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    Abstract
Background: Adequate control of blood pressure reduces the risk of recurrent stroke. We conducted a randomized controlled study to determine whether home blood pressure monitoring with nurse-led telephone support would reduce blood pressure in patients with hypertension and a history of stroke.

Methods: We recruited 381 participants (mean age 72 years) from outpatient and inpatient stroke clinics between Mar. 1, 2007, and Aug. 31, 2009. Nearly half (45%, 170) of the participants had some disability due to stroke. Participants were visited at home for a baseline assessment and randomly allocated to home blood pressure monitoring (n = 187) or usual care (n = 194). Those in the intervention group were given a monitor, brief training and telephone support. Participants who had home blood pressure readings consistently over target (target < 130/80 mm Hg) were advised to consult their family physician. The main outcome measure was a fall in systolic blood pressure after 12 months, measured by an independent researcher unaware of group allocation.

Results: Despite more patients in the intervention group than in the control group having changes to antihypertensive treatment during the trial period (60.1% [98/163] v. 47.6% [78/164], p = 0.02), the fall in systolic blood pressure from baseline did not differ significantly between the groups (adjusted mean difference 0.3 mm Hg, 95% confidence interval –3.6 to 4.2 mm Hg). Subgroup analysis showed significant interaction with disability due to stroke (p = 0.03 at 6 months) and baseline blood pressure (p = 0.03 at 12 months).

Interpretation: Overall, home monitoring did not improve blood pressure control in patients with hypertension and a history of stroke. It was associated with a fall in systolic pressure in patients who had uncontrolled blood pressure at baseline and those without disability due to stroke. Trial registration: ClinicalTrials.gov registration NCT00514800


See related commentary by Dawes and colleagues on page 11 and at www.cmaj.ca/lookup/doi/10.1503/cmaj.121819

Worldwide about 15 million people have a stroke each year.1 Adequate control of blood pressure reduces the risk of recurrent stroke by up to 40%.2 However, about 1 in 3 adults have blood pressure readings above recommended targets.3 Systematic reviews suggest that home monitoring is associated with reduced blood pressure4–7 and may improve compliance with treatment and encourage lifestyle changes.8 But the benefits tend to be modest.4,5 Co-interventions, such as patient education and support from health professionals, are important and may lead to intensification of antihypertensive treatment.8,9
Despite the importance of good control of blood pressure in patients with a history of stroke, little is known about home monitoring in this group. Physical and cognitive impairments resulting from stroke may adversely affect patients’ compliance and ability to use the equipment successfully. We conducted a randomized controlled trial to determine whether home blood pressure monitoring with nurse-led telephone support was associated with reduced systolic blood pressure after 12 months in patients with hypertension and a history of stroke. Because PROGRESS (the Perindopril Protection Against Recurrent Stroke Study)2 showed that antihypertensive medications reduced the risk of recurrent stroke among patients with or without hypertension who had a history of stroke, we aimed to assess home monitoring in unselected patients with hypertension and a history of stroke across the blood pressure range.
Methods
Study design and participants
We conducted a prospective, parallel-group, open-label randomized controlled trial over 12 months. The trial protocol has been published previously.10 In brief, we recruited participants from 3 stroke services in London, United Kingdom, between Mar. 1, 2007, and Aug. 31, 2009. Participants were eligible for inclusion if they had a history of stroke or transient ischemic attack within the 9 months before enrolment and had hypertension. We defined hypertension as a blood pressure reading greater than 140/85 mm Hg at the last clinic visit or treatment with antihypertensive medications, which was similar to definitions used in other studies.11,12 We excluded patients who were already enrolled in a trial; were severely ill or too frail; were already using a blood pressure monitor; had severe cognitive impairment (Abbreviated Mental Test score13 < 7); lived within about an hour’s travel from the study centre, as defined by a list of postal codes; and did not speak English. We obtained written informed consent from the participants. The study was approved by the Wandsworth Research Ethics Committee.

Randomization
We used a computer-generated randomization sequence to implement stratified randomization based on age (< 70 v. ≥ 70 years), sex and disability resulting from stroke (Rankin disability score 0–1 = no disability v. ≥ 2 = some disability14) with a 1:1 allocation using random block sizes of 4 and 6. Allocation to the intervention or control group was contained within a sealed, numbered envelope and assigned to the participant by the trial administrator before the baseline visit. The research nurse opened the envelope after she completed the home baseline assessment. The participants, research nurse and trial administrator were not masked during the trial, but follow-up measurement of blood pressure after 6 and 12 months was done by an independent research assistant masked to group allocation.

