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Home blood pressure (HBP) has been recognized as a prognostic predictor for cardio-
With increasing accessibility of oscillometric blood pressure devices, HBP monitor-
and feasible to document long-term blood pressure variations, compared to office and

ambulatory blood pressures. To obtain reliable HBP estimates, a standardized HBP

monitoring protocol is essential. A consensus regarding the optimal duration and fre-

quency of HBP monitoring is yet to be established. Based on the current evidence,
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monitoring.

1 | BACKGROUND

Home blood pressure (HBP) is defined as a form of out-of-office
blood pressures self-measured at home, in contrast to office blood
pressure (OBP) measured in the clinical setting. Blood pressure fluc-
tuates in response to environmental and pathophysiological stimuli,
leading to diurnal, day-to-day and seasonal variations.! The variations
of blood pressures can be reliably assessed by HBP monitoring. It
has been demonstrated that HBP was more closely associated with
cardiovascular risks than OBP? and offered prognostic information
independent of OBP.2 There is evidence suggesting that morning HBP
was more related to the risk of stroke than evening HBP.* Contem-
porary guidelines and consensus recommend that both standardized
office and out-of-office blood pressures should be assessed to confirm
the diagnosis of hypertension.” Incorrect diagnosis of hypertension
often occurs if only OBP is assessed, particularly in a non-standardized
manner.®

Given the increasing affordability of oscillometric sphygmo-
manometers, HBP measurement is readily accessible, quite affordable;
and is able to monitor daily, weekly, and even monthly and yearly vari-
ations of blood pressures, as compared to ambulatory blood pressure
(ABP) monitoring. ABP monitoring is another form of out-of-office
blood pressures measured regularly in a period of minutes for 1 or
2 days. Cumulative evidence has shown that HBP monitoring could
be used to guide and improve hypertension management, with or
without co-interventions, such as team-based care or telemonitoring.
However, the standardized HBP measurement protocol and follow-up
schedule are yet to be established. Factors like how to reliably eval-
uate HBP and assess HBP variations, how to define a reliable HBP
estimate, and the tedious burden with long-term HBP measurement
should all be taken into consideration while constructing a protocol for
standardized HBP measurement. We herein reviewed the methods of
HBP monitoring used and its relations with cardiovascular outcomes in
clinical studies to determine how to obtain optimal estimation of HBP.
Recommendations from current guidelines and consensus regarding
HBP protocols were also summarized. Finally, a practical approach to

the “722" protocol, which stands for two measurements on one occasion, two occa-
sions a day (morning and evening), and over a consecutive of 7 days, is most commonly
used in clinical studies and recommended in relevant guidelines and consensus docu-
ments. HBP monitoring based on the “722” protocol fulfills the minimal requirement of
blood pressure measurements to achieve agreement of blood pressure classifications
defined by office blood pressures and to predict cardiovascular risks. In the Taiwan
HBP consensus, the frequency of repeating the “722” protocol of HBP monitoring
according to different scenarios of hypertension management, from every 2 weeks to
3 months, is recommended. It is reasonable to conclude that the “722” protocol for

HBP monitoring is clinically justified and can serve as a basis for standardized HBP

standardize HBP measurement for the diagnosis and management of

hypertension is suggested.

1.1 | Clinical studies exploring the effectiveness of
home blood pressure monitoring

Prior studies have shown that HBP is an independent and better pre-
dictor of cardiovascular events than office BP, and is able to guide
antihypertensive treatment to achieve better control of hypertension
than usual care. As shown in Table 1, the 7-day measurement of HBP
was most commonly used to estimate HBP in clinical studies designed
to assess the effectiveness of HBP monitoring. In the PAMELA (Pres-
sioni Arteriose Monitorate E Loro Associazioni) study, only two HBP
measurements obtained over 2 days were not associated with better
predictability of mortality compared to OBP.” HBP measured for at
least 3 days appeared to be the minimal requirement to obtain reli-
able HBP estimation for cardiovascular outcome prediction (Table 1).
Most of the studies required HBP measured both in the morning and
evening, except the HOMED-BP (Hypertension Objective Treatment
Based on Measurement by Electrical Devices of Blood Pressure) study®
and the Ohasama study,” where only morning HBP was obtained. To
reduce the bias of blood pressure measurement on each occasion,
duplicate or triplicate measurements with an interval of 1-2 min were
required.’® Furthermore, it was generally recommended that more
than half of total HBP readings supposed to be measured over a week
should be obtained to achieve reliable HBP estimation. In the Didima
study, duplicate HBP readings in the morning and evening for 3 days
were required. At least 6, out of 12 expected HBP measurements, were
asked to estimate HBP, by averaging all available measurements.! The
SHEAF (Self-Measurement of Blood Pressure at Home in the Elderly:
Assessment and Follow-up) study required the elderly hypertensive
participants to take triplicate blood pressure readings in the morning
and evening for 4 days. The minimal requirement of blood pressure
readings to estimate HBP was at least 15 of 24 expected measure-

ments and at least six readings obtained in the morning and at least
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6 readings obtained in the evening.® Taken together, given that blood
pressure measurements on the first day are generally discarded as
recommended in most guidelines/consensus, a minimum of 4 consec-
utive days of HBP measurements, with duplicate measurements on 2
occasions a day, is required to obtain HBP estimation with a sufficient
prognostic value.

