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Abstract

Background Blood pressure (BP) control following stroke is important but currently sub-optimal. This trial aimed
to determine whether self-monitoring of hypertension with telemonitoring and a treatment escalation protocol,
results in lower BP than usual care in people with previous stroke or transient ischaemic attack (TIA).

Methods Unblinded randomised controlled trial, comparing a BP telemonitoring-based intervention with control
(usual care) for hypertension management in 12 primary care practices in England. People with previous stroke or TIA
with clinic systolic BP 130-180 mmHg, taking < 3 antihypertensive medications and on stable treatment for at least
four weeks were randomised 1:1 using secure online system to intervention or control. The BP:Together intervention
comprised self-monitoring of blood pressure with a digital behavioural intervention which supported telemonitor-
ing of self-monitored BP with feedback to clinicians and patients regarding medication titration. The planned primary
outcome was difference in clinic measured systolic BP 12 months from randomisation but was not available follow-
ing early study termination due to withdrawal of funding during the COVID-19 pandemic. Instead, in addition to pre-
randomised data, routinely recorded BP was extracted from electronic patient records both pre- and post-randomisa-
tion and presented descriptively only. An intention to treat approach was taken.

Results From 650 postal invitations, 129 (20%) responded, of whom 95 people had been screened for eligibility prior
to the pandemic (November 2019-March 2020) and 55 (58%) were randomised. Pre-randomisation routinely recorded
mean BP was 145/78 mmHg in the control (n=26) and 145/79 mmHg in the self-monitoring (n=21) groups. Post-
randomisation mean BP was 134/73 mmHg in the control (n=19) and 130/75 mmHg in the self-monitoring (n=25)
groups. Participants randomised to self-monitoring used the intervention for>7 months in 25/27 (93%) of cases.

Conclusions Recruitment of people with stroke/TIA to a trial comparing a BP self-monitoring and digital behavioural inter-
vention to usual care was feasible prior to the COVID-19 pandemic and the vast majority of those randomised to intervention
used it while the trial was running. Routinely recorded blood pressure control improved in both groups. Digital interventions
including self-monitoring are feasible for people with stroke/TIA and should be definitively evaluated in future trials.

Trial registration ISRCTN57946500 06/09/2019 Prospective.
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Introduction

High blood pressure is the most important treatable
modifiable risk factor for recurrent stroke, with relative
risk increasing by about one third for every 10 mmHg
increase in systolic blood pressure (BP) [1]. People who
have survived previous stroke or transient ischaemic
attack (TIA) are at particularly high risk of subsequent
stroke, but often have sub-optimal BP control with many
remaining above target levels recommended in guide-
lines [2—4]. Furthermore, people with stroke/TIA may
have ongoing communication and mobility deficits which
affect their ability to access care [2]. Potentially modifia-
ble reasons for poor BP control post stroke include clini-
cal inertia, poor adherence to medication, organisational
failure and lack of engagement of carers and these should
all be targeted by novel interventions [5-8].

Previous work by this group has shown that General
Practitioner (GP) supervised self-monitoring and self-
management of hypertension are effective at lowering
blood pressure in primary care through optimising pre-
scription of antihypertensives and providing a structure
of care for clinicians and patients alike [9-11]. Mobile
phones are now commonplace for all age groups and can
provide a platform for novel interventions [12, 13]. How-
ever, few data exist in patients with stroke/TIA and those
that do are largely nurse-led telephone based interven-
tions without systematic telemonitoring of blood pres-
sure [14, 15].

The original aim of the TASMINSS trial was to deter-
mine whether an integrated intervention (BP:Together)
developed with people with previous stroke/TIA using a
person-based approach [16], combining self-monitoring/
management of hypertension with telemonitoring and
a treatment escalation protocol, resulted in lower blood
pressure than usual care in people with previous stroke or
TIA. However, the trial was paused due to the COVID-
19 pandemic, and funding withdrawn by the funder in
November 2020 rather than allowing continuation. This
paper reports on the initial recruitment and baseline data
collected November-March 2020, along with interven-
tion usage and routine data from randomised individu-
als to assess the feasibility of the trial intervention as it is
important to publish available trial data to inform future
research [17].

Methods
This was an unblinded, multicentre, primary care based,
individually randomised controlled trial.

Participants
People with a recorded history of stroke or transient
ischaemic attack (TIA, at least four week prior to
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recruitment), aged > 18 years, with clinic systolic blood
pressure 130-180 mmHg [18], taking <3 antihyperten-
sive medications and without changes to antihyper-
tensive therapy for at least four weeks, were invited to
participate. Exclusion criteria were orthostatic hypo-
tension (>20mmHg systolic drop), pregnancy, atrial
fibrillation (due to lack of digital monitor validation)
[19], dementia, a score over 10 in short orientation
memory concentration test (unless able to consent with
willing carer) [20], stage 4/5 chronic kidney disease
or with proteinuria (these might affect care pathways)
[21], diastolic BP >110mmHg, participation in another
hypertension trial, unwilling to self-monitor or receiv-
ing specialist hypertension care.

Procedures

Potentially eligible participants were identified using
automated searches of electronic primary care patient
records and invited by post to take part using an apha-
sia-friendly covering letter and information booklet
giving study details [16]. At the baseline clinic, com-
pleted in the practice by research staff (practice base or
research team), written informed consent was obtained
before eligibility confirmation including BP measure-
ment using a validated monitor [22]. Before randomi-
sation, patients completed baseline questionnaires
and past medical history and current medication were
recorded from the clinical record.

Participants were randomised (1:1) to either usual
care or the BP:Together intervention [16], minimised
by modified Rankin Scale (0/1 vs 2-5 [there is a typo in
the protocol which reads 2—4]) and baseline blood pres-
sure (above/below 145 mmHg systolic) using a secure,
automated online system.

