligible to

continue in the trial if they experienced disability at a level that would have limited their capac-

ity to use the intervention (determined by a score of�4 on the Modified Rankin Scale) [27].

The protocol stated an additional exclusion criterion of ‘documented evidence of 2 or more

strokes’: This exclusion criterion was removed 2 months into the 12-month recruitment period

(and all potential participants who had been excluded on this basis prior to the change were

recontacted) to ensure that a sufficient sample size for the trial was obtained.

Randomisation and data collection

Independent CATI assessors, who were unaware of treatment allocation, completed baseline

and follow-up surveys via telephone with all participants. A random number generator embed-

ded in the CATI software was used to allocate participants to the intervention or control group

after all baseline questions had been answered. Individuals were randomised at a ratio of 1:1 in

permuted blocks of randomly varying size, stratified by state (New South Wales/South Austra-

lia, Queensland, Western Australia, Victoria/Tasmania), and type of stroke (stroke, TIA, don’t

know).

To minimise loss to follow-up, participants were asked to provide multiple points of contact

(i.e., home phone, mobile, address, email address) and were sent a monthly text message

encouraging them to update any out-of-date contact details and providing an approximate

date for their 6-month follow-up survey.

Intervention

Following the baseline survey and randomisation, researchers both emailed and posted letters

to notify participants of their group allocation. The intervention period lasted for 12 weeks.

During this time all participants received monthly text message reminders to update any out-

dated contact details; this reminder also provided the approximate date of the follow-up sur-

vey. The intervention group received additional fortnightly text message prompts to use the

intervention (overlapping P2S program use and contact detail messages were combined, so the

intervention group were contacted on a fortnightly basis during the intervention period).

Intervention group. The P2S program was developed using behaviour change theory and

co-design principles with stroke survivors, and was pilot tested prior to this trial. The develop-

ment and testing of the intervention have been described in detail elsewhere [24,25]. Briefly,

the P2S program is a modularised, tailored program providing evidence-based techniques and

information in 6 core modules: (1) blood pressure, (2) smoking, (3) alcohol consumption, (4)

physical activity, (5) nutrition, and (6) feelings and mood, as well as a ‘my progress’ section.

Each health risk behaviour module commences with 2–3 brief questions regarding the topic of
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interest (e.g., smoking: smoking status, number of cigarettes per day, interest in quitting) in

order to provide tailored information to the user. Users were asked to set specific goals within

each module (e.g., physical activity: ‘I will increase physical activity from 0 to 2 sessions, of 10

mins each, per day’) and were provided with information and advice on how to achieve the

goal. The advice in each module is tailored to accommodate stroke-related symptoms. Prog-

ress against goals was graphed in the ‘my progress’ section to provide feedback to users on

their behaviour change.

Control group. Participants in the control group were both posted and emailed a copy of

a letter containing links to internet addresses with readily available, generic online health pro-

grams and guidelines designed for the general population (e.g., the Australian Department of

Health’s How to Quit Smoking website, Australia’s Physical Activity and Sedentary Behaviour

Guidelines and Eat for Health websites, the National Health and Medical Research Council’s

Australian Guidelines to Reduce Health Risks from Drinking Alcohol, and the Moodgym

website).

Outcomes

The primary outcome was HRQoL at 6-month follow-up measured using the EuroQol Visual

Analogue Scale (EQ-VAS). The EQ-VAS forms one part of the EQ-5D-5L instrument measur-

ing HRQoL [28]. The EQ-VAS records the participant’s self-rated health on a scale from 0

(‘the worst health you can imagine’) to 100 (‘the best health you can imagine’). It is a quantita-

tive measure of health outcome that reflects the participant’s own judgement. The protocol

paper lists both EQ-VAS and EQ-5D (i.e., the entire EQ-5D-5L) as dual primary outcomes;

however, upon finalising the statistical analysis plan prior to analysis, the independent statisti-

cians advised nominating a sole primary outcome measure. The EQ-VAS was selected as it

was used as the basis for the a priori sample size calculations.

