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Background and Objectives : The overriding influence of physical activity and the diurnal variation during ambu-
latory blood pressure monitoring (ABPM) has been well demonstrated. We prospectively evaluated the usefulness
of electronic activity monitoring for deriving the actual physical activity and the diurnal variation of ABPM.
Subjects and Methods ¢ 24-hour ABPM with using an electronic activity monitor was performed on ten normo-
tensive volunteers and fifteen hypertensive subjects. To interpret the ABPM results of the fifteen hypertensive subjects,
we obtained the actual awake/sleep periods of every subject with using an electronic activity monitor. Results :

The activity values obtained from the ten normotensive volunteers correlated well with the values of the blood
pressure (BP) and the heart rate. In the hypertensives, the nocturnal mean BP derived by the actual period was
significantly lower than that derived by the arbitrary period (130 16/81 = 13 mmHg versus 124+ 13/77 £ 12
mmHg, respectively, p<0.05). The nocturnal BP fall derived by the actual period was significantly larger than that
derived by the arbitrary period (14.9+8.7/11.6+ 7.5 mmHg versus 21.1 =8.6/16.2+ 7.4 mmHg, respectively,
p<0.01). Four among the 7 non-dippers determined by the arbitrary period were re-classified as dippers when the
actual period was used. One among the 13 hypertensives, as determined by the arbitrary period, was also re-clas-
sified as a non-hypertensive. Conclusion : The electronic activity monitor was able to determine the actual activity
level. The interpretation of ABPM may be altered by the use of the electronic activity monitor. These results sug-
gest that the accuracy and reproducibility of the 24-hour ABPM will be improved by using an electronic activity

monitor. (Korean Circulation ] 2006;36:91—98)
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Introduction

Since a person’s blood pressure (BP) varies from mo-
ment to moment, abnormal BP is difficult to diagnose
and treat when this is based on measuring the BP once
or twice at the time of visiting the hospital. The change
of BP at the time of the measurement is related to the
temperature, physical activity, noise, sleep, fatigue, stress
and the posture, and it varies not only with the person
measuring the blood pressure, but it also depends on
the accuracy of the measuring devices, the time and sea-
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son of the measurement, and it particularly depends on
the normal changes of the 24-hour circadian rhythm.'””
Twenty-four hour ambulatory blood pressure monito-
ring (ABPM) is an effective method of assessing the
diurnal variations of BP.?” Also, the 24-hour ambula-
tory BP accurately reflects the target organ damage that
is caused by hypertension, and the left ventricular hyper-
trophy,®” and it is valuable for determining the prog-
nosis of hypertension and for evaluating the effects of
anti-hypertensive drugs.®'”

For the analysis of the 24-hour ambulatory BP, it is
important to consider the variations of BP that are due
to activity and to the fall in BP that occurs during sleep.
The effects of activity and the circadian rhythm on the
24-hour ABPM were usually assessed by examining the
diaries of patients. However, the diary can be subjective,
and the level of activity or the sleeping hours can not
be accurately assessed in this fashion. An electronic acti-
vity monitor is now widely used both for the quantitative
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assessment of physical activity during the day and for
assessing the duration and quality of sleep. Hence, in
this study, we employed an electronic activity monitor
so that the activity level and sleeping hours could be
objectively quantitated and simultaneously measured.
Based on this and by analyzing the results of the 24-hour
ABPM, we assessed the clinical usefulness of performing
electronic activity monitoring.

Subjects and Methods

Normotensive volunteer group

The normotensive volunteer group consisted of indi-
viduals who didn’t have a history of cardiovascular di-
sease or a diagnosis of hypertension; they were also not
taking medication and they had no disease or condition
that may have affected their BP. In addition, their ca-
sual clinic BP was lower than 140/90 mmHg. The clinic
BP of the subjects was measured at 5 minute intervals
with the patient in three different postions, i.e., the stan-
ding position, the sitting position and the lying position,
and all the BP measurements were taken more than 2
times. Ten volunteers between the ages of 25 and 35 years
were selected as the normotensive volunteer group for
this study. The normotensive volunteer group perfor-
med 4 activities: sleeping, sitting, walking (Bruce’s pro-
tocol stage I exercise loading, speed: 4.0 km/h), and
running (Bruce’s protocol stage IV exercise loading,
speed: 8.0 km/h). Each of the activities was performed
with a 30 minutes rest interval between them, and the
subjects were wearing a 24-hour ABPM device with the
BP and heart rate (HR) being measured at 6 minutes

Fig. 1. The subject wore a 24-hour ambulatory blood pressure monitor
on the left upper arm and an electronic activity monitoring device on
the right upper arm.

intervals. In such a manner, we assessed the relation of
the activity level and the BP at each stage, and the re-
lation between the HR and the activity level, as was mea-
sured by an electronic activity monitor.