All participants attended a baseline medica-
tion review with a GP or other prescriber after ran-
domisation. The clinician made changes to their
antihypertensive medication if indicated and choice
of antihypertensive medication was at the prescriber’s
discretion regardless of randomisation group. All par-
ticipating practices received recommendations for
appropriate secondary prevention based on then then
current National Clinical Guidelines [18].

The trial was prospectively registered: ISRCTN
57946500 (06/09/2019).

Usual care

Patients in the control group received usual hyperten-
sion care as recommended by their practice with no
specified monitoring or medication regime.
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BP: Together intervention

Participants in the intervention group were trained by
the research nurse to take their own BP and to use the
BP: Together intervention [16]. This was specifically
developed for the trial with extensive input from patient
and public involvement (PPI) contributors (two trial
team members with lived experience of stroke), as well
as research participants who were either stroke patients
and/or their carers, and primary care health profession-
als attending stroke patients. The intervention included
stroke specific BP targets and participant options for the
use of a smartphone app, a secure website or an SMS/
text-based service for telemonitoring [Table 1]. Partici-
pant training (approximately 30 min) was supported by
video instructions and support booklets designed to be
accessible to stroke/TIA survivors (including those with
aphasia or physical disability) and to increase confidence
and motivation for self-monitoring (for example, by
explaining the rationale for lowering BP after a stroke).

Participants were asked to self-monitor their BP twice
each morning and each evening for at least 3 days every
4 weeks (minimum of 12 measurements/4 weeks, fur-
ther referred as a ‘monitoring period’) using validated
monitors (supplied by the trial) and to transmit readings
using the BP:Together digital intervention (ie via app,
website or text message). An additional 12 readings were
requested if blood pressure was close to threshold (mean
systolic 140mmHg + 5mmHg).

A home target systolic blood pressure of 125 mmHg
was chosen to be consistent with the 130 mmHg clinic
target then recommended by the National Clinical
Guidelines for Stroke [18]. GPs received patient spe-
cific summaries of self-monitored BP by email each
month [16].

For participants in the intervention group, at the ini-
tial medication review, the prescriber made a plan for 3
potential medication changes to be made if average self-
monitored BP was raised. Intervention group partici-
pants received automated prompts to act on this plan in
the light of their BP. Safety limits allowed prompt clinical
review in the presence of very high or very low readings.

Table 1 BP:Together intervention components

Page 3 of 10

Both participants and GPs used a previously developed
traffic light system to guide medication titration [16].

The original trial plan is outlined in the flow chart in
appendix 1.

Outcomes

The primary outcome was difference in clinic measured
systolic blood pressure, adjusted for baseline and other
covariates at 12 months.Secondary outcomes included
medication adherence (MARS) [23], beliefs about medi-
cines (BMQ) [23] quality of life (EQ-5D 5L) [24], anxi-
ety (STAI-6 item) [25], patient enablement [26, 27] and
lifestyle questions regarding smoking and alcohol and a
modified Rankin Scale (mRS, a 7 point scale designed to
assess disability after stroke ranging from 0 (no symp-
toms) to 5 (severe disability) and 6 (dead)) [28]. The
trial was stopped early due to the pandemic and so the
planned primary outcome could not be collected. In
order to gain as much information as possible from those
randomised in the trial, data concerning blood pressure,
medications and consultations were extracted from the
clinical record for the period comprising one year prior
to all randomisation (1/NOV/2018) until the last day of
the study (1/DEC/2020). Usage data were collected from
the BP:Together intervention for each four week moni-
toring period during the trial.

Sample size

A sample size of 244 people per group was required for
90% power assuming a standard deviation of 17 mmHg
to detect a difference of at least 5 mmHg between inter-
vention and control groups. Assuming a 20% drop out
(including death, withdrawal, or moving away), a sample
of 305 per group was needed; a total of 610 participants.

Analysis

As less than 20% of patients were recruited before
the trial was terminated, all analyses were descrip-
tive in nature and do not include comparisons or 95%

Participant

Clinician

BP monitor (Omron M10)
App/website/SMS interface comprising
Electronic patient training booklet®

Record of past BP readings including graphical interface?
Reminders & Feedback
Data entry

Monthly reports based on patient data
Website including

BP readings history including real time graphical
interface

Direct messaging to participants (one way)
Clinician training resources

@ not available on SMS interface; manual version available
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confidence intervals. Baseline data and routinely col-
lected clinical data pre- and post-randomisation are
presented separately. The analysis utilised pre-ran-
domisation data from 1 year prior to randomisation
and post-randomisation data for 1 year after randomi-
sation or up to and including 01/DEC/20 (whichever
came first). For blood pressure for example, this means
that all available BP data pre and post randomisation
for each patient was used to arrive at the means which
are presented without statistical comparison. The origi-
nal statistical analysis plan and subsequently revised
plan are presented in the supplementary material.

Results

Participants were recruited between November 2019
and March 2020 when the study was paused due to
COVID-19 pandemic restrictions. The trial design was
urgently revised to allow remote recruitment, however
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funding was withdrawn by the funder due to the impact
of COVID-19 on their available resources and priori-
ties. The reasons given for withdrawal of funding were
a) changes in practice due to the pandemic affecting the
control arm rates of self-monitoring and subsequent
impact on study power, b) concerns that primary care
practices would not be able to engage in research due to
covid and c) that fully remote recruitment would be chal-
lenging and could lead to selection bias.