Secondary outcome measures were as follows: additional HRQoL measures using the EQ-

5D-5L descriptive system (EQ-5D), which comprises 5 dimensions (mobility, self-care, usual

activities, pain/discomfort, anxiety/depression) on a 5-level scale from ‘no problems’ to

‘extreme problems’. Physical functioning and independent living were measured using the

Barthel Index [29] and Instrumental Activities of Daily Living (IADL) scales [30]; depression

and anxiety, using the Patient Health Questionnaire–4 item (PHQ-4) [31]; diet quality, using

the Australian Recommended Food Score (ARFS) [32]; alcohol consumption, using the Alco-

hol Use Disorders Identification Test–Consumption (AUDIT-C) [33]; physical activity, using

the Godin Leisure-Time Exercise Questionnaire (GLTEQ) [34]; and smoking status, using

self-reported 7-day point prevalence abstinence [35].

Sample size

As reported in the protocol, an a priori sample size calculation was conducted. A sample of

160 per treatment arm at follow-up would enable the detection of a 0.25-standard-deviation

difference (a 6-point difference) in EQ-VAS (HRQoL) while maintaining a type I error rate of

5% (5% significance threshold) and type II error rate of 20% (80% power). This calculation

assumed a correlation between baseline and follow-up HRQoL of 0.6, and a standard deviation

of 24 points. Pilot data suggested that 40% of participants recruited at baseline would complete

follow-up data [25]. Thus, a target of 530 consenting participants at baseline was set.

Statistical analysis

Participant characteristics at baseline were compared descriptively. The outcomes were sum-

marised at baseline and follow-up for intervention and control groups. Means, standard
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deviations, medians, 25th and 75th percentiles, and minimum and maximum values for con-

tinuous variables, and frequencies with percentages of non-missing observations for categori-

cal variables, are provided. Analysis was intention-to-treat.

The outcomes were assessed for differences between treatment groups at follow up. The

outcomes EQ-VAS, AFRS, and EQ-5D were adjusted for baseline measures. For the primary

outcome, EQ-VAS, median quantile regression was used to assess the difference between treat-

ment groups. This differs from the linear regression specified in the protocol; however, quan-

tile regression, instead of standard normal regression, was chosen due to the EQ-VAS results

violating regression assumptions. Ordinary least squares (OLS) regression showed some

skewed and heteroskedasticity residuals. Quantile regression is more robust when OLS regres-

sion assumptions are violated.

The AFRS and EQ-5D index were assessed using standard linear regression. EQ-5D was

assessed with heteroskedasticity-consistent standard errors (sandwich or Huber–White) due

to the regression not meeting residual variance assumptions. The Barthel Index, IADL,

GLTEQ, and PHQ-4 categories were assessed with ordinal logistic regression. AUDIT-C,

PHQ-4 anxiety and depression, and EQ-5D sub-items were assessed with logistic regression.

All outcomes included the randomisation variable ‘stroke event’ as a covariate. The rando-

misation variable ‘state of residence’ was not included due to low numbers in some states. Lin-

ear estimates or odds ratios (ORs) along with 95% confidence intervals and p-values are

provided where appropriate.

Differences between consenters and non-consenters of the AuSCR mail-out were assessed

with Fisher’s exact tests for categorical variables and t tests for continuous variables.

Missing data were assumed to be missing at random (MAR). Multiple imputation using the

chained regression equation method with 50 imputations was used. Model estimates were

pooled across imputations using Rubin’s method. The pooled estimates are provided, together

with 95% confidence intervals and Wald p-values. Sensitivity to the MAR assumption was

assessed using a tipping point approach, allowing the data to be missing not at random

(MNAR). Assuming patients who failed to complete the follow-up questionnaire were likely to

have poorer health, a negative shift parameter was added to EQ-VAS during imputation. The

shift parameter corresponds to the expected difference in HRQoL between those with and

without missing data. A range of shift parameter values were tested, until EQ-VAS no longer

showed a statistically significant effect at a p-value of 0.05.

Statistical analyses were programmed using SAS version 9.4 (SAS Institute, Cary, North

Carolina, US).

