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The therapeutic importance of home blood pressure
assessment and combination antihypertensive
therapy for achieving target blood pressure control:
Ibaraki hypertension assessment trial

Akira Sato1, Shigeyuki Watanabe1, Shinji Okubo2, Toru Toi3, Toshiki Doi4, Hideaki Nakano5, Junichi Tada6

and Kazutaka Aonuma1, for the I-HAT investigators

Tight blood pressure (BP) control is important for the prevention of cardiovascular disease in hypertensive patients.

A cross-sectional study of 2339 patients from 101 clinics and hospitals in Ibaraki Prefecture was performed to evaluate BP

control with the patients’ current antihypertensive medication. Group A (n¼892) included high-risk hypertensive patients

with at least one of the following risk factors: diabetes mellitus, chronic kidney disease or a history of myocardial infarction.

Group B (n¼586) included patients o65 years old and Group C (n¼859) included patients X65 years old. Both groups

B and C included hypertensive patients without the above risk factors. A mean of 1.8±1.0 antihypertensive drugs per patient

were prescribed. A total of 35.8% of all patients received monotherapy, 40% received a combination of three therapies and

20.3% received more than three kinds of drugs. The percentage of patients achieving the target BP at the office and at home

was significantly higher in Group C than in the other groups (Po0.001). A combination of more than two antihypertensive

drugs, including a high dose of either an angiotensin receptor blocker or a calcium channel blocker, was frequently prescribed

to Group A to achieve the target office BP. Although the target BP should be lower in Group A (given their comorbidities), the

absolute BP value and the number of medications were similar to the other groups. In conclusion, we demonstrated that

physicians should treat hypertension more intensively with a combination of more than two antihypertensive drugs, using a high

dose to achieve the target BP. In addition, it is important to teach hypertensive patients the clinical importance of monitoring

their BP at home and the need to achieve home BP targets.

Hypertension Research (2010) 33, 1264–1271; doi:10.1038/hr.2010.175; published online 7 October 2010

Keywords: antihypertensive drug; blood pressure control; combination therapy

INTRODUCTION

Hypertension is a globally important lifestyle-related disease because
of its high incidence and concomitant risk of cardiovascular disease.1–4

It is estimated that in Japan alone, there are 40 million hypertensive
patients, and by 2025, there will be 1.56 billion people globally with
the disease.5,6 On the other hand, it has been demonstrated that the
risk of cardiovascular disease has decreased in correlation with
improvements in blood pressure (BP) control associated with the
use of hypertensive medicine.7–9 Therefore, to reduce the worldwide
incidence of hypertensive complications, it is necessary to intensively
control BP. Such control of hypertension requires reliable BP mea-
surement. One problem that has been identified with the measure-
ment of BP is the masked hypertension (MHT). In MHT, BP is lower

in clinical measurements than during ambulatory monitoring. MHT
has been shown to be associated with a high risk of cardiovascular
disease similar to that associated with poor control of office BP.10,11

It has been shown that home BP measurement has a better prognostic
accuracy than office BP measurement,12,13 and therefore, achieving
target home BP control is of both clinical interest and therapeutic
importance. The Japanese Society of Hypertension (JSH) Guidelines
2009 recommend the following target BP values in patients with
diabetes mellitus (DM), chronic kidney disease (CKD) and previous
myocardial infarction: office BP, o130/80 mm Hg and home BP,
o125/75 mm Hg.14 However, no clinical assessment has yet investi-
gated whether local physicians and hospital-based cardiologists
achieve these optimal BP control targets using antihypertensive

Received 2 April 2010; revised 20 June 2010; accepted 8 July 2010; published online 7 October 2010

1Cardiovascular Division, Institute of Clinical Medicine, Graduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan; 2Department of Cardiology,
Tokyo Medical University Ibaraki Medical Center, Ibaraki, Japan; 3Department of Cardiology, Yuai Memorial Hospital, Ibaraki, Japan; 4Sakuradai Doi Clinic, Ibaraki, Japan;
5Nakano Heart Clinic, Ibaraki, Japan and 6Kinunomachi Clinic, Ibaraki, Japan
Correspondence: Dr A Sato, Cardiovascular Division, Institute of Clinical Medicine, Graduate School of Comprehensive Human Sciences, University of Tsukuba, 1-1-1 Tennodai,
Tsukuba, Ibaraki 305–8558, Japan.
E-mail: asato@md.tsukuba.ac.jp