From the first seventeen practices participating (total
practice population 236,562), 774 (0.4%) patients had
been identified from electronic searches and GP list
review to be invited. Of these, twelve practices with an
invitation population of 650 patients were able to hold at
least one recruitment clinic by the point of recruitment
cessation and are included for further consideration of
feasibility [Fig. 1]: 129 (20%) patients had responded
to an invitation and passed prescreening. Of these, 95

Invitations sent (n=650)

Declined or no response
No time or not well (n=43)

’—

Did not want to telemonitor (n=46)
Not want to be part of research
study (n=40)

Not want to give reason (n=77)

(n=133)

Patients responded

Other reason (n=65)
No response (n=249)
[more than one answer possible]

Failed prescreen call (n=4)

Awaiting screening (n=34)

(n=95)

Screened for eligibility

Excluded (n=40)
Not eligible (n=40)
Declined to
participate (n=0)

(n=55)

Randomised (1:1)

Allocated to
Intervention (n=27)

Allocated to Standard

Care (n=28)

Lost to follow-up ‘

(n=0)

Discontinued 4‘»

intervention (n=3): ‘
\

‘ Lost to follow-up
(n=0)
‘ Discontinued

| intervention (n=0)

’ Study terminated early — no follow-up took place

Fig. 1 Flow through the trial
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(74%) had been seen at a baseline clinic and of these 55
(58%) recruited with 40 (42%) excluded on the basis of
eligibility. A further 34 patients were waiting eligibility
screening.

Of those screened and ineligible, 34/40 (85%) had
blood pressure already controlled<130 mmHg sys-
tolic, four were unwilling or unable to undertake trial
procedures and two each were found to have very high
blood pressure requiring urgent intervention (>180/110
mmHg), or be taking more than three antihyperten-
sives, or to have a significant postural drop (appendix
2 table S1 (all supplementary tables are included in
appendix 2). The remainder of those prescreened (34
patients) were waiting for a baseline clinic when recruit-
ment was halted.

In terms of overall feasibility, if the response (20%)
and recruitment (58%) rates seen in the initial 12 prac-
tices were extrapolated to the planned sample size of 610,
the trial would have required approximately a further 87
practices (99 total) which was in line with the predictions
made in the funding application (100 practices).

Of 55 people randomised, the mean age was 74 years,
44% were female, 98% were of white ethnicity, 21 (38%)
had previously had a stroke and 34 (62%) a TIA [Tables 2
and S2]. Baseline BP was 147/82 mmHg (27 participants,
intervention group) and 146/80 mmHg (28 participants,
control group) and participants were taking a mean of
0.9 and 1.2 antihypertensive medications respectively
which related to a mean of 1.9 and 1.5 defined daily doses
[Tables 2, S3 and S4]. The median modified Rankin scale
was below one in both groups [23]. Three (11%) patients
in the intervention group discontinued the intervention
before the trial was stopped. Results are reported on an
intention to treat basis.

Data regarding routinely recorded BP during the study
were available from 47/55 (85.5%) pre-randomisation and
44/55 (80%) post-randomisation) with a median follow-
up time of 291 days (intervention 291, control 289 days).
Considering all available data, at baseline, mean BP
was 145/79 mmHg (intervention) and 145/78 (control)
respectively [Table 3]. Following randomisation mean BP
was 130/75 mmHg in the intervention group and 134/73
mmHg in the control group. Including only individuals
with at least one BP in both periods made no material
difference to the results (Table S3).

Of the 27 people randomised to the intervention group,
15 used text messages to transmit BP readings, 8 the web
interface and 4 the app. The total number of BP readings
submitted from all participants was 3510 with an average of
130 BP readings per participant, IQR [123, 152]. There were
27 BP readings that were submitted as confirmation of very
high (Systolic>180 mmHg, or Diastolic>100 mmHg) or
very low blood pressures (Systolic< 101 mmHg).
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The 3510 BP readings were completed in 246 monitor-
ing periods with a median of 12 blood pressure readings
submitted per monitoring period, IQR [12, 12] Range [2,
14]. In 51 cases the monitoring period was extended by
another 12 readings due to being near the 135mmHg sys-
tolic threshold initially.

Participants used the system for a median 9 monitoring
periods, IQR [10, 11] reflecting the median follow-up of
291 days (approximately 9% months). All 27 participants
used the system for more than one monitoring period (4
weeks). Participants monitored on average for 86.7% of
the available monitoring periods, IQR [90.1, 100] (median
of 100%). 25 (93%) participants used BP: Together for 7
or more monitoring periods (>7 months).

Routinely collected medication data were available
from all participants (55, 100%). People in the interven-
tion group were prescribed any antihypertensive in 18/27
(66.7%) pre- and 22/27 (81.5%) of cases post-randomi-
sation. Those in the control group were prescribed anti-
hypertensives in 25/28 (89.3%) and 21/28 (75%) of cases
pre- and post-randomisation respectively [Table 4]. The
median number of antihypertensives was 1.0 in both
groups pre- and post-randomisation.

Pre-randomisation, 16/27 (59.3%, intervention) par-
ticipants and 15/28 (53.6%, control) had at least one
hypertension related consultation. Following randomi-
sation, the equivalent proportions were 26/27 (96.3%,
intervention) and 28/28 (100%, usual care) respectively
[Table S5]. Consultation rates were a median of 1 in
both groups pre randomisation and post randomisation
3 (interquartile range 2, 5) (intervention) and 1.0 (IQR 1,
2) (control) [Table S5]. The majority of recorded consul-
tations were with GPs rather than nurses in both groups
with an apparent increase in the proportion with GP con-
sultations post randomisation.

Three serious adverse events were reported, all in the
intervention group [Table S6]. None were considered to
be related to the intervention.

Discussion

Main findings

This primary care-based trial of a self-management inter-
vention was terminated early due to the withdrawal of
funding in response to the COVID-19 pandemic, thus
precluding definitive conclusions. Routinely collected
data showed that blood pressure improved in both
groups but the sample size was too small to draw conclu-
sions about efficacy.

