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I n our usual busy cardiology clinic, we always mea-
sure the blood pressure (BP) of our patients hundreds of 
times each week. At this moment, many physicians are 

still using a mercury sphygmomanometer in outpatient and 
inpatient clinics, and our hands lose gripping power by eve-
ning (Fig. 1). On the other hand, for a patient who comes to 
my office complaining of high BP for the first time, I always 
ask them to measure their BP at home or to wear an ambula-
tory BP monitoring device to obtain as exact and precise BP 
data as possible. However, such patients sometimes complain 
about the cumbersomeness or discomfort of frequent home 
BP measurements. Thus, I feel that the way of measuring BP 
(to pressurize a cuff manually or mechanically, to release it, 
and to read the value of BP) has not changed drastically for a 
long time even under this digital and computerized world. In 
this article, I give an overview of some problems faced in mea-
suring BP, and propose an ideal BP measurement machine 
or mechanism for a clinician to measure BP as efficiently and 
comfortably as possible.

Introduction
Hypertension is one of the biggest medical problems world-
wide. Especially for the Japanese, it is a more serious problem 
because as a group, they have had more cerebrovascular 
disease (CVD) than those in the western countries, and hyper-
tension is well known risk to be most closely related to CVD. 
For example, in the Hisayama study, the relationship between 
hypertension and incidence of CVD is clearly shown (Fig. 2) 
[1]. The study, which has been continuously performed on al-
most all of the residents of Hisayama town including surveys 
of their medical conditions, causes of death and incidence of 
many diseases, has been produced for 52 years. 

Of course, hypotension is another serious problem for 
some patients. However, the number of patients with hypoten-
sion is far smaller than the number of hypertension patients.

The Purpose of Measuring Blood Pressure 
First of all, why should we measure BP? There are many an-
swers for this question, as listed below according to the 

physician or to the situation. In most instances, the common 
purpose is to improve the quality of treatment by: 

 ◗ determining whether the patient really has hypertension 
(sometimes hypotension);

 ◗ confirming the cause of complaint of the patient, for 
example, headache;

 ◗ knowing the circadian BP pattern of the patients;
 ◗ knowing the effect of the treatment; or 
 ◗ to facilitate medical work by recording medical data of a 
patient and collecting data for some research. 

An ideal BP meter or measurement for clinicians should 
cover many of these needs, although I understand that ful-
filling all of these needs in one machine would be basically 
impossible. 

Fig. 1. Image of a mercury sphygmomanometer.
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Time Span of BP Changes
There are different interests in BP measurements, and each of 
them is related to a different time span, as listed in Table 1. The 
BP meter may have a different shape or different mechanisms 
for each particular time span of interest. However, it may be 
difficult to attain the correct averaged BP for a long time span 
without causing pain or restricting the patient because to wear 
a current BP meter for such a long time would be very uncom-
fortable. Consequently, we have to inevitably measure BP 
intermittently and use these values as a surrogate averaged BP. 

What Kind of BP do Clinicians Need, if Possible? 
Though blood pressure readings should be correct, there are 
so many serious noise sources that impact BP measurements. 
They include body motion, arrhythmia, body position, base-
line drift, arterial stiffness, and electrical noise. To measure 
Ambulatory BP (ABPM), patients wear a BP meter which au-
tomatically takes measurements intermittently, according to 
the designated time spans. This method has been widely used 
and gives us ample important information about the patient’s 
BP. However, because patients move around during the day-
time and even during sleep, these body motions inevitably make 
many serious noises. This type of noise sometimes results in 
confusion for the interpretation and can make the treatment by 
clinicians inappropriate.

When a ventricular or atrial premature contraction (a 
most frequent type of arrhythmia) occurs, actual BP goes up 
and down. If this type of arrhythmia occurs once in a while, 
it does not make big problem. However, if it occurs very fre-
quently, BP values fluctuate widely. With the ABPM device 
currently used, the average BP values are only estimated by 
the physician. Furthermore, with a growing aged population, 
atrial fibrillation (AF), an arrhythmia with absolutely irregular 
heartbeats, has been observed more frequently. This condition 
makes correct measurement of BP very difficult because the ir-
regular arterial pressure waveform associated with AF results 
in different BP values on every different systolic and diastolic 
BP reading. Clinicians need to define: what is a clinically mean-
ingful correct BP in this setting? An ideal BP meter should show 
this kind of meaningful value.