Hypertension patient group

The hypertensive subjects were 15 hypertension patients
who visited to Chungbuk National University Hospital,
and those patients with diabetes, renal failure, coronary
artery diseases, retinopathy higher than grade II, heart
failure, metabolic diseases and other systemic diseases in
their past and current history were excluded from the
study population. The subjects wore a 24-hour ABPM
device on their left upper arm and they had an electro-
nic activity monitor on their right upper arm (Fig. 1).

The measurement of the 24-hour ambulatory blood
pressure

The Spacelabs Model 90207 Monitor (Spacelabs, Red-
mond, WA, USA) was used as the 24-hour ABPM
device, and a standard adult cuff was used for moni-
toring the ambulatory BP. The subjects were advised to
wear the cuff of the ABPM device on the left upper arm
and to carry out their normal daily activities, and they
were to stop using their left arm only during the BP
measurement.

The measurement of the activity level with the elec-
tronic activity monitor

The monitor to measure the activity level was the elec-
tronic activity monitor, SenseWear® PRO, Armband
(BodyMedia® Body Monitoring System, USA); its wei-
ght was 80 g and it was rather convenient to carry. It
operates by making contact with the skin and by wea-
ring an armband that is without any special operation
method, and it is turned off only by taking off the arm-
band. The subjects were asked to wear the electronic
activity monitor on the right upper arm, and the sub-
jects were to wear it at the the same time as wearing the
24-hour ABPM device, as well as taking it off simulta-
neously with the 24-hour ABPM device. The physiolo-
gical data that were measured were the activity level, as
accessed by the transverse and longitudinal accelerometer,
the total energy expenditure, the temperature due to the
level of heat generated, the step counter and etc. The
device was programmed to measure at 1 minute inter-
vals; after the testing, the physiological data that was
stored was analyzed by the InnerView Wearer Software.
The activity level assessed by the electronic activity mo-
nitoring system was quantitated (1 g=9.8 m/sec?) by the
mean of the absolute difference (MAD) via an accele-
rometer in the electronic activity monitor.

Blood pressure analysis
In regard to the analysis of the fixed day/nighttime BP,



daytime was considered to be from 06 * 00 to 22 * 00, and
nighttime was considered to be from 22 : 00 to 06 : 00
of the next day. As a difference from the fixed, arbitrary
methods of defining daytime and nighttime, by using an
electronic activity monitor in our study, the actual slee-
ping time was considered as the nighttime, and the period
when the activity level was measured was defined as the
daytime. We then compared the difference of the BP
parameters between the arbitrary method and the actual
method with using an electronic activity monitor.

The BP variables analyzed in our study were the ma-
ximum,/minimum,/mean BP, the pressure load, the level
of the nocturnal BP fall, the dippers/non-dippers and
the number of patients diagnosed as having hyperten-
sion. Regarding the pressure load, during the daytime,
it was based on a systolic BP of 140 mmHg and a dias-
tolic BP of 90 mmHg, and at the nighttime, it was based
on a systolic BP 125 of mmHg and a diastolic BP of 75
mmHg. The percentage of the measurement frequency
that was higher than these values was considered as the
systolic pressure load and the diastolic pressure load,
respectively. The nocturnal BP fall represented the dec-
reased level of the nocturnal BP in comparison with the
daytime mean BP, and the patients whose nighttime BP
was 10% lower than the daytime BP were defined as the
dippers; the patients whose nighttime BP was decreased
less than 10% were defined as the non-dippers. The
diagnosis of hypertension was arrived at when the mean
BP during the 24 hours was higher than 135/85 mmHg,
the daytime BP was higher than 140/90 mmHg and the
nighttime BP was higher than 125/75 mmHg."”

