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Background: Home blood pressure monitoring is recommended to achieve controlled blood pressure. This study 
evaluated home blood pressure monitoring-improvement of office blood pressure control and treatment compli-
ance among hypertensive patients.
Methods: A randomized controlled trial was conducted from December 2014 to April 2015. The home blood pres-
sure monitoring group used an automatic blood pressure device along with standard hypertension outpatient care. 
Patients were seen at baseline and after 2 months. Medication adherence was measured using a novel validated 
Medication Adherence Scale (MAS) questionnaire. Office blood pressure and MAS were recorded at both visits. 
The primary outcomes included evaluation of mean office blood pressure and MAS within groups and between 
groups at baseline and after 2 months.
Results: Mean changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP) and MAS differed sig-
nificantly within groups. The home blood pressure monitoring group showed greater mean changes (SBP 17.6 mm 
Hg, DBP 9.5 mm Hg, MAS 1.5 vs. SBP 14.3 mm Hg, DBP 6.4 mm Hg, MAS 1.3), while between group comparisons 
showed no significant differences across all variables. The adjusted mean difference for mean SBP was 4.74 (95% 
confidence interval [CI], -0.65 to 10.13 mm Hg; P=0.084), mean DBP was 1.41 (95% CI, -2.01 to 4.82 mm Hg; 
P=0.415), and mean MAS was 0.05 (95% CI, -0.29 to 0.40 mm Hg; P=0.768). 
Conclusion: Short-term home blood pressure monitoring significantly reduced office blood pressure and im-
proved medication adherence, albeit similarly to standard care.
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INTRODUCTION

The prevalence of hypertension around the world has doubled from 

600 million in 1980 to 1 billion in 2008.1) In 2008, 40% of all adults aged 

above 25 years exhibited hypertension.1) In Malaysia, the prevalence of 

hypertension in individuals aged over 18 years was 30.3% and of these, 

two-thirds did not achieve blood pressure (BP) control.2) A similar 

phenomenon was observed in the United Kingdom.3) In the United 

States also, the condition remains poor, with approximately only 30% 

of patients categorized with controlled BP despite treatment.4) In an-

other Asian country, Japan, only 42% of patients had their office BP 

controlled.5) Uncontrolled BP gives rise to hypertension-associated 

morbidity and mortality, which contributes to the escalating costs of 

health care around the globe.6)

 Additional efforts should be adopted to reduce the prevalence of hy-

pertension and to increase the number of patients with controlled BP. 

Apart from increasing awareness, compliance with medications, or 

practicing a healthy lifestyle, using a BP monitoring device outside 

clinic visits had been postulated as a potential option. A 24-hour am-

bulatory BP monitoring (ABPM) or home BP monitoring (HBPM) de-

vice can be used for this purpose.7,8) However, the clinical use of ABPM 

is limited in view of its cost, inconvenience, and limited availability. 

Thus, HBPM can be an alternative to ABPM and may have similar 

prognostic value.8,9)

 HBPM was introduced in the 1930s and its use now is gaining ac-

ceptance among hypertensive patients.9) In developed countries, 70% 

of hypertensive patients regularly assess their BP at home.7) In Malay-

sia, which is a developing nation, Beth et al.10) in 2012 found that only 

32.3% of hypertensive patients practice HBPM. HBPM has been 

shown in a systematic review to diagnose uncontrolled hypertension 

better than office BP control as it can detect masked hypertension and 

random BP fluctuations throughout the day.11) HBPM can quickly as-

sess the patient’s response to treatment until their next follow-up ap-

pointment in the clinic. HBPM may also improve office BP control by 

improving the patient’s compliance with treatment.11) Patients who 

practice HBPM are more aware of their BP level, which may lead to in-

creased awareness of their illness and subsequently improve their 

health seeking behaviors.12-14)