Hypertension Research (2010) 33, 1264–1271
& 2010 The Japanese Society of Hypertension All rights reserved 0916-9636/10 $32.00

www.nature.com/hr

http://dx.doi.org/10.1038/hr.2010.175
mailto:asato@md.tsukuba.ac.jp
http://www.nature.com/hr


treatment in clinical practice. Therefore, we surveyed the current
status of BP control and antihypertensive therapy in patients receiving
treatment for hypertension in 101 clinics and hospitals in Ibaraki
Prefecture.

METHODS

Study design
The Ibaraki Hypertension Assessment Trial (I-HAT) was a multicenter cross-

sectional study involving 101 clinics and hospitals in Ibaraki Prefecture, Japan.

Patients were recruited by general physicians and hospital-based cardiologists.

Inclusion criteria were as follows: (1) primary hypertension defined by

the recipient of antihypertensive treatment or, in the absence of treatment,

by office BP values 4140/90 mm Hg measured on two separate occasions; and

(2) both office BP and morning home BP measurements performed with

a sphygmomanometer. The data were collected on a case report form during

the period October 2008 to March 2009. Office and home BP were recorded, as

well as any antihypertensive treatments. Demographic and medical history

characteristics including age, sex, body mass index, presence of DM, presence

of dyslipidemia, presence of hyperuricemia, CKD, history of cardiovascular

events (myocardial infarction, angina pectoris, stroke and heart failure) and

peripheral artery disease were recorded. Written informed consent was

obtained from all patients, and the study protocol was approved by our

institutional review board.

The enrolled patients were divided into three groups according to the JSH

2009 Guidelines. Group A included high-risk patients with hypertension who

had at least one of the following risk factors: (1) DM, (2) CKD or (3) history of

myocardial infarction. Group B included hypertensive patients o65 years old

without the above risk factors (defined as non-high-risk hypertensive patients).

Group C included hypertensive patients X65 years old without the above risk

factors. According to JSH (2009), the target for control of office BP was o130/

80 mm Hg and for home BP was o125/75 mm Hg in Group A. In Group B,

the target office BP was o130/85 mm Hg and the target home BP was

o125/80 mm Hg. In Group C, the target office BP was o140/90 mm Hg and

the target home BP was o135/85 mm Hg. The degree of office and morning

home BP control was divided into four groups according to the following

criteria (Table 1): (1) good control, (2) MHT, (3) white-coat hypertension and

(4) poor control. The rate of achieving target home BP control in the morning,

during the day and overnight was assessed in Group A (o125/75 mm Hg), in

Group B (o125/80 mm Hg) and in Group C (o135/85 mm Hg). In this

analysis, the white-coat hypertension group included treated patients with

uncontrolled BP status only under office settings. Similarly, the MHT group

included those with masked uncontrolled hypertension that would represent

uncontrolled BP status masked by the use of home BP measurement alone.

These concepts are consistent with those used in previous studies10,11 and are

based on previous reports showing that an insufficient duration of action for

antihypertensive drugs represents an important factor in causing higher

ambulatory or home BP values compared with office BP.15

The high dose of angiotensin receptor blocker (ARB) given was candesartan

administered orally at 12 mg/day, varsartan at 160 mg /day and telmisartan at

160 mg/day. The high dose of calcium channel blocker (CCB) given was

amlodipine administered orally at 10 mg/day, nifedipine at 80 mg/day and

alzenidipine at 16 mg/day.

Statistical analysis
All data are expressed as the mean±s.d. or median and interquartile range.

Comparisons of categorical variables between groups were performed by the

w2-test. Comparisons of continuous variables were analyzed by one-way

analysis of variance or Kruskal–Wallis test. P-values less than 0.05 were

considered significant. All probability values are considered significant when

o0.05.