Statistics

All the data except the number of patients were pre-
sented as means & standard deviation, and the statistical
analysis was performed by MS Window® SPSS 10.0
(SPSS Inc, Chicago, IL, USA). All the statistical results
with p lower than 0.05 were considered as statistically
significant. The correlation of the activity level, as mea-
sured by an electronic activity monitor, and the BP and
HR was analyzed by performing linear regression analysis.
In addition, we analyzed, by using paired t-tests, the va-
riables of BP of the arbitrary daytime/nighttime dividing
method and the actual daytime/nighttime dividing me-
thod with using the electronic activity monitor.

Results

The quantitation of the activity level as measured by
the electronic activity monitor

When comparing the actual sleeping hours of the
hypertensives who were measured by using the electro-
nic activity monitor with the fixed, arbitrary nighttime
from 22 : 00 to 06 : 00, we found that the sleeping time
and the wake up time were delayed in most cases (Fig. 2).
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Fig. 2. When comparing the actual sleeping hours of the hypertensi-
ves who were measured by the electronic activity monitor with the
arbitrary nighttime from 22 : 00 to 06 : 00, the sleeping time and the
wake up time were delayed in most cases. The dotted period is the fi-
xed, arbitrary nighttime peroid (22 : 00 to 6 : 00). The black bar is the
actual sleep period for each subject.

In addition, the activity level quantitated by the acce-
lerometer of the electronic activity monitor showed a
different value in each patient(Table 1). The daytime
MAD measured by the transverse accelerometer was from
511 g to 1,264 g, the daytime MAD measured by the lon-
gitudinal accelerometer was from 416 g to 1,065 g and
the daytime activity level for each hypertensive subject
displayed a very wide range of values. Similarly, the day-
time energy expenditure was 1,123 keal to 2,447 keal,
and the daytime energy expenditure level in each hyper-
tensive showed a difference of as much as over 2 fold.
The activity level during sleeping also showed a difference,
and this may have indirectly represented the quality of
sleep. The nighttime MAD measured by the transverse
accelerometer was from 30 g to 91 g, the nighttime MAD
measured by the longitudinal accelerometer was from
22 g to 73 g, the energy expenditure was from 216 kcal
to 591 kcal, and differences among the individual sub-
jects were detected.

The analysis of the 24-hour ambulatory blood pres-
sure-electronic activity level monitoring in the nor-
motensive volunteer group

In the normotensive volunteer group, the activity level
measured by the electronic activity monitor, according
to the 4-stage activity, was proportional to the systolic BP,
the diastolic BP and the HR (Fig. 3). In the running
activity stage, a large value was detected for the trans-
verse and longitudinal activity level. In a similar fashion,
the systolic BP, diastolic BP and HR showed a clearly
larger value than the ambulatory level in the other 3
stages. In the 3 rest stages, the ambulatory level in each
stage was detected to be proportional to the BP and the
HR. Based on the activity level measured by the elec-
tronic activity monitor in the normotensive volunteer
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Table 1. The activity level of the hypertensive subjects, as quantitated by the electronic activity monitor

Activity value

Awake period

Sleep period

No Transverse Longitudinal Energy expenditure Transverse Longitudinal Energy expenditure
MAD (g) MAD (g) (kcal) MAD (g) MAD (g) (kcal)
1 922.6 831.1 2042.5 45.5 42.3 510.9
2 511.1 415.9 1123.4 78.6 64.9 829.7
3 1069.2 724.7 22929 29.8 22.1 216.1
4 624.1 587.4 2172.7 359 339 612.0
5 843.5 716.6 1770.9 779 57.1 591.2
6 1137.6 746.6 1854.0 55.1 44.1 479.9
7 1096.2 703.3 1950.7 83.5 57.2 575.1
8 1152.1 1064.9 1644.5 63.7 53.9 460.1
9 898.4 723.0 1604.5 50.0 41.1 414.9
10 921.1 626.0 1420.5 65.0 51.0 425.5
11 646.6 481.8 1594.5 82.8 68.8 489.9
12 1264.2 925.3 2447.5 71.3 56.4 300.7
13 736.1 716.4 1913.8 55.4 47.1 571.5
14 923.4 678.7 1341.8 90.9 72.8 389.2
15 1031.3 997.7 1756.6 43.3 32.9 267.2

