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Introduction

One-fourth of the world’s population aged 20 years and 
older are affected by high blood pressure (BP) or hyperten-
sion. Hypertension is one of the most common risk factors 
for cardiovascular disease and it contributed to 40% of the 
mortality from cardiovascular disease, diabetes, and chronic 
kidney diseases.1 The poor control of high BP results in 
complications of hypertension, which range from microvas-
cular to macrovascular. The burden of morbidity, disability, 
and mortality related to hypertension contribute to the eco-
nomic loss for the society. Hypertension management 
including medication and lifestyle modification can effec-
tively reduce the morbidity and mortality.2 However, the 
proportion of controlled BP among patients with hyperten-
sion remains low in many countries.3-6 The proportion of 
uncontrolled hypertension are also higher in low- and mid-
dle-income countries compared with high-income countries 
due to the weaker health service system.7 In Thailand, the 
prevalence of hypertension is high at 22%, and the recent 
national health examination survey showed that one-third of 
the patients with hypertension could not adequately control 

of their BP.7 The prevalence of hypertension in the United 
States is 30.8% and the treated controlled were 51.2% in 
2012; whereas the corresponding percentages for the 
Chinese population were 29.6% and 27.4%, respectively.4,5

A strategy to better control of BP such as self-monitoring 
blood pressure (SMBP) or home BP monitoring has been 
advocated in the past decade as an adjunct method in the 
management of hypertension.8,9 The SMBP provides imme-
diate feedback to patients and may improve adherence to 
medication and advice to control for poor BP control.10

Studies have reported the effectiveness of SMBP in con-
trolling BP mostly in high-income countries.10 However, in 
some populations, short- and long-term effects of SMBP are 
still inconclusive.11 In addition, there is very limited 
evidence for the role of the effectiveness of SMBP in the 
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improvement of BP in low- and middle-income countries. It 
is not clear whether the findings from the studies can be 
applied to the other populations with different cultures and 
characteristics. The present randomized clinical trial aimed 
to assess the effectiveness of SMBP in controlling for BP 
among patients in a catchment area of a community hospital 
in Thailand.

Method

Study Design and Study Population

The inclusion criteria were patients with systolic BP (SBP) 
≥140 mm Hg or diastolic BP (DBP) ≥90 mm Hg based on 
average of the prior 12 months from community hospital 
registry and living in Bang phli district, Samutprakarn prov-
ince. A total of 337 patients who met the criteria were 
enrolled. Eighty-one patients were excluded due to age <35 
years old, immigrants, or were having deficiencies or disor-
der in communication skills. The eligible patients were 
invited to join the study and provided written informed con-
sent. A total of 77 patients refused because of their inability 
to make visits to see the physicians in the community hos-
pital every 2 months for at least 12 months. A total of 224 
patients participated in this study (Figure 1). We randomly 
allocated each subject to either an intervention or usual care 
group based on concealed block randomization. A random 
sequence of 3 interventions and 3 controls assignments 

were contained in each block, placed in a concealed enve-
lope. Each eligible patient was allocated to a study group 
according to the number assignment in each envelope.

Home Blood Pressure Measurement

Those randomized to the intervention group received a BP 
monitor. Each participant was instructed individually about 
how to use the monitor, record, and interpret the BP data 
whether they were in optimal level. The present study was 
conducted from May 2013 to June 2015.

Participants in the SMBP were trained to measure their 
BP at home every day for 6 months using the provided 
oscillometric BP monitor (Omron model HEM-7117, 
Kyoto, Japan). Blood pressures were measured 2 times a 
day (3 readings for each time), once in the morning within 
1 hour after waking up, after urination, before breakfast 
and medication, and after 5 minutes of resting and another 
in the evening before going to bed according to the Japanese 
Society of Hypertension guideline 2003.8 The patients 
were asked to bring their BP records when they came to 
follow-up for physician review at the hypertension clinic. 
Any of 3 physicians in the community hospital assessed the 
recorded BP and communicated with the patients on their 
BP status and provided advice on medication and healthy 
lifestyle.

Usual Care

Patients with hypertension in the usual care arm were 
treated at the discretion of the physician. The patients did 
not receive the home BP monitor. They were informed 
about their BP status at time of visit and advised about med-
ication usage and healthy lifestyle practice, including 
healthy diet and exercise as usual.

Outcome

The differences in SBP were measured between the SMBP 
and usual care at 6 and 12 months taking into account base-
line SBP and repeated measurement. Uncontrolled BP was 
defined as SBP ≥140 mm Hg or DBP ≥90 mm Hg in the last 
visit. Body mass index (BMI) was calculated from weight 
in kilograms (kg) divided by square of the height in meters 
(m2). Weight were measured using digital weighing scale 
(Tanita model BC-587, Tokyo, Japan) and height were mea-
sured using stadiometer while standing without shoes at 
start and at 12 months.