RESULTS

Patient characteristics
We surveyed 2435 patients from 101 clinics and hospitals. Those
who had a missing home BP value (n¼98) were excluded from the
analysis. A total of 2337 patients were included in this analysis,
with 892 in Group A, 586 in Group B and 859 in Group C. The
baseline clinical characteristics of the patients are summarized in
Table 2. Age, history of angina pectoris and presence of arrhythmia
were reported significantly more in Group A than in Group B.
Age and presence of arrhythmia were observed significantly more in
Group C than in Group A, whereas male gender and higher body mass
index were observed significantly more in Group A than in Group C.
Age, history of stroke and presence of arrhythmia were observed
significantly more in Group C than in Group B. Daytime home BP
was more frequently measured in Group B than in Group A, and
evening home BP was more frequently measured in Group C than in
Group A.

Prescription of antihypertensive drugs
Among the 2337 treated hypertensive patients, ARB were prescribed in
73.4% of patients and CCB in 64.1% of patients. ARBs were
prescribed less frequently in Group B than in Group A and Group
C. A detailed prescription of antihypertensive drugs is shown in
Table 3. A mean of 1.8±1.0 antihypertensive drugs per patient was
prescribed, with 35.8% of all patients receiving monotherapy, 40%
receiving two antihypertensives, 14.7% receiving three and 5.6%
receiving more than four kinds of drugs. Lifestyle modification
alone was used in 3.9% of patients. In regards to monotherapy,
ARBs were more frequently prescribed in Group A than other groups
(Group A, 64.8%; Group B, 55.2%; Group C, 55.7%; Po0.05), while
CCBs were less frequently prescribed in Group A than other groups
(Group A, 27.7%; Group B, 36.2%; Group C, 35.5%; Po0.001). The
most frequent combination of drugs was ARB+CCB followed by
ARB+ a diuretic.

Systolic and diastolic BP at the office and at home
Office and home systolic and diastolic BP values are shown in Table 4.
Systolic and diastolic office BP levels and home morning BP levels were
similar among the three groups. Systolic and diastolic morning BP was
significantly lower than office BP among all groups. The changes

Table 1 Definition and control status of office and home BP

Good control Masked hypertension White coat hypertension Poor control

Group A Office BP o130/80 mmHg

Home BP o125/75 mmHg

Office BP o130/80 mmHg

Home BP X125/75 mmHg

Office BP X130/80 mmHg

Home BP o125/75 mmHg

Office BP X130/80mm Hg

Home BP X125/75 mmHg

Group B Office BP o130/85 mmHg

Home BP o125/80 mmHg

Office BP o130/85 mmHg

Home BP X125/80 mmHg

Office BP X130/85 mmHg

Home BP o125/80 mmHg

Office BP X130/85mm Hg

Home BP X125/80 mmHg

Group C Office BP o140/90 mmHg

Home BP o135/85 mmHg

Office BP o140/90 mmHg

Home BP X135/85 mmHg

Office BP X140/90 mmHg

Home BP o135/85 mmHg

Office BP X140/90mm Hg

Home BP X135/85 mmHg

Abbreviation: BP, blood pressure.
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between night time BP and morning BP are shown in Figure 1. Systolic
and diastolic BP increased 7.5 mm Hg (6.2%) and 5.4 mm Hg (7.9%)
from night time to morning, respectively, in all groups.

Office BP control rates
Figure 2 shows the office BP control rates. Office BP control was
achieved in 26.9% of Group A patients, 25.6% of Group B patients

(non-high-risk hypertensive patients o65 years old) and 57.3% of
Gorup C patients (X65 years old) (Po0.001). The percentage of
patients achieving the target BP of daytime, night time, and morning
was significantly higher in Group C than in the other groups
(Po0.001). Figure 3 shows the number of medications required to
achieve the target office BP. A combination of more than two
medications was prescribed in approximately 60% of patients.

