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Abstract

Objective: Only half of patients with hypertension have adequately controlled blood pressure (BP). Self-
monitoring of  BP at home (HBP) can improve outcomes, especially if combined with supportive interven-
tions such as telemedicine. The aim of this study was to investigate whether a combination of an interactive 
web-based system and HBP-monitoring will lead to better BP control in tertiary care.

Method: 107 hypertensive patients from the outpatient department of an academic medical centre were 
randomized to usual care (control group, n=51) or HBP-monitoring with web-based system (intervention 
group, n=56). Office BP (OBP) and twenty-four-hour ambulatory BP were measured at baseline and after 
12 months.  Quality of life scores, effects of lifestyle advice, number of hypertensive drugs used and visits 
to the OPD were also assessed  

Results: The mean decrease of systolic OBP for intervention group was 9,27 mmHg [95% CI, 4,42 to 
14,1],compared to 6,60 mmHg [95% CI, 0,86 to 12.3] in control group with a difference of 2,68 mmHg 
(P=0,473 [95% CI, -4,71 to 10]). Diastolic OBP decreased with 5,80 mmHg [95% CI, 2,39 to 9,21] in the 
intervention group and  4,76 mmHg [95% CI, 1,83 to 7,70] in the control group with a difference  of 1,04 
mmHg (P=0,656 [95% CI, -3,58 to 5,65]). Secondary endpoints were not significantly different. HBPM was 
highly appreciated and accepted by the participants.

Conclusion: HBP measurement and web-based monitoring is as effective as  usual care in hypertension 
treatment in a tertiary care. Integrating eHealth initiatives in outpatient care can lead to better outcomes.  
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Introduction

Hypertension is an important risk factor for devel-
oping cardiovascular diseases including ischemic 
heart disease, stroke and renal failure. It is esti-
mated that more than a quarter of the worldwide 
adult population is affected by hypertension.1 Low-
ering the blood pressure (BP) is of great impor-
tance since even a small change of 2 mmHg in BP 
can reduce morbidity and mortality.2 In addition to 
lifestyle management, antihypertensive medications 
are often prescribed to treat hypertension.  Despite 
good access to healthcare and frequent visits to 
the physician3, normal BP control is not achieved 
in a substantial group of patients.4,5 Frequent 
causes are poor medication adherence6,7, limited 
health education8, lack of health coaching and in-
frequent control of the BP in between visits and 
unreliable BP measurements in the clinic due to 
the white coat effect.9,10 Unfortunately, there is often 
not enough time to address these topics at the 
physician’s office. In addition, routine office blood 
pressure (OBP) measurements are  not carried out 
according to the guidelines in most cases and are 
sensitive for many forms of errors.11 Home blood 
pressure (HBP) measurements in the morning is 
a powerful predictor of future coronary artery dis-
eases and stroke, and may be a stronger predictor 
than OBP.12 HBP measurements may help treating 
physicians to get an idea of their patient’s over-
all BP.13 Self-monitoring of the BP by patients at 
home is also a method to improve the involvement 
of patients in their own care. Several studies have 
demonstrated that HBP-monitoring led to a decline 
in BP14-16, especially when it is combined with a 
communication system to encourage behavioural 
self-management.17-19 Verberk et al. reported that 
adjustment of antihypertensive drug therapy based 
on HBP-monitoring reduced the number of drugs 
used.20 In 2011, 8,3 billion euro (9,2% of the to-
tal healthcare costs) was spent on cardiovascular 
diseases in the Netherlands.21 This was the highest 
expenditure of all diseases in 2011. Compared with 
usual care, telemonitoring of HBP-measurements 
and self-titration of antihypertensive drugs may 
not only lower BP, but also reduce the healthcare 
costs.22 Although many severe hypertension pa-
tients are treated in hospital practices, most studies 
describing HBP-monitoring have been performed 
in the setting of general practices. The primary aim 
of this study is to determine the effect of a com-
bined interactive web based system with HBP-
monitoring  compared to usual care on the BP 
in a tertiary outpatient care setting. The secondary 
aims were to determine the effect of the interven-
tion compared to usual care on the Body Mass 
Index (BMI), number of visits to the OPD during 
the study period, reduction in systolic and diastolic

twenty-four-hour ambulatory blood pressure, and 
quality of life.  