 Previous studies have shown that patients that practice HBPM have 

a better office BP when returning for follow-up.12,15,16) Cappuccio et al.16) 

in 2004 demonstrated that there was an increment in the proportion of 

patients that achieved BP control among those using HBPM rather 

than standard BP monitoring. Although office systolic BP (SBP) and 

diastolic BP (DBP) decreased by only 2 mm Hg, this small reduction 

was significant and may contribute to an overall reduction in hyper-

tensive related complications.17) In another systematic review and me-

ta-analysis of 37 randomized controlled trials (RCT), patients in the 

HBPM group showed an improvement in both SBP and DBP (2.63 

mm Hg and 1.68 mm Hg, respectively) compared to the control 

group.18) In another study by McManus et al.12) in 2008, SBP decreased 

by 17.6 mm Hg in the intervention group and 12.2 mm Hg in the con-

trol group, with a difference in between groups of 5.4 mm Hg. Howev-

er, Logan et al.15) in 2012, found that HBPM alone did not improve of-

fice BP but needed to be combined with other measures to improve 

the office BP outcome. A meta-analysis by Uhlig et al.18) in 2013 

showed that HBPM improved office BP at the 6-month follow-up but 

not at 12 months.

 Adherence to anti-hypertensive medications is crucial to achieve 

controlled BP but many hypertensive patients typically take only about 

half of their prescribed doses and many eventually stop their medica-

tions entirely.19) Ramli et al.20) found that 56% of the study subjects tak-

ing anti-hypertensive, anti-diabetic, or anti-asthmatic drugs were non-

compliant with their medications. Another study in an outpatient clin-

ic setting in Malaysia showed that 51.3% of patients interviewed had 

poor adherence to anti-hypertensive medications.21) Considering the 

above, HBPM has been advocated as a worthy strategy to tackle and 

improve the non-adherence issue. However, evidence supporting the 

effectiveness of HBPM in improving medication adherence among 

hypertensive patients is limited.4) A systematic review of eleven trilas 

showed that there was a significant improvement in medication ad-

herence attributed to the intervention.4) It has been postulated that pa-

tients will show better compliance with their treatment as they are ac-

tively involved in their hypertension care.22) Similarly, Fletcher et al.23) 

in 2015 showed that patients who monitor their BP at home, exhibit 

better BP control and higher compliance with treatment.

 This study was conducted to generate local data to assess the effect 

of HBPM on office BP and compliance towards medications. Further-

more, few studies have investigated the independent effects of HBPM 

alone and medication adherence in the primary care clinic, as in our 

previous study,4) as previous studies have used complex interventions 

involving the use of HBPM in combination with other adherence-en-

hancing strategies such as patient counseling by nurses, pharmacists, 

or a telephone-linked system; patient education; and the use of timed 

medication reminders.4)

METHODS

1. Study Design and Participants
This was a randomized, non-blinded two-arm parallel controlled trial 

performed in a primary care clinic at the Universiti Sains Hospital, Ma-

laysia from 23rd December 2014 until 17th March 2015. All stage I and 

stage II hypertensive patients aged above 18 years were recruited. 

Those with secondary hypertension, resistant hypertension, unstable 

cerebrovascular/cardiovascular disease, chronic kidney disease (stage 

IV and V), or end-stage renal disease, pregnancy and those with previ-

ous usage of HBPM were excluded from the study.

 Sample size calculations were performed using IBM SPSS ver. 20.0 

(IBM Corp., Amonk, NY, USA) for comparing two means. The sample 

size was calculated based on a study conducted by Marquez-Contreras 

et al.24) The calculated minimum sample size of the study was 74, but 

was then increased to 88, to allow an additional 20% enrollment to ac-

count for non-responders (44 patients per group).
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 Overall, 420 patients with hypertension were screened inside the 

consultation room. Those who were eligible were subsequently re-

ferred to the researcher for further explanation. Patients were in-

formed of the study protocol by the researcher and they were given 

time to consider participation in the study. For those interested, a writ-

ten informed consent was obtained. Of the 420 patients screened, 140 

patients fulfilled the inclusion criteria and 52 refused participation in 

the study. Ultimately, 88 patients provided consent and were enrolled 

in the study.

 The decision to recruit the patients into either the HBPM group (in-

tervention) or the control group was based on previously prepared 

randomization tables. The randomization tables, which used random-

ization blocks of four, were obtained by a computer-generated ran-

domization. Patients were identified only according to their entry 

number and were allocated to either group as they were recruited.

