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ABSTRACT
Background Little is known whether patients with 
lower health literacy could retain the practice and 
knowledge of home blood pressure monitoring (HBPM) 
after an educational programme.
Methods A cluster randomised controlled trial in 
five primary care clinics recruited participants with 
uncontrolled hypertension. Clinics were randomised 
either to a HBPM group education (Risk Assessment and 
Management Programme (RAMP- group), or individual 
counselling of self- management (RAMP- individual). 
Health literacy was assessed by the Chinese Health 
Literacy Scale for Chronic Care. Practice and knowledge 
of HBPM were surveyed by a 10- item HBPM knowledge 
checklist and patient record review 6 months after 
interventions. Predictors for regular HBPM and good 
HBPM knowledge were assessed by multivariate logistic 
regression models.
Results 287 participants (RAMP- group: 151; RAMP- 
individual: 136) were follow- up for 6 months. 272 
participants completed the knowledge questionnaires 
(response rate 94.8%). 67.8% of the participants 
performed HBPM regularly, and there was no statistical 
difference between both interventions. Age more than 
65 (adjusted odds ratios (aOR) 2.58, 95% CI 1.37 to 
4.86, p=0.003), not working (aOR 2.34, 95% CI 1.10 to 
4.97, p=0.027)and adequate health literacy (aOR 2.25, 
95% CI 1.28 to 3.95, p=0.005) predicted regular HBPM. 
Participants in RAMP- group demonstrated a significant 
lower body weight than those in RAMP- individual 
(−0.3±2.0 kg vs +0.7 ±1.7 kg, p<0.001).The RAMP- 
group participants were eight times more likely to have 
full HBPM knowledge score than the RAMP- individual 
participants (aOR 8.46, 95% CI 4.68 to 15.28, p<0.001).
Conclusion Patients could retain HBPM knowledge 
better after RAMP- group than RAMP- individual. Older, 
retired and patients with adequate health literacy were 
more likely to continue weekly HBPM 6 months after 
education.
Trial registration number NCT02551393.

BACKGROUND
Several national and international guidelines 
recommended home blood pressure monitoring 
(HBPM) in the management of hypertension (HT), 
particularly for those with suspected discrepancies 
of blood pressure (BP) reading in office and other 

casual situations.1 2 Despite the worldwide unsat-
isfactory BP control in different populations, only 
around half of the patients with HT perform HBPM 
regularly.3 4 Different meta- analysis studies demon-
strated a reduction in patients’ BP after interven-
tions to facilitate HBPM.5 6 However, HBPM has 
potential pitfalls in itself, namely inaccurate HBPM 
devices,7 the need for coaching on proper HBPM 
techniques,8 selectively or erroneously report BP 
values by patients,9 and the cost of equipment and 
maintenance. These may hinder patients from using 
HBPM.10 Therefore, some of the clinicians were 
hesitated to promote HBPM in their practice.11 12

High- quality HBPM could be achieved by educa-
tion intervention and increasing patient- clinician 
contact time.13 Given the multiple potential sources 
of inaccuracy in HBPM measurement,14 the sustain-
ability of high- quality HBPM after an educational 
intervention may be questionable. Knowledge 
of HBPM and practice of regular HBPM may be 
affected by patients’ age, sex, educational level and 
health literacy (HL).13

This study performed an interim patient outcome 
assessment of a cluster randomised controlled trial. 
The study aims to compare whether patients can 
retain HBPM knowledge and regular HBPM prac-
tice 6 months after two types of multidisciplinary 
education programmes. The sociodemographic 
predictors for desirable HBPM outcomes were also 
assessed.

We hypothesise that more patients who attended 
group education could retain better HBPM knowl-
edge and regular HBPM than those attended 
conventional individual counselling 6 months post- 
interventions. Patients with better HL or higher 
educational level would have higher compliance 
with regular HBPM and better HBPM knowledge.

METHOD
Written informed consents were obtained before 
the patients participated in the study.