Results

There was a total of 399 consenting participants eligible for randomisation: 199 were rando-

mised to the intervention group, and 200 to the control group. A total of 377 participants were

recruited via the AuSCR, while 22 were recruited through the HSRVR. In total, 43 (10.8%) par-

ticipants were lost to follow-up (including 5 who withdrew) (see Fig 1). No relevant safety

events were reported over the course of the trial. Table 1 shows the baseline socio-demographic

characteristics of the participants, and Table 2 shows the outcome variable descriptive statistics

for baseline and follow-up. Overall, participants were largely an able, independent, non-smok-

ing, healthy eating, and active cohort of stroke survivors, with few indications of anxiety or

depression at baseline, although they did report consuming alcohol at high levels. The partici-

pant characteristics of the groups were well balanced at baseline. The control group had 15/

200 (7.5%) lost to follow-up, while the intervention group had 28/199 (14%). The difference in

loss to follow-up between groups was low (6.5%), although statistically significant, p = 0.034.
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Fig 1. Study CONSORT flow diagram.AuSCR, Australian Stroke Clinical Registry; HSRVR, Hunter Stroke Research Volunteer

Register.

https://doi.org/10.1371/journal.pmed.1003966.g001
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Of the participants allocated to the intervention group, 159/199 (80%) accessed and

engaged with the online program. The program was designed so that participants could engage

with the content as they chose, and overall module access was as follows: nutrition, 120/159

(75%); blood pressure, 119/159 (75%); physical activity, 104/159 (65%); feelings and mood,

100/159 (63%); and alcohol use, 82/159 (52%). Due to a technical error, the back-end metrics

for the smoking module were not produced, although the module itself was active and avail-

able to the users.

Table 3 summarises the results of the trial for the primary and secondary outcomes. For the

primary outcome, the median HRQoL score (EQ-VAS) was higher in the intervention group

than the control group at 6-month follow-up (85 versus 80; difference = 5, 95% CI 0.79–9.21,

p = 0.020).

The secondary outcome EQ-5D sub-item data at follow-up are presented in Table 4. The

majority (>60%) of participants had no problems on any of the items. Table 5 summarises the

results of the effects of the trial on the EQ-5D sub-items. While the change in the odds of no

problems appears higher in the intervention group for all 5 items, significantly higher propor-

tions of people in the intervention group reported no problems with personal care (159 [93%]

versus 159 [86%]; OR 2.17, 95% CI 1.05–4.48, p = 0.0359) and usual activities (122 [71%] ver-

sus 111 [60%]; OR 1.66, 95% CI 1.06–2.60, p = 0.0256) than in the control group.

Table 1. Demographic characteristics by treatment group at baseline.

Variable Statistic/category Control

(n = 200)�
Intervention

(n = 199)�

Age n 199 199

mean (SD), years 68 (12) 67 (12)

median (minimum, maximum), years 70 (20, 90) 68 (20, 93)

Sex Female 66 (33%) 73 (37%)

Male 134 (67%) 126 (63%)

State New South Wales 20 (10%) 21 (11%)

Queensland 89 (45%) 88 (44%)

South Australia 1 (0.5%) —

Tasmania 9 (4.5%) 12 (6.0%)

Victoria 79 (40%) 77 (39%)

Western Australia 2 (1.0%) 1 (0.5%)

Stroke type Don’t know 8 (4.0%) 10 (5.0%)

Stroke 120 (60%) 119 (60%)

Transient ischaemic attack 72 (36%) 70 (35%)

Country of birth Australia 151 (76%) 156 (78%)

Other 48 (24%) 43 (22%)

Indigenous status Aboriginal and/or Torres Strait Islander 2 (1.0%) 1 (0.5%)

Neither 196 (99%) 196 (99.5%)

Income �AU$399 (US$304) per week 57 (29%) 52 (26%)

AU$400–AU$999 (US$305–US$762) per week 82 (41%) 75 (38%)

�AU$1,000 (US$763) per week 46 (23%) 50 (25%)

Don’t know/refused 14 (7%) 20 (10%)

Walk on admission to hospital (time of stroke) Yes 102 (51%) 118 (59%)

No 85 (43%) 68 (34%)

Unknown 13 (6.5%) 13 (6.5%)

Data are given as n (percent) unless otherwise indicated.

�Not all n’s add to 100% due to missing data.

https://doi.org/10.1371/journal.pmed.1003966.t001
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There were no significant differences between groups for any of the other secondary out-

comes at follow-up. In both the intervention and control groups, almost all participants were

non-smokers (163 [97%] versus 175 [99%]), participants on average had an excellent varied

and healthy diet (mean [SD] ARFS = 40.6 [8.1] versus 40.8 [8.6]), and around half were suffi-

ciently active (88 [52%] versus 95 [52%]), although around half of the sample in both groups

were drinking alcohol at risky levels (88 [51%] versus 85 [46%]). Most participants in both the

intervention and control groups reported no symptoms of depression or anxiety (137 [81%]

versus 141 [77%]) and had high levels of physical functioning (130 [77%] versus 141 [77%])

and independence (142 [83%] versus 151 [83%]).