Means =SD 919+217 279£175 1795 +360 6219 50* 14 476155

The total activity level in each hypertensive subject showed a very wide range. MAD: mean of the absolute difference, 1 g (gravity)=9.8 m/sec’
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Fig. 3. In the normotensive volunteer group, the activity level measured by the electronic activity monitor, according to the 4-stage activity, was
proportional to the systolic blood pressure, the diastolic blood pressure and the heart rate (this is a representative case). MAD: mean of the absolute

difference, HR: heart rate, BP: blood pressure.

group, the activity level measured in other individuals
could be divided to 4 stages without having to review
their diary.

The analysis of the 24-hour ambulatory blood pres-
sure-electronic activity level in the hypertention pa-
tients group

To assess the correlation of the activity level, as mea-
sured by the electronic activity monitor, and the BP
variables in the 15 hypertensives, we examined the cor-
relation of the sum of the activity level during the 20
minutes it took to measure the BP and HR. When we

individually examined the correlation in the 15 hyper-
tensives, a significant correlation between activity and
the systolic BP was detected in 14 cases, and a signifi-
cant correlation was not detected in 1 case. Regarding
the diastolic BP, a statistically significant correlation was
detected in all 15 cases, and regarding the heart HR and
the activity level, a significant correlation was detected
in 13 patients; a significant correlation was not detected
in 2 patients. As a whole, in all 15 patients, when con-
sidering the increment of BP and HR from the lowest
value in each subject and when examining their corre-
lation to the activity level, the correlation coefficient of
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Fig. 4. As a whole, for all 15 patients, when considering the correlation of the increment of blood pressure, heart rate and the activity level, the cor-
relation coefficient showed a statistically significant correlation (p<0.0001). A: the correlation between the activity and the increment of SBP. B! the
correlation between the activity and the increment of DBP. C: the correlation between the activity and the increment of HR. SBP: systolic blood

pressure, DBP: diastolic blood pressure, HR: heart rate.

Table 2. The mean blood pressure, the blood pressure load and the
nocturnal blood pressure fall according to the actual versus arbitrary
definition of the sleeping period in the 24-hour ABPM

Parameters SBP DBP
Mean BPs (mml-[g)Jr
Arbitrary daytime 145.6£10.1 929+ 9.2
Actual awake 1458+ 9.7 939+ 9.2
Arbitrary nighttime 129.6£15.6 81.2+12.2
Actual sleep 123.6+£12.8* 77.1+11.6*
BP loads (%)
Arbitrary daytime 55.7+26.9 54.5+30.2
Actual awake 60.4+26.4 58.2+31.3
Arbitrary nighttime 58.8+36.3 62.3+38.9
Actual sleep 45.8+39.2 51.8+41.7
Nocturnal BP fall (mmHg)§
Arbitrary 149+ 8.7 116+t 7.5
Actual 21.1+t 8.6* 16.2+ 7.4*

Statistics for the continuous measures are shown as means == SD. SBP:
systolic blood pressure, DBP: diastolic blood pressure. *: p<0.05 com-
pared with the other period, T: the nocturnal mean BP derived by the
actual period was significantly lower than that derived by the arbitrary
period (SBP: p=0.014, DBP: p=0.012). ¥ : the daytime-awake BP
loads; percentage of the BPs exceeding 140/90 mmHg, the nighttime-
sleep BP loads; percentage of the BPs exceeding 125/75 mmHg, §:
the nocturnal BP fall derived by the actual period was significantly lar-
ger than that derived by the arbitrary period (SBP: p=0.008, DBP:
p=0.002)

the activity level and the increment of the systolic BP,
the diastolic BP and the HR was 0.46, 0.41 and 0.40,
respectively, and all these showed a statistically signifi-
cant correlation (p<0.0001) (Fig. 4) .