Study design
This study is an interim outcome analysis of a cluster 
randomised controlled trial in five government 
primary care clinics. The methodology and sample 
size calculation was reported elsewhere.15 We 
included clinics with more than three family physi-
cians, and their number of registered hypertensive 
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patients is more than 6000 in the past 12 months. Three clinics 
were allocated to the intervention groups, while two clinics were 
assigned to the control group by simple randomisation. Patients 
were recruited if they have uncontrolled HT. Uncontrolled HT 
was defined as clinic SBP more than 140 mmHg (for those aged 
<80), more than 150 mm Hg (for those aged ≥80) or DBP more 
than 90 mm Hg in their most recent two clinic visits. Higher cut- 
off for uncontrolled HT was adopted for older adults (age ≥80) 
according to the recommendation of treatment initiation in the 
Eighth Joint National Committee guideline and the National 
Institute for Health and Clinical Excellence 2014 guideline.1 2

Control clusters (Risk Assessment and Management 
Programme-individual, usual care)
According to study clinics’ HT management protocol, all patients 
with uncontrolled HT are invited to the Risk Assessment and 
Management Programme (RAMP) annually.3 4 RAMP consists 
of an individual 15 min face to face nurse clinic. Clinic nurses 
provide patients' clinical parameters results, assess patients’ 
overall cardiovascular disease (CVD) risk, counsel on lifestyle 
modification and refer patients to appropriate allied health 
services such as physiotherapy, dietitian or occupational thera-
pist. Patients already on HBPM are advised to bring their own 
HBPM devices for checking machine functions and patients’ 
HBPM technique.

Intervention clusters (RAMP-group)
Patients and their family members were invited to the group educa-
tional sessions after the first RAMP nurse clinic. The RAMP- group 
for 10–15 participants lasted for 2 hours offered the day group 
(9:00–17:00 hours) or the evening group (18:00–22:00 hours). 
Every participant received an automatic branchial type HBPM 
device and a self- administered BP record booklet.16 17 Second 
author MD, who is a family doctor, gave a 30 min seminar about 
basic knowledge of HT, antihypertensive drugs, CVD risk factors 
and understanding of home BP and office BP.18 The participants 
then watched a 10 min video introducing HBPM procedures. Our 
clinic nurses then demonstrate how to use the HBPM devices, and 
all participants practised on their device. Lastly, all participants were 
divided into groups of 3–4 to practise HBPM with their facilitators, 
might be doctors, nurses or clinic assistances. The facilitators went 
through a 10 items checklist of HBPM procedures until the partici-
pants got all items correct.19

Six weeks later, all participants returned their BP devices and 
attended an individual face- to- face nurse follow- up. Their healthy 
lifestyle, drug compliance and HBPM practice were reviewed. They 
were encouraged to buy their own validated HBPM devices and 
communicate their HBPM records with clinicians.

Baseline assessment
Clinic nurses identified patients with uncontrolled HT They then 
asked for their written consents of this study. Trained research 
assistants then assessed participants' sociodemographic data, HT 
drug prescription and HL by the Chinese Health Literacy Scale 
for Chronic Care (CHLSCC). All biochemical markers were 
retrieved from the computerised patient records. Biochemical 
outcomes included body weight, fasting blood sugar and low- 
density lipoprotein (LDL).

Outcomes assessment
Apart from repeating baseline biochemical assessment at 6 months 
after intake, clinic nurses also asked the 10 items HBPM knowledge 

questionnaire and the practice of HBPM. HBPM practice was veri-
fied by doctors’ and nurses’ consultation records.

Chinese Health Literacy Scale for Chronic Care
The CHLSCC is a locally validated tool to assess HL among 

Chinese patients with chronic illness. It displayed a good internal 
reliability (Cronbach’s α=0.91).6 It assesses remembering, 
understanding, applying and analysing ability. Participants 
scored 36 out of 48 or above indicated adequate HL; otherwise, 
they had inadequate HL.

10-item HBPM knowledge checklist
Table 1 shows the 10- item HBPM knowledge question-
naire. It was developed according to the American Heart 
Association recommendations,20 the British Hypertension 
Society21 and Royal Australian College of General Practi-
tioners patient education material.22 The first to third items 

Table 1 10- item HBPM knowledge checklist

No BHS AHS RACGP

1. What should be avoided before taking 
measurements at least 30 min before measurement?
Answer: Do not exercise, smoke or consume foods or 
drinks containing caffeine (such as tea or coffee)

✓ ✓ ✓

2. How long should you rest and relax without any 
distractions
Answer: at least 5 min (time between 5 min and 30 
min is acceptable)

✓ ✓ ✓

3. What is the dressing requirement during 
measurement?
Answer: Wear loose- fitting and comfortable clothes, 
Roll up the sleeve to expose your upper arm and 
wrap the cuff around it.