Table 2. Outcome variable descriptive statistics for baseline and follow-up time points.

Variable Statistic/category Baseline Follow-up

Control

(n = 200)�
Intervention

(n = 199)�
Control

(n = 185)�
Intervention

(n = 171)�

EQ-VAS n 199 197 185 171

mean (SD) 77.4 (15.9) 79.5 (15.0) 78.1 (17.2) 80.4 (16.8)

median (min, max) 80 (20, 100) 80 (20, 100) 80 (8, 100) 85.0 (9, 100)

median (Q1, Q3) 80 (70, 90) 80 (72, 90) 80 (70, 90) 85.0 (75, 90)

EQ-5D-5L (UK) n 198 197 185 171

mean (SD) 0.82 (0.17) 0.83 (0.18) 0.82 (0.17) 0.85 (0.17)

median (min, max) 0.84 (0.10, 1.00) 0.84 (−0.06, 1.00) 0.84 (0.11, 1.00) 0.88 (−0.06, 1.00)

median (Q1, Q3) 0.84 (0.73, 1.00) 0.84 (0.74, 1.00) 0.84 (0.74, 1.00) 0.88 (0.77, 1.00)

Barthel Index Moderate (61–90) 13 (6.5%) 11 (5.7%) 20 (11%) 10 (5.9%)

Slight (91–99) 41 (21%) 30 (15%) 23 (13%) 29 (17%)

Independent (100) 145 (73%) 153 (79%) 141 (77%) 130 (77%)

IADL 0–6 14 (7.0%) 17 (8.6%) 16 (8.6%) 9 (5.3%)

7 24 (12%) 15 (7.6%) 18 (9.7%) 20 (12%)

8 161 (81%) 165 (84%) 151 (82%) 142 (83%)

ARFS (max 73) n 198 197 185 170

mean (SD) 40.5 (8.8) 40.1 (9.0) 40.8 (8.6) 40.6 (8.1)

median (min, max) 41.5 (17.0, 59.0) 42.0 (3.0, 58.0) 42.0 (18.0, 57.0) 41.0 (19.0, 59.0)

median (Q1, Q3) 41.5 (35.0, 47.0) 42.0 (34.0, 46.0) 42.0 (36.0, 47.0) 41.0 (35.0, 46.0)

Smoked in the last 7 days No 189 (95%) 191 (97%) 175 (99%) 163 (97%)

Yes 10 (5.0%) 6 (3.0%) 2 (1.1%) 5 (3.0%)

Heavy drinking (AUDIT-C) No 108 (54%) 99 (50%) 100 (54%) 83 (49%)

Yes 91 (46%) 98 (50%) 85 (46%) 88 (51%)

GLTEQ Sedentary (0–13) 64 (32%) 52 (26%) 58 (32%) 40 (24%)

Moderately active (14–23) 41 (21%) 60 (30%) 30 (16%) 42 (25%)

Active (24+) 94 (47%) 85 (43%) 95 (52%) 88 (52%)

PHQ-4 None (0–2) 140 (71%) 146 (74%) 141 (77%) 137 (81%)

Mild (3–5) 36 (18%) 34 (17%) 23 (13%) 22 (13%)

Moderate (6–8) 13 (6.6%) 12 (6.1%) 12 (6.6%) 4 (2.4%)

Severe (9–12) 7 (3.6%) 4 (2.0%) 6 (3.3%) 7 (4.1%)

Data are given as n (percent) unless otherwise indicated.

�Not all n’s add to 100% due to missing data.

ARFS, Australian Recommended Food Score; AUDIT-C, Alcohol Use Disorders Identification Test–Consumption; EQ-VAS, EuroQol Visual Analogue Scale; GLTEQ,

Godin Leisure-Time Exercise Questionnaire; IADL, Instrumental Activities of Daily Living; max, maximum; min, minimum; OR, odds ratio; PHQ-4, Patient Health

Questionnaire–4 item; Q1, first quartile; Q3, third quartile.

https://doi.org/10.1371/journal.pmed.1003966.t002
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Multiple imputation with the MAR assumption did not significantly change the results,

indicating that missing data (including loss to follow-up), when assumed to be MAR, did not

affect the outcomes of the trial. Tipping point analysis showed that the difference in HRQoL

score between intervention and control would lose statistical significance at a shift parameter

of −3. A difference of 3 between those missing and not missing data is not unrealistic, meaning

that the results may not be robust to the MAR assumption.