Method

Study design, patients and size
This was a single center, open-label, parallel-
group, randomized controlled trial in a university 
medical center in Amsterdam, the Netherlands. Pa-
tients with sustained hypertension were recruited 
from the internal medicine outpatient department 
(OPD) of the VU University medical center (VUmc). 
The study was approved by the Medical Ethic 
Committee of the VUmc. Written informed consent 
was obtained from all participants.
 

The study population included patients between 18 
to 80 years of age who used 3 or more antihy-
pertensive medications. Patients who used 1 or 
2 antihypertensive medications and had a docu-
mented BP equal or greater than 140/90 mmHg 
were also included. For diabetic patients the lower 
limit of the BP was 130/80 mmHg. In addition, 
patients had to be able to measure the BP at home 
and to communicate with the physician or nurse 
through the web-based system. Eligible patients 
received a letter about the study with information 
and the request whether they were willing to par-
ticipate. After inclusion, patients were randomized 
into two groups (1:1 ratio). The control group re-
ceived usual care. They visited their physician in 
the OPD and changes in medication were made 
based on their OBP, which was measured with 
an automated device. The intervention group per-
formed self-measurements of their BP (Microlife® 
WatchBP® home). Furthermore, they had access 
to a secured website (https://www.bpathome.nl) 
where they could view documentation of their BP 
measurements and communicate with a vascular 
nurse and the principle investigator (PI), a medi-
cal doctor of the internal medicine department. 
The nurse and the PI in turn contacted the treating 
physician to discuss the any questions or issues 
related to these patients. The intervention group 
also visited their treating physician as part of their 
usual care. Their own physician could decide the 
frequency of the required OPD visits. The final re-
sponsibility of the patient remained in the hands of 
the treating physician.

Study protocol
Participants of both groups were invited to the OPD 
at baseline for an  intake which included history, 
physical examination, ECG and laboratory tests. In 
addition, data was recorded including the medical 
history and medication use. Furthermore, lifestyle 
behaviour was discussed and all the participants
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were motivated to have an active lifestyle and 
healthy diet. They also received a refrigerator mag-
net to remind them of eight healthy lifestyle behav-
iours. At the end of the intake one or two lifestyle 
goals for the next 12 months were agreed upon. 
The OBP was measured after 5 minutes of sit-
ting in a room alone. After these 5 minutes the 
vascular nurse measured the BP with the Micro-
life® WatchBP® office AFIB. The automated OBP 
monitor measured the BP three times with a min-
ute between every measurement. The average of 
these three measurements was used. In addition, 
a twenty-four-hour ambulatory BP measurement 
was taken for every patient (Microlife® WatchBP® 
O3). The exact procedure was repeated after 12 
months during the outtake. We used data of the 
24-hour ambulatory BP measurements for our 
analysis if a minimum of 60% of the measurements 
were successful. The PI and another medical doc-
tor analysed all the twenty-four-hour BP measure-
ments to verify the validity. To assess the quality of 
life, participants also had to fill in the Short Form 
(SF-12) Health Survey and their physical activity by 
filling in the International Physical Activity Question-
naire (IPAQ). 

Participants in the intervention group were taught 
how to measure their BP at home. They also had 
to make an account for the (secure) website by 
using their e-mail. The measurements at home 
took place on monthly basis for a year. They had 
to measure their BP for 7 days a month, twice in 
the morning and twice in the evening. The first day 
of each new measurement week was excluded 
from the total average. After their measurement 
week participants transferred their data to the se-
cure website and the principle investigator, vascu-
lar nurse could see the data real time. If and when 
necessary, the PI or the vascular nurse consulted  
the treating physician to determine whether chang-
es in medication were necessary or whether an 
extra OPD visit was needed. In addition, the PI sent 
messages regularly to the patients to motivate them 
and positively influence their lifestyle. Participants 
were also able to communicate with the PI if they 
had any questions regarding their health or lifestyle.
After a follow-up period of 12 months, all the par-
ticipants were invited to the OPD for an exit inter-
view and examination. The checklists and meas-
urements performed at baseline, were repeated at 
follow-up.