 This study was approved and accepted by the Human Research Eth-

ics Committee of the School of Medical Sciences, Universiti Sains Ma-

laysia, Kubang Kerian, Kelantan, Malaysia on November 13, 2014 (IRB 

approval no., /JEPeM/1404156).

2. Research Tools
The questionnaires for the respondents consisted of four sections. The 

first section was collected socio-demographic data including age, sex, 

race, marital status, background educational level, occupation, and 

smoking status. The second section involved the patient’s medical his-

tory (obtained from the patient’s medical record) including duration of 

hypertension, number of anti-hypertensive agents taken, of presence 

of diabetes mellitus and dyslipidemia comorbidities. The third section 

involved anthropometric measurements including measurements of 

height, weight, waist circumference (WC), and office BP reading. The 

last section consisted of seven questionnaires based on a novel Medi-

cation Adherence Scale. Patients were interviewed and the researcher 

filled-in the required information.

 The automatic BP monitor Omron (model HEM-7203; Omron 

Healthcare Co. Ltd., Kyoto, Japan) was used to measure the office BP. 

The device was properly validated and regularly recalibrated. An ap-

propriate BP arm cuff of the correct size was used during measure-

ments. During the measurement, patients were seated in the correct 

position. They were asked to rest, not speak, and to relax for at least 5 

minutes prior to the BP measurement. The BP device was placed at 

heart level during the measurement. Two BP recordings were obtained 

from the right arm of the patients at 5-minute intervals. The office BP 

reading was taken at baseline and after 2 months of intervention.

 The automatic BP monitor Omron model HEM-7120 (Omron 

Healthcare Co. Ltd.) was used for measurement of home BP. For this 

purpose, the patients in the intervention group were provided with a 

new BP measuring device and a BP diary. This model was listed under 

the Malaysian Ministry of Health and was approved by British Hyper-

tension Society for usage both at home and in the clinic.9) The ques-

tionnaire for adherence was adapted from a study by Ramli et al.20) in 

2012 who performed a similar study on medication adherence among 

hypertensive patients of primary health clinics in Malaysia. The ques-

tionnaires were developed based on the Hill-Bone Adherence to Blood 

Pressure Therapy Scale and the 8-item Morisky Medication Adherence 

Scale.25,26)

 The 8-item Morisky Medication Adherence Scale is one of the most 

frequently used self-reporting tools to measure patients’ adherence to 

a prescribed medicine.26) It contains eight questions to assess the pa-

tients’ adherence towards the behavior of medication-taking in an 

outpatient clinic. The Hill-Bone Compliance to Blood Pressure Thera-

py Scale is another self-reporting tool and contains 14 questions, in-

cluding eight questions that assess medication-taking behavior in hy-

pertensive patients. High reliability and validity had been reported for 

these two tools of adherence measurement. The Hill-Bone Scale has 

previously been reported to have good internal consistency and reli-

ability with a Cronbach’s α of 0.68.25)

 Our New Medication Adherence Scale questionnaire consisted of 

seven questions in total, which selected items from the above two 

questionnaires and were condensed to form the modified Medication 

Adherence Scale, relevant to the local setting.20) Prior to its application 

in this study, the new questionnaire was subjected to evaluation and 

validation. Cronbach’s α was calculated to be 0.782, which reflected 

good internal consistency and reliability. Inter-rater agreement (be-

tween the two interviewers) indicated good consistency with a kappa 

value of 0.796.20) There were two versions of New Medication Adher-

ence Scale questionnaire: the English version and the Malay version. 

 In the New Medication Adherence Scale questionnaire (refer to Ap-

pendix 1), patients were required to choose their responses from a set 

of possible answers. Each question had a 4-point Likert-type response 

format. Each response carried the following scores: 1, all of the time; 2, 

most of the time; 3, some of the time; and 4, never. A total score for 

each patient was determined by adding the single scores from each re-

sponse; total scores could range from 7 (minimum) to 28 (maximum). 