Discussion

The results indicate the P2S online healthy lifestyle program improved stroke survivors’ self-

reported global rating of HRQoL (as measured by EQ-VAS) at 6-month follow-up. Addition-

ally, more stroke survivors in the intervention group reported having no problems with per-

sonal care and usual activities compared to those in the control group (as measured by EQ-

5D) at 6-month follow-up. There appeared to be no difference between groups at 6-month fol-

low-up for the 4 health risk behaviours (smoking, diet, alcohol, and physical activity), mental

health, or physical functioning and independent living.

The stroke survivors who participated in this study were largely independent, high func-

tioning, and healthy. At baseline, individuals in the control and intervention groups rated

themselves in top health (i.e., approximately 80 on the EQ-VAS) at around the same levels as

in a non-stroke general population [36]. In previous stroke rehabilitation studies, survivors

rated their global health on the EQ-VAS on average around 60 [37]. A ceiling effect appears

for the EQ-VAS in healthy populations around 90 points, and there is some indication that

minimally important differences in stroke populations on the EQ-VAS scale are around 6–8

points. However, this is based on data obtained during the immediate post-stroke recovery

period (i.e., up to 3 months post-stroke, when there is a greater capacity to improve) [38]. It

could be expected that a sample with on average top health at baseline might prove harder to

produce a change within, and therefore it is remarkable to see a significant 5-point increase in

Table 3. Regression analysis results for primary and secondary outcomes: Complete case and imputation results.

Model outcome Estimate type Complete case analysis Imputed analysis (n = 50)

N Control group: N (%)

with characteristic

Intervention group:

N (%) with characteristic

Estimate (95% CI) p-Value Estimate (95% CI) p-Value

Health today (EQ-VAS) Median

difference

356 5.00 (0.79, 9.21) 0.020 4.64 (0.12, 9.16) 0.044

Barthel Index OR (ordinal) 353 1.07 (0.65, 1.76) 0.786 1.07 (0.66, 1.74) 0.770

Heavy drinking

(AUDIT-C)

OR 355 85 (45.9%) 88 (51.5%) 1.23 (0.81, 1.87) 0.323 1.29 (0.86, 1.92) 0.221

PHQ-4 OR (ordinal) 352 0.82 (0.49, 1.36) 0.437 0.79 (0.48, 1.30) 0.350

PHQ-4 (anxiety) OR 351 17 (9.34%) 13 (7.60%) 0.80 (0.38, 1.68) 0.548 0.78 (0.38, 1.61) 0.501

PHQ-4 (depression) OR 352 22 (11.9%) 17 (10.0%) 0.82 (0.42, 1.60) 0.567 0.80 (0.42, 1.54) 0.507

IADL OR (ordinal) 356 1.14 (0.66, 1.97) 0.641 1.10 (0.65, 1.85) 0.721

GLTEQ OR (ordinal) 353 1.15 (0.77, 1.71) 0.497 1.13 (0.77, 1.67) 0.539

ARFS Mean difference 353 0.16 (−1.36, 1.69) 0.834 0.21 (−1.37, 1.79) 0.795

EQ-5D-5L index (UK) Mean difference 354 0.02 (−0.01, 0.05) 0.135 0.02 (−0.01, 0.05) 0.107

EQ-5D-5L index

(Germany)

Mean difference 354 0.01 (−0.01, 0.03) 0.292 0.01 (−0.01, 0.03) 0.233

ARFS, Australian Recommended Food Score; AUDIT-C, Alcohol Use Disorders Identification Test–Consumption; EQ-VAS, EuroQol Visual Analogue Scale; GLTEQ,

Godin Leisure-Time Exercise Questionnaire; IADL, Instrumental Activities of Daily Living; OR, odds ratio; PHQ-4, Patient Health Questionnaire–4 item.

https://doi.org/10.1371/journal.pmed.1003966.t003
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intervention EQ-VAS ratings. In any case, there is a need to test this style of intervention in a

less well population.

