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Monitoring and Evaluation of Blood Pressure
Changes With a Home Healthcare System

Toshiyo Tamura, Senior Member;, IEEE, 1sao Mizukura, Masaki Sekine, Member, IEEE, and Yutaka Kimura

Abstract—We investigated changes in blood pressure with ex-
ercise, including walking and ergometer training, sleep, and body
weight. Blood pressure was monitored over a period of about 1 year
in 61 subjects in Osaka, Japan. The morning systolic blood pres-
sures were analyzed using multivariate regression analysis, and the
correlations between systolic blood pressure and the above param-
eters were determined. The systolic blood pressure distribution
was classified into improved, stable, and ingravescence groups. In
the improved group, exercise intensity and total calories were im-
portant factors controlling the systolic blood pressure. More than
300 keal per day was needed to improve the systolic blood pressure.
In the stable and ingravescence groups, body weight contrel was
also an important factor in maintaining blood pressure. An increase
of 1kg in body weight was associated with systolic blood pressure
increases of 3 and 6 mmHg in the stable and ingravescence groups,
respectively, The long-term repeated use of home blood pressure
testing may be a good self-care strategy for monitoring daily health.

Index Terms—Blood pressure, body weight, intervention, phys-
ical exercise, sleeping.

I INTRODUCTION

HERE have been several epidemiological studies regard-
T ing home blood pressure (HBP) and clinical blood pressure
(CBP). Stergiou et al. [1] reported that HBP was the most reli-
able and repeatable blood pressure value among HBP, CBP, and
ambulatory blood pressure monitoring. In another report, CBP
was reclassified by recorded home pressures in 54% of partici-
pants: 40% and 14% were reclassified downwards and upwards,
respectively. Only 46% remained in the same category for both
CBP and recorded HBP [2]. Thus, it was concluded that HBP
monitoring can play an important role essential in blood pressure
management.
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A long-term follow-up study indicated white coat hyperten-
sion (WHC) in 12.5% of a population of 5211 subjects. The
rate of home hypertension was 10.8% in this population, and
the rate of cardiovascular risk was higher in those with home
hypertension than in those with WCH. The differences between
WCH and normotension are still unknown [3]. The Ohasama
study showed that WHC is a transitional condition to hyperten-
sion outside the medical setting, suggesting that WHC may be
associated with poor cardiovascular prognosis [4].

In the PAMELA study, elevated office blood pressure was
associated with larger left ventricular mass index. This was also
the case for the opposite condition, i.c., left ventricular mass
index and hypertrophy were similarly greater in subjects with
normal office, but elevated home blood pressure |5]. Further-
more, central sympathetic hyperactivity was shown to exist in
WHC [6].

Epidemiological studies, such as the Ohasama [4], PAMELA
[5], [7], and Tecumseh studies {8], have yielded no definitive
solution to these issues. The 11-year follow-up of the PAMELA
study population provided evidence that office and HBP were
similarly predictive of the risk of cardiovascular death and death
from all causes, with superiority of systolic BP (SBP) over
diastolic BP (DBP) and of nighttime versus daytime values.
Furthermore, the risk already increases at lower values and more
steeply for home than for office BP. They concluded that the
different information provided by clinic and out-of-clinic BP
may be combined to improve risk prediction.

HBP monitoring is a better cardiovascular index than CBP,
because monitoring is carried out over a long period with rela-
tively stable conditions. Although the number of measurements
per day and monitoring time in the home are still a matter of
discussion, monitoring in the home has both high reliability
and reproducibility, Furthermore, HBP monitoring facilitates .
identification of white coat and masked hypertension, and de-
termination of the efficacy of treatment, including levels after
the morning surge. However, after monitoring SBP and DBP, the
subjects’ behavior was not discussed in detail. That is, no recom

mendations were made regarding behaviors required to improve
the quality of life. Daily blood pressure values and other phys
iological parameters have been used to prevent cardiovascular
disease, but self-control of blood pressure is difficult, and inter
vention by physicians and other medical staff such as dieticians
and physical trainers is also required.

We developed a simple home healthcare monitoring sys-
tem [ 1], which has been used to perform long-term monitoring
over a period of 1 year. This study evaluated participation in
continuous health care monitoring using several physiologi \
parameters. We analyzed the relationships between BP and othet
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Fig. 1.