Study protocol
Baseline blood pressure and pulse rate were measured at home by the research nurse with an automatic machine (Omron 705CP, Omron Healthcare UK Ltd., Milton Keynes, UK) with printout. Three readings were taken 1 minute apart, and the baseline blood pressure was recorded as the average of the last 2 readings. All patients with blood pressure at baseline greater than 150/90 mm Hg were advised to see their family physician. All family physicians were sent information about the study and a recommended target for home blood pressure of less than 130/80 mm Hg.15
Baseline assessment included use of the Euro-Qol 5-dimension (EQ-5D) index16 to measure quality of life, and the FEAR (frequency of anxiety, enduring nature of anxiety, alcohol or sedative use, restlessness or fidgeting) Questionnaire17 to measure anxiety level. To assess medication use, we asked patients to produce all medications they were currently taking.

Intervention
Participants in the intervention group were given, free of charge, an Omron M6 blood pressure monitor with appropriate-sized cuff (Omron Healthcare UK Ltd.). The participant, care provider or both were taught how to take blood pressure readings in the unaffected arm using a standardized method.18 They were advised to take 3 readings, 1 minute apart, daily for the first week, then weekly, and to record readings in a booklet. Participants were advised that their home blood pressure should be less than 130/80 mm Hg.15 This was also stated on a label stuck on the monitor. The nurse telephoned participants after a week and revisited after a month to check technique and review blood pressure readings. The nurse also telephoned at 3 and 9 months (and at 6 months if the reading taken by the research assistant was elevated). Participants whose blood pressure was consistently above target were advised to see their physician and to take their booklet.10 The nurse did not telephone the physician herself but provided telephone support to the patient twice weekly until the target pressure was reached.
Participants in the control group received usual care from their physician but no intervention from the nurse. The study administrator telephoned control participants after 3 and 9 months to check on their well-being, but no advice on blood pressure was given.

Outcome measures
The primary outcome measure was change in mean systolic blood pressure after 12 months. We selected systolic rather than diastolic blood pressure because it is a better predictor of stroke risk.20 Secondary outcome measures were change in mean systolic blood pressure after 6 months; change in mean diastolic blood pressure; number of antihypertensive drugs, treatment changes and primary care consultations; and change in EQ-5D and FEAR scores.
An independent research assistant unaware of group allocation visited participants at home after 6 and 12 months and measured their blood pressure as at baseline. At the 12-month visit, a second questionnaire was administered. The number of primary care consultations per year was obtained from participants’ reports at 12 months; for a subset of 84 participants, this number was validated against family practice electronic medical records.19

Statistical analysis
A sample of 322 was required to detect a difference of 5 mm Hg5 in change in mean systolic blood pressure over 12 months between the intervention and control groups, with 80% power using a 5% significance level, assuming the standard deviation (SD) was ± 16 mm Hg.21,22 Allowing for a 10% loss to follow-up, we needed to recruit 360 participants. In March 2009, the Data Monitoring Committee agreed that the sample size needed to be increased to 380 to allow for a 5% death rate.
All patients who had complete data on blood pressure were included in the analysis at each time point. We used a regression model to compare change in mean systolic blood pressure over the year between the intervention and control groups after adjusting for baseline blood pressure, age of 70 years or older, sex and presence of disability (Rankin score ≥ 2). Because self-monitoring may present particular challenges in patients with disability and a history of stroke, prespecified subgroup analysis10 examined the effect of disability on change in systolic blood pressure by adding this factor and its interaction with the intervention effect to the regression model. Because the intervention may be more effective in patients with more elevated blood pressure, and to aid comparison with other studies,23,24 we did a post-hoc exploratory analysis of the effect of monitoring in patients with blood pressure at baseline greater than 140/90 mm Hg and less than 200/100 mm Hg, versus 140/90 mm Hg or less.


Results
Study participants
The selection of patients for our study is summarized in Figure 1. Of 1490 patients assessed in the outpatient clinics, 309 were eligible for inclusion and 250 (80.9%) of them agreed to take part. An additional 174 patients were recruited from inpatient stroke units. Before randomization, 43 of the 424 patients recruited for the study were excluded because they were not eligible (n = 19), they did not want to participate (n = 9), they died before randomization (n = 2), the randomization target was achieved (n = 7), or they were unavailable (n = 6). The 381 participants came from 165 general practices (range 1–11 patients per practice) and were randomly assigned to home monitoring (n = 187) or usual care (n = 194).
[image: Figure 1:]
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Figure 1: Selection of patients for inclusion in the study. R = randomization. *No information is available about the number of patients assessed or approached.