Lower scores reflected poorer adherence to medication therapy. A full 

score of 28 or a score of 27 (1 point deducted from any of the ‘uninten-

tional adherence’ questions, which were questions 1 or 6) defined pa-

tients as adherers. A score of 27 (due to 1 point deducted from other 

questions) or a score of 26 and below were categorized as non-adher-

ers.

3. Data Collection Procedure
There were two visits to the clinic throughout the study period for both 

groups (at baseline and 2 months after the intervention). However, for 

the intervention group, an interim follow-up at 1 month from the 

baseline date was established by phone call to remind patients to per-

form HBPM. At baseline, the patients from both groups were inter-

viewed by the researcher. The questionnaires were then completed. 

The patients’ medical records were reviewed at that time and the asso-

ciated medical profiles were recorded. The clinical measurements of 

patient’s height, weight, WC, and office BP were taken according to the 

standard protocol.

 In addition, both groups were given counseling regarding lifestyle 
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modification including advice on physical activity, exercise, and low 

dietary salt consumption. There was no change in the medication re-

gime for either group throughout the study period.

 Patients in the intervention group were instructed on the HBPM 

protocol. They were shown how to operate the automatic BP monitor 

device and each patient was given an appropriate BP arm cuff size. 

Participants were instructed to take a home BP reading daily, 7 days 

per week. The measurements were to be taken at about the same time 

twice daily, once in the morning and once in the evening. On each oc-

casion, the patients were to take two BP measurements 1 to 2 minutes 

apart and the results, the results of each measurement were to be im-

mediately recorded in the home BP diary provided to them. Both 

groups were seen again 2 months later for post-intervention data col-

lection. During the visit, two readings of office BP were taken again. 

The study ended at this point.

4. Statistical Analysis
The IBM SPSS for Windows ver. 22.0 (IBM Corp., Armonk, NY, USA) 

was used for data analysis. All numerical variables were expressed as 

mean±standard deviation and all categorical data were expressed as 

frequencies (percentage). An independent t-test was used to analyze 

numerical data such as age, duration of hypertension, number of anti-

hypertensive medications, the body mass index (BMI), WC, SBP, DBP, 

and Medication Adherence Scale. Chi-square test was used to analyze 

categorical data such as sex, race, marital status, education, and occu-

pation, in addition to the comorbidities diabetes mellitus or dyslipid-

emia and smoking status. The level of statistical significance was set at 

0.05.

 The baseline data for BP and Medication Adherence Scale analysis 

was calculated as mean SBP, DBP, and Medication Adherence Scale. 

An independent t-test was used to assess the difference of mean SBP, 

mean DBP, and mean Medication Adherence Scale between the inter-

vention and control group at baseline. 

 A paired t-test was used to analyze differences between the mean 

SBP, mean DBP, and mean Medication Adherence Scale within both 

groups at baseline ad at the 2-month follow-up. For in-between group 

comparison, an independent t-test was used to compare the changes 

in mean SBP, mean DBP, and mean Medication Adherence Scale be-

tween the intervention and control group at 2 months. 

 ANCOVA analysis was used to compare changes in mean SBP, DBP, 

and Medication Adherence Scale between the intervention group and 

the control group at 2 months with potential confounders added to the 

model. These confounders included age, duration of hypertension, 

number of anti-hypertensive agents taken, BMI, and WC. The adjusted 

means for the SBP, DBP, and Medication Adherence Scale were ob-

tained with the final model.

RESULTS

Overall, 88 subjects participated in the study with 44 subjects in each 

group. The response rate for the study was 100%. Table 1 shows the re-

sults of socio-demographic data and medical profile for both the 

HBPM and control groups. As shown in Table 1, there were no signifi-

cant differences in terms of age, sex, race, marital status, education, 

occupation, or smoking status between both groups. 

 In terms of the patients’ medical profile, there were no significant 

differences amongst variables comparing the two groups. The mean 

duration of hypertension in the HBPM group and control group was 

10.7±7.1 and 10.9±9.0 years, respectively, whereas the mean number 

of anti-hypertensive medications taken by the subjects in the HBPM 

group and control group was 1.9±0.87 and 2.1±0.84, respectively. Sta-

tistically, there were no significant differences in mean BMI and WC 

between the two groups.

