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Abstract
Various home blood-pressure (HBP) measurement schedules were compared to determine the optimal schedule of HBP
measurement for the diagnosis of hypertension. Out of 319 individuals who were suspected of having hypertension based on
office BP measurements and who did not take antihypertensive drugs, 157 individuals who completed 42 HBP
measurements over 7 days and who had a valid 24-h ambulatory blood pressure (ABP) measurement were included in this
analysis. We evaluated five HBP measurement schedules to determine the optimal HBP measurement schedule for the
diagnosis of hypertension. The cumulatively averaged HBP from 5 to 6 measurement days showed a Pearson correlation
coefficient of >0.990 compared to HBP averaged for 6 or 7 days depending on the method. The intraclass correlation
coefficient of the cumulatively averaged HBP measurements compared with the 24-h ABP measurement was excellent
(≥0.75) from the average of three measurement days and increased steadily with increasing averaged days of HBP
measurements. Compared with a diagnosis using a 24-h ABP measurement, the diagnostic sensitivity, specificity, and
positive and negative predictive values of HBP measurements were not different among the five methods. The diagnostic
agreement of cumulatively averaged HBP measurements was nearly perfect (kappa ≥ 0.9) from the average of five
measurement days compared with a diagnosis based on HBP measurements averaged for 6 or 7 days and diagnosis based on
averaged HBP measurements of previous days. We suggest obtaining HBP measurements over 5 days or more, in the
morning and evening, taking two or more measurements per occasion, and averaging all of the readings as the optimal
schedule of HBP measurement for the diagnosis of hypertension.

Introduction

The diagnosis of hypertension using an appropriate method
of blood pressure (BP) measurement is important in pre-
venting cardiovascular diseases caused by hypertension.
Office BP (OBP) measurement has been used in the diag-
nosis and treatment of hypertension. However, OBP mea-
surement has disadvantages, such as difficulty in frequent
measurement and the white coat effect [1, 2].

Home BP (HBP) measurement can minimize the white
coat effect. It can be performed frequently without visiting a
clinic and is more related to the prognosis of cardiovascular
disease compared with OBP measurements [2, 3]. It also
has the additional advantages of ease of measurements and
measurements at a lower cost compared with the 24-h
ambulatory BP (ABP) measurement [3, 4].

Many guidelines currently recommend HBP measure-
ments in the diagnosis and treatment of hypertension [1, 2,
5–7]. Recommendations related to the timing, number of
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days, and number of measurements for HBP measurement
remain inconsistent [1, 2, 5, 6]. Several studies have sug-
gested an optimal schedule [8–13], but it is difficult to apply
uniformly, because the daily lifestyle of Asians is different
from that of Westerners.

In this study, we aimed to analyze and compare various
schedules of HBP measurements in the diagnosis of hyper-
tension and suggest an appropriate schedule for Asians.

Methods

Study population

The study population and protocol were described pre-
viously. Briefly, individuals whose OBP measured by a
physician was ≥140/90 mmHg were included. Individuals
with secondary hypertension, hypertensive emergencies or
urgencies, New York Heart Association functional class III
or VI heart failure, clinically significant arrhythmia, serum
creatinine ≥1.7 mg/dl, or previous drug or alcohol abuse
within the last 6 months were excluded. Pregnant women
and individuals who were working at night, were currently
participating in other intervention trials, had taken other
clinical study drugs within the last month, and were taking
medications that affect BP were also excluded. The study
protocol was approved by the Institutional Review Board of
each participating hospital (Dongguk University Ilsan
Hospital, Inje University Ilsan Paik Hospital, Myongji
Hospital, and Seoul Medical Center). All participants pro-
vided written informed consent before entry into the study.

Measurements of OBP, HBP, and 24-h ABP

The BP measurement schedule is shown previously [14].
Conventional OBP was measured with a validated oscillo-
metric device (WatchBP Home; Microlife, Taiwan) after the
participants had rested for at least 5 min in a sitting position.
Measurement was performed three consecutive times at
1-min intervals. HBP was measured with the same devices
used for the measurement of OBP.

HBP measurements started on the evening of the first
visit day and continued for seven consecutive days, ending
on the morning of the eighth day. HBP was measured three
times at 1-min intervals, in the morning (between 07:00 or
waking and 09:00) after micturition and before breakfast,
and in the evening (between 21:00 and 23:00 or bedtime) in
a quiet place after 5 min of rest in a seated position.