Statistical Analysis

Sample size determination was based on the comparison 
of usual and intervention group with an estimated differ-
ence of mean SBP over 12 months of 5 mm Hg, at .05 of 

Figure 1. Flow of study recruitment for self-monitoring blood 
pressure and usual care arm. FU, follow-up; SMBP, self-monitoring 
blood pressure.



60 Journal of Primary Care & Community Health 7(2)

alpha error and 80% of power, which required a sample 
size of 110 patients per group (allowance for 10% loss to 
follow up).

The statistical analysis included participants who 
attended the 12-month follow-up with complete BP data. 
Mean and standard deviation of SBP for both groups at 
baseline, 6 months, and 12 months were calculated. The dif-
ference in SBP in 12 months between the SMBP group and 
the usual care group was examined by a linear mixed model 
controlling for baseline BP and repeated measurement at 6 
months, sex, and age. Differences in percentage of uncon-
trolled BP from baseline to month 6 and month 12 between 
the SMBP and usual care were performed by using mixed 
effects logistic regression. Subgroup analysis was carried 
out by age group (<60 and ≥60 years), sex (male and 
female), BMI status (<25 and ≥25 kg/m2) and high SBP at 
baseline (≤145 and >145 mm Hg). Stata software version 
13 (Stata Corp, College Station, TX, USA) was used for all 
the statistical analyses.

Results

Of the 224 patients who participated the study, 34% were 
male, which was similar in both groups. The mean age was 
59 years (SD = 9.2) with slightly older in the usual care 
group (60.8 vs 58.0 years, P = .02). Overall, 85% of the 
subjects had primary school educational level or less with 
no significant difference between groups. Overall, systolic 
and diastolic BP, BMI, duration of hypertension, underlying 
diseases, for example, diabetes, coronary heart disease, 
stroke, and dyslipidemia were not different between groups 
at baseline. The most common antihypertensive medication 
used were angiotensin-converting enzyme inhibitor, fol-
lowed by beta-blocker and diuretic. Nearly half of the sub-
jects received 2 classes of antihypertensive medications. 
There were no differences in antihypertensive medication 
between groups (Table 1).

Table 2 shows mean BP at baseline, 6 months, and 12 
months for the usual care and the SMBP groups. The SBP in 
both groups decreased at 6 months and slightly further 
decreased at month 12. At month 12, the SMBP group had 
SBP and DBP less than the usual care group by 2.5 mm Hg 
and 1.2 mm Hg, respectively, with no significant 
difference.

Table 3 gives the differences in SBP between groups 
according to sex, age group, BMI status, and high baseline 
SBP (>145 mm Hg). There were no statistically significant 
differences among subgroups in term of SBP reduction 
except for the older age group, where the benefit of SMBP 
was found in those aged ≥60 years, which was statistically 
significant and decreased by 8.9 mm Hg (95% CI = −15.1 to 
−2.7) compared with those in the usual care group.

Table 4 shows the percentages of patients with uncon-
trolled BP at baseline, month 6, and month 12 in both 

groups. The proportions of uncontrolled BP were substan-
tially decreased at month 6, but slightly increased at month 
12. Overall, at the end of the study 46% of the patients in 
both groups had their BP at control target. For individuals 
aged 60 year and older in the SMBP group, the proportion 
of those with uncontrolled BP decreased from 90.0% at 
baseline to 38.2% at month 12 (P = .02). However, among 
those aged <60 years, SMBP did not perform better than the 
usual care group.

Adherence to Self-Monitoring Blood Pressure

Adherence to the self-monitored practice was not complete. 
In the SMBP group, 84.1% of the subjects record their BP 
measurement with an average of 123.94 recorded days, and 
54.7% of the subjects recorded their daily BP measurement 
more than 135 days. The proportion of regular recorders of 
their BP was slightly higher, but not significant among 
those aged ≥60 years compared with those aged <60 years 
(61% vs 47%, P = .24). Prescription of antihypertensive 
medications increased in both groups, but there were no sig-
nificant differences in numbers of drug items and classes 
between groups.