1. Effects of Home Blood Pressure Monitoring on Office 
Blood Pressure

Mean SBP and DBP for both groups are shown in Table 2. Statistically 

there were no significant differences between groups at baseline and 

at 2 months. However, the intervention group had a lower BP reading 

Table 1. Sociodemographic data and medical profile

Variable
Intervention 

group (n=44)
Control group 

(n=44)
Pvalue

Age (y) 61.8±8.7 64.4±8.8 0.156*
Sex 0.360†

   Female 32 (72.7) 28 (63.6)
   Male 12 (27.3) 16 (36.4)
Race 1.000†

   Malay 40 (90.9) 40 (90.9)
   Chinese 3 (6.8) 3 (6.8)
   Other 1 (2.3) 1 (2.3)
Marital status 0.640†

   Married (in a relationship) 32 (72.7) 30 (68.2)
   Single/divorcee/widow/widower 12 (27.3) 14 (31.8)
Education 1.000†

   Primary 17 (38.6) 17 (38.6)
   Secondary 23 (52.3) 23 (52.3)
   College/university 4 (9.1) 4 (9.1)
Occupation 0.913†

   Employed 11 (25.0) 12 (27.3)
   Unemployed 24 (54.5) 22 (50.0)
   Retired 9 (20.5) 10 (22.7)
Smoker 0.502†

   No 40 (90.9) 38 (86.4)
   Yes 4 (9.1) 6 (13.6)
Duration of hypertension (y) 10.7±7.1 10.9±9.0 0.906*
No. of antihypertensive 1.9±0.87 2.1±0.84 0.323*
Diabetes mellitus 0.381†

   No 19 (43.2) 15 (34.1)
   Yes 25 (56.8) 29 (65.9)
Dyslipidemia 0.725†

   No 4 (9.1) 5 (11.4)
   Yes 40 (90.9) 39 (88.6)
Body mass index (kg/m2) 27.8±4.2 26.7±5.8 0.288*
Waist circumference (cm) 94.8±10.0 93.0±12.9 0.459*

Values are presented as number (%) or mean±standard deviation.
*By independent ttest. †By chisquare test.
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after the intervention. 

 The changes in mean SBP and DBP within groups after the inter-

vention are illustrated in Table 3. Both groups showed a significant 

mean BP reduction. The reduction in mean SBP and DBP were greater 

in the intervention group compared to the control group (SBP 17.6 

mm Hg, DBP 9.5 mm Hg versus SBP 14.3 mm Hg, DBP 6.4 mm Hg).

 The change in mean SBP and DBP between groups after the inter-

vention is shown in Table 4. There were no statistically significant 

changes in the mean SBP and DBP between groups at the 2-month 

follow-up. 

2. Effect of Home Blood Pressure Monitoring on Medication 
Adherence

The mean Medication Adherence Scale of groups at baseline and at 2 

months are shown in Table 5. Statistically, there were no significant 

differences between means, P-value at baseline was 0.447 and  0.792 at 

2 months.

 The changes in the mean Medication Adherence Scale within the 

intervention and control groups from baseline to the 2-month inter-

vention are shown in Table 6. The changes in mean Medication Ad-

herence Scale were slightly greater, albeit significantly, in the interven-

tion group compared to the control group (1.5 versus 1.3, P≤0.001). 

The changes were statistically significant for both groups.

 Finally, Table 7 shows the change of mean Medication Adherence 

Scale of the intervention group and the control group at the 2-month 

follow-up. At this time, the adjusted mean difference in the mean 

Medication Adherence Scale was 0.05 (95% confidence interval [CI], 

-0.29 to 0.40; P=0.768). 