On the eighth day, participants started their 24-h ABP
measurements on the non-dominant arm using an automated
and non-invasive oscillometric device (Mobil-O-Graph, I.E.
M. GmbH, Germany) with a measurement interval of 30
min. Participants were instructed to continue with their

normal daily activities during the study period. A valid
measurement of 24-h ABP was defined as valid readings for
more than 70% of the total measurement attempts and
at least 14 measurements during the daytime (10:00 to
20:00 h) and at least seven measurements during the
nighttime (00:00 to 06:00 h) [15].

Definition of hypertension

Hypertension based on ABP measurements was defined as a
24-h average systolic BP (SBP) ≥ 130mmHg and/or a 24-h
average diastolic BP (DBP) ≥ 80mmHg. Hypertension
based on HBP measurements was defined as averaged SBP ≥
135mmHg and/or averaged DBP ≥ 85mmHg [1, 2, 5].

Statistical analysis

Five methods of averaging HBP measurements were eval-
uated and compared (Fig. 1).

(1) Method 1: The HBP measured on the first evening
(HBP measured on the evening of the first day) was
excluded. The mean HBP of the first day was the
average of the HBP measured on the first morning
(HBP measured on the morning of the second day)
and on the second evening (HBP measured on the
evening of the second day).

(2) Method 2: The HBP measured on the first evening and
on the first morning were excluded. The mean HBP of
the first day was the average of the HBP measured on
the second evening and on the second morning (HBP
measured on the morning of the third day).

(3) Method 3: The HBP measured on the first evening and
on the first morning were excluded. The mean HBP of
the first day was the average of the HBP measured on
the second evening and on the second morning. The
mean BP of each session was the average of the first
and second readings (the third reading was excluded).

(4) Method 4: The HBP measured on the first evening and
on the first morning were excluded. The mean HBP of
the first day was the average of the HBP measured on
the second evening and on the second morning. The
mean BP of each session was the average of the
second and third readings (the first reading was
excluded).

(5) Method 5: All HBP measurements were included. The
mean HBP of the first day was the average of the HBP
measured on the first evening and on the first
morning.

The reliability of HBP averaging methods was evaluated
as follows. The first, second, and third readings of each
morning and evening HBP measurement were compared
using ANOVA. The mean of each morning and evening
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HBP reading (mean of three readings, mean of first two
readings, and mean of second and third readings) was
compared over 7 days using ANOVA. The cumulatively
averaged SBP and DBP of HBP measurements were com-
pared with the average 24-h SBP and DBP using an intra-
class correlation coefficient (ICC). The similarity between
cumulatively averaged SBP and DBP of HBP measurement
of successive days and all of the measurement days
(excluding the first measurement day for methods 1, 2, 3,
and 4, and including the first measurement day for method
5) was assessed using the Pearson correlation coefficient.
The limits of agreement and bias between cumulatively
averaged SBP and DBP of HBP measurements from suc-
cessive days and all the measurement days were calculated
using a Bland–Altman plot.

The diagnostic accuracy of the five methods of averaging
HBP measurements was evaluated as follows. The diag-
nostic sensitivity, specificity, positive predictive value, and
negative predictive value of each HBP measurement

method according to the cumulatively averaged days were
calculated using the 24-h ABP measurement as the refer-
ence standard method. The diagnostic agreement of a
diagnosis based on the cumulatively averaged HBP of
successive days with a diagnosis based on the average of all
measurement days, previous averaged days, and 24-h ABP
was assessed with kappa statistics (κ). Statistical analyses
were performed using MedCalc version 15.8 (MedCalc
Software bvba; Ostend, Belgium) and SigmaPlot version
13.0 (Systat Software, LaJolla, CA, USA). A p-value <0.05
was considered statistically significant.

Results

Characteristics of study population

Of the 319 individuals referred to the study, 157 participants
who completed the study protocol without missing even one

Fig. 1 Method of averaging
home blood pressure. Large
ellipses show daily averaging
method. Hollow circle indicates
that the reading was not used for
the mean
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HBP measurement for 7 days and had a valid 24-h ABP
measurement were included in the final analysis. The rea-
sons for exclusion were as follows: 22 withdrew their
consent, 1 took antihypertensive medication, 9 refused the
24-h ABP measurement, 3 refused the HBP measurement,
21 had invalid data for the ABP measurement, and 106 had
invalid HBP measurements (one or more missing mea-
surements, i.e., <42 measurements).