The health risk behaviours assessed in this study indicate that the individuals in the sample

were relatively healthy at baseline, which may explain why no changes in these behaviours

Table 5. Logistic regression results for dichotomised (no problems versus some problems) EQ-5D sub-items.

Model outcome Complete case analysis Imputed analysis (n = 50)

Control group: N (%) with no

problems

Intervention group: N (%) with no

problems

Odds ratio (95%

CI)

p-Value Odds ratio (95%

CI)

p-Value

Mobility 113 (61.1%) 120 (70.2%) 1.50 (0.96, 2.34) 0.0746 1.44 (0.93, 2.22) 0.101

Personal care 159 (85.9%) 159 (93.0%) 2.17 (1.05, 4.48) 0.0359 2.08 (1.03, 4.20) 0.040

Usual activities 111 (60.0%) 122 (71.3%) 1.66 (1.06, 2.60) 0.0256 1.60 (1.03, 2.48) 0.038

Pain 113 (61.1%) 113 (66.1%) 1.24 (0.80, 1.92) 0.3341 1.17 (0.76, 1.79) 0.477

Anxiety/

depression

127 (68.6%) 126 (73.7%) 1.28 (0.81, 2.03) 0.2942 1.27 (0.81, 2.00) 0.288

Data are given as n (percent).

https://doi.org/10.1371/journal.pmed.1003966.t005

Table 4. EQ-5D sub-item data at follow-up.

Sub-item Control

(n = 185)

Intervention

(n = 171)

Total

(N = 356)

Mobility (walking around)

No problems 113 (61%) 120 (70%) 233 (65%)

Slight problems 46 (25%) 34 (20%) 80 (22%)

Moderate problems 26 (14%) 14 (8.2%) 40 (11%)

Severe problems 0 3 (1.8%) 3 (0.8%)

Personal care (washing/dressing)

No problems 159 (86%) 159 (93%) 318 (89%)

Slight problems 18 (9.7%) 7 (4.1%) 25 (7.0%)

Moderate problems 8 (4.3%) 5 (2.9%) 13 (3.7%)

Usual activities

No problems 111 (60%) 122 (71%) 233 (65%)

Slight problems 48 (26%) 33 (19%) 81 (23%)

Moderate problems 20 (11%) 13 (7.6%) 33 (9.3%)

Severe problems 6 (3.2%) 1 (0.6%) 7 (2.0%)

Unable to do my usual activities 0 2 (1.2%) 2 (0.6%)

Pain or discomfort

None 113 (61%) 113 (66%) 226 (63%)

Slight 43 (23%) 34 (20%) 77 (22%)

Moderate 23 (12%) 21 (12%) 44 (12%)

Severe 6 (3.2%) 3 (1.8%) 9 (2.5%)

Anxiety or depression

Not anxious or depressed 127 (69%) 126 (74%) 253 (71%)

Slightly anxious or depressed 37 (20%) 31 (18%) 68 (19%)

Moderately anxious or depressed 17 (9.2%) 11 (6.4%) 28 (7.9%)

Severely anxious or depressed 3 (1.6%) 0 3 (0.8%)

Extremely anxious or depressed 1 (0.5%) 3 (1.8%) 4 (1.1%)

Data are given as n (percent).

https://doi.org/10.1371/journal.pmed.1003966.t004
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were seen over the intervention period. In our study, the rate of smoking (4%) was lower than

the approximately 14% seen in large stroke patient cohort studies [11]. Similarly, there was

limited scope for diet improvement as the average diet ratings of the sample were in the ‘excel-

lent’ category, indicating a nutritious and varied diet aligning with the Australian Dietary

Guidelines [32]. Regarding physical activity, half the sample were ‘active’ and a further quarter

‘moderately active’ at baseline, and this remained stable over the intervention period. The indi-

viduals in the study sample overall were more active than the general population [39]. It may

be that diet and exercise were addressed in this sample’s post-stroke rehabilitation care,

accounting for such high baseline levels. However, given that post-stroke awareness and

knowledge of risk factors such as diet and exercise is typically low [40], these findings may also

suggest a study population selection bias.