This was planned to be the first trial of self-manage-
ment following TIA/stroke with a digital intervention
specifically designed for people with stroke. The main
limitations were the insufficient sample size and an ina-
bility to collect the planned primary outcome due to early
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Table 2 Baseline characteristics by randomised group
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Characteristic
(no missing data unless stated)

Self-monitoring (N=27) Control (N=28)

Age

Mean (SD) 722 (82) 76.1(7.2)
Gender

Female, n (%) 14 (51.9%) 10 (35.7%)
Social environment

Live alone 6 (22.2%) 7 (25.0%)

Live with carer 1(3.7%) 2 (7.1%)
Ethnicity

White British, n (%) 26 (96.3%) 28 (100.0%)

Indian, n (%) 1(3.7%) 0
Level of education

University-undergraduate degree or higher, n (%) 9(33.3%) 9 (32.1%)

Secondary-school/higher certificate or GCE O/A-level, n (%) 12 (44.4%) 10 (35.7%)

Other qualification, n (%) 6 (22.2%) 8 (28.6%)

No qualifications, n (%) 0 1(3.6%)
Systolic blood pressure (mean of 2nd and 3rd reading) (mmHg) recorded at baseline clinic

Mean (SD) 146.5 (8.7) 1459 (11.1)
Diastolic blood pressure (mean of 2nd and 3rd reading) (mmHg) recorded at baseline clinic

Mean (SD) 81.9(94) 80.3(7.7)
Current antihypertensive medication (number of)

Mean (SD) 0.9(0.8) 1.2(0.6)
Modified Rankin scale

Not/mildly impaired (0-1) 22 (81.5%) 23 (82.1%)

Impaired (2-5) 5(18.5%) 5(17.9%)

[Range] [0to 3] [0to 3]
Smoker

Yes, n (%) 2 (7.4%) 1 (3.6%)
Past Cardiovascular History

Stroke, n(%) 12 (44.4%) 9(32.1%)

TIA, n(%) 15 (55.6%) 19 (67.9%)

Myocardial infarction (heart attack), n (%) 1(3.7%) 1(3.6%)

Angina, n (%) 2 (7.4%) 0

Peripheral vascular disease, n (%) 1(3.7%) 2 (7.1%)

Diabetes-Type Il, n (%) 2 (7.4%) 3(10.7%)

Heart failure, n (%) 1(3.7%) 0

CABG/angioplasty/stent, n (%) 3(11.1%) 2 (7.1%)

termination. Although the trial protocol had undergone
wholesale revision to reorientate to remote methods due
to the pandemic, further recruitment and follow-up were
not possible following withdrawal of funding. Conse-
quently, no data are available as to whether the interven-
tion would have reduced blood pressure more than usual
care, as has been seen in other studies [14].

The use of routinely collected data for follow-up,
while planned prospectively for the economic analy-
ses, cannot adequately replace planned follow-up

measurements and is likely to have been biased by the
impact of the pandemic. Routinely collected blood
pressure data are not the same as carefully measured
trial outcomes but were all that was available in the
circumstances [29]. This was an unblinded trial and so
BP measurements were likely taken with knowledge of
intervention allocation. In terms of workload, economic
evaluation methods for new interventions in the United
Kingdom inherently require comparisons of cost-effi-
ciency to be relative to usual care [30]. UK primary care
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Table 3 Mean blood pressure measurements from routine clinical notes, pre-randomisation and post-randomisation?

Intervention Control

Pre-randomisation (N=21) Post-randomisation (N =25) Pre-randomisation (N =26) Post-randomisation (N=19)

Systolic blood pressure (mmHg)

Mean (SD) 144.8 (15.5) 129.7 (9.5) 144.8 (9.6) 134.0(9.9)
Median (IQR) 140.0 (137.3t0 152.7) 130.7 (122.1 t0 135.0) 144.0 (138.0 to 149.0) 133.0 (129.0 to 140.0)
[Rangel® [116.2 t0 188.0] [111.0t0 151.0] [129.0t0 170.0] [110.0to 152.5]
Missing, n (%) 6 (22.2%) 2 (7.4%) 2 (7.1%) 9(32.1%)

Diastolic blood pressure (mmHg)
Mean (SD) 79.3(10.1) 74.8 (8.0) 783 (7.5) 73.2(6.1)
Median (IQR) 81.0 (74.3 t0 84.0) 74.6 (70.8 10 80.0) 785 (74.7 10 83.5) 72.0(68.0t0 78.3)
[Range]b [60.3 to 100.0] [60.0 to 95.0] [54.5 t0 92.0] [62.0 to 84.0]
Missing, n (%) 6 (22.2%) 2 (7.4%) 2(7.1%) 9(32.1%)

2The data presented here are pre-randomisation clinical data from 1 year prior to randomisation and post-randomisation clinical data for 1 year after randomisation
or up to and including 01/12/20 (whichever came first)

b Because these are routinely collected data as opposed to trial recorded data, baseline blood pressure presented here was not necessarily in line with the inclusion
criteria. See Table 1 for baseline blood pressure data measured during trial inclusion

Table 4 Antihypertensive medications from TASMINS5S trial data pre-randomisation and routine clinical notes post-randomisation?