The clinical characteristics of the patients are summar-
ized in Table 1. Among the 157 participants, hypertension
was diagnosed in 125 (79.6%) by 24-h ABP measurement.
The proportion of male sex, current smoking status, and
diabetes in the hypertensive subjects was significantly
higher than that in the normotensive subjects.

Reliability of HBP according to the average HBP

As shown in Fig. 2, the first reading of the morning SBP
measurements was higher than the second and third read-
ings on the first and fourth day and the third reading on the
third and seventh day. The first reading of evening SBP
measurements was higher than the third reading on the first
and fourth day. No difference was found between the DBP
of morning and evening measurements.

The average of the triplicate readings of the evening SBP
on day 1 was higher than the evening SBP on days 6 and 7
(Figure S1a). The average of the first and second reading of
the evening SBP on day 1 was higher than that of evening
SBP on days 4–7 (Figure S1b). The average of the secon-
d and third readings of the evening SBP on day 1 was
higher than the evening SBP on days 6 and 7 (Figure S1c).
Morning SBP and morning and evening DBP did not differ
between the days according to the BP averaging method.

Among the three averaging methods, the average of
the first and second readings was the highest, followed

by the average of the three readings as the second
highest, and the lowest was the average of the second and
third readings (Table 2). The difference was significant but
small.

Reliability of average HBP according to the
cumulative measurement days

In the analysis comparing the average HBP according to the
cumulative measurement days to the HBP averaged for 6 or
7 days, depending on the method (Fig. 3, Table S1), the
Pearson correlation coefficient of SBP was >0.990 from the
average of five measurement days in methods 1, 2, and 3
and from the average of six measurement days in methods
4 and 5. The correlation of DBP was >0.990 from the
average of five measurement days in methods 1, 2, 3, and 5
and from the average of six measurement days in method 4.

The Bland–Altman plot analysis between the average BP
of all measurement days according to each method and the
cumulatively averaged BP revealed a continuous reduction
of bias and limits of agreement with increasing numbers of
averaged days (Figures S2–6).

Reliability of HBP compared with ABP as a reference

From the average of three measurement days, the ICC of
HBP compared with the 24-h ABP showed an excellent
correlation (≥0.75) [16] that increased steadily with
increasing averaged days of HBP measurement (Fig. 4,
Table S2). The ICC of SBP and DBP was higher than 0.770
from the average of five measurement days in methods 1
and 2, and from the average of three measurement days in
method 5. The ICC of method 4 was more than 0.770 from
the average of six measurement days for SBP and seven
measurement days for DBP.

Table 1 Demographic and
clinical characteristics of study
population

All Normotensives Hypertensivesa pb

n 157 32 125

Age 52.2 ± 9.7 54.0 ± 10.7 51.7 ± 9.5 0.247

Sex, male (%) 74 (47.1) 10 (31.3) 64 (51.2) 0.034

Smoking, n (%) 21 (13.4) 2 (6.3) 19 (15.2) 0.027

Drinking, n (%) 76 (48.4) 9 (28.1) 67 (53.6) 0.325

Diabetes, n (%) 16 (10.2) 2 (6.3) 14 (11.2) 0.008

Height (cm) 163.1 ± 9.6 160.3 ± 9.7 163.8 ± 9.4 0.064

Weight (kg) 67.9 ± 12.4 65.0 ± 11.6 68.6 ± 12.5 0.136

Fasting blood glucose (mg/dl) 104.3 ± 16.1 103.5 ± 16.1 104.5 ± 16.2 0.752

Total cholesterol (mg/dl) 202.5 ± 38.1 199.9 ± 29.9 203.1 ± 40.0 0.670

Serum creatinine (mg/dl) 0.79 ± 0.17 0.75 ± 0.16 0.81 ± 0.17 0.084

aHypertension was diagnosed using 24-h ambulatory blood pressure measurement
bComparison between normotensives and hypertensives

Data are expressed as mean ± s.d., or number and percent in parenthesis, as appropriates
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Diagnostic accuracy of HBP measurements
according to the averaging method

The diagnostic power of each method was compared with
the diagnosis of hypertension using the 24-h ABP mea-
surement (Table 3). The sensitivity, specificity, positive
predictive value, and negative predictive value of HBP
measurements in the diagnosis of hypertension did not
change with an increasing cumulative number of averaged
days of HBP. Compared with the diagnosis by 24-h ABP,
diagnosis by cumulatively averaged HBP showed fair to
good agreement (kappa statistics) [16]. The areas under the
receiver operating characteristic curve (AUCROC) of each
method (excluding first measurement days for methods 1–4)
were 0.739–0.759 when five measurement days were
averaged, 0.731–0.747 when six measurement days were
averaged, and 0.743–0.755 when seven measurement days
were averaged. No difference in AUCROC was found
between methods.