DISCUSSION

1. Effects of Home Blood Pressure Monitoring on Office 
Blood Pressure

This study showed that both the intervention and control groups had a 

reduction in BP after the 2-month study period (Table 2). The BP 

showed a greater reduction in the intervention group compared to the 

control group (Table 3). We also observed that that controlled BP (de-

fined as mean SBP<140 mm Hg and mean DBP<90 mm Hg) was 

achieved in the intervention group with a mean SBP 141.5 mm Hg and 

DBP 80.9 mm Hg. The values are referring to the mean SBP and mean 

DBP at two months of in the intervention group. Clinically, there were Table 2. Mean SBP and DBP at baseline and at the 2month followup

Variable (unit)
Intervention group 

(n=44)
Control group 

(n=44)
Pvalue*

Mean SBP (mm Hg)
   At baseline 159.1±11.02 160.3±12.76 0.615
   At 2 months 141.5±11.25 146.1±13.53 0.086
Mean DBP (mm Hg)
   At baseline 90.5±8.34 87.8±9.62 0.164
   At 2 months 80.9±8.07 81.5±9.11 0.791

Values are presented as mean±standard deviation.
SBP, systolic blood pressure; DBP, diastolic blood pressure.
*By Independent ttest. 

Table 3. Changes in mean SBP and DBP within groups (from baseline to 2 months)

Variables (unit)
Mean±standard deviation Mean difference (95% 

confidence interval)
Tstatistic  

(degrees of freedom)
Pvalue*

Baseline 2 mo

SBP (mm Hg)
   Intervention 159.1±11.02 141.5±11.25 17.6 (13.6–21.5) 8.950 (43) <0.001
   Control 160.3±12.76 146.1±13.53 14.3 (10.8–17.7) 8.428 (43) <0.001
DBP (mm Hg)
   Intervention 90.5±8.34 80.9±8.07 9.5 (6.8–12.2) 7.172 (43) <0.001
   Control 87.8±9.62 81.5±9.11 6.4 (4.0–8.7) 5.448 (43) <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure.
*By paired ttest.

Table 4. Changes of mean SBP and DBP between groups at 2month followup (after ANCOVA)

Variable (unit)
Adjusted mean (95% CI) Adjusted mean difference 

(95% CI)
F statistic Pvalue*

Intervention group Control group

SBP (mm Hg) 141.1 (137.36 to 144.94) 145.9 (142.1 to 149.7) 4.74 (0.65 to 10.13) 3.07 0.084
DBP (mm Hg) 80.4 (78.00 to 82.80) 81.8 (79.42 to 84.20) 1.41 (2.01 to 4.82) 0.67 0.415

SBP, systolic blood pressure; DBP, diastolic blood pressure; ANCOVA, analysis of covariance; CI, confidence interval.
*ANCOVA after adjustment for age, duration of hypertension, no. of antihypertensive taken, body mass index, and waist circumference.

Table 5. Mean MAS at baseline and at 2month followup

Mean MAS
Intervention group 

(n=44)
Control group  

(n=44)
Pvalue*

At baseline 25.9±2.03 26.2±2.16 0.447
At 2 months 27.4±0.76 27.5±0.85 0.792

Values are presented as mean±standard deviation.
MAS, medication adherence score.
*By Independent ttest.
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more subjects with lower and controlled BP in the intervention groups 

compared to the usual care group, although statistically these differ-

ences were not significant. As stated earlier, even a 2-mm Hg reduction 

in SBP and DBP may contribute to an overall reduction in hyperten-

sion-associated complications.17)

 Our study results are similar to a study by Marquez-Contreras et al.24) 

in 2006 for SBP. The authors found that patients who practiced HBPM 

had a greater SBP reduction compared to those who did not. The pa-

tients in that study had a greater SBP reduction compared to that ob-

served in our study; however, the SBP reduction was also not statisti-

cally significant, with the mean reduction in SBP being 23.4 mm Hg in 

the intervention group versus 18.9 mm Hg in the control group. How-

ever, Marquez-Contreras et al.24) in 2006 found that HBPM significantly 

reduced the mean DBP among their study subjects with mean fall in 

DBP of 12.8 mm Hg in the intervention group versus a 9.7 mm Hg re-

duction in the control group. The finding on the mean fall in DBP dif-

fered from our study result likely because the patients had a higher 

mean DBP at baseline (92.4 mm Hg in intervention group, 91 mm Hg 

in control group). Furthermore, Marquez-Contreras et al.24) in 2006 en-

rolled a higher number of patients (n=250) and the study had a longer 

follow-up of up to 12 months.