Intervention

Control

Pre-randomisation (N=27) Post-randomisation (N=27) Pre-randomisation (N=28) Post-

randomisation
(N=28)

Any antihypertensives taken, 18 (66.7%) 22 (81.5%) 25 (89.3%) 21 (75.0%)

n (%)

Mean (SD) 0.9(0.8) 1.2(0.8) 1.2 (0.6) 1.0(0.7)

Median (IQR) 1.0 (0.0to 2.0) 1.0(1.0t0 2.0) 1.0(1.0t02.0) 1.0(05t01.5)

[Range] [00t02.0] [0.0t03.0] [00t02.0] [0.0t02.0]

?The data presented comprise pre-randomisation trial data and post-randomisation clinical data for 1 year after randomisation or up to and including 01/12/20

(whichever came first)

underwent very significant changes in consulting pat-
terns in March/April 2020 and these have subsequently
been shown to have reduced blood pressure measure-
ment in primary care [31]. This will have impacted the
control group especially as “usual care” was far from
pre-pandemic norms. The possible differences in con-
sulting rates may therefore have been simply due to
those in the intervention group having self-monitoring
data to discuss remotely with their GPs in comparison
to the control group with reduced clinic blood pres-
sure monitoring. Similar initial increases in consult-
ing associated with medication titration were seen in
our previous HITS trial [9]. Furthermore, the need to
revert intervention group patients to usual care follow-
ing trial cessation may have increased apparent consul-
tation rates compared to those already receiving usual
care. Future trials will need to understand the “new
normal” following subsequent implementation of the
BP@Home initiative in England from 2021 (comprising

the distribution of self-monitoring equipment and
implementation of remote BP monitoring for high-risk
groups by NHS England which started after trial cessa-
tion, https://nhshealthcall.co.uk/product/bp-at-home/),
in order to establish an appropriate comparator.

With these caveats, routinely collected data suggest
that BP reduced in both randomisation groups, similar to
our previous trials [32, 33]. This is likely driven by regres-
sion to the mean which is an issue in all trials where
inclusion criteria include blood pressure above target
[34], and which also affects evaluation of implementation
of self-monitoring in routine practice unless a control
group is used. The sample size achieved was not suffi-
cient to determine if there was a true difference between
groups due to the intervention, which could only be eval-
uated in a definitive trial.

The initial phases of the trial were sufficient to draw
some conclusions regarding feasibility. Prior to suspen-
sion of the trial, 55 people with stroke had been recruited
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from 12 practices with an almost 60% conversion rate from
screening, and further people waiting to be screened at
the point of trial suspension. Furthermore, the vast major-
ity of those randomised to self-management successfully
used the BP:Together intervention. The high compliance
in completing monitoring periods indicate high engage-
ment with the digital intervention and its design. This
suggests feasibility and acceptability under normal cir-
cumstances and is similar to other work by our group fol-
lowing stroke [35]. People randomised to the study were
on average in their mid-70s, relatively fit, and did not live
with a carer, so the initial cohort randomised did not pro-
vide insight into whether the trial would be suitable for a
more disabled stroke population who might conceivably
benefit more from a remote care model and for whom the
intervention was designed. Time will tell what future care
pathways will emerge but more remote care seems likely.
Indeed the most recent national stroke guideline in the UK
recommends ambulatory and self-monitoring to monitor
long term care [2]. Understanding patient preferences for
communication via text messages, an app or web interface
should be an important component of future investigation.

Self-monitoring of BP is not currently appropriate for
those with atrial fibrillation (AF) due to the lack of vali-
dated home monitoring equipment [19]. This reduces
generalisability in stroke, although emerging data from
ambulatory monitoring suggests that the increased num-
ber of measurements used in home monitoring might also
reduce inaccuracies otherwise inherent in measurement in
atrial fibrillation [36]. Most participants were white Brit-
ish reflecting both the national ethnicity mix in higher
age strata, and that recruitment was largely confined to
Oxfordshire in the initial phases of the study. Future work
should ensure that ethnic minorities are well represented
in recruited populations [37]. In comparison to some other
self-monitoring studies, participants were largely educated
to pre-university level suggesting the intervention may
have been widely applicable as designed [14].

The decision to stop the trial was taken by the funders
in a background of reduced income and much uncer-
tainty [38]. Whilst around 40% of people with hyper-
tension self-monitor in the UK, many do not tell their
GP and there are no data on self-monitoring following
stroke, where blood pressure is an important risk factor
[39]. As we write in 2024, there remains a need to trial a
telemonitoring intervention designed to be used by peo-
ple following stroke and TIA and it is unfortunate that
this study has not been able to provide this.

Conclusions

Recruitment to a trial of a digital intervention designed
to improve BP control following TIA/Stroke was feasible
until suspended due to the COVID-19 pandemic. The
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majority of those allocated to the intervention used it
as long as it was available. People randomised to either
group showed improvement in their recorded BP but
insufficient recruitment occurred for formal assessment
of the efficacy of a digital tool to enable BP self-manage-
ment. Understanding the most appropriate and effective
roles for digital behavioural interventions in the manage-
ment of people with poorly controlled blood pressure
and a history of stroke or TIA requires further research.

Abbreviations

BP Blood Pressure

GP General Practitioner

mmHg  Millimetres of Mercury

NHS National Health Service

NIHR National Institute for Health Research
SMBP Self-monitoring of blood pressure
TIA Transient Ischaemic Attack

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-024-04320-0.

[ Supplementary Material 1. }

Acknowledgements

FDRH acknowledges part support as Director of the NIHR Applied Research
Collaboration (ARC) Oxford Thames Valley, and Theme Lead of the NIHR OUH
BRC. The authors acknowledge the work of staff in Oxford University’s Primary
Care Clinical Trials Unit, in Cambridge and Edinburgh along with the col-
laborating practices who are all listed below. Mr Sam Mort provided statistical
support during a period of maternity leave. Emma Ogburn was an original
co-applicant before handing over to Julie Allen for senior trial management.
The TASMINSS investigators are grateful for the support of the trial steering
committee: Chris Salisbury (chair), Mark Glover (RIP 2023), Gordon Taylor and
Brin Helliwell as well as the data monitoring committee: Chris Clark (chair),
Andrea Marshall, and Anne Forster.

The TASMIN5S/BPTogether investigators
Primary care clinical trials unit oxford:
Clare Bateman, Sadie Kelly, David Watt, David Judge, Luis Castello.