Discussion

The present study evaluated the effect of SMBP in primary 
care of a community hospital. The results indicated that at 
month 12 in both the usual care and the SMBP groups, there 
were reductions in the SBP and increase in the proportion of 
controlled BP. Both groups had the BP reduced by 10 mm 
Hg in the first 6 months and the BP remained stable thereaf-
ter. The magnitude of BP reduction were not significantly 
different between the SMBP and usual care groups accord-
ing to sex, SBP level (≤145 vs >145 mm Hg) or BMI level 
(<25 vs ≥25 kg/m2); however, there were difference by age 
group. The older persons (≥60 years) obtained most benefit 
from SMBP. The explanation for the similar effects in both 
groups might be that they might receive more aggressive 
medication at the follow-up period in both intervention and 
control groups, therefore the reduction effect was seen in 
both groups. The greater benefit of SMBP found in the older 
persons might be because of the fact that they usually spent 
more time at home, so they were more likely to measure, 
whereas, those in the younger age group spent less time at 
home, so were less likely to measure the BP themselves, as 
shown by the higher percentage of daily BP record among 
older persons compared with those who were younger, 
although it was not significant. In other words, those SMBP 
patients aged older than 60 years were more likely to gain 
feedback leading to better compliance to medication and 
lifestyle modifications than those SMBP patients who were 
younger than 60 years. The greater reduction in SBP among 
the older patients in the SMBP group was also observed in 
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a study by McManus et al,12 where the difference in SBP at 
12 months was 10.5 mm Hg in those aged >65 years and 
was 6.5 mm Hg in those aged ≤65 years; however, the 
authors did not provide explanation for those findings. The 
similar effects in men and women in the present study were 
consistent with other studies.12,13 We did not observe a dif-
ferent effect by baseline SBP level, whereas the study by 
Margolius et al13 in a minority population in the United 
States found a greater reduction among those with SBP 
≥160 mm Hg compared with those with SBP <160 mm Hg. 
The explanation for the different findings might be due to 
the greater intensity of home coaching and titration of medi-
cation in that study, whereas we did not invest such resource 
in the present study and could results in a smaller effects.

The advantage of SMBP includes the practicality, high 
reproducibility and rules out “white coat” hypertension.8,10,14 

However, use of SMBP needs cooperation of the patients 
and their ability to judge whether the BP was too high.15 
SMBP measurement might be appealing to patients and 
increase their awareness of high BP and possibly lead them 
to better control their BP.

Previous studies of the benefit of SMBP were inconclu-
sive. A Cochrane review on intervention used to improve 
BP control reported a moderate net reduction in systolic BP 
associated with self-monitoring.16 Piette et al17 reported 
results of using automated telephone care management plus 
home BP measurement had a better outcome for patients 
with hypertension; however, a systematic review and meta-
analysis of SMBP with or without additional support could 
lower BP in short-term but the long-term benefit beyond 12 
months was not confirmed.11 The systematic review 
reported a summary reduction of 3.9 mm Hg for SBP at 6 

Table 1. Baseline Characteristics.

Usual Care (n = 113) SMBP (n = 111) P Value

Age, years, mean (SD), yr 60.83 (9.0) 58 (9.4) .02
Age group, n (%)
 <60 years 47 (41.6) 56 (50.5) .18
 ≥60 years 66 (58.4) 55 (49.6)  
Men, n (%) 39 (34.5) 39 (35.1) .92
Blood pressure, mm Hg, mean (SD)
 Systolic 147.2 (14.9) 149.4 (11.4) .22
 Diastolic 82.2 (11.7) 83.4 (9.9) .40
Body mass index, kg/m2, mean (SD) 26.4 (4.5) 27.3 (5.2) .19
Duration of hypertension, years, mean (SD) 5.5 (5.1) 6.9 (7.8) .11
Occupation
 No job 65 (57.5) 53 (47.7) .007
 Workers 21 (18.6) 41 (36.9)  
 Self-employed 27 (23.9) 17 (15.3)  
Smoking 14 (12.4) 6 (5.4) .07
Underlying diseases
 Diabetes 5 (4.4) 5 (4.5) .98
 CVD 5 (4.4) 8 (7.2) .37
 Stroke 7 (6.2) 7 (6.3) .97
 Dyslipidemia 63 (55.7) 64 (57.7) .77
Antihypertensive medication
 Calcium channel blocker 65 (57.5) 62 (55.9) .80
 ACEI 64 (56.6) 72 (64.9) .21
 ARB 9 (8.0) 11 (9.9) .61
 Diuretic 28 (24.8) 25 (22.5) .69
 Beta-blocker 45 (39.8) 42 (37.8) .76
 Alpha-blocker 2 (1.8) 1 (0.9) .57
 Vasodilator 6 (5.3) 6 (5.4) .97
No. of antihypertensive drugs
 1 39 (34.5) 32 (28.8) .50
 2 52 (46.0) 51 (45.9)  
 ≥3 22 (19.5) 28 (25.2)  

Abbreviations: SMBP, self-monitoring blood pressure; SD, standard deviation; CVD, cardiovascular disease; ACEI, angiotensin-converting enzyme 
inhibitors; ARB, angiotensin receptor blocker.
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months, but not at 12 months. Other studies included  
additional support such as self-titration in addition to self-
monitoring, which showed the successfulness in the reduc-
tion of SBP ranging from 3.4 to 8.9 mm Hg11 and concluded 
that additional support other than SMBP enhances the BP 
reduction effect. A systematic review on potential mediators 
of SMBP to reduce BP concluded that increases in medica-
tion adherence might be the contributor, but the role of 
SMBP to influence lifestyles change and medication persis-
tence were inconclusive.18 Other studies, which involved 
nurses in the intervention process, seemed to improve the BP 
reduction by greater effects.14,19 Further study on feasibility 
and effectiveness of additional intervention modalities in 
addition to SMBP in middle-income countries is warranted.