Home healthcare monitoring system.

parameters including body weight, number of steps walked, and
sleep.

1. METHODS AND SUBJECTS

A. Experimental Methods and Protocol

In total, 61 subjects in 20 families participated in this study.
The home gateway and medical devices, such as blood pressure
monitor, body weight scale, exercise machine, pedometer, and
bed mat with pressure sensor, are shown in Fig. L.

All devices were connected to a gateway and all data were
transmitted to a central server over the Internet [1]. The concept
of our system was to readily connect and transmit data obtained
from home healthcare devices with different manufacturers us-
ing wireless transmission. The location of the installed equip-
ment was chosen carefully, and a data transmission repeater
was installed if necessary. Before collecting the physiological
parameters, the subject’s IDs were entered. The subject’s own
data could be viewed over a secure web link [9].

The subjects received guidance regarding the experimental
protocol after the installation was complete, and basic physio-
logical data, such as height, weight, and BP, were also obtained
by clinical examination.

The BP, body weight, number of walking steps, exercise re-
sults, and sleeping condition were monitored and their relation-
ships were evaluated.

Subjects were asked to measure BP using an antomatic cuff
inflation-type BP monitor (MHT-041 CITIZN, Japan) twice a
day, i.e., once within I h of waking, after urination, sitting with
1-2 min of rest, before breakfast, and before medication in the
morning, and once in the evening, within 30 min before going
to bed, and sitting with 1-2 min of rest. The location of the cuff
- relative to the heart was set carefully.

Body weight was determined using a scale (NT-301 TANITA,
Japan) at the same time that BP was monitored.

The subjects wore a pedometer (NT-101TANITA, Japan) on
the belt or similar location all day except when sleeping. The
pedometer was connected to a wireless station with a battery
charger every night to send the data and recharge the battery.

603

Subjects performed 30 min of training per day using an ex-
ercise machine. As the study population included patients with
ischemia, the SBP was measured during the cardiopulmonary
exercise test in all subjects. If the SBP increased by more than
20 mmHg, the exercise protocol was changed, under the guid-
ance of a physician,

With regard to sleeping conditions, a sleeping mat (HSE-
1710HITACHI, Japan) was installed between the sheets and
mattress or futon. The bed mat was an air type that required
filling with air.

For intervention by a dietician and physical trainer, the data
were reviewed every 4 weeks, and comments were returned to
the subject. If the data had not been sent by the subject within
a certain period, the physician called the subject to ask if there
were problems with monitoring.

B. Subjects

In total, 61 subjects (27 men aged 52.3 & 15.5 years and
34 women aged 46.0 + 14.4 years) participated. Of these 61
subjects, 31 had the following diseases: ischemia (n = 10),
hypertension (n = 13), diabetes (n = 3), obesity (n = 2), and
sleep apnea (n = 3). Some subjects had multiple comorbidities.

The study protocol was approved by the ethics committees
of all researchers’ facilities. Written informed consent was ob-
tained from all subjects prior to enrollment.

C. Data Analysis

This study was performed to determine the relationships be-
tween BP and other physiological parameters, such as body
weight, number of walking steps, and sleeping time. Japanese
Hypertension Society recommended that the effective BP mon-
itoring is at least three times a week. To analyze the data, we
selected subjects for whom at least 150 measurements over 1
year of monitoring were available. Subjects were then classified
according to BP into prehypertension (SBP 130-139 mmHg or
DBP 85-89 mmHg), stage [ (SBP 140-159 mmHg or DBP 50—
99 mmHg), and stage 11 (SBP 160-179 mmHg or DBP 100~
109 mmHg) hypertension groups.

The elevation and reduction of BP during long-term monitor-
ing represented the most important information for determining
the effectiveness of the home healthcare system. Subjects were
further classified according to changes in BP. To prevent sea-
sonal effects, we compared BP values between the first 3 months
and the last 3 months of the study period.

Relationships between BP and other physiological parame-
ters were examined by muliivariate regression analysis. Typi-
cal cases showing improvement and worsening of SBP were
analyzed.

To predict SBP changes, morning SBP (Y mmHg) was used as
a dependent variable with number of walking steps (X1 kcal) the
day before, pulse rate during sleep (X2 times/min), sleeping time
(X3 h), quality of sleep (X4), and body weight in the morning
(X5 kg) as independent variables. The analysis period was 24
weeks [10].
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Fig. 2. Averaged SBP and DBP in the moming and evening during the first
and last 3 months. Where MSBP, MDBP are morning systolic and morning
diastolic blood pressure, respectively. ESBP and EDBP are evening systolic and
evening diastolic blood pressure, respectively.