Research nurses

Heather Rutter, Karen Madronal, Belinda I'Anson, Bernadette Mundy, Pippa
Whitbread, Irene Noel & Samantha Squires; Oxford Primary Care.

Lydia Owen, Debbie Kelly, Diane Lonsdale, Katherine Priddis, Heather Edwards;
Thames Valley Clinical Research Network.

Marie Corcoran, Bonnie Jackson, Yin Fan; Eastern Clinical Research Network.
Julie Timmins, Somi Spannuth; West Midlands Clinical Research Network

Co-ordinator Sites:
Cambridge: Elizabeth Kreit, Ricky Mullis, Alex Newbrook
Scotland: Lauren Murdoch, Morag Maclean, Janet Thomson

Practice leads:

White Horse Medical Practice, Dr Victoria Glover; The Boathouse Surgery, Dr
Chris Keast/Dr Thomas Morgan; Unity Health, Princes Risborough Surgery, Dr
Mike Thomas; Woodlands Medical Centre, Dr Cheryl Heng; Bicester Health
Centre, Dr Robin Fox; Medicas: The Swan Practice, Whitchurch Surgery, Norden
House Surgery, Wing Surgery, Dr Chris Davies/Dr Tracey Largent; Wokingham
Medical Centre, Dr Zishan Ali; Windrush Medical Centre, Dr Nick Thomas; Red
House Surgery, Dr Nigel Fagan; Summertown Health Centre, Dr Kyle Knox;
Eynsham Medical Group, Dr Miles Carter; St Bartholomew's Medical Centre, Dr
Nick Wooding; Gosford Hill Medical Centre, Dr Matthew Wallard; Cobbs Garden
Surgery, Dr Jonathan Walter; Milman Road Health Centre, Dr R Mittal; Alconbury
& Brampton Surgeries, Dr D P Outram; Loanhead Medical Practice, Dr J Kerr.


https://doi.org/10.1186/s12872-024-04320-0
https://doi.org/10.1186/s12872-024-04320-0

McManus et al. BMC Cardiovascular Disorders (2024) 24:746

Authors’ contributions

RM and BM had the original idea, gained the funding with JM, LY, LH, LT, CV,
MW, CRi, FDRH, LMY, PH and GM and developed the protocol with all other
co-authors. CRi and MW were patient representatives throughout. Interven-
tion development was led by LY and LT with CV, TR, KSM, LH and CRo. The
main analysis was undertaken by ET and LMY who had full access to those
data. The BP:Together digital intervention usage data were analysed by CRo
who had full access to those data. RM and AS wrote the first draft which was
subsequently edited and approved for submission by all other authors. RM will
act as a guarantor for the paper.

Funding

Funding was provided by a programme grant from the Stroke Association

and British Heart Foundation (TSABHF 2018-01), but this was withdrawn due
to the COVID-19 pandemic in November 2020 at which point the trial was
closed. Analysis and writing up was subsequently supported by the NIHR
Oxford and Thames Valley Applied Research Collaborative. LY, JM and RM are
NIHR Senior Investigators. FDRH and GF are emeritus NIHR senior investigators.
CRo is supported by the Oxford NIHR Biomedical Research Centre. LYs research
programme is partly supported by NIHR Applied Research Collaboration
(ARC)-West and NIHR Health Protection Research Unit (HPRU) for Behavioural
Science and Evaluation.

Data availability

Data are available from the authors upon reasonable request and with
permission of the University of Oxford. Use of data will require approval by an
independent review committee identified for this purpose and investigators
requesting data will need to provide a written protocol including analysis plan
and sign a data sharing/access agreement. Requests for Data Sharing should
be directed to information.guardian@phc.ox.ac.uk.

Declarations

Ethics approvals and consent to participate

Ethical approval was granted by North West - Greater Manchester East
Research Ethics Committee Reference 19/NW/0409.Written informed consent
was obtained before eligibility confirmation.

Consent for publication
Not applicable.

Competing interests

RM has received BP monitors for research from Omron (which were recycled
for use in the current study) and Oxford University has received fees and
consultancy from Omron for his work. FDRH has received occasional fees

or expenses for speaking or consultancy from AZ, B, Bayer, BMS/Pfizer, and
Novartis. BM has received consultancy fees from the Scottish Government for
advice on remote monitoring of hypertension. CRo has received consultancy
fees from Sensyne Health for work on telemonitoring products. The other
authors declare no further conflicts of interest.

Author details

"Nuffield Department of Primary Care Health Sciences, University of Oxford,
Oxford, UK. 2School of Medicine, University of Limerick, Limerick, Ireland.
3RadCcliffe Department of Medicine, University of Oxford, and Oxford University
Hospitals NHS Foundation Trust, Oxford, UK. *Advanced Care Research Centre,
Usher Institute, University of Edinburgh, Edinburgh, UK. >Department of Public
Health and Primary Care Research, University of Cambridge, Cambridge, UK.
6School of Psychology, University of Southampton, Southampton, UK. ”Public
contributor, Bristol, UK. 8Public contributor, London, UK. °Institute of Biomedi-
cal Engineering, Department of Engineering Science, University of Oxford,
Oxford, UK. '°Edinburgh Clinical Trials Unit, Usher Institute, University of Edin-
burgh, Edinburgh, UK. ''School of Psychological Science, University of Bristol,
Bristol, UK. '?Brighton and Sussex Medical School, Universities of Brighton

and Sussex, Brighton, UK.

Received: 24 May 2024 Accepted: 4 November 2024
Published online: 27 December 2024

Page 9 of 10

References

1. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomised
trials in the context of expectations from prospective epidemiological
studies. BMJ. 2009;338:b1665 http://www.bmj.com/content/338/bmj.
b1665.