Nineteen patients (5.0%) died during the follow-up period. Of the remaining 362 patients, 337 (93.1%) had their blood pressure remeasured at home after 12 months and were included in the analysis of the primary outcome. The proportion of patients who completed follow-up was similar in the intervention and control groups (94.7% and 92.3%, respectively). Participants who did not complete follow-up were similar to the remainder, except they were less likely to score 10/10 on the Abbreviated Mental Test at recruitment (76.7% v. 88.3%, p = 0.03; Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.120832/-/DC1). The age of those who completed follow-up ranged from 30 to 94 (mean 72) years; 77 (22.8%) were from ethnic minorities, and 151 (44.8%) had some disability due to stroke. Baseline characteristics were similar between the study groups except that participants in the intervention group tended to have higher blood pressure readings at baseline (Table 1).
View this table:	View inline
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Table 1: Baseline characteristics of 381 participants with hypertension and a history of stroke randomly assigned to home blood pressure monitoring (intervention) or usual care (control)




Participants’ experience of home blood pressure monitoring
Of the 168 participants in the home monitoring group, 51 (30.4%) required the help of a care provider to take their blood pressure. After 1 month, the mean blood pressure readings were systolic 133.4 (SD ± 15.9) mm Hg and diastolic 72.4 (SD ± 10.8) mm Hg. The nurse made on average 3.8 (range 0–13) telephone calls to each patient during the follow-up period, of which 0.9 (range 0–12) were about high readings. At 12 months, 126 (75.0%) of the patients said they or their care provider were still monitoring weekly. Patients with no disability were more likely than those with some disability to have recorded a full set of readings in the previous 4 weeks (54.8% [51/93] v. 38.7% [29/75]; p = 0.04).

Effect of home monitoring on blood pressure
After adjustment for baseline blood pressure, we found no significant difference between the intervention and control groups in the mean fall in systolic blood pressure after 12 months (0.3 mm Hg, 95% confidence interval −3.6 to 4.2; Table 2). Home monitoring was associated with a significantly greater reduction in blood pressure at 6 months but not at 12 months in patients without disability than in those with some disability. It was also associated with a significantly greater reduction in systolic blood pressure at 12 months in patients whose baseline blood pressure readings were higher than 140/90 mm Hg and less than 200/100 mm Hg than in those with normal blood pressure at baseline (8 patients with baseline blood pressure ≥ 200/100 mm Hg were excluded from this analysis).
View this table:	View inline
	View popup



Table 2: Systolic blood pressure readings in intervention and control groups*



In terms of other outcomes, home monitoring had little effect on diastolic blood pressure (Appendix 2, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.120832/-/DC1). Although patients were not masked, the independent research assistant reported being unaware of the allocation status of 292 out of 305 (95.7%; this information was not recorded for the first 21 patients followed up) of the participants at the time of blood pressure measurement. More patients in the intervention group than in the control group had changes to their antihypertensive treatment during the trial (60.1 [98/163] v. 47.6% [78/164]; p = 0.02) (Table 3). However, there was no difference between the groups in the number of medications per patient. Among the 133 patients with uncontrolled hypertension at baseline (> 140/90 mm Hg), 55 (75.3%) of those in the home monitoring group had medication changes, as compared with 34 (53.1%) of controls (p = 0.008).
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Table 3: Changes to antihypertensive treatment during follow-up among participants with complete medication data




Quality of life and adverse events
At 12 months, participants had significantly lower EQ-5D scores than at baseline (Table 4), and a higher proportion were deemed to have anxiety according to their FEAR score (18.1% at baseline v. 27.0% at follow-up); there was no significant difference in these measures between the groups.
View this table:	View inline
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Table 4: Change in quality of life at end of follow-up



The number of primary care consultations reported by participants did not differ significantly between the groups: mean 5.2 (SD ± 4.6) per patient in the intervention group (n = 159) and 5.4 (SD ± 5.3) in the control group (n = 155); between-group difference 0.2 (95% CI −0.9 to 1.3). Validation against electronic medical records suggested a small (20%) underestimation in reported consultations.
The proportion of participants who reported falls during the follow-up period did not differ significantly between the intervention (19.0% [n = 32]) and control (17.2% [n = 29]) groups. The same was true for recurrent stroke (6.1% [n = 11] and 8.1% [n = 15], respectively).