The analysis of the 24-hour ambulatory blood pres-
sure by the electronic activity monitor

When comparing the daytime/nighttime BP as defi-
ned by the arbitrary method and the actual awake/sleep
BP as measured by the electronic activity monitor, a
significant difference was detected for several diverse va-
riables. The difference of the BP was bigger during the
nighttime. In general, the actual awake BP measured by
the electronic activity monitor had a tendency to be
slightly higher than the arbitrary daytime BP, and the

sleep BP showed a tendency to be lower (Table 1). The
nighttime mean BP measured by the arbitrary method
was 130 16/81 = 13 mmHg, the actual sleep mean BP
measured by the electronic activity monitor was 124+

13/77%+12 mmHg, and the difference between them was
5.0%5.3/3.413.6 mmHg(p<0.05) (Table 2). In regard
to the nocturnal BP fall, the value for the arbitrary me-
thod was 14.9£8.7/11.6 = 7.5 mmHg, and the value for
the actual method was 21.1 =8.6/16.2 = 7.3 mmHg, and
a statistically significant difference between them was
detected (p<0.01) (Table 2). Regarding the difference of
the nocturnal BP loads, by the arbitrary method, the
systolic BP load was 58.8 236.3% and the diastolic BP
load was 62.3 =38.9%, and for the actual method by
the electronic activity monitor, the systolic BP load was
45.8239.2% and the diastolic BP load was 51.8 =41.7%.
Although the difference was not statistically significantly,
a difference of 11.0£14.2% for the systolic BP load and
9.3+12.4% for the diastolic BP load was detected
(Table 2). Hence, we think the difference has important
clinical significance.

For the diagnosis of the non-dippers or for the diag-
nosis of the hypertensive subjects, by using the arbitrary
method, 7 patients were diagnosed as non-dippers, whe-
reas by the actual method with using the electronic ac-
tivity monitor, 3 patients were diagnosed as non-dippers.
Hence, it was found that although 4 patients were ac-
tually dippers, they were diagnosed as non-dippers by the
arbitrary method. In addition, by using the arbitrary
method, the number of patients diagnosed as having
hypertension was 13 cases, whereas 12 patients were diag-
nosed as having hypertension by the actual method used
in our study. Therefore, it was proven that 1 patient was
diagnosed as having hypertension although the patient
was not truly suffering with hypertension.

Discussion

ABPM was first performed in the USA in 1962 by
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Systolic  103.00  124.04  140.00 9.23 mmHg
Diastolic ~ 63.00 81.85 91.00 6.13 mmHg

Systolic reading> 140 mmHg: 62.47%
Diastolic reading>90 mmHg: 77.08%

Sleep/awake BP ratio: Dipper
Sleep/awake SBP ratio: 0.85
Sleep/awake DBP ratio: 0.85

Systolic reading> 125 mmHg: 51.85%
Diastolic reading>75 mmHg: 85.19%
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Transverse MAD -923.39 ¢
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Energy expenditure -1341.78 kcal

Fig. 5. The activity level measured by the electronic activity monitor and the 24-hour ambulatory blood pressure were presented as a whole, and through
this, the accurate analysis of the results of the 24-hour ambulatory blood pressure monitoring was feasible (this is a representative case). BP: blood
pressure, HR: heart rate, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAD: mean of the absolute difference.

Allen Hinman and Maurice Sokolow with using a Rem-
ler semi-automatic BP monitoring device, and this devise
has been available in clinics since the 1980s. For the
diagnosis, treatment and the determination of the prog-
nosis of hypertension, this device has been reported to
be more reliable than using the casual BP measured in
the clinic. The advantages of the 24-hour ambulatory
BP are the following. First, it is reproducible, second, it
lacks the placebo effect, third, the white-coat effect that
can be observed in the clinic can be ruled out, and fourth,
it can analyze the variability of the BP measurements
including the diurnal variation.”?” Moreover, the accu-
rate diagnosis of hypertension, including borderline
hypertension, has been facilitated by 24-hour ambula-
tory BP.'? These measurements have been reported to
be more closely correlated to the left ventricular mass
index”” and the renal damage''® than the BP as mea-
sured in the clinic. Thus, the measurements are more
closely associated with the target organ damage. It has
also been reported that left ventricular hypertrophy,
asymptomatic cerebrovascular stroke and vascular events