2. Intercollegiate Stroke Working Party. National Clinical Guideline for Stroke
for the United Kingdom and Ireland. London. 2023. www.strokeguideline.
org.

3. Falaschetti E, Chaudhury M, Mindell J, et al. Continued improvement in
hypertension management in England: results from the Health Survey
for England 2006. Hypertension. 2009;53:480-6. https://doi.org/10.1161/
hypertensionaha.108.125617. 2009/02/11.

4. Rothwell PM, Giles MF, Chandratheva A, et al. Effect of urgent treatment
of transient ischaemic attack and minor stroke on early recurrent stroke
(EXPRESS study): a prospective population-based sequential comparison.
Lancet. 2007;370:1432-42.

5. Phillips LS, Branch WT, Cook CB, et al. Clinical inertia. Ann Intern Med.
2001;135:825-34.

6. Fletcher BR, Hartmann-Boyce J, Hinton L, et al. The Effect of Self-Monitor-
ing of Blood Pressure on Medication Adherence and Lifestyle Factors: A
Systematic Review and Meta-Analysis. Am J Hypertens. 2015,;28:1209-21.
https://doi.org/10.1093/ajh/hpv008.

7. Glynn LG, Murphy AW, Smith SM, et al. Interventions used to improve
control of blood pressure in patients with hypertension. Cochrane Data-
base Syst Rev. 2010;3:CD005182.

8. Goncalves-Bradley DC, Boylan AM, Koshiaris C, et al. GPs'adherence to
guidelines for structured assessments of stroke survivors in the commu-
nity and care homes. Fam Pract. 2015;32(659-663):20150930. https://doi.
0rg/10.1093/fampra/cmv074.

9. McKinstry B, Hanley J, Wild S, et al. Telemonitoring based service redesign
for the management of uncontrolled hypertension: multicentre ran-
domised controlled trial. BMJ. 2013;346: f3030.

10. McManus RJ, Mant J, Haque MS, et al. Effect of self-monitoring and medi-
cation self-titration on systolic blood pressure in hypertensive patients
at high risk of cardiovascular disease: the TASMIN-SR randomized clinical
trial. JAMA. 2014;312:799-808. https://doi.org/10.1001/jama.2014.10057.

11. Hammersley V, Parker R, Paterson M, et al. Telemonitoring at scale for
hypertension in primary care: An implementation study. PLoS Med.
2020;17(e1003124):20200617. https://doi.org/10.1371/journal.pmed.
1003124,

12. Mclean G, Band R, Saunderson K, et al. Digital interventions to promote
self-management in adults with hypertension systematic review and
meta-analysis. J Hypertens. 2016;34:600-12. https://doi.org/10.1097/HJH.
0000000000000859.

13. Siopis G, Moschonis G, Eweka E, et al. Effectiveness, reach, uptake, and
feasibility of digital health interventions for adults with hypertension: a
systematic review and meta-analysis of randomised controlled trials. Lan-
cet Digit Health. 2023;5:e144-59. https://doi.org/10.1016/52589-7500(23)
00002-X.

14. Sheppard JP, Tucker KL, Davison WJ, et al. Self-monitoring of Blood Pres-
sure in Patients With Hypertension-Related Multi-morbidity: Systematic
Review and Individual Patient Data Meta-analysis. Am J Hypertens.
2020;33:243-51. https://doi.org/10.1093/ajh/hpz182. 2019/11/16.

15. Lv M, WuT, Jiang S, et al. Effects of Telemedicine and mHealth on Systolic
Blood Pressure Management in Stroke Patients: Systematic Review and
Meta-Analysis of Randomized Controlled Trials. JMIR Mhealth Uhealth.
2021,9(e24116):20210611. https://doi.org/10.2196/24116.

16. RaiT, Morton K, Roman C, et al. Optimizing a digital intervention for
managing blood pressure in stroke patients using a diverse sample:
Integrating the person-based approach and patient and public involve-
ment. Health Expect. 2021,24:327-40. https://doi.org/10.1111/hex.13173.
2020/12/15.

17. House of Commons, Science and Technology Committee. Research
integrity: clinical trials transparency. HMSO. London. 320/10/2018 2018.

18. Intercollegiate Stroke Working Party. National clinical guidelines for
stroke. London. 2016.

19. Clark CE, McDonagh STJ, McManus RJ. Accuracy of automated blood
pressure measurements in the presence of atrial fibrillation: systematic
review and meta-analysis. J Hum Hypertens. 2019;33(352-364):20190110.
https://doi.org/10.1038/541371-018-0153-z.


http://www.bmj.com/content/338/bmj.b1665
http://www.bmj.com/content/338/bmj.b1665
http://www.strokeguideline.org
http://www.strokeguideline.org
https://doi.org/10.1161/hypertensionaha.108.125617
https://doi.org/10.1161/hypertensionaha.108.125617
https://doi.org/10.1093/ajh/hpv008
https://doi.org/10.1093/fampra/cmv074
https://doi.org/10.1093/fampra/cmv074
https://doi.org/10.1001/jama.2014.10057
https://doi.org/10.1371/journal.pmed.1003124
https://doi.org/10.1371/journal.pmed.1003124
https://doi.org/10.1097/HJH.0000000000000859
https://doi.org/10.1097/HJH.0000000000000859
https://doi.org/10.1016/S2589-7500(23)00002-X
https://doi.org/10.1016/S2589-7500(23)00002-X
https://doi.org/10.1093/ajh/hpz182
https://doi.org/10.2196/24116
https://doi.org/10.1111/hex.13173
https://doi.org/10.1038/s41371-018-0153-z

McManus et al. BMC Cardiovascular Disorders (2024) 24:746

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

Katzman R, Brown T, Fuld P, et al. Validation of a short Orientation-
Memory-Concentration Test of cognitive impairment. Am J Psychiatry.
1983;140:734-9.