Interpretation
Overall, home monitoring did not improve blood pressure control in this group of patients with hypertension and a history of stroke. However, it was associated with more changes in antihypertensive treatment during the trial, which suggested more active management in the intervention group. Patients with no disability were more likely than those with disability resulting from stroke to continue monitoring and had a significantly greater reduction in systolic blood pressure at 6 months. In a post-hoc analysis, home monitoring was associated with a significantly greater reduction in systolic blood pressure in those with uncontrolled blood pressure at baseline than in those with controlled blood pressure at baseline.
The lack of overall benefit of home monitoring on blood pressure may have been due to a failure of implementation (using the monitor), a failure to effect change or heterogeneity in the treatment effect. Home monitoring depended on patients taking their blood pressure, recognizing if readings were consistently over target, understanding the need for intensification of treatment, visiting their physician for review and appropriate management by their physician. We included frail, elderly patients with a history of stroke, who are often excluded from trials,8,11,25 and patients with very high blood pressure or who were already taking 3 or more antihypertensive medications,24,26–29 for whom therapeutic options may be limited. Although most patients in the intervention group were still monitoring their blood pressure after 12 months, this was more problematic for patients with disability, particularly those dependent on care providers not living with them.30
In addition, lack of consensus about appropriate home blood pressure targets in patients with a history of stroke may have contributed to clinical inertia.7 Participants saw their physician on average 5 times during the year, but, unlike in other studies, the physicians were not recruited to participate in the trial and did not receive an intensive educational intervention.4,11,,22–25,31 Also, the physicians were not in research practices,11 and not all were supportive of home monitoring, as was found in a qualitative study of stroke patients’ perceptions of home blood pressure monitoring.30 The qualitative study also suggested that monitoring encouraged some patients with blood pressure below target to take less medication, which is contrary to the advice they were given (Table 3). Finally, all patients with baseline blood pressure readings greater than 150/90 mm Hg were advised to see their physician, potentially weakening the intervention effect.
Two other primary care–based trials of home monitoring included patients with hypertension who had a wide range of blood pressure readings.11,12 A US trial showed that monitoring with nurse support led to a significant reduction in systolic blood pressure despite a low baseline average of 125 mm Hg.11 By contrast, a UK trial involving selected patients with baseline blood pressure greater than 140/90 mm Hg found that self-management in combination with telemonitoring was associated with a reduction in systolic blood pressure of 5.4 mm Hg.24 Although direct comparisons should be done cautiously, this compares to a reduction of 5.9 mm Hg among corresponding patients in our post-hoc analysis (Table 2).
Strengths and limitations
Our trial was robust, with 93% follow-up and independent, blinded outcome assessment. The 81% recruitment rate among eligible patients in the outpatient clinics was high for a trial involving patients with a history of stroke. Furthermore, the age, sex, ethnicity, and prevalence of atrial fibrillation, diabetes and past stroke in our study population were similar to those of 3356 consecutive patients recruited to our local stroke register during the period from Oct. 1, 2003, to Aug. 31, 2010, which suggests that our findings are generalizable to patients with a history of stroke. As in other trials,11,12 we included patients with hypertension who had a range of blood pressure readings. Many patients who use monitors have well-controlled blood pressure. Hence, it is important to include such patients in trials, as we have done, by including patients with hypertension who had a range of blood pressure readings. Nearly half of the participants had some disability, and almost a third of those in the home monitoring group required help from a care provider to measure their blood pressure. A quarter of the participants were from ethnic minorities, most were elderly and a fifth had diabetes. These patients are often excluded from trials but may wish to self-monitor; therefore, their inclusion in our trial added to the generalizability of the findings. The intervention was simple, relatively cheap and pragmatic: provision of a blood pressure monitor, with an average of 11 minutes teaching, a home visit and telephone support. It did not require Internet access,7,31 a landline or much technical expertise,24,25 and it did not increase the frequency of primary care consultations or patient anxiety. Data downloaded from the monitors showed that patients’ records of their blood pressure readings were reliable.32 Most trial participants interviewed for a qualitative substudy stated that they were highly motivated to reduce their risk of further strokes and felt empowered by monitoring.30
The main limitation of our study is that, although we achieved the required sample size, the power of the trial was adversely affected by the greater-than-expected variability in blood pressure (SD ± 21 mm Hg rather than ± 16 mm Hg,21,22 which is associated with an increased stroke risk33). The low power affected the ability to carry out subgroup analyses to determine which patients were more likely to benefit from monitoring. Also, there was a difference in blood pressure readings at baseline between the 2 groups, probably owing to random variability. This hindered interpretation of the unadjusted results. However, our primary analysis included baseline blood pressure as a covariate.10

Conclusion
Overall, home monitoring did not improve blood pressure control among patients with hypertension and a history of stroke. It was associated with a fall in systolic pressure in patients who had uncontrolled blood pressure at baseline and those without disability due to stroke.
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