 Furthermore, the study by McManus et al.27) in 2005 demonstrated a 

significant difference in SBP from baseline to the 6-month follow-up 

between the intervention and control groups (mean difference, 4.3 

mm Hg; 95% CI, 0.8–7.9 mm Hg), but not between the 6-month and 

1-year follow-ups (mean difference, -1.6 mm Hg; 95% CI, -5.3 to 2.2 

mm Hg) with the intervention group experiencing a greater fall in BP 

in the first 6 months. Although our study showed a very similar result 

in terms of mean difference in SBP (4.74 mm Hg; 95% CI, -0.65 to 10.13 

mm Hg), our finding was not statistically significant. The sample size 

and duration of the McManus et al.27) in 2005 study differed from ours 

as 441 participants were enrolled and the study was conducted for 12 

months. Furthermore, their intervention not only involved self-BP 

monitoring but also self-treatment titration according to treatment ti-

tration schedules.

 It has been suggested that HBPM is more effective when combined 

with other interventions such as counseling, patient education, and 

self-management with other forms of support. Bosworth et al.28) in 

2009 reported that the combination of HBPM and a tailored brief be-

havioral intervention resulted in a significant improvement in BP con-

trol (reduction in SBP and DBP at 24 months).

 Based on our findings at the 2-month follow-up, there was no signif-

icant difference in BP control between both groups (Table 4). This is 

possibly related to the fact that our study was not blinded. Patients 

from both groups aware that they were involved in this study and this 

indirectly might have influenced their response to their hypertensive 

care. They tended to comply with their medications and possibly 

changed their lifestyle by controlling their diet and increasing their 

physical activity during the 2-month study period.

 The effect of habituation might also have influenced our study re-

sults. The subjects in the intervention group were exposed to repeated 

BP measurement during their HBPM. Thus, they were familiar with BP 

measurements and especially with the use of automated sphygmoma-

nometers and this may have led to a reduced ‘white-coat’ effect on the 

second visit. As a result, there was a ‘greater reduction’ in the BP read-

ing for subjects in the intervention group. Meanwhile, subjects in the 

control group might have manifested the ‘white-coat’ effect on their 

second visit, resulting in a post-intervention BP that was higher than 

that of the intervention group, thus a lesser BP reduction was ob-

served.

2. Effects of Home Blood Pressure Monitoring on Medication 
Adherence

The effectiveness of HBPM on improving BP control is well document-

ed and a potential mediator towards this end is an improvement in the 

patient’s adherence. Although HBPM is suggested to be a useful strat-

egy to improve medication adherence, there is limited data to support 

this.4)

 Both groups showed a significant improvement in the mean Medi-

cation Adherence Scale (from baseline to 2 months) (Table 6) and the 

Table 6. Changes in mean MAS within groups (from baseline to 2month followup)

MAS
Mean±standard deviation Mean difference  

(95% confidence interval)
Tstatistic  

(degrees of freedom)   
Pvalue*

Baseline 2 mo

Intervention group 25.9±2.03 27.4±0.76 1.5 (0.9–2.1) 5.367 (43) <0.001
Control group 26.2±2.15 27.5±0.85 1.3 (0.6–1.9) 4.167 (43) <0.001

MAS, medication adherence score.
*By paired ttest.

Table 7. Comparison of changes of mean MAS between groups at 2month followup

Variable
Adjusted mean (95% CI) Adjusted mean  

difference (95% CI)
F statistic Pvalue*

Intervention group Control group

MAS 27.4 (27.19 to 27.68) 27.5 (27.25 to 27.73) 0.05 (0.29 to 0.40) 0.09 0.768

MAS, medication adherence score; CI, confidence interval.
*Analysis of covariance after adjustment for age, duration of hypertension, no. of antihypertensive taken, body mass index, and waist circumference.
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intervention group showed a slightly greater change compared to the 

control group (1.5 versus 1.3). However, there was no significant 

change in mean difference in mean Medication Adherence Scale (0.05; 

95% CI, -0.29 to 0.40; P=0.768) between both groups at the end of the 

2-month study period (Table 7). Therefore, our finding demonstrates 

there was no significant improvement in the patient’s medication ad-

herence following HBPM.