Table 2 Clinical characteristics of the patients

All (n¼2337) Group A (n¼892) Group B (n¼586) Group C (n¼589)

Age (yrs) 67.3±10.6 69.1±10.7 56.1±6.5*** 73.0±5.8###,***

Male (%) 47.0 52.5 47.6 41.0#,***

BMI 24.2±5.0 24.8±6.2 24.0±4.5** 23.7±3.6***

Diabetes (%) 19.4 50.8 0 0

CKD (%) 24.3 63.8 0 0

Dyslipidemia (%) 32.6 38.2 30.4 28.4

Hyperuretemia (%) 1.6 2.1 1.5 1.2

Previous stroke (%) 2.7 1.5 3.6 2.8

Previous MI (%) 2.6 6.7 0 0

Angina pectoris (%) 7.5 9.0 5.8* 7.1

Arrythmia (%) 6.2 6.7 3.2** 7.8###

Heart failure (%) 1.7 1.9 1.4 1.6

PAD (%) 0.4 0.9 0.2 0.1

BP measurement at Daytime/nighttime (%) 29.1/64.9 26.4/61.3 32.8**/65.0 29.3/68.6**

ARB 73.4 77.8 69.6*** 71.4**

ACE-I 7.7 8.2 6.8 7.7

Ca-blockers 64.1 63.7 64.3 64.5

Diutretics 15.4 14.9 14.3 16.6

b–Blockers 14.5 15.4 14.0 13.9

a-Blockers 4.9 3.9 5.5 5.6

Other drugs 3.7 2.8 3.8 4.5

Abbreviatuins: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; MI, myocardial
infarction; PAD, peripheral artery disease.
*Po0.05, **Po0.01, ***Po0.001 vs. Group A; #Po0.05, ###Po0.001 vs. Group B.

Table 3 Antihypertensive drugs prescribed for monotherapy and combination therapy

All (n¼2337) Group A (n¼892) Group B (n¼586) Group C (n¼859)

Number of prescription 1.8±1.0 1.9±0.9 1.8±1.0 1.8±1.0

No prescription 90 (3.9%) 25 (2.8%) 28 (4.8%)* 37 (4.3%)

Monotherapy 837 (35.8%) 318 (35.7%) 210 (35.8%) 309 (36.0%)

ARB 494 (59.0%) 206 (64.8%) 116 (55.2%)* 172 (55.7%)*

ACE-I 27 (3.2%) 10 (3.1%) 8 (3.8%) 9 (2.9%)

Ca-blockers 273 (32.6%) 88 (27.7%) 76 (36.2%)* 109 (35.3%)*

Diuretics 9 (1.1%) 0 (0.0%) 1 (0.5%) 8 (2.6%)

b-Blockers 28 (3.3%) 13 (4.1%) 7 (3.3%) 8 (2.6%)

Other drugs 6 (0.7%) 1(0.3%) 2 (1.0%) 3 (1.0%)

Two drugs 934 (40.0%) 361 (40.5%) 245 (41.8%) 328 (38.2%)

ARB+Ca-blockers 670 (71.7%) 263 (72.9%) 165 (67.3%) 242 (73.8%)

ARB+diuretics 72 (7.7%) 24 (6.6%) 19 (7.8%) 29 (8.8%)

Ca-blockers+diuretics 15 (1.6%) 6 (1.7%) 6 (2.4%) 3 (1.0%)

Other combination 177 (19.0%) 68 (18.8%) 55 (22.4%) 54 (16.5%)

Three drugs 344 (14.7%) 138 (15.5%) 74 (12.6%) 132 (15.4%)

ARB+Ca-blockers+diuretics 118 (34.3%) 47 (34.1%) 31 (41.9%) 40 (30.3%)

Other combination 226 (65.7%) 91 (65.9%) 43 (58.1%) 92 (69.7%)

More than four drugs 132 (5.6%) 50 (5.6%) 29 (4.9%) 53 (6.2%)

Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
*Po0.05 vs. Group A.
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We evaluated the dose of ARB and CCB, which was the most frequent
combination of antihypertensives prescribed in patients achieving
their target BP (Figure 4). A high dose of ARB or CCB was most

frequently prescribed in Group A. Group A patients on this high dose
of ARB or CCB were more likely to achieve the target office BP
compared with Groups B and C.
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Table 4 Systolic and diastolic blood pressure levels measured at office and morning home

All (n¼2337) Group A (n¼892) Group B (n¼586) Group C (n¼859)