Endpoints and the statistical methods
Primary outcomes of the study were reduction in 
systolic and diastolic OBP after 12 months. Sec-
ondary outcomes were reduction in systolic and di-
astolic 24-hour BP, the number of antihypertensive
drugs at 0 months and at 12 months, number of

visits to the OPD during the study period, Body 
Mass Index (BMI) and quality of life scores. The 
study was powered to detect a difference of at 
least 5 mmHg in systolic BP at a two-tailed signifi-
cance level of .05 with a power of at least 80%. To 
achieve this power 150 participants were needed 
in each group. A standard deviation of 15 mmHg 
for change in systolic blood pressure was assumed 
in the calculations. This assumption was based on 
prior studies that have reported standard devia-
tions ranging from 10 to 20 mmHg. The data was 
collected from medical files and the patients. The 
analysis was performed with  SPSS version 22,0 
(Armonk, NY, USA). Normally distributed variables 
were summarized using mean and standard devia-
tion and variables that were not normally distributed 
by means of median and inter-quartile range (IQR). 
Means of normally distributed variables were com-
pared between the intervention and control group 
using the independent samples t-test. A primary 
analysis was done on the basis of intention-to-
treat. Outcomes that were not normally distributed 
were compared between groups using Mann-
Whitney test. Normality was assessed visually us-
ing separate QQ-plots for the groups. Categorical 
variables were compared between groups using 
chi-square or Fisher’s exact test in case of cell with 
an expected cell count less than 5.
 
Results

Between September 2011 and December 2013, 
107 patients were enrolled in the study and ran-
domized into the usual care group or the inter-
vention group (Figure 1). At the end of the study 
10 patients were lost to follow up and therefore 
97 patients were analysed by the intention-to-
treat principle. Reasons for ineligibility and failure 
to complete the study are outlined in the flowchart 
in figure 1. 

Baseline characteristics
The demographic and medical characteristics of 
the two separate groups were not significant differ-
ent at baseline and are listed in table 1.

BP outcomes
At 12 months, both groups showed improved  sys-
tolic and diastolic OBP. This reduction was greater 
in the intervention group, but not statistically signifi-
cant. The mean decrease of the systolic OBP in the 
intervention group (n=55) was 9,27 mmHg [95% 
CI, 4,42 to 14,1] and in the control group (n=42) 
6,60 mmHg [95% CI, 0,86 to 12.3]. The differ-
ence in mean decrease was 2,68 mmHg (P=0,473 
[95% CI, -4,71 to 10]). For diastolic OBP the mean 
decrease was 5,80 mmHg [95% CI, 2,39 to 9,21]
in the intervention group and the control group 
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4,76 mmHg [95% CI, 1,83 to 7,70]. Between the 
groups the difference in mean decrease was 1,04 
mmHg (P=0,656 [95% CI, -3,58 to 5,65]). The 
reduction in the 24-hour ambulatory BP was 3,47 
mmHg in the intervention group (n=46) [95% CI, 
-0,56 to 7,49] for systolic BP and in the control 
group (n=35) 2 mmHg [95% CI, -2,26 to 6,26]. 
The difference in mean decrease was 1,47 mmHg 
(P=0,617 [95% CI, -4,35 to 7,28]). For diastolic 
BP the mean decrease was 2,13 mmHg [95% 
CI, -0,51 to 4,77] in the intervention group and 
the control group 0,94 [95% CI, -1,53 to 3,41]. 
The difference in mean decrease was 1,19 mmHg 
(P=0,518 [95% CI, -2,46 to 4,84]).

Lifestyle

During the study all patients were motivated to have 
an active lifestyle and healthy diet. The mean BMI 
at the beginning of the study was 30,2 kg/m² in 
the control group (n=42) and 30,6 kg/m² in the 
intervention group (n=54). After 12 months it was 
30,3 kg/m²  in the control group as well as the 
in intervention group. The median increase was 
0,05 [IQR -0,60 to 1,13] in the control group and 
-0,05 [IQR -1,03 to 0,40] in the intervention group 
(P=0,226). The mean WHR was 0,96 at baseline in 
both groups. After 12 months the WHR was 0,95 in 
the control group (n=42) and 0,94 in the intervention 
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group (n=54). The median increase in the control 
group was 0 [IQR -0,03 to 0,02] and -0,02 [IQR 
-0,03 to 0,01] in the intervention group (P=0,23).