The exception to the largely healthy behaviours reported at baseline among participants

was alcohol use. Alcohol use is emerging as a complex area for stroke research. The Mediterra-

nean diet, which allows for moderate daily alcohol consumption, shows a protective cardiovas-

cular effect [41]. While mild-to-moderate alcohol consumption may have a protective

cardiovascular effect, this research is not without criticism [42]: Such consumption may pres-

ent other cancer-related health risks, and hazardous or harmful alcohol consumption does

remain a clear risk factor for stroke and stroke recurrence. Future interventions might embed

alcohol within diet/nutrition content to ensure brief interventions are achieved.

Rates of anxiety (12%) and depression (12%) at baseline among our relatively ‘well’ stroke

survivor sample were much lower than depression (31%) [43] and anxiety (24%) [44] rates typ-

ically reported in stroke survivors. Compared to the general population, the anxiety rate was

similar (14%), although the depression rate among our sample (12%) was double the general

population rate (6%) [45]. There is a clear relationship between depression and stroke [46],

and this can lead to low engagement in protective/preventative health behaviours. The mental

health of stroke survivors and its role in prevention of stroke recurrence has been identified as

a critical pathway for future research by peak stroke and cardiovascular bodies [47] and

requires further attention. Additionally, given the relationship between post-stroke fatigue and

depression, where it is common for the conditions to co-occur or for one to be masked by the

other [48], it is a limitation of the current study that fatigue was not measured; it should be

considered critical to assess fatigue in future studies of this nature.

While the effect of the P2S program is modest overall and may not be robust, an online pro-

gram can work as a supplementary tool to use at home while still receiving other rehabilitation

services. It would be ideal to see a program like P2S offered as part of a toolkit of support

options for stroke survivors, and such a program may extend outreach to those who are less

well recovered. The Australian Stroke Foundation has developed EnableMe, a similar online

platform for resources and information for stroke survivors [49]. The online format is increas-

ingly being found as an acceptable and effective method to deliver health behaviour informa-

tion to fill the evidence–practice gap in stroke recovery and support.

This trial has a number of strengths and limitations. It was a large trial, recruiting from a

national cohort of Australian stroke survivors. As described above, generalisability is limited

by the sample comprising mostly ‘well’ stroke survivors. However, this trial provides a pathway

for future testing and development of the program, with the need for program adaptions to be

explored, including in the mode of delivery for those with greater stroke-related disability,

such as aphasia, or limited internet access or literacy. The sample recruited for this study were

willing and able to use online technology. While this does limit immediate generalisability to

the wider stroke population, technology use is growing in older populations. Finally, the

response rate at follow-up was lower in the intervention group, which may be a reflection of

people who didn’t engage or felt like they did well enough in the online program not
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completing follow-up. However, there was no difference in groups across most outcomes, so

this is unlikely. Supplementary analysis on differences between those who completed the study

and those who were lost to follow-up found no differences on any demographic variables (see

S1 Table), and the outcome variables were included in the imputation analysis presented in the

paper, which would account for any differences between those missing and not missing data in

the analysis. Imputation under MAR modelling did not produce any different results; however,

the robustness of the MAR assumption is in question. If non-completers had poorer health,

the intervention would likely produce a non-significant result.

The results of the study show that an online program delivering health behaviour change

information improved the self-rated HRQoL of stroke survivors at 6-month follow-up. This

indicates that prevention and health risk behaviour change care provision through an online

platform is an effective model to engage, support, and improve the lives of stroke survivors.
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31. Kroenke K, Spitzer RL, Williams JB, Löwe B. An ultra-brief screening scale for anxiety and depression:

the PHQ-4. Psychosomatics. 2009; 50(6):613–21. https://doi.org/10.1176/appi.psy.50.6.613 PMID:

19996233

32. Collins CE, Burrows TL, Rollo ME, Boggess MM, Watson JF, Guest M, et al. The comparative validity

and reproducibility of a diet quality index for adults: the Australian Recommended Food Score. Nutri-

ents. 2015; 7(2):785–98. https://doi.org/10.3390/nu7020785 PMID: 25625814

33. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption questions

(AUDIT-C): an effective brief screening test for problem drinking. Arch Intern Med. 1998; 158(16):1789–

95. https://doi.org/10.1001/archinte.158.16.1789 PMID: 9738608

34. Eisenmann J, Milburn N, Jacobsen L, Moore S. Reliability and convergent validity of the Godin Leisure-

Time Exercise Questionnaire in rural 5th-grade school-children. J Hum Movement Stud. 2002; 43

(2):135–49.