✓     

4. What are the appropriate characteristics of table and 
chair used for HBPM?
Answer: Choose a stable table and chair of 
appropriate height (at heart level) with armrest.
How should your back and feet be placed?
Answer: Sit comfortably and relaxed with your back 
supported, keep your feet on the floor and do not 
cross the legs

✓ ✓ ✓

5. Show me your HBPM cuff
(Check if the cuff size is appropriate)

  ✓ ✓

6. Could you show me how you put on your cuff?
(Observe: Place cuff in an appropriate position: The 
lower border of the cuff should be 2 cm above the 
pit of elbow, which is approximately two finger- 
breadths. Make sure the tubing is placed at the 
centre of your arm facing the front and that the 
sensor is correctly placed.)

✓ ✓ ✓

7. Check cuff with appropriate tightness: Pull the end 
of the cuff so that it is wrapped evenly and firmly 
around your arm. Check that the tightness of the 
cuff is proper: you should be able to just slip two 
fingertips beneath the cuff, near its edge at the top 
end

✓ ✓ ✓

8. Please start to measure now
(Observe: Press start button, relax during 
measurement (no talking/movement)

✓ ✓ ✓

9. How many times do you measure? When?
Answer: Repeat measurement at least 1 min after 
complete release of the cuff

✓ ✓ ✓

10 Can you write down the readings on this booklet?
Record all readings appropriately

✓ ✓ ✓

Total score (full mark 10)       

AHS, American Heart Association20; BHS, British Hypertension Society21; BP, blood 
pressure; HBPM, home blood pressure monitoring; RACGP, Royal Australian College 
of General Practitioner22.
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are about preparing themselves, including clothing, rest and 
avoidance of stimulants before measurement. The fourth to 
the seventh item is about body positioning and cuff appli-
cation. The eighth to ninth items is about the frequency of 
HBPM measurement. The last item is about correct HBPM 
reading recording. The results are presented as scoring over 
10 (full mark). The checklist is administered by face- to- face 
interview, supplemented by patient’s consultation records 
and telephone interview if patients could not be contacted 
6 months later.

HBPM practice questionnaire
Participants reported if they practised HBPM regularly 
(Yes/No), if they owned their HBPM devices (yes/no), how 
frequent they measured their BP (daily, weekly, monthly, 
less than monthly), how many times they measured in a 
day (once, twice, three times, four times or more). Their 
answers were verified by authors via the patients' consul-
tation record. HBPM practice was routinely documented 
by doctors and nurses during patients’ quarterly follow- up. 
Participants were defined as performing HBPM regularly if 
they measured more than once weekly.

Statistical analysis
The participants’ descriptive statistics were reported as 
means and SD, or frequencies and percentages as appro-
priate. This study endpoint was 6 months after the inter-
ventions. The primary outcome was the differences in the 
proportion between participants attained RAMP- individual 
and RAMP- group having good HBPM knowledge using χ2 
tests. The secondary outcomes included the differences in 
the proportion between the participants attained RAMP- 
individual and RAMP- group measuring home BP regu-
larly using χ2 tests. Subgroup analysis of the participants’ 
outcomes with adequate and inadequate HL was performed 
because of their baseline difference. The unadjusted OR 
(aOR) was calculated for the predictors for regular HBPM 
and for having good HBPM knowledge. The aOR was calcu-
lated from the multivariant logistic regression model. The 
ORs were adjusted by age, sex, educational level, HL level, 
occupation and whether the participant attended RAMP- 
group or RAMP- individual. A p<0.05 was considered as 
significant. All analyses were performed using SPSS V.25 
(IBM).

Table 2 Patient’s sociodemographic and clinical parameters at baseline

Characteristics RAMP- individual (N=137) RAMP- Group (N=152) Total (N=289) P value*

Age (year; mean±SD, median) 67.9±10.2, 67 66.1±9.7, 65 67.0±9.9, 66 0.528

Gender (%)

 ► Male 58 (42.3%) 55 (36.2%) 113 (39.1%) 0.285

 ► Female 79 (57.7%) 97 (63.8%) 176 (60.9%)

Education (%)

 ► Primary or below 81 (59.1%) 97 (63.8%) 178 (61.6%) 0.352

 ► Secondary school 48 (35.0%) 51 (33.6%) 99 (34.3%)

 ► University or above or unknown 8 (5.8%) 4 (2.6%) 12 (4.2%)

Occupation (%)

 ► Not employed/housewife 105 (76.6%) 120 (78.9%) 225 (77.9%) 0.637

 ► Working 32 (23.4%) 32 (21.1%) 64 (22.1%)

CHLSCC

 ► Total 0–48: mean±SD, median 28.11±13.73, 30.5 35.00±12.76, 39.0 31.70±13.65, 35 <0.001†

 ► Adequate (≥36) (%) 51 (37.2%) 94 (61.8%) 145 (50.2%) <0.001†

 ► Inadequate (<36) (%) 86 (62.8%) 58 (38.2%) 144 (49.8%)