Questionnaires

The questionnaires that were filled in by the partici-
pants were the Short Form (SF-12) Health Survey 
and the International Physical Activity Questionnaire 
(IPAQ). The Short Form (SF-12) contains 12 ques-
tions about functional status, including physical and 
social functioning, and physical and emotional role 
limitations. The scoring is divided in the Physical 
Component Summary (PCS) and Mental Compo-
nent Summary (MCS), and describes the quality of 
life. They are computed by using twelve questions 
and the score range from 0 to 100, where a zero 
indicates the lowest level of health and 100 the 
highest level of health. The mean increase of the 
MCS after 12 months was 1,25 [95% CI, -1,86 
to 4,37] in the control group, and 1,35 [95% CI, 
-1,16 to 3,85] in the intervention group. The differ-
ence in mean increase was -0,091 (P=0,963 [95% 
CI, -4,00 to 3,82]). For the PCS the mean increase 
was 2,93 [95% CI, -0.31 to 6,18] in the control 
group and 0,92 [95% CI, -1,13 to 2,97] in the in-
tervention group. The difference in mean increase 
was 2.01 (P=0,267 [95% CI, -1,57 to 5,60]). The 
IPAQ was developed to describe physical activity 
and inactivity. The IPAQ defines three categories: 
inactive (CATEGORY 1), minimally active (CAT-
EGORY 2) and HEPA active (CATEGORY 3). The 
increase in category after 12 months is outlined in 
table 2. The majority of the patients stayed in the 
same category. 

Visits to OPD and medicines

Visits to the OPD of the VUmc by the patients were 
monitored over 12 months. The mean visits to the 
OPD in the control group was 2,95 over a period 
of 12 months and 3,07 in the intervention group. 
The median of visits was 3 [IQR 2 to 4] in the 
control group as well as the intervention group 
(P=0,911). The number  of drugs did not change 
significantly between the groups after 12 months 
(Table 3).

Patient acceptation and appreciation

A majority of 90% in the intervention group was 
very satisfied with HBP-measuring and found it 
pleasant to monitor the BP at home. 87% reported 
that the website was easy to use and 77% was 
positive about the communication with the physi-
cian and nurse through the website. 75% of the 
participants in the intervention group measured the 
BP at home for at least 10 months during the study. 
A total of 913 messages were sent between the 
physician and participants through the website. A 
group of 73% would prefer to continue with HBP-
measurements and the web-based system after 
finishing the study period. The main reasons for 
continuing were that participants liked to be more 
involved in their own care with monitoring their BP 
and that they thought it could decrease hospital 
visits. Participants that would not prefer to continue 
reported that the measurements were experienced 
as burdensome

Discussion

In this open-label, parallel-group randomized con-
trolled trial we demonstrated that BP was decreased 
significantly in both groups after 12 months. Al-
though the intervention group had a larger de-
crease in systolic and diastolic OBP and 24-hour 
BP, this difference was not statistically significant.  
In addition no significant differences were found 
between the groups in quality of life scores, visits 
to the OPD, number of medicines, and anthro-
pometric measures. The majority of participants in 
the intervention group was very satisfied with the 
system and preferred to continue measuring their 
BP at home after the 12 months follow up period.
It is predicted that in 2025 1,56 billion adults will 
have hypertension putting a heavy burden on the 
health care system.1 Therefore, new and  innovative 
solutions are needed to tackle this problem in the 
future. Is has been demonstrated that control of hy-
pertension is achievable with HBP-measurements 
and electronic communications with relatively low 
costs.23 Therefore, HBP-monitoring and web-based 
communication will most definitely play a bigger 
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role in the future. Most research about hypertension 
treatment using HBP-measuring and a web-based 
system, is performed in primary care. Overall, posi-
tive results are reported in these studies.14-19 We 
think that this approach can be efficient in tertiary 
care too, but that it is more difficult to implement 
because of the high turnover in the number of 
residents treating these patients in the OPD set-
ting. During this study one PI and one nurse kept 
contact with the patients through the web-based 
system, but the treating physician of the patients 
was still in charge of medication adjustments and 
other medical problems besides hypertension. 
Treating physicians were invited to use the web-
site to check the BP results of their patients, but 
only few took this opportunity. For this reason, BP 
results were written down in the paper records by 
the PI and sometimes the treating physician was 
alerted in the case of high measurements. We no-
ticed that although the system was introduced in to 
existing OPD system, we could not fully integrate 
the system into the daily routine of the physicians. 
However, according to our opinion, integrating this 
web-based system into the daily practice of tertiary 
care physicians and residents would lead to better 
BP control of these patients and less OPD visits in 
the long run. 