were more frequent for the non-dippers in comparison
with the dippers,”?"'® which showed the more abun-
dant damage of the target organs in the non-dippers.
In such a manner, with the increased awareness of
physicians on the necessity of using the 24-hour ambu-
latory BP for the diagnosis, treatment and prognosis of
hypertension, the accurate interpretation of the 24-hour
ambulatory BP is required. The most important factor
for the variation of the BP during one day is the circa-
dian rhythm. Within this circadian rhythm, instead of
the intrinsic circadian rhythm, the elevation of BP during
activity and the dipping of BP during sleeping cause the
major variations of BP.""? The effect of activity and the
circadian thythm on the 24-hour ambulatory BP were
previously assessed with examining the patients’ diaries.
However, a diary can be subjective, it is difficult to mea-
sure accurately and quantitatively, and it has the incon-
venience of being prepared by the patients themselves.
In addition, for the conventional 24-hour ambulatory
BP, the dividing method of the daytime/nighttime BP
was analyzed by the arbitrary method; hence, this may



be quite different from the actual sleeping time and the
interpretation of the results may be very different. In
our study, the electronic activity monitor quantitatively
measured the activity level and it accurately assessed the
sleeping hours; these factors were accurately and simul-
taneously analyzed with the 24-hour ambulatory BP, and
then their clinical usefulness was examined.

For the normotensive volunteer group, the activity
levels measured by the electronic activity monitor were
correlated to the four stages of activity, i.e., sitting, wal-
king, running and sleeping. The activity level was pro-
portional to the HR, the systolic BP and diastolic BP;
thus, it can be considered that the activity level measured
by the electronic activity monitor well reflects the actual
activity level, the HR and the BP. Based on this, when
assessing the 24-hour ambulatory BP for the hypertensive
group, it was found that the activity level of the hyper-
tensive group was also correlated to the HR, the systolic
BP and the diastolic BP. One hypertensive did not show
the correlation to the increment of systolic BP and 2
hypertensives did not show the correlation to the inc-
rement of HR, and these subjects were the patients who
almost lacked any significant activity level during the
daytime or they were the patients showing minimal
variation of their BP. However, on the whole for all 15
hypertensives, the correlation of their increment of the
BP variables to the activity level was found to be highly
correlated. The study by Gretler et al."” and Mansoor
et al."¥ has reported that the activity level that was mea-
sued electronically and by performing actigraphy corre-
lated to the 24-hour BP, as was assessed with the use of
a diary; however, in reality, the activity level of the indi-
viduals could be quantitated with using an electronic
activity monitor, and this device can record continuous
movement from 1 second to several minutes. Thus, in
comparison with a diary, making accurate and continu-
ous measurement is feasible. In fact, in several studies
performed in Japan on normal subjects,””® analyzing the
data gathered from actigraphy or via a multi-biomedical
recorder (TM2425) allowed measurement of the activity
level together with the 24-hour BP, and significant results
were reported.

The analysis of the 24-hour ambulatory BP in this
study was different from the previous standard that con-
sidered the daytime BP to be from 06 : 00 to 22 : 00
and the nighttime BP to be from 22 : 00 to 06 : 00.
The time period with the actual activity level was con-
sidered as the awake period and the actual sleeping pe-
riod with a low activity level was considered as the sleep
period, and then we analyzed the 24-hour ambulatory
BP; the results were well worth paying attention to. The
time of night that was used in the previous nighttime
BP analysis was from 22 : 00 to 06 : 00, yet the sleeping
time and the wake up time were later than that in most
cases. When the nighttime was defined based on this,
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many of the subjects were not sleeping and they were
active at that time and as a consequence, the nighttime
BP showed the tendency to be higher than the actual
nighttime BP. In the studies by Michael or Kario et
al,,”" a significant difference was detected between the
fixed nighttime BP and the actual sleeping BP, and the
actual sleeping BP showed the tendency to be slightly
lower than the fixed night time BP.