 The reported outcomes resulting from HBPM in medication adher-

ence had differed among previous studies likely based on the study 

methods employed and the different measures of medication adher-

ence.4,23) The study by Marquez-Contreras et al.24) in 2006, which com-

pared HBPM with standard care, found that the percentage compli-

ance was significantly greater in the intervention group than in the 

control group ([92%; 95% CI, 86.7 to 97.3] versus [74%; 95% CI, 63.9 to 

84.1], respectively; P<0.0007). Our study differed from their study in 

terms of the technique used to assess medication adherence. The au-

thors used the electronic medication events monitoring systems 

(MEMS) to measure therapeutic compliance in their patients, whereas 

we used a self-report questionnaire to measure compliance.24)

 It has been reported that MEMS had a better correlation with the 

outcome of measured compliance compared to pill-count.24) As a 

measure of drug compliance, the self-report was poorly predictive of 

non-compliance (with 71% sensitivity and 50% specificity) compared 

to the pill-count approach (97% sensitivity and 66% specificity).29)

 Our finding was very similar to the finding of Cuspidi et al. in 2004, 

whereby satisfactory treatment compliance was achieved among their 

study subjects, with 96% of patients reporting to have taken the pre-

scribed drugs regularly. However, the authors also failed to demon-

strate any difference in the patient’s compliance in both groups.30)

 Similarly, our study also showed there was no significant difference 

in medication adherence at the end of study period. Our study sub-

jects had a higher medication adherence rate at baseline with a statis-

tically significant change in the adherence status when compared to 

both groups at the start of study. This was possibly related to the study 

setting, as our study was conducted in a specialized primary care clinic 

in a university hospital. Most of patients had been followed-up at this 

clinic for quite some time and were highly motivated in controlling 

their hypertension.

 The effects of HBPM on medication adherence also showed mixed 

results depending on the complexity of the additional support provid-

ed. A systematic review by Ogedegbe and Schoenthaler4) in 2006 on 

the effects of HBPM on medication adherence found that 54% (six 

RCTs) of a total of 11 RCTs reported statistically significant improve-

ment in medication adherence attributed to the intervention (five of 

six were complex interventions). McKenney et al.31) performed a four-

arm study using different adherence-enhancing strategies (including 

HBPM) and reported that the mean compliance with the intervention 

group was significantly higher than that of the control group (95.1% 

versus 76.8%, P=0.0002) and this difference was greater as the number 

of compliance techniques increased.

3. Conclusion
Using HBPM alone for two months resulted in a reduction in office BP 

and improvement in medication adherence even though there was no 

statistically significant difference when compared to the usual care. A 

physician may or may not advise a patient to buy home BP device as 

part of hypertension management. However, a longer study duration 

is needed to better define the long-term effect of the interventions. 

Findings from future studies on HBPM in Malaysia are needed to 

properly establish a HBPM module in order to better educate patients 

on self-BP monitoring. 
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Appendix 1. New Medication Adherence Scale Questionnaire (English version)

Medication compliance assessment form (English version)

Please read each question carefully and tick (√) your response in the column that best explain how you take your medication, using the scale below:

1= all of the time (everyday)

2= most of the time (>5 times per month or >2 times per week)

3= some of the time (1 to 4 times per month)

4= none of the time

No Questions
Response Reason/note

4 3 2 1 Please tick (√) or state the answer

1 How often do you forget to take your 
medicine?

Careless / busy Dose too frequent Too many medicines  
to take

2 How often do you decide not to take your 
medicine?

Medicine not helping Worry 
medicine 
maybe 
harmful

Busy with 
work

Do not  
want  

people to 
know

Confuse  
with  

regime

3 How often do you miss taking your 
medicine because you feel better?

4 How often do you decide to take less of 
your medicine?

Why?:

5 How often do you stop taking your 
medicine because you feel sick due to 
effects of the medicine?

State the effects?

Which medicine that you think caused it?

6 How often do you forget to bring along 
your medicine when you travel away 
from home?

7 How often do you NOT take your medicine 
because you run out of them at home?

Do you buy your medicine from outside? Do you borrow from friends/relatives?
Yes/no Yes/no