35. Hughes JR, Keely JP, Niaura RS, Ossip-Klein DJ, Richmond RL, Swan GE. Measures of abstinence in

clinical trials: issues and recommendations. Nicotine Tob Res. 2003; 5(1):13–25. PMID: 12745503

36. McCaffrey N, Kaambwa B, Currow DC, Ratcliffe J. Health-related quality of life measured using the EQ-

5D–5L: South Australian population norms. Health Qual Life Outcomes. 2016; 14(1):133. https://doi.

org/10.1186/s12955-016-0537-0 PMID: 27644755

37. De Wit L, Theuns P, Dejaeger E, Devos S, Gantenbein AR, Kerckhofs E, et al. Long-term impact of

stroke on patients’ health-related quality of life. Disabil Rehabil. 2017; 39(14):1435–40. https://doi.org/

10.1080/09638288.2016.1200676 PMID: 27385479

38. Simon Pickard A, Johnson JA, Feeny DH. Responsiveness of generic health-related quality of life mea-

sures in stroke. Qual Life Res. 2005; 14(1):207–19. https://doi.org/10.1007/s11136-004-3928-3 PMID:

15789955

39. Australian Institute of Health and Welfare. Insufficient physical activity. PHE 248. Canberra: Australian

Institute of Health and Welfare; 2020 [cited 2021 Mar 22]. Available from: https://www.aihw.gov.au/

reports/risk-factors/insufficient-physical-activity/contents/insufficient-physical-activity.

40. Slark J, Bentley P, Majeed A, Sharma P. Awareness of stroke symptomatology and cardiovascular risk

factors amongst stroke survivors. J Stroke Cerebrovasc Dis. 2012; 21(5):358–62. https://doi.org/10.

1016/j.jstrokecerebrovasdis.2010.09.010 PMID: 21111631

PLOS MEDICINE Prevent 2nd stroke

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003966 April 19, 2022 16 / 17

https://doi.org/10.1093/her/cyt044
https://doi.org/10.1093/her/cyt044
http://www.ncbi.nlm.nih.gov/pubmed/23515115
https://doi.org/10.1037/a0029587
http://www.ncbi.nlm.nih.gov/pubmed/22946607
https://doi.org/10.1136/bmjopen-2015-009243
http://www.ncbi.nlm.nih.gov/pubmed/26839011
https://doi.org/10.1136/bmjinnov-2017-000257
https://doi.org/10.1111/1753-6405.12794
http://www.ncbi.nlm.nih.gov/pubmed/29888829
https://doi.org/10.1186/s13063-019-3604-0
http://www.ncbi.nlm.nih.gov/pubmed/31399140
https://doi.org/10.1161/STROKEAHA.106.480723
https://doi.org/10.1161/STROKEAHA.106.480723
http://www.ncbi.nlm.nih.gov/pubmed/17600236
https://doi.org/10.1016/0168-8510%2890%2990421-9
http://www.ncbi.nlm.nih.gov/pubmed/10109801
https://doi.org/10.1111/j.1532-5415.1983.tb03391.x
http://www.ncbi.nlm.nih.gov/pubmed/6418786
https://doi.org/10.1176/appi.psy.50.6.613
http://www.ncbi.nlm.nih.gov/pubmed/19996233
https://doi.org/10.3390/nu7020785
http://www.ncbi.nlm.nih.gov/pubmed/25625814
https://doi.org/10.1001/archinte.158.16.1789
http://www.ncbi.nlm.nih.gov/pubmed/9738608
http://www.ncbi.nlm.nih.gov/pubmed/12745503
https://doi.org/10.1186/s12955-016-0537-0
https://doi.org/10.1186/s12955-016-0537-0
http://www.ncbi.nlm.nih.gov/pubmed/27644755
https://doi.org/10.1080/09638288.2016.1200676
https://doi.org/10.1080/09638288.2016.1200676
http://www.ncbi.nlm.nih.gov/pubmed/27385479
https://doi.org/10.1007/s11136-004-3928-3
http://www.ncbi.nlm.nih.gov/pubmed/15789955
https://www.aihw.gov.au/reports/risk-factors/insufficient-physical-activity/contents/insufficient-physical-activity
https://www.aihw.gov.au/reports/risk-factors/insufficient-physical-activity/contents/insufficient-physical-activity
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.09.010
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/21111631
https://doi.org/10.1371/journal.pmed.1003966
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