The present study has its strength as the randomization 
worked relatively well, as the characteristics of both arms were 
similar with small differences in age in favor of the SMBP 
group. The present study was designed to measure the effec-
tiveness of SMBP in the real world without telecommunication 

technology in the intervention as well as with the constraint of 
limited human resources. Nurse-led education for the patients 
was didactic and usually practiced before the patients saw the 
physician in both groups. In this study, we did not invest more 
effort in the role of the nurses. The implication of this study is 
that it covered the patients in a semiurban community who 
were homogeneous in terms of race as they were generally 
Thais with low- to low-middle socioeconomic status, so exter-
nal validity should be applicable to the majority of other popu-
lations with similar characteristics.

There are some limitations of the study, for instance, the 
small sample size contributed to the nonsignificant results. 
Details of medication at the follow-up period were not 
available. The low adherence to the practice of regular self-
measurement as evidenced by low percentage of complete 
records of BP might attenuate the effect of SMBP to a cer-
tain extent.

In conclusion, for a primary care setting in urban area, 
the application of SMBP resulted in reducing BP for older 

Table 2. Mean Systolic and Mean Diastolic Blood Pressures at Baseline, 6 Months, and 12 Months and the Adjusted Difference 
Between Usual Care and SMBP Groups.

Outcomes

Blood Pressure, mm Hg
Adjusted Difference Between Intervention 

and Control Groups*

Baseline 6 Months 12 Months 6 Months 12 Months

No. of 
Patients Mean (95% CI)

No. of 
Patients Mean (95% CI)

No. of 
Patients Mean (95% CI)

Mean difference 
(95% CI)

Mean difference 
(95% CI)

Systolic BP
 Usual care 113 147.2 (144.5, 150.0) 107 137.9 (135.3, 140.5) 112 136.8 (133.6, 140.0) –2.9 (–7.8, 1.8) –2.5 (–7.3, 2.2)
 SMBP 111 149.4 (147.3, 151.5) 102 137.4 (135.0, 139.7) 110 136.4 (133.6, 139.0)  
Diastolic BP
 Usual care 113 82.2 (80.0, 84.4) 107 76.0 (74.0, 78.0) 112 78.1 (75.6, 80.5) –0.6 (–3.9, 2.7) –1.2 (–4.5, 2.0)
 SMBP 111 83.4 (81.6, 85.3) 102 76.4 (74.6, 78.2) 110 78.1 (76.0, 80.1)  

Abbreviations: SMBP, self-monitoring blood pressure; CI, confidence interval.
a  Adjusted difference: adjusted for baseline and repeated measurement using usual care as reference.

Table 3. Adjusted Difference in Systolic Blood Pressure Between SMBP and Usual Care Group at Months 6 and 12 by Subgroups.a

No. of Patients
Differences in Mean SBP (95% CI) at 

Month 6
Differences in Mean SBP (95% CI) at 

Month 12

Sex
 Men 78 –2.8 (–10.6, 4.9) –2.9 (-10.5, 4.7)
 Women 146 –3.0 (–9.1, 3.0) –2.3 (–8.3, 3.6)
Age (years)
 <60 103 –0.6 (–7.9, 6.6) 5.3 (–1.8, 12.3)
 ≥60 121 –4.7 (–11.0, 1.5) –8.9 (–15.1, –2.7)
BMI (kg/m2)
 <25 87 –1.9 (–9.7, 5.7) 0.7 (–6.8, 6.3)
 ≥25 127 –4.2 (–10.5, 2.1) –4.4 (–10.7, 1.8)
SBP (mm Hg)
 ≤145 91 –4.8 (–11.3, 1.6) –3.6 (–9.9, 2.7)
 >145 133 0.79 (–5.2, 6.8) 1.0 (–4.8, 6.9)

Abbreviations: SMBP, self-monitoring blood pressure; SBP, systolic blood pressure; CI, confidence interval; BMI, body mass index.
a Used SBP of usual care at baseline as reference.
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persons with hypertension at 12 months. Further study on 
the effectiveness of SMBP in other populations and settings 
is warranted.
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