By the nature of pressure, BP is deeply affected by body po-
sition, i.e., by the difference in height between the point of BP 
measurement and the patient’s heart position. Sometimes, the 
variation of readings reaches 20 mm Hg, especially during 
ABPM measurement and even during one time measurement. 
Automatic correction of the difference caused by such posi-
tional changes would be ideal.

Over long continuous BP measurement, some factors result 
in a base line drift of measured values. For example, there might 
be chronic distortion of skin or other subcutaneous tissues or 
a minor leak of air or expansion of a tube in the instrument. 
These should be minimally suppressed or automatically com-
pensated in an ideal BP meter.

In a small number of very elderly patients, arteries have be-
come very stiff and need strong pressure to completely stop 
blood flow. This causes an inappropriate diagnosis known as  
false hypertension (pseudo-hypertension) in such patients. As 
rapid growth in the elderly population occurs, this might be-
come a big problem in the near future, and the traditional way 
of compressing the brachial artery of the arm should be recon-
sidered for this group of patients.

Central BP
As many of the readers would know, the shape of the BP wave 
is widely different according to the point where the BP is mea-
sured (Fig. 3). This phenomenon derives from the fact that 
the waveform consists of at least two types of wave: one inci-
dental or forward pulse wave and one reflected or retrograde 
wave (Fig. 4). The reflection of the wave occurs somewhere in 

Table 1 – The time span of different interests in BP measurements

Time-span Purpose

1 second To detect acute BP changes in emergency room or operating room.

1 minute To measure the response to change in position or to intravenous administration of drugs.

1 hour To measure response to acute oral drugs.

1 daytime, 1 nighttime To know the pattern of hypertension.

1 week To confirm stability of BP during days to 1 week. 

1 month To detect the chronic effect of medication or seasonal change in BP.

1 year To know BP change relating to prognosis.

Fig. 2. Incidence of cerebrovascular disease (CVD) in different groups of 
initial BP in 32-years of follow up [1]. The rate of new CVD increases as the BP 
at the time of initial measurement is higher. Especially, the rate is significantly 
higher statistically in those whose initial BP was >140/90 mm Hg compared 
with those with <120/80 mm Hg: the p-value was 0.05. (SBP- systolic blood 
pressure. DBP- diastolic blood pressure.) 
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the peripheral arteries and causes the central arterial pulse to 
be higher, a BP value called the central BP (SBP). It is a reading 
of a peaked value, not the way of measurement. The reason 
why we clinicians are interested in the central SBP is that this 
pressure is more closely correlated to the prognosis of the 
patients. 

The Ascot Trial
The ASCOT trial confirmed the importance of central BP. In 
this trial, two kinds of antihypertensive agents were admin-
istered: a beta-blocker (BB: atenolol) and a calcium channel 
blocker (CCB: amlodipine) [2] and [3]. BPs measured at the ra-
dial position were the same in both groups, but the estimated 
central SBPs were different, as shown in Fig. 5a. After a long 
follow up time, it was revealed that the patients who were 
treated with a BB had more adverse cardiovascular events 
when compared to those given CCB (Fig. 5b). Though, now 
that many clinicians are aware of the importance of measur-
ing the central SBP, however, the use of this technique has 
not spread widely due to several problems. One is that the 

measurement is basically cumbersome. Unlike the use of a 
usual mercury sphygmomanometer, which can take a BP 
measurement in a minute, the measurement of central SBP in-
volves the time for making sure the radial part of patient’s arm 
is exactly and firmly positioned on a special machine and this 
process can take 3–5 minutes even by a trained examiner. Sec-
ond, the estimated value of central SBP is widely influenced by 
factors such as the patient’s age and the intake of food or bev-
erage before the measurement. As we know the importance of 
central SBP, we would like to obtain an easy and robust central 
SBP meter in the future.

Home BP
In many countries including Japan, hypertension (HT) is de-
fined as SBP  140 mm Hg or diastolic BP (DBP)  90 mm 
Hg in office after many epidemiological studies. However, of-
fice BP does not accurately reflect the real BP of the patients 
in many cases. As illustrated in Fig 6, 59% of untreated pa-
tients who were defined as hypertensive in office were not really 

Fig. 4. (a) Components of arterial waves. (b) Estimation of central SBP. 
Because the central SBP cannot be actually measured non-invasively, this 
value is estimated using a formula from the actually measured second peak 
(reflected wave) in the radial arterial waveform. 