Tomson CRV, Cheung AK, Mann JFE, et al. Management of Blood Pres-
sure in Patients With Chronic Kidney Disease Not Receiving Dialysis:
Synopsis of the 2021 KDIGO Clinical Practice Guideline. Ann Intern Med.
2021;174(1270-1281):20210622. https://doi.org/10.7326/M21-0834.
Mattu GS, Heran BS, Wright JM. Overall accuracy of the BpTRU-an auto-
mated electronic blood pressure device. Blood Press Monit. 2004;9:47-52.
Horne R, Weinman J. Patients’ beliefs about prescribed medicines and
their role in adherence to treatment in chronic physical illness. J Psycho-
som Res. 1999;47:555-67.

Herdman M, Gudex C, Lloyd A, et al. Development and preliminary
testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res.
2011;20:1727-36. https://doi.org/10.1007/511136-011-9903-x. 2011/04/12.
Marteau TM, Bekker H. The development of a six-item short-form of

the state scale of the Spielberger State-Trait Anxiety Inventory (STAI).
BrJClinPsychol. 1992;31(Pt 3):301-6.

Howie JG, Heaney DJ, Maxwell M, et al. A comparison of a Patient Enable-
ment Instrument (PEI) against two established satisfaction scales as an
outcome measure of primary care consultations. Fam Pract. 1998;15:165-
71. https://doi.org/10.1093/fampra/15.2.165.

Little P, Lewith G, Webley F, et al. Randomised controlled trial of Alexander
technique lessons, exercise, and massage (ATEAM) for chronic and recur-
rent back pain. Br J Sports Med. 2008;42:965-8.

Rankin J. Cerebral vascular accidents in people over the age of 60. Il
Prognosis Scottish Medical Journal. 1957,2:200-15.

Stevens SL, McManus RJ, Stevens RJ. Current practice of usual clinic blood
pressure measurement in people with and without diabetes: a survey

and prospective ‘mystery shopper”study in UK primary care. BMJ Open.
2018;8:2020589. https://doi.org/10.1136/bmjopen-2017-020589. 2018/04/15.
National Institute for Health and Care Excellence (NICE). Guide to the
methods of technology appraisal 2013. London. 2013.

Bankhead CR, Lay-Flurrie S, Nicholson BD, et al. Changes in cardiovas-
cular disease monitoring in English primary care during the COVID-19
pandemic: an observational cohort study. medRxiv 2020: https://doi.org/
10.1101/2020.12.11.20247742.

McManus RJ, Little P, Stuart B, et al. Home and Online Management and
Evaluation of Blood Pressure (HOME BP) using a digital intervention

in poorly controlled hypertension: randomised controlled trial. BMJ.
2021;372:m4858. https://doi.org/10.1136/bmj.m4858. 2021/01/21.
McManus RJ, Mant J, Franssen M, et al. Efficacy of self-monitored blood
pressure, with or without telemonitoring, for titration of antihypertensive
medication (TASMINH4): an unmasked randomised controlled trial. Lancet.
2018;391:949-59. https//doi.org/10.1016/50140-6736(18)30309-X. 2018/03/04.
Bland JM, Altman DG. Statistics Notes: Some examples of regression
towards the mean. BMJ. 1994;309:780.

Hanley J, Fairbrother P, Krishan A, et al. Mixed methods feasibility study for
a trial of blood pressure telemonitoring for people who have had stroke/
transient ischaemic attack (TIA). Trials. 2015;16:117. https://doi.org/10.
1186/513063-015-0628-y.

Lundwall K, Kahan T, Omboni S. BLOOD PRESSURE IN ATRIAL FIBRILLA-
TION AND IN SINUS RHYTHM DURING 24 HOUR AMBULATORY BLOOD
PRESSURE MONITORING: DATA FROM THE TEMPLAR PROJECT. J Hyper-
tens. 2022;40: 9. https://doi.org/10.1097/01.hjh.0000835372.81237.9d.
Rai T, Hinton L, McManus RJ, et al. What would it take to meaning-

fully attend to ethnicity and race in health research? Learning from a

trial intervention development study. Sociol Health Ilin. 2022;44 Suppl
1:57-72. https://doi.org/10.1111/1467-9566.13431. 20220112.

British Heart Foundation. Written evidence submitted by the British Heart
Foundation to Parliament September 2020. CRV0027. HMSO London
2020. https://committees.parliament.uk/writtenevidence/11575/pdf/.
Hodgkinson JA, Lee MM, Milner S, et al. Accuracy of blood-pressure
monitors owned by patients with hypertension (ACCU-RATE study): a
cross-sectional, observational study in central England. Br J Gen Pract.
2020;70:e548-54. https://doi.org/10.3399/bjgp20X710381. 2020/06/03.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10


https://doi.org/10.7326/M21-0834
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1093/fampra/15.2.165
https://doi.org/10.1136/bmjopen-2017-020589
https://doi.org/10.1101/2020.12.11.20247742
https://doi.org/10.1101/2020.12.11.20247742
https://doi.org/10.1136/bmj.m4858
https://doi.org/10.1016/S0140-6736(18)30309-X
https://doi.org/10.1186/s13063-015-0628-y
https://doi.org/10.1186/s13063-015-0628-y
https://doi.org/10.1097/01.hjh.0000835372.81237.9d
https://doi.org/10.1111/1467-9566.13431
https://committees.parliament.uk/writtenevidence/11575/pdf/
https://doi.org/10.3399/bjgp20X710381

	Self-monitoring of blood pressure following a stroke or transient ischaemic attack (TASMIN5S): a randomised controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Participants
	Procedures
	Usual care
	BP: Together intervention
	Outcomes
	Sample size
	Analysis


	Results
	Discussion
	Main findings

	Conclusions
	Acknowledgements
	References