Smoking status

 ► Non- smoker 92 (67.2%) 121 (79.6%) 213 (73.7%) 0.056

 ► Current smoker 7 (5.1%) 5 (3.3%) 12 (4.2%)

 ► Ex- smoker 38 (27.7%) 26 (17.1%) 64 (22.1%)

Clinic BP

 ► Systolic BP (mm Hg, mean±SD) 152±9.81 152.0±10.4 152.1±10.1 0.775

 ► Diastolic BP (mm Hg, mean±SD) 78.4±10.6 80.76±11.9 79.7±11.4 0.087

BMI (kg/m2; mean±SD) 26.49±4.31 26.31±4.28 26.39±4.27 0.774

 ► Underweight (<18.5) 4 (2.9%) 3 (2.0%) 7 (2.4%) 0.937

 ► Normal (≥18.50 -<23) 22 (16.1%) 24 (15.8%) 46 (15.9%)

 ► Overweight (≥23 -<25) 28 (20.4%) 29 (19.1%) 57 (19.7%)

 ► Obese (≥25) 83 (60.6%) 96 (63.2%) 179 (61.9%)

Duration of hypertension since diagnosis
(years±SD)

10.92±9.32 8.43±8.04 9.62±8.75 0.015†

Uncomplicated hypertension (%) 81 (59.1%) 103 (67.8%) 184 (63.7%) 0.127

Complicated hypertension (%) 56 (40.9%) 49 (32.2%) 105 (36.3%)

*P value of proportions by Pearson χ2 tests; continuous variables by Student’s t- tests.
†P value <0.05 are bold
BMI, body mass index; BP, blood pressure; CHLSCC, Chinese Health Literacy Scale for Chronic Care; RAMP, Risk Assessment and Management Programme.
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RESULTS
A total of 289 participants were recruited and follow- up 
until 6 months. Two participants from the RAMP- individual 
passed away before study endpoint, therefore, excluded 
from the analysis. A total of 272 participants completed the 
6 months questionnaires (response rate of 94.8%) except 
17 of them refused to answer the HBPM knowledge score. 
Online supplemental table S showed the details of missing 
data. Table 2 shows the participants’ characteristics. Their 
mean age was 67.0 (SD 9.9); almost two- thirds were women. 
Their educational level was low. Around 60% of them 
attended primary school, and another one- third of them 
attended secondary school. There were significantly more 
participants with adequate HL in RAMP- group than those 
in RAMP- individual. Their baseline clinic BP, body weight, 
waist circumference, proportions of complicated HT and 
drug compliance were similar.

Table 3 demonstrates the participants’ outcomes at 
6 months postintervention. Due to the baseline difference 
in HL, subgroup analysis of participants with adequate 
and inadequate HL were performed. Among the partici-
pants with adequate HL, there was statistically insignificant 
difference in change of body weight (BW)after intervention. 
However, among the participants with inadequate HL, the 
RAMP- group had mean weight loss (−0.2±1.9 kg), when 
compared with the RAMP- individual had mean weight gain 
(+1.0±1.7 kg). Overall, the RAMP- group had statistically 
more favourable weight change than the RAMP- individual. 
There was no statistically significant difference in the 
change in HT drugs, fasting blood sugar level and LDL 
level.

Most of the participants from the RAMP- group (68.5%) 
could score full marks in the knowledge score question-
naire, while only 20.9% of the participants from the RAMP- 
individual could achieve the same score (p<0.001). More 
than 60% of participants with both adequate and inadequate 
HL could score full marks in RAMP- group. Only around 
20% of the RAMP- individual scored full mark no matter 
they had adequate or inadequate HL.

Concerning about HBPM practice, there was no differ-
ence in proportions of participants in possession of HBPM 
device, regular measurement of HBPM and measuring 
at least once weekly between RAMP- group and RAMP- 
individual. There were more than two- thirds of participants 
owned their HBPM devices. 71.1% of the RAMP- group 
participants continued to measure HBPM more than once 
weekly. The proportions were the highest among the 
RAMP- group with adequate HL (78.7%) compared with 
the lowest in the RAMP- individual with inadequate HL 
(57.0%).