Office SBP 136.2±15.6 135.4±15.9 137.0±14.9 136.4±15.7

Morning homed SBP 134.9±12.4** 133.9±11.3** 136.0±12.3** 135.2±13.4**

Office DBP 76.8±11.0 76.1±10.9 77.2±11.0 77.1±11.2

Morning homed DBP 78.4±9.3*** 78.1±9.1*** 78.7±11.0*** 78.4±9.3***

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
**Po0.01, ***Po0.001 vs. office.
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Ibaraki Hypertension Assessment Trial (I-HAT) study
A Sato et al

1267

Hypertension Research



Status of BP control and incidence of MHT
Office and home BP control values are shown in Figure 5. Good BP
control was achieved in 13.3%, with 24.4% showing MHT, 10.2%
showing white-coat hypertension and 52.1% showing poor control.
The incidence of good control was higher in Group C than in the
other groups (4.5% in Group A, 3.6% in Group B and 29.1% in
Group C; Po0.001). There were no differences in the incidence
of MHT among the three groups. Figure 6 shows office and
home BP control values using systolic BP alone and diastolic BP alone.
The incidence of good control was higher in Group C than in the
other groups for both systolic and diastolic BP. Systolic BP control was
significantly poorer than diastolic BP control among all groups. There
were no differences in age and sex effects on the status of BP control
among all groups (Figure 7, Table 5).

DISCUSSION

This study had several important findings. First, our study demon-
strates that office BP control was achieved in 26.9% of high-risk

hypertensive patients, 25.6% of non-high-risk hypertensive patients
o65 years old, and 57.3% of non-high-risk hypertensive patients X65
years old. The percentage of patients attaining a target BP was higher
in the I-HAT study than in previous reports. Second, a combination of
more than two antihypertensive drugs and a high dose of an ARB or a
CCB was frequently prescribed in high-risk hypertensive patients to
achieve the target office BP. Despite the fact that the target BP should
be lower in high-risk hypertensive patients, the absolute BP value and
number of medications are similar to the other groups. Therefore, it is
very important to intensively measure and achieve the target home BP
in addition to controlling the office BP according to JSH (2009).

Previous studies have demonstrated that intensive BP control
decreases the risk of cardiovascular events.16–18 The CASE-J trial
showed that office BP control within 140/90 mm Hg reduces the risk
of cardiovascular events in spite of age. Furthermore, strict BP control
(o130/80 mm Hg) was associated with a reduced risk of cardio-
vascular events in hypertensive patients with DM, CKD or left
ventricular hypertrophy.19,20 The JSH 2009 Guidelines recommend

2.5

5.0

2.7

36.7 40.0 15.8

32.7 43.3 14.7 6.7

38.2 36.8 15.2 6.1

3.7

36.8 38.8 15.3 5.9

3.2

Group A
(n=240)

Group B
(n=150)

Group C
(n=492)

ALL
(n=882)

No Drugs prescribed 1 drug 2 drugs

0% 100%80%60%40%20%

more than 4 drugs3 drugs

Figure 3 Number of antihypertensives prescribed in patients achieving office BP control. Groups A, B and C as in Figure 1.

17.1

p<0.001

6.0

Group A
(n=129)

Group B
(n=168)

Group C
(n=227) 5.3

Both meds are high dose

0% 100%80%60%40%20%

Both meds are usual doseOne med is high Dose

56.837.9

33.3 60.7

41.941.1

Figure 4 Relationship between dose of calcium antagonist and ARB and status of office BP control. Groups A, B and C as in Figure 1. Po0.001 vs. Group

B and C.

Ibaraki Hypertension Assessment Trial (I-HAT) study
A Sato et al

1268

Hypertension Research



that office BP be o130/80 mm Hg and home BP be o125/75 mm Hg
in high-risk patients with DM, CKD and previous myocardial infarc-
tion.14 In the I-HAT study, home and office BP levels were similar
among high-risk hypertensive patients and the other hypertensive
patients, and slightly lower in high-risk hypertensive patients. How-
ever, the rate of achieving the target BP was markedly lower in high-
risk hypertensive patients and other hypertensive patients o65 years
old compared with the hypertensive patients X65 years old. It seems
as if this result depended on the target BP values among the three
groups. In addition, despite the fact that target BP should be lower in
high-risk hypertensive patients, the absolute BP value and the number
of medications are almost the same. Despite the fact that guidelines
recommend intensive care in high-risk patients, there was no differ-
ence in the treatment of these groups in this study. Although various
pharmacological treatment options exist, BP control was suboptimal
and major efforts are necessary to improve patients’ awareness and
compliance, as well as physicians’ adherence to treatment guidelines.

