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A B S T R A C T

Background: Less than 50% of patients with hypertensive disease manage to maintain their

blood pressure (BP) within normal levels.

Objective: The aim of this study is to evaluate whether cloud BP system integrated with com-

puterized physician order entry (CPOE) can improve BP management as compared with

traditional care.

Methods: A randomized controlled trial done on a random sample of 382 adults recruited

from 786 patients who had been diagnosed with hypertension and receiving treatment for

hypertension in two district hospitals in the north of Taiwan. Physicians had access to cloud

BP data from CPOE. Neither patients nor physicians were blinded to group assignment. The

study was conducted over a period of seven months.
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Results: At baseline, the enrollees were 50% male with a mean (SD) age of 58.18 (10.83) years.

The mean sitting BP of both arms was no different.The proportion of patients with BP control

at two, four and six months was significantly greater in the intervention group than in the

control group. The average capture rates of blood pressure in the intervention group were

also significantly higher than the control group in all three check-points.

Conclusions: Cloud-based BP system integrated with CPOE at the point of care achieved better

BP control compared to traditional care. This system does not require any technical skills

and is therefore suitable for every age group. The praise and assurance to the patients from

the physicians after reviewing the Cloud BP records positively reinforced both BP measur-

ing and medication adherence behaviors.

© 2016 Published by Elsevier Ireland Ltd.
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1. Introduction

Hypertension is one of the leading causes of death world-
wide [1]. Approximately 35% of men and 25% of women have
blood pressure (BP) in prehypertension range, which can be
defined as a sustained systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) of above 140 and 90 mmHg [2,3].
However, it was reported that less than 50% of patients with
hypertension have controlled their BP [3,4].

Many types of intervention studies have demonstrated modest
improvements in BP, and modern systematic reviews summa-
rizing more than three decades of research have concluded that
the most effective method to improve BP involves a reorgani-
zation of clinical practice and empowerment of nonphysician
practitioners to adjust antihypertensive therapy [5,6].On the other
hand, repeated assessment of BP at the physician’s office com-
pared to self-monitoring at home was more reliable This is due
to the greater number of BP measurements, the absence of the
white-coat syndrome, and the lack of observer bias when au-
tomated devices are used [7–9]. Home BP monitoring also has
been identified as a useful adjunct to team-based care for hy-
pertension because it can help physicians make treatment
decisions for antihypertensive therapy adjustment [10,11].

In the past, manually recorded BP logs have often been dem-
onstrated to be inaccurate, with substantial under-reporting of
BP [12].Multiple studieshavedemonstrated thatBP telemonitoring
interventions can be effective in the control of hypertension.
However, most studies required some technological skills from
the participants in order to transmit data through telephone,
fax, Internet or Bluetooth back to the server [13–15]. Also, none
of them reported an integration to the computerized physician
order entry (CPOE) system. We believe that a home BP moni-
toring system integrated with CPOE can provide just-in-time
information for physicians’ therapeutic decision making.There-
fore, the objective of this study was to determine whether Cloud-
based BP system integrated with CPOE is useful for improving
BP control as compared with traditional care.

2. Methods

2.1. Design, setting and patients

A randomized controlled trial was designed to compare two
interventions to improve hypertension control. Potential par-
ticipants were identified by the use of electronic searches

through a hospital electronic medical record system. Patients
between the ages of 18 to 85 years were eligible for enroll-
ment if they had been diagnosed with hypertension and were
receiving treatment for hypertension with antihypertensive
drugs for at least six months from the cardiology depart-
ment. Patients also had to be willing to monitor their own
BP at home. Medical exclusion criteria were as follows:
1) secondary hypertension; 2) expectant mother; 3) stroke, myo-
cardial infarction or had surgery within 3 months; 4) atrial
fibrillation; 5) inter-arm difference (IAD) > 20 mm Hg; and 6) un-
suitability as recognized by physicians. Other exclusion criteria
included being 1) unable to participate in this trial for the whole
process, 2) lived alone and were unable to read Short Message
Service (SMS).

2.2. Randomization and masking

This trial adopted permuted-block design to overcome disad-
vantages of simple randomization by forcing periodic balance
in the numbers of patients assigned to each group. Patients
were randomly assigned in a 1:1 ratio to either the interven-
tion group or the control group. Neither patients nor physicians
were masked to the group assignments in this trial.

2.3. Procedures

This trial was undertaken from December 2011 to September
2013. The study protocol was approved by the University’s In-
stitutional Review Board in 2011 (approval number: 201107013).

Patients were enrolled after a two-arm BP monitoring exam
and follow-up.The patients allocated to the intervention group
were trained to monitor their BP using an automated elec-
tronic sphygmomanometer. Physicians were able to access the
Cloud-based BP records from the CPOE system by clicking on
the Cloud BP review button on the screen. People allocated to
the control group were asked to keep their BP records on paper.
They were required to bring their paper-based records with
them when they met their cardiologist. Participating cardiolo-
gists were encouraged to check on patients’ BP records during
each visit before giving the prescription. All patients were re-
quested to self-monitor their own BP at home and received
information based on literatures/guidelines produced by the
European Society of Hypertension (ESH).They were instructed
to monitor their own BP four times a day (twice in the morning
when they awoke and twice in the evening before they went
to bed). The frequency was once a week and seven consecu-
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