The predictors for regular HBPM and good HBPM 
knowledge were illustrated in table 4 using binary logistic 
regression models. In the multivariate model, patients older 
than 65 (adjusted odds ratio (aOR) 2.58, 95% CI 1.37 to 
4.86, p=0.003), who were not working (aOR 2.34, 95% CI 
1.10 to 4.97, p=0.027)and with adequate HL (aOR 2.25, 
95% CI 1.28 to 3.95, p=0.005) predicted regular HBPM. 
The only predictor for getting full- score in HBPM knowl-
edge was attended RAMP- group instead of RAMP- individual 
(aOR=8.46, 95% CI 4.68 to 15.28, p<0.001). Age, sex, 
educational level, HL, HT duration, and being obese did not 
predict good HBPM knowledge. Ta
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DISCUSSION
After two different educational interventions: group educa-
tion focusing on HBPM and individual counselling on HT self- 
management, more than 70% of the participants owned their HBPM 
devices. Two- thirds performed HBPM at least once weekly. The 
high acceptance of HBPM after interventions was probably related 
to clinicians’ promotion and demonstrated of HBPM.23 The RAMP- 
group scored significantly more full- mark in the HBPM knowledge 
checklist. Similar to previous studies, the finding supports group- 
intervention focused on HBPM knowledge and technique.8 19 The 
reason for better HBPM knowledge could be explained by interac-
tive group education with information delivery, HBPM procedure 
demonstration and hands- on practice could improve and retain 
essential knowledge in HBPM. The professional–patient contact 
time was shortened in this study (total 3 hours) than previous 
successful intervention in USA (total 12 hours).18 Less contact time 
implied less healthcare cost, especially to the population with lower 
educational level or HL.

Promotion of regular HBPM practice is achievable by both 
interventions. The study findings further support interven-
tions to increase in knowledge of treatment and compli-
cations of HT, the use of HBPM readings and the proper 
technique of HBPM.24 25

There were multiple potential sources of HBPM measure-
ment difficulties.14 Therefore, many patients, particularly 
those from lower socioeconomic classes, may experience 
more barriers to perform HBPM regularly and correctly.26 27 
This study found patients were less likely to have regular 
HBPM if they were younger, working or with inadequate 
HL. In Ayala et al and Seidlerová et al have also found older 
age group and people with adequate HL were more likely 
to perform HBPM regularly.3 28 Interventions focusing on 
attitude, knowledge and technique of HBPM could further 
improve their HBPM knowledge compared with conventional 
counselling on overall HT self- management. The RAMP- 
group patients could share higher- quality HBPM reading to 
their clinicians, to design their daily HT management plan. 
The proven high knowledge in HBPM after focused educa-
tion could encourage clinicians to trust patients' HBPM find-
ings and promote HBPM in their practice.11 12

This study’s strength includes that it is a pragmatic result 
from a primary care cluster- randomised controlled trial. The 
response rate to follow- up 6 months postintervention was 
satisfactory. The HBPM knowledge score was developed 
according to international recommendations to patients. We 
have performed subgroup analysis which mainly looks into 
the difference in outcomes between patients with adequate 
and inadequate HL.

This study’s limitation includes the practice of HBPM 
could only be verified by patients' reported habit with 
their consultation records. Although this method is widely 
accepted in a bigger population survey, there is a possibility 
of observer and recall bias.8 9 14 Nowadays, there were HBPM 
devices with electronically linked up with patients' mobile 
devices, or even healthcare professional’s computer system 
so that the immediate HBPM records could be accurately 
achieved. In this study, the research subjects were mostly 
from a lower socioeconomic class, and they could not afford 
the more advanced HBPM models.

In conclusion, HL or educational level were not limiting 
factors to acquire HBPM knowledge. Patients could retain 
HBPM knowledge better possessed after focused group 
education than individual counselling on general HT 

management. Older, retired and patients with adequate HL 
were more likely to continue weekly HBPM 6 months after 
education. Healthcare professionals can focus continuous 
educational intervention for those younger, working- class 
and those with inadequate HL for regular HBPM.
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Main messages

 ⇒ Current research questions are: more patients who attended 
group education could retain better HBPM knowledge and 
regular HBPM than those attended conventional individual 
counselling 6 months post- interventions.

 ⇒ Patients with better HL or higher educational level would 
have higher compliance with regular HBPM and better HBPM 
knowledge.

 ⇒ In this study, more than 70% of participants continued HBPM 
6 months after both types of interventions.

 ⇒ Patients age more than 65, not working and with adequate 
health literacy were more likely to perform at least weekly 
HBPM.

What is already known on the subject

 ⇒ Regular home blood pressure monitoring (HBPM) with 
additional education and feedback intervention was known 
to reduce blood pressure of patients with hypertension.

 ⇒ High- quality HBPM could possibly be achieved in patients 
with low health literary or educational level.
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