Fig. 5. The importance of central SBP from the ASCOT study [2], and [3]. 
(a) Even with same brachial arterial BP (usually measured BP), the estimated 
central BP is different according to the kind of antihypertensive drugs used. (b) 
This resulted in the significant increase in the cardiovascular events in a long-
term study of the group on which atenolol was used compared to the patients 
on amlodipine. Thus, to predict the prognosis of patients under antihypertensive 
medication, central BP more correctly provides the risk of the patient. 

Fig. 3. BP contours. As the point moves to more peripheral from just above 
the aortic valve of heart to the wrist (radial a) the first peak of arterial wave 
(SBP1) increases and, conversely, the second peak (SBP2) increases relative to 
SBP1 as the place of measurement comes more central. AV- aortic valve. A- 
Artery. SBP- systolic blood pressure. 
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hypertensive at home [4]. We also found that SBP was higher 
in the clinic especially in older patients (data are not shown). 

Currently, hypertension (HT) is sub-categorized as simple 
hypertension for patients who exhibit high BP in both home 
and office settings, masked hypertension where only the home 
BP is high, and white coat hypertension where only the office 
BP is high. Of these, masked hypertension has become recog-
nized as dangerous as simple hypertension, though the risk of 
white coat hypertension is more or less close to normotensives. 
Therefore, fully understanding what kind of hypertension is 
present or how BP fluctuates in a given patient is of funda-
mental importance in the actual treatment of a hypertensive 
patient.

Nocturnal BP
Recently, the patterns of nocturnal BP alteration are classified 
as dipper (decrease in BP by 10–20 mm Hg), non-dipper (de-
crease in BP less than 10 mm Hg), extreme dipper (decrease 
in BP more than 20 mm Hg), and riser (increase in BP) (Fig. 7) 
[5]. Accumulated evidences show that the pattern of noctur-
nal (during sleep) BP is closely related to the prognosis of the 
hypertensive patients or even that of non-hypertensive pa-
tients during the daytime (Fig. 8) [6]. Furthermore, the other 
two types of BP pattern, i.e., continuous morning HT (occurs 
from the beginning of sleep through morning) and morning 
surge pattern hypertension (occurs only in the morning) are 
recognized as independent categories of nocturnal hyperten-
sion. Evidence has shown that nocturnal hypertension affects 
more on the prognosis of the patient than daytime hyperten-
sion (Fig. 9) [7]. Therefore, to measure nocturnal BP which is 
usually hidden from daytime clinicians is becoming more and 
more important.

Apart from BP patterns, the antihypertensive effect of 
drugs has been known to be affected by the time of their ad-
ministration. For example, a study by Martino, et al. showed 
that BP could be more lowered by nocturnal administra-
tion compared with morning administration, and fibrosis of 
the heart caused by pressure overload using the experimen-

tal aortic banding was less 
prominent after nocturnal ad-
ministration (Fig. 10) [8]. Our 
group has also reported sim-
ilar results in human subjects 
[9]. These time dependent 
drug effects can be recognized 
only by nocturnal or 24-hour 
BP monitoring. 

Recently, sleep apnea syn-
drome (SAS) where a patient 
experiences frequent stopped 
or near-stopped breathing 
during sleep that results in 

Fig. 6. Casual BP at office and home BP [4]. (NT- Patient with Normal BP, THT-
Patients with HT under treatment, and UHT- Patients with untreated HT.)

Fig. 7. Types of nocturnal and morning BP [5]. 

Fig. 8. Stroke free survival curve according to the nocturnal BP pattern [6]. 
Compared to dipper patients, patients with reversed dipper (riser) or extreme 
dipper had poorer prognosis.
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a decrease in oxygen saturation has been recognized as one 
of the major risk factors of developing HT. In SAS patients, 
nighttime BP elevates or swings markedly along with the re-
spiratory effort associated with apnea or hypopnea and results 
in non-dipper or riser patterns of nocturnal hypertension [10]. 
Because SAS is treatable by the use of a continuous positive air-
way pressure device or mouthpiece, these patients should be 
properly diagnosed and treated.