1. REesuLTs

A. Participants

During | year of monitoring, we focused on subjects for
whom more than 150 measurements were available in BP mon-
itoring. If the BP were measured at least three times a week,
then about 150 BP measurements would be obtained per sub-
ject. Thirty-one subjects (men, n = 13, age 62.8 =& 6.2 years;
women, 1 = 18, age 55.5 & 10.2 years) fulfilled this criterion.
To confirm the effectiveness of intervention, the BP changes
between the first and last 3 months of the study period were
3.96 mmHg for SBP and ~0.32 mmHg for DBP in the morn-
ing and 5.24 mmHg for SBP and 2.07 mmHg for DBP in the
evening.

Then, we excluded subjects classified as having optimal BP
(SBP less than 120 mmHg or DBP less than 80 mmHg) and
normal BP (SBP 120-129 mmHg or DBP 80-84 mmHg); 11 of
the 31 subjects (optimal, n = 2; normal, n = 9) fulfilled these
criteria. With regard to clinical blood pressure (CBP), the pre-
hypertension (high-normal), stage I, and stage 11 hypertension
groups consisted of 7, 11, and 2 subjects, respectively.

Fig. 2 shows the averaged morning SBP and DBP between
the first and last 3 months of the study period in each subject.
As shown in Fig. 2, three of the subjects showed significant
improvements (reduction) in SBP and DBP, whereas two had
worsening (elevation) of SBP and DBP over the course of BP
monitoring. SBP and DBP in the other subjects did not change
significantly during the year of monitoring (P < 0.001).

Subjects who showed significant reductions in both SBP
and DBP in the morning and in the evening were ID#2001,
ID#2018, and 1D#2065. ID#2001 showed a significant reduc-
tion in SBP. Averaged SBP and DBP were reduced from 140.1
and 82.7 mmHg to 129.7 and 75.7 mmHg, respectively. ID#2065
also showed reductions in averaged SBP and DBP from 161.1

and 96.9 mmHg to 152.4 and 91.8 mmHg, respectively. ID#2018
was eliminated from the analysis because of a lack of sleep-
record data.

ID#2037 and ID#2049 showed significant elevation in both
SBP and DBP in the morning and in the evening. 1D#2037
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Fig. 3. One-year monitoring of BP, estimated calorie expenditure based on
the number of steps walked and exercise training, sleeping conditions, and body
weight for the improved cases, ID#2001 and 1D#2065.

showed significant elevation of blood pressure, with averaged
SBP and DBP increasing from 1317.6 and 81.0 mmHg to 161.7
and 87.0 mmHg, respectively. Additionally, ID#2049 showed
elevation from 137.7 and 87.0 mmHg to 151.6 and 88.4 mmHg,
respectively. We performed detailed analyses of these four cases.

Although we recognized the importance of analyzing all of the
subjects in detail, some physiological parameters were missing
for most subjects, despite frequent interventions.

B. Typical Time-Course of the Physiological Data

Fig. 3 shows the results of l-year monitoring in ID#2001 and
ID#2065 who performed self-control of BP. ID#2001 (male,
aged 69 years, height 168 cm, body weight 66 kg) measured
his BP, calories used, based on number of walking steps and
exercise performance, body weight, and pulse rate during sleep
aver a period of 289 days, and ergometer exercise, which was
prescribed by a physician was performed every second day for
188 days. ID#2065 (male, 67 years, height 151 cm, body weight
73.8 g) also measured his blood pressure, body weight, number
of walking steps, and condition while sleeping over a period of
187 days.

Fig. 4 shows the results of 1-year monitoring in ID#2037 and
1D#2049 who did not control their BP. ID#2037 (inale, 67 years,
height 151 c¢m, body weight 71 kg) measured his' BP over a pe-
riod of 254 days, body weight over 110 days, walking steps over
86 days, and sleeping condition over 160 days. ID#2049 (male,
65 years, height 175 cm, body weight 71.7 kg) monitored blood
pressure 446 times, including simultaneous double monitoring,
number of walking steps over 293 days, body weight 503 times,
and sleeping condition over 273 days.
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