In regards to the level of dipping in the nighttime BP,
for the normal individuals during sleeping, approxima-
tely 15% of them had a decrease of BP in comparison
with the daytime BP (this is considered normal), and
the subjects who had a decrease of such nighttime BP of
less than 10% were defined as non-dippers, and the non-
dipper was reported to be closely associated with the
development of cerebral stroke and damage of the target
organs.” ™ Therefore, the prognostic importance of
determining who the non-dippers are among the hyper-
tensive patients has increased. The clinical significance
of the nighttime BP dipping level, as divided by the actual
sleeping BP, was proven by several studies”*?® that cla-
ssified the BP based on a diary and it was proven again
in the study by MA Eissa et al.”” that classified BP with
using actigraphy. In our study, when the blood pressure
was assessed by the arbitrary method, 7 patients were
diagnosed as non-dippers, whereas when measuring the
BP by using the electronic activity monitor, 3 subjects
were diagnosed as non-dippers. Although there were
actually 4 patients who were dippers, they had been pre-
viously diagnosed as the non-dippers. This was in agree-
ment with the report by F. Nystorm et al.?® showing
that when the non-dippers were divided by the actual
sleeping BP, there was actually a smaller number of non-
dippers than was diagnosed with using other criteria. In
our study, a big difference was detected in the nighttime
BP, which was also reflected on with the diagnosis of
hypertension: the number of patients diagnosed as ha-
ving hypertension by the arbitrary method was 13, whe-
reas 12 patients were diagnosed as having hypertension
by the divided method of using the electronic activity
monitor. Thus, 1 case was diagnosed as having hyperten-
sion although the patient was actually not hypertensive.

Another clinical useful feature of electronic activity
monitor is that the measurement interval of the 24-hour
ABPM device can be adjusted. Presently, it is progmam-
med in advance to measure the BP at 15-30 minute
intervals during the daytime and at 30-60 minute inter-
vals during the nighttime. If the BP was measured as
the sleeping period with the low activity level by the
electronic activity monitor, it could be programmed to
automatically measure at 1-2 hour intervals, which
wouldn’t disturb the patients’ sleep so much due to the
frequent inflation of the BP cuff. In addition, an accu-
rate comparison among the ambulatory BP would be
possible for the identical patient cases whose 24-hour
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ambulatory BP were followed with measuring the quan-
titated daily activity level.

Summarizing these results of our study, the activity
level measured by the electronic activity monitor and the
24-hour ambulatory BP were presented as a whole, and
thorugh this, the accurate analysis of the results of the
24-hour ABPM was feasible (Fig. 5) .

In such a manner, measuring the 24-hour ambulatory
BP with the electronic activity monitor is more conve-
nient than writing a diary, and quantitative and accurate
measurements are feasible as well as the accurate assess-
ment of the circadian rhythm. When comparing BP and
the activity level by using an electronic activity moni-
toring device together with a 24-hour electronic ABPM
device, and also when interpreting the daytime/night-
time BP by evaluating the actual awake/asleep BP, then
a more accurate interpretation of the results of the 24-
hour ambulatory BP becomes possible. This may be con-
sidered as a breakthrough method that increases the
importance of the ambulatory BP and its reliability for
the diagnosis, treatment, and prognosis of hypertension.
In the future, additional studies should be done to exa-
mine whether this method could be used to evaluate the
reliability of measuring the 24-hour ambulatory BP in
matched patients by using an electronic activity moni-
tor during the follow-up observation of the 24-hour
ambulatory BP.

m Acknoewledgments
This study was supported by a grant from the Korea Health 21 R &
D Project, Ministry of Health & Welfare, Republic of Korea(0405-
ER01-0304-0001).

REFERENCES

1) Clark LA, Denby L, Pregibon D, et al. 4 quantitative analysis of
the effects of activity and time of day on the diurnal variations of
blood pressure. J Chron Dis 1987,40:671-81.

2) Cavelaar M, Tulen JH, van Bemmel JH, Mulder PG, van den
Meiracker AH. Reproducibility of intra-arterial ambulatory blood
pressure: effects of physical activity and posture. J Hypertens
2004;22:1105-12.

3) Pickering TG. The influence of daily activity on ambulatory blood
pressure. Am Heart J 1988,116:1141-5.

4) Chae BN, Kim YK, Yoon YK, et al. The 24-hour ambulatory
blood pressure in normotensive Korean adults. Korean Circ J
1994;24:9-16.

5) Lavie CJ, Schmieder RE, Messerli FH. Ambulartory blood pres-
sure monitoring: practical considerations. Am Heart J 1988;116:
1146-51.

6) Jeon HC, Kim YK, Kim KY,; et al. Determinants of left ventricular
mass in healthy adults: a study using echocardiography and 24
hour ambulatory blood pressure monitoring. Korean Circ J 1995;
25:811-9.