In the I-HAT study, office BP control was achieved in 45.7% of all
patients, 26.9% of high-risk hypertensive patients, 25.6% of non-high-
risk hypertensive patients o65 years old and 57.3% of patients X65
years old. Previous reports demonstrate that office BP control was
achieved in approximately 20% of hypertensive patients with DM18,21

and 38% of hypertensive patients without DM.21 The percentage of
patients attaining a target BP was higher in the I-HAT study than in
previous reports. Mori et al. reported that monotherapy was pre-
scribed in 62.3% of patients and office BP control was achieved in
approximately 11.3% of hypertensive patients with DM and 32.5% of
hypertensive patients without DM.22 The stroma study demonstrated
that among the treated hypertensive patients, 11.8% did not reach the
target BP (o140/90 mm Hg), and 67% had monotherapy.23 There was
a significant correlation between the number of antihypertensives
prescribed and the efficacy of lowering BP.24 In the I-HAT study, a
combination of more than two antihypertensive drugs was prescribed
in more than 60% of hypertensive patients to achieve the target office
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BP. In addition, a high dose of ARB or CCB was frequently prescribed
in hypertensive patients to achieve the target office BP. Therefore,
prescription of multiple antihypertensive medications and high-dose
therapy is recommended for achieving target office BP.

Previous studies demonstrate that MHT is associated with a
significantly greater risk of stroke and cardiovascular mortality.10,11

In the I-HAT study, there were no differences in the incidence of MHT
(24.4%) among the three groups. This suggests that controlling
morning BP is more difficult than controlling office BP in clinical
practice. The JSH 2009 demonstrate that obesity, DM, cardiovascular
disease and use of short-acting antihypertensive drugs insufficient to
control BP were associated with an increased risk of MHT. In the I-
HAT study, ARB was prescribed in 59% of such high-risk patients.
There have been many reports regarding the differences in the
duration of action of ARBs.25–27 Candesartan is superior to losartan
in reducing systolic ambulatory BP and controlling systolic, as well as
diastolic, ambulatory BP on the day of a missed dose. Candesartan
exhibits tight binding and a slow dissociation rate from the AT1
receptor. This finding may be influenced by differences in the duration
of action of individual ARBs. Therefore, further comparisons of the
incidence of MHT and duration of action of ARB are necessary to
provide new clinical and therapeutic insights.

The JSH 2009 recommends intensively using ARB or ACE-I in
hypertensive patients with DM and CKD. In the I-HAT study, ARB
was prescribed in 77.8% of Group A patients and as monotherapy in
64.8% of patients. This finding demonstrates that many clinicians

intensively prescribed ARB as a first choice for high-risk hypertensive
patients with DM and CKD according to the JSH 2009 recommenda-
tion. However, only 13.3% of all patients achieved their target BP, with
24.4% showing MHT and 52.1% showing poor control. Physicians
should treat hypertension more intensively to achieve the target BP.

The current study has some limitations. First, the I-HAT study was a
cross-sectional study at one point of time in Ibaraki Prefecture.
Second, morning BP was not measured in an ambulatory setting.

CONCLUSION

The I-HAT study demonstrated that physicians should treat hyperten-
sion more intensively to achieve the target office BP by using a
combination of more than two kinds of hypertensive drugs and a
high dose. Moreover, it is important to intensively teach hypertensive
patients the clinical importance of achieving home BP targets, in
addition to office BP targets.
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Figure 7 Status of office and home BP control according to gender. Groups A, B and C as in Figure 1.

Table 5 Mean age among three groups by control status of office and

home BP

Good

control

Masked

hypertension

White coat

hypertension

Poor

control

Group A 68.0±12.1 68.4±10.7 67.1±10.5 69.6±10.6

Group B 57.5±6.1 56.4±5.9 56.8±5.8 55.8±6.8

Group C 72.8±5.4 73.1±6.1 73.2±6.8 73.1±5.5

All 71.2±7.8 67.7±10.2 68.2±10.1 65.9±11.1
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