In addition, patients were very positive about the 
HBP-measuring in our study. This was also seen 
in  the TASMINH2 trial where the patients were also 
positive about self-monitoring and many thought 
that the numerous HBP measurements were more 
accurate and genuine than single measurements 
taken by the general practitioner in the office.24 An-
other difference between primary care and tertiary

care is the higher rate of patients with many co-
morbidities and therapy resistant hypertension. 
Our study demonstrated that it was feasible to use 
a web-based system in a more complex study 
population. Only one patient in the intervention 
group was lost to follow up against 9 patients in 
the usual care group. There are a few limitations in 
our study. First, although a positive trend towards 
an effect was seen, this study failed to demon-
strate a significant effect. Unfortunately, we did not 
reach the actual sample size and less patients than 
planned were included, due to time and finan-
cial constraints. Also, the standard deviations for 
change in systolic BP in the sample was 18.4 in 
control group and 17.9 in the intervention group 
and were therefore slightly higher than assumed 
in the power calculation. The power to detect the 
anticipated difference of 5 mmHg with the number 
of patients actually included in primary analysis (42 
and 55) and the higher standard deviation of 18.4 
was only 26%. The estimated difference in change 
in mean systolic BP was 2.6 mmHg with stronger 
decrease in the intervention group but with a wide 
confidence interval 7.3 mmHg in both directions. 

A definitive conclusion about the effectiveness of 
the intervention can therefore not be reached on 
the basis of the trial. However, we conclude that 
the intervention is probably as effective as the 
usual care and may be even better. Secondly as 
mentioned before, we noticed that physicians in 
our OPD (about 10 specialists and more than 20 
rotating residents) were reluctant to integrate the 
system in their routine clinics and to change medi-
cation of their patients based on the HBP meas-
urements. They preferred to make their changes 
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on basis of the OBP and their conversation with 
the patient in the OPD. However, in the past few 
months, also on the basis of experience gained 
during the trial, physicians have adapted this sys-
tem and have started using it in their day to day 
practice which in our opinion will lead to much 
better BP reductions eventually leading to less OPD 
visits. However, most of the physicians are still used 
to traditional OBP-measurements and it is crucial 
that we involve them in this new eHealth initiatives 
and integrate these initiatives in the current OPD`s.
Thirdly, the follow up period was not long enough 
to detect differences in clinical cardiovascular end-
points and secondary outcomes such as weight 
reduction. In addition, both groups received the 
same intake at the baseline with extensive life-
style advice. This may have stimulated the con-
trol group to pay more attention to their lifestyle 
and BP management leading to better outcomes 
in this group (Hawthorne effect) attenuating the ef-
fect of intervention compared to control. Bernocchi 
et al. reported that a structured physician-nurse 
approach in combination with remote telemontor-
ing of BP seem to improve outcome in patients 
with uncontrolled hypertension.25 HBP measuring 
combined with web-based pharmacist care and 
web training significantly increase the percentage 
of patients with controlled BP.17 Care that is pro-
vided by a team creates new opportunities for the 
care of hypertension, where patients are the centre 
of the treatment.26 Therefore we postulate that inte-
grating this system in the traditional academic clin-
ics where patients with sustained hypertension are 
seen by physicians who work with HBP measuring 
will probably lead to better outcomes eventually 
leading to less OPD visits. It is also possible to ap-
point vascular nurses who coordinates the care of 
all patients, communicate with the patients through 
the web and consult with the physicians if changes 
in medication or OPD visits are necessary. This will 
in the end lead to more efficiency and expediency 
leading to reduction in the healthcare costs. 

Our study demonstrates that HBP measuring com-
bined with proactive web-based management is at 
least as effective as than usual care in treatment of 
hypertension in secondary/tertiary care setting. The 
majority of patients who used a HBP measuring 
system was very satisfied and were willing to use 
the system after finishing the study. It is therefore 
important that these eHealth initiatives are integrat-
ed into the traditional hypertension clinics and that 
we stimulate the involvement of the doctors and 
patients to use these systems in the future.
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