Continuous BP
In a patient with SAS, sympathetic nervous activity (SNA) 
surges with marked BP elevation during an obstructive sleep 
apnea (OSA) period in Fig. 11. If the BP measurement is ac-
quired only at discrete times (e.g., every hour), this kind of 
important information would be lost. Even now, some devices 
can record BP continuously, but such a machine is too bulky 
to use in usual daily life. The current continuous BP meter 
also needs frequent calibration and if used during the night, it 
would disturb sound sleep. Thus, the actual use is very limited 
for a usual clinician.

The More Ideal BP Meter
An ideal BP meter should possess portability and ease of 
daily use, be non-invasive, and maintain easy data transfer. 
It should be able to be carried without giving any stress to the 
patient and contact to skin should be soft and minimal as well 
as not irritable to the skin. Even if some kind of calibration is 
necessary, the pressure should be limited to a little bit more 
than sensing limit. BP change occurs, of course, during bath-
ing time or swimming, and to know the changes in BP in such 
situation may be very important for the precise understanding 
of hypertensive status. Therefore, an ideal BP meter should be 
water proof and resistant to high and low temperature as well 
as to the shock that might occur to the instrument in daily life.

Other data like ECG, body temperature, sleep status, or 
electroencephalography may be simultaneously recorded. 
Combined analysis with these data may enhance the quality of 
data interpretation and understanding of mechanism or pre-
cise status of the disease. Even now, simultaneous recording 
is possible but it usually takes too much time or effort to com-
bine the data for a busy clinician. This combination, therefore, 

should be easily done with 
a single click in an ideal BP 
meter (Fig. 12).

Final Proposal
I would like to have a BP 
meter that is worn like a 
light wristwatch without 
any sensible pressure. If the 
patient can look at the sum-
marized BP data easily on 
a smartphone, for example, 
the motivation of the pa-
tient to control BP will be 
enhanced and result in better 

Fig. 9. Blood pressure readings and a two-year prognosis of CV end points 
(fatal and nonfatal heart failure, fatal and nonfatal myocardial infarction, or 
sudden death) (events/100 people) [7]. Nighttime BP is most closely related to 
cardiovascular endpoints.

Fig. 10. Difference of effects according to the timing of administration of 
antihypertensive drugs. [8]. Administration of a BP-decreasing drug after lights 
were off (simulated evening- PM injection) decreased SBP more than the same 
amount of administration of the drugs during light-on time, simulated morning- 
AM injection.) ZT- time of day.

Fig. 11. Big changes in hemodynamics and sympathetic nervous activity in a patient with severe sleep apnea syndrome 
[9]. ECG- electrocardiogram. SNA- sympathetic nervous activity. OSA- Obstructive sleep apnea.
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BP control over time. If clinicians and patients can simultane-
ously and instantaneously look at the BP data (with other data) 
on screen in the clinic by just one click, we can discuss about 
the better BP control and collaborate to improve their prog-
nosis. If such data can be transferred directly and easily to an 
electronic medical chart and be combined with other data, it 
would be very useful for the treatment of the patient and any 
kind of clinical research. 

Editor’s note: A clinician with a dream… I invite you all to 
send me your remarks and suggestions so that together we can 
make Prof. Shin-Ichi Ando’s dream come true. Your reactions 
will be posted on our website. This way some fruitful collabo-
rations may arise and a dream can come true!

References
[1] H. Arima, Y. Tanizaki, Y. Kiyohara, T. Tsuchihashi, I. Kato, M. 

Kubo, K. Tanaka, K. Ohkubo, H. Nakamura, I. Abe, M. Fujishima, 

and M. Iida, “Validity of the JNC VI recommendations for the 

management of hypertension in a general population of Japanese 

elderly: the Hisayama study,” Arch. Intern. Med., vol. 163, pp. 361-

366, Feb. 10, 2003.

[2] B. Williams, P. S. Lacy, S. M. Thom, K. Cruickshank, A. Stanton, 

D. Collier, A. D. Hughes, H. Thurston, and M. O’Rourke, 

“Differential impact of blood pressure-lowering drugs on central 

aortic pressure and clinical outcomes: principal results of the 

Conduit Artery Function Evaluation (CAFE) study,” Circulation, 

vol. 113, pp. 1213-1225, 2006.