The diagnostic agreement of the cumulatively averaged
HBP measurements, compared with a diagnosis by aver-
aged HBP for 6 or 7 days (depending on the method) as a
reference, and diagnosis by averaged HBP of previous days
was nearly perfect (kappa ≥ 0.9) from the average of five
measurement days (Fig. 5, Table S3).

Discussion

The major findings of the present study are as follows. First,
although a significant difference was found between the
average of three readings and two readings (average of the
first and second readings and average of the second and
third readings), no difference in both the diagnostic accu-
racy and reliability was noted between methods. Second,
discarding the HBP measurement of the first day did not
improve the diagnostic accuracy. Third, the reliability and
diagnostic accuracy of HBP increased steadily with

Fig. 2 Triplicate morning and evening home blood pressure reading
for 7 days. a Morning systolic blood pressure, b morning diastolic
blood pressure, c evening systolic blood pressure, and d evening

diastolic blood pressure. Data are expressed as the mean ± standard
deviation. *p < 0.05 vs. second and third readings. †p < 0.05 vs. third
reading
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increasing averaged days of HBP measurement and reached
a plateau on day 5 in each method. Finally, the diagnostic
accuracy of HBP measurements, which was evaluated using
sensitivity, specificity, positive and negative predictive

values, kappa statistics, and areas under the receiver oper-
ating characteristic curve, was not different between the
methods.

In general, many practice guidelines recommend HBP
measurements in the morning and evening [1, 2, 7, 17].

Table 2 Comparison of average
method of readings in each
occasion

Averaged readings Difference

All 1st and 2nd 2nd and
3rd

All vs. 1st and
2nd

All vs. 2nd
and 3rd

1st and 2nd vs.
2nd and 3rd

Average of 7 measurement days

SBP (mmHg) 133.9 ±
12.9

134.7 ±
12.9

132.7 ±
12.8

−0.8 ± 0.7 1.2 ± 0.9 2.1 ± 1.5

DBP (mmHg) 87.3 ± 9.6 87.6 ± 9.6 86.9 ± 9.7 −0.3 ± 0.4 0.4 ± 0.5 0.7 ± 0.8

Average of 6 measurement days, excluding first measurement day

SBP (mmHg) 133.5 ±
13.1

134.3 ±
13.0

132.3 ±
12.9

−0.9 ± 1.0 1.2 ± 1.0 2.0 ± 1.5

DBP (mmHg) 87.0 ± 9.8 87.4 ± 9.7 86.8 ± 9.8 −0.4 ± 0.6 0.3 ± 0.6 0.7 ± 0.8

SBP systolic blood pressure, DBP diastolic blood pressure. Data are expressed as mean ± s.d.

Fig. 3 Correlation coefficient of cumulative numbers of averaged days
of home blood pressure measurements to 6 (method 1–4) or 7 days
averaged home blood pressure measurements (method 5). Left panel,
systolic blood pressure; right panel, diastolic blood pressure

Fig. 4 Intraclass correlation coefficient between 24-h ambulatory
blood pressure and cumulative numbers of averaged days of home
blood pressure. Left panel, systolic blood pressure; right panel, dia-
stolic blood pressure
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However, a controversy exists about averaging HBP read-
ings. The European Society of Hypertension and the Japa-
nese Society of Hypertension recommend taking two
measurements per occasion and averaging these readings
[1, 2]. The American Heart Association recommends at
least two measurements per occasion [7], and the Korean
Society of Hypertension guidelines proposes taking one to
three measurements per occasion and averaging the three
readings [6]. In the present study, the first reading of BP per
occasion was higher than the second and/or third readings,
which was consistent with the results of previous studies
[9, 11, 18]. The average of the first and second readings was
the highest, followed by the average of all three readings,
and the average of the second and third readings was the
lowest. However, differences in sensitivity, specificity,
positive and negative predictive values, and kappa statistics
were not found. Moreover, the reliability of HBP was not
different when HBP was measured for 5 or more days in

comparison with the average of the 24-h ABP or the 7 days
HBP (or 6 days discarding the first measurement day).
Therefore, averaging three or two readings (average of the
first and second readings and average of the second and
third readings) did not affect the diagnostic accuracy of
HBP measurement.