1.2 | Clinical studies exploring the optimal protocol
for home blood pressure monitoring

The optimal duration of HBP measurement is influenced by how many
times BP readings are taken each day. In general, both morning and
evening HBP measurements taken on a consecutive of at least 3 days,
if first-day readings are not discarded, are required to derive reliable
HBP estimates for the diagnosis of hypertension and cardiovascular
risk prediction.2-14 While blood pressure measurements taken over a
consecutive of 7 to 14 days are needed if HBP is taken only in the morn-
ing (Table 2).152¢ In the IDH (Improving the Detection of Hypertension)
study, a community cohort of 316 adults not treated with antihyper-
tensive medications were asked to measure morning and evening HBP
for 14 days to determine the optimal number of measurements needed
for reliable HBP estimations. The results revealed that, for diagnosis
of hypertension, HBP estimates derived from >3-day consecutive mea-
surements were enough if one to two morning and one to two evening
readings were obtained daily, while 4 or >5 days were needed if only
morning readings or evening ones were obtained, respectively.'* The
IDHOCO (International Database of HOme blood pressure in relation
to Cardiovascular Outcome) study combined individual participant
data from the Ohasama, Finn-Home, and Tsurugaya cohorts, and used
the first morning HBP readings to assess the optimal number of HBP
measurements to obtain reliable HBP estimation.'® It was found that
a minimum of 7-day HBP measurements was required to achieve an
optimal agreement of blood pressure classifications by OBP with the
x coefficient of >.9.1° Similarly, the Ohasama study showed that >14-
day single morning HBP measurement was needed to reliably predict
the stroke risk.1¢

1.3 | Guidelines and consensus recommendations:
the “722" protocol for standardized home blood
pressure monitoring

As outlined in Tables 3 and 4, most current guidelines and consen-
sus suggest the 7-day HBP measurement schedule, consisting of 2
morning and 2 evening readings each day—i.e., the “722” protocol, is
optimal for the diagnosis and management of hypertension, although
3 to 5-day measurements were at a minimum. Morning HBP is recom-
mended to be measured within 1 h after awakening, and before taking
medications, breakfast, and vigorous physical activity. The timing of
evening HBP measurement is subject to the time interval between
taking supper and going to bed. Evening HBP is recommended to be

measured before going to bed if the time interval is more than 2 h; oth-

erwise, is measured before taking supper. To mitigate the measurement
bias which occurs with higher probability at the beginning of a mea-
surement stint, 0 it is recommended that duplicate or triplicate HBP
readings should be taken per measurement occasion, and that the first-
day measurements could be excluded from HBP estimation. Although
the accuracy of oscillometric blood pressure devices remain doubt-
ful in the presence of atrial fibrillation, it has been reported that the
accuracy of systolic blood pressure could be acceptable, rather than
that of diastolic blood pressure,'” especially if the mean of triplicate
measurements is used.'® Given that systolic blood pressure is more
prognostically predictive than diastolic blood pressure, and that the
auscultatory method of blood pressure measurement could fail owing
to muffled Korotkoff sounds, the Taiwan consensus for HBP measure-
ment recommends that >3 repeated measurements could be plausible
in the presence of atrial fibrillation.?? Given the prognostic impact of
morning HBP surge has been recognized,?® averages of morning and
evening HBP measurements should be separately considered.?:21

Prior studies showed that inadequate rest before BP measurement
could lead to biased BP estimation.?? Because it has been shown that
roughly 50% of individuals with their systolic BP stabilized within 5 min
after a sitting rest in the clinical setting,232* most current guidelines
recommend at least 5-min rest before each BP measurement occa-
sion (Tables 3 and 4). However, recent studies showed that less than
5-min rest, even without rest, might be acceptable if OBP was esti-
mated using triplicate BP readings obtained at a 1-min interval.2>26 |t
has been concerned that too much rest could make HBP like automated
OBBP, probably leading to underestimation of usual BP. Provided that
home setting is less stressful than clinical setting, shorter than 5-min
rest might be plausible if HBP estimates are derived using repetitive
BP readings on each measurement occasion.

14 | The follow-up schedule for home blood
pressure monitoring

For patients with well-controlled hypertension, 1 to 2-day mea-
surements with duplicate readings per occasion on a weekly or
monthly basis are generally recommended. Given the evidence of
above-mentioned clinical studies and clinical guidelines and consensus
recommendations, a comprehensive HBP follow-up schedule, based
on blood pressure classifications and status of hypertension man-
agement was provided in the 2022 Taiwan Hypertension Guidelines
(Figure 1).2° In general, if blood pressure is not under control, the “722”
protocol should be conducted more frequently. For well-controlled
hypertensive patients, the 7-day consecutive HBP measurement is

recommended to be conducted every 3 months.

2 | CONCLUSIONS

While the reliability of HBP estimation is weighed against the long-
term burden of repetitive HBP measurements, it is reasonable to

conclude that the “722” protocol for HBP measurement is clinically
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[Ofﬁce/home blood pressure]
<120/80 120-129/<80 >130/80
mmHg mmHg mmHg
|| For confirming the diagnosis of hypertension
Every year Every 6 month just before clinical visit
|| Initiation or adjustment of medications:
2 weeks later
|__| Uncontrolled hypertension:
Every month
|| Well-controlled hypertension:
Every 3 month
FIGURE 1 Frequency of follow-up of the “722” protocol for standardized home blood pressure monitoring according to different clinical
scenarios

justified. Along with well-designed patient training and education
programs, together with experienced healthcare coworkers and con-
sultants, HBP measurement based on the “722” protocol can serve as

the foundation for standardized HBP monitoring.
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