[3] B. Dahlof, P. S. Sever, N. R. Poulter, H. Wedel, D. G. Beevers, 

M. Caulfield, R. Collins, S. E. Kjeldsen, A. Kristinsson, G. T. 

McInnes, J. Mehlsen, M. Nieminen, E. O’Brien, and J. Ostergren, 

“Prevention of cardiovascular events with an antihypertensive 

regimen of amlodipine adding perindopril as required versus 

atenolol adding bendroflumethiazide as required, in the Anglo-

Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering 

Arm (ASCOT-BPLA): a multicentre randomised controlled trial,” 

Lancet, vol. 366, pp. 895-906, Sep 10-16, 2005. 

[4] A. Hozawa, T. Ohkubo, M. Kikuya, J. Yamaguchi, K. Ohmori, 

T. Fujiwara, J. Hashimoto, M. Matsubar, H. Kitaoka, K. Nagai, 

I. Tsuji, H. Satoh, S. Hisamichi, and Y. Imai, “Blood pressure 

control assessed by home, ambulatory and conventional blood 

pressure measurements in the Japanese general population: the 

Ohasama study,” Hypertension Research: Official J. Japanese Soc. of 

Hypertension, vol. 25, pp. 57-63, Jan 2002.

[5] K. Kario and W. B. White, “Early morning hypertension: What 

does it contribute to overall cardiovascular risk assessment?,” J 

Amer Soc Hypertens, vol 2, no. 6, pp. 397-402, 2008.  

[6] K. Kario, T. G. Pickering, T. Matsuo, S. Hoshide, J. E. Schwartz, 

and K. Shimada, “Stroke prognosis and abnormal nocturnal 

blood pressure falls in older hypertensives,” Hypertension, vol. 38, 

pp. 852-857, Oct 2001.

[7] J. A. Staessen, L. Thijs, R. Fagard, E. T. O’Brien, D. Clement, 

P. W. de Leeuw, G. Mancia, C. Nachev, P. Palatini, G. Parati, J. 

Tuomilehto, and J. Webster, “Predicting cardiovascular risk using 

conventional vs ambulatory blood pressure in older patients 

with systolic hypertension. Systolic Hypertension in Europe Trial 

Investigators,” JAMA, vol. 282, pp. 539-546, Aug. 11, 1999.

[8] A. Martino, N. Tata, J. A. Simpson, R. Vanderlaan, F. Dawood, 

M. G. Kabir, N. Khaper, C. Cifelli, P. Podobed, P. P. Liu, M. 

Husain, S. Heximer, P. H. Backx, and M. J. Sole, “The primary 

benefits of angiotensin-converting enzyme inhibition on cardiac 

remodeling occur during sleep time in murine pressure overload 

hypertrophy,” Jour. American College of Cardiology, vol. 57, pp. 

2020-2028, May 17, 2011.

[9] S. Narita, Y. Yoshioka, A. Ide, T. Kadokami, H. Momii, M. Yoshida, 

and S. Ando, “Effects of the L/N-type calcium channel antagonist 

cilnidipine on morning blood pressure control and peripheral 

edema formation,” Jour. American Soc. of Hypertension, vol. 5, pp. 

410-416, Sep-Oct 2011.

[10] V. K. Somers, M. E. Dyken, M. P. Clary, and F. M. Abboud, 

“Sympathetic neural mechanisms in obstructive sleep apnea,” J. 

Clin. Invest., vol. 96, pp. 1897-1904, 1995.

Shin-ichi Ando (shinando@
sleep.med.kyushu-u.ac.jp) 
graduated from Kyushu 
University Medical School 
in 1986 and started train-
ing of cardiology in Kyushu 
University hospital. He re-
ceived Ph.D. degrees in 
Medicine from Kyushu 
University, Fukuoka, Ja-
pan, in 1994. He is currently 

a Research Professor and Director of Sleep Apnea Center of 
Kyushu University Hospital, diagnosing and treating the pa-
tients with cardiovascular disease and/or sleep disordered 
breathing. He is a member of Issuing committee for the Guide-
line by the Japanese Society of Hypertension.

Fig. 12. A Clinician’s Dream. (a) A waterproof wrist type BP meter which 
never makes the patient feel uncomfortable without noise and can estimate 
central BP. (b) can easily display measured results on a smart phone. (c) can 
smoothly transfer data and display them on the screen in an outpatient clinic. 
(d) and enables discussion with a patient looking at the recorded one month BP 
together (CBP).
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