The European Society of Hypertension and the Canadian
Hypertension Education Program (CHEP) have recom-
mended discarding the BP reading of the first monitoring
day [1, 5]. However, the evidence for excluding the first
monitoring day is very weak as is noted in the CHEP
(Grade D) [5], and only few studies have shown evidence
supporting that the accuracy of the diagnosis of
hypertension is improved when BP measured on the first
monitoring day is excluded [19]. In the study of Nunan
et al. [19], the inclusion of readings taken on the first
monitoring day had no clinical impact on diagnostic accu-
racy. However, they included cases with a minimum
number of eight readings (1 a.m. and 1 p.m. daily readings
on ≥4 days) during the first week, which was less than that
of our study (42 readings for 7 days). In the present study,
when average HBP was compared with the average 24-h
ABP or 7 days HBP (or 6 days HBP discarding the first
measurement day), the correlation of the average HBP
excluding the first measurement day reached a plateau from
the average of four measurement days. The correlation of
the averaged HBP including the first monitoring day
reached a plateau from the average of five measurement
days. This result indicates that a monitoring period of five
or more days is adequate, which was also suggested by
Stergiou et al. [20].

The present study has potential limitations that should be
noted. First, we used a 24-h ABP measurement as the
reference for the diagnosis of hypertension. Attempts to
define the best schedule for HBP measurement should also
take into account cardiovascular outcomes. In the analysis
of an international database that included three populations
(Ohasama study, Finn-Home study, and Tsurugaya study)
[8], the optimal number of days needed for the diagnosis
and prediction of cardiovascular events was inconsistent.
Similar to the observation from the HONEST study [21],
even a single HBP measurement was a potent predictor of
cardiovascular events. However, 7 days of measurement
were needed to diagnose hypertension reliably. In addition
to these inconsistent results, the international database
included studies with different HBP measurement schedules
(once in the morning and evening for up to 1 month, once in
the morning for up to 1 month, and twice in the morning
and evening for 7 consecutive days) and different methods
in the assessment of cardiovascular events. Therefore, a
larger population-based cardiovascular outcome study in a
controlled condition is needed to assess the optimal sche-
dule for HBP measurement. Second, our study population

Fig. 5 Diagnostic agreement of consecutive measurement days of
home blood pressure. Left panel, compared with 6 or 7 days average
HBP; right panel, compared with previous a positive predictive value
averaged days
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was comprised entirely of Asians and, therefore, the find-
ings may not be generalizable to other ethnic groups.

The strengths of this study are as follows. First, we
enrolled patients who were suspected of having hyper-
tension and excluded those who were taking anti-
hypertensive agents to determine the optimal schedule of
HBP measurement in the diagnosis of hypertension. Thus,
we could eliminate the effects of antihypertensive drugs.
Second, many studies measure HBP from 6:00 p.m. to
9:00 p.m. in accordance with the Western lifestyle.
However, in Asia, including Korea, measuring BP at
home between 6:00 p.m. and 9:00 p.m. is difficult,
because many people eat dinner out. Although the Japa-
nese guidelines recommended that measurements be taken
before bedtime, no controlled studies have been con-
ducted to evaluate the optimal schedule of HBP mea-
surement. Therefore, in this study, evening HBP was
measured between 9:00 and 11:00 p.m. to minimize
interference with daily life. Third, previous studies have
included participants who had lost some measurements
during the study period. However, to obtain the most
accurate results, the present study included only partici-
pants who completed 42 HBP measurements over 7 days
and who had a valid 24-h ABP measurement. Finally, we
used an HBP measurement device with a built-in memory
to prevent patients from reporting errors or inaccurate
recordings.

In conclusion, we suggest performing HBP measure-
ments for 5 days or more, including morning and evening
measurements, taking two or more measurements per
occasion, and averaging all of the readings as the optimal
schedule for HBP measurement in the diagnosis of
hypertension.
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