7) Kim SW, Rhoo JK, Kim HD, et al. The correlation between 24-
hour ambulatory blood pressure and echocardiographic LVH in
hypertension. Korean J Med 1993;45:38-44.

8) Kim HW, Jin SL, Chung SW, et al. Comparison between ambu-
latory blood pressure monitoring 24-hour and clinic blood pres-

sure measurement in evaluating the effect of antihypertensive
drugs. Inje Med J 1996,17:159-66.

9) Yoo WS, Chung TG, Kim HK. Predictive value of ambulatory
blood pressure monitoring on withdrawal of antihypertensive drug
in patient with essential hypertension. Inje Med J 1994;15:243-8.

10) White WB, Morganroth J. Usefulness of ambulatory blood pres-
sure in assessing antihypertensive therapy. Am J Cardiol 1989;
63:94-8.

11) Kaplan NM. Kaplan's Clinical Hypertension. 8th ed. Philadelphia:
A Wolters Kluwer Company; 2002. p.47.

12) Krakoff LR, Eison H, Phillips RH, Leiman SJ, Lev S. Effect of
ambulatory blood pressure monitoring on the diagnosis and cost
of treatment for mild hypertension. Am Heart J 1988, 116:1152-4.

13) Park JE, Lee JH, Kim HK, Sohn JW, Park KH, Lee JH. Prevalence
of urinary microalbuminuria in normal and hypertensive Koreans
and its correlation with blood pressure measured by 24 hours
ambulatory blood pressure monitoring. Korean Circ J 1994,24:
834-40.

14) Khattar RS, Swales JD, Banfield A, Dpre C, Senior R, Lahiri A.
Prediction of coronary and cerebrovascular morbidity and mor-
tality by direct continuous ambulatory blood pressure monitoring
in essential hypertension. Circulation 1999,100:1071-6.

15) Lee JU, Kim KS, Kim SK, et al. Left ventricular geometric pat-
terns of dippers and non-dippers in essential hypertension. Korean
Circ J 1996,26:410-7.

16) Lee SM, Kang HS, Song JS, et al. Study of 24-hour ambulatory
blood pressure monitoring in acute stroke patients. Korean Circ
J 1999:29:1212-8.

17) Gretler DD, Carlson GF, Montano AV, Murphy MB. Diurnal blood
pressure variability and physical activity measured electronically
and by diary. Am J Hypertens 1993,6:127-33.

18) Mansoor GA, Peixoto AJ, White WB. Effects of three methods of
analysis on ambulatory blood pressure indices and the early mor-
ning ride in blood pressure. Blood Press Monit 1996;1:355-60.

19) Kohno I, Ishii H, Nakamura T, Tamura K. Relationship between
activity levels and circadian blood variations. Chronobiologia
1993;20:53-61.

20) Tochikubo O, Hishiki S. Methods of 24-hour blood pressure mea-
surement. Nippon Rinsho 1997;55:2016-22.

21) Stewart MJ, Brown H, Padfiel PL. Can simultaneous ambulatory
blood pressure and activity monitoring improve the definition of
blood pressure? Am J Hypertens 1993,6:174S-88S.

22) Kario K, Schwartz JE, Pickering TG. Ambulatory physical activity
as a determinant of diurnal blood pressure variation. Hypertension
1999;34:685-91.

23) Kario K, Ishikawa J, Eguchi K, et al. Sleep pulse pressure and
awake mean pressure as independent predictors for stroke in older
hypertensive patients. Am J Hypertens 2004, 17:439-45.

24) Gatzka CD, Schmieder RE. Improved classification of dippers by
indivisualized analysis of ambulatory blood pressure profiles. Am
J Hypertens 1995:8:666-71.

25) Rosansky SJ, Menachery SJ, Wagner CM, Jackson K. The effect
of sleep intervals on analysis of 24-h ambulatory blood pressure
data. Am J Hypertens 1995,8:672-5.

26) Nystrom F, Malmstrom O, Karlberg BE, Ohman KP. Twenty-four
hour ambulatory blood pressure in the population. J Intern Med
1996,240:279-84.

27) Eissa MA, Yetman RJ, Poffenbarger T, Portman RJ. Comparison
of arbitrary definitions of circardian time periods with those
determined by wrist actigraphy in analysis of ABPM data. J Hum
Hypertens 1999;13:759-63.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


