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ABSTRACT

Introduction 24-hour ambulatory blood pressure
monitoring (ABPM) is the gold standard diagnostic method
for hypertension, but has some shortcomings in clinical
practice while clinical settings often lack sufficient devices
to accommodate all patients with suspected hypertension.
Home blood pressure monitoring (HBPM) and office blood
pressure monitoring (OBPM) also have shortcomings, such
as the white coat effect or a lack of accuracy. This study
aims to study the validity of a new method of diagnosing
hypertension consisting of monitoring blood pressure (BP)
for 1 hour and comparing it with OBPM and HBPM and
examining the sensitivity and specificity of this method
compared with 24-hour ABPM. The patient experience will
be examined in each method.

Methods and analysis A minimum sample of 214 patients
requiring a diagnostic test for hypertension from three urban
primary healthcare centres will be included. Participants will
undergo 24-hour ABPM, 1-hour BP measurement (1-BPM),
OBPM for three consecutive weeks and HBPM. Patients will
follow a random sequence to first receive 24-hour ABPM

or 1-hour ABPM. Daytime 24-hour ABPM records will be
compared with the other monitoring methods using the
correlation coefficient and Bland Altman plots. The kappa
concordance index and the sensitivity and specificity of the
methods will be calculated. The patient’s experience will be
studied, with selected indicators of efficiency and satisfaction
calculated using parametric tests.

Ethics and dissemination The protocol has been
authorised by the research ethics committee of the
Hospital Clinic of Barcelona (Ref. HCB/2014/0615):
protocol details and amendments will be recorded

and reported to ClinicalTrials.com. The results will be
disseminated in peer-reviewed literature, and to policy
makers and healthcare partners.

Trial registration NCT03147573; Pre-results.

BACKGROUND

Hypertension, a leading cardiovascular risk
factor that causes premature morbidity and
mortality, is associated with an increased risk
of cerebrovascular disease (haemorrhagic

Strengths and limitations

» This trial will examine whether the sensitivity and
specificity of 1-hour blood pressure (BP) monitoring
is comparable with 24 hours monitoring and other
conventional methods of diagnosing hypertension.

» Validation of the new method would not allow night-
time recording of BP and does not seek to substitute
24 hours monitoring.

» This study will examine the patient experience of the
new BP monitoring methods studied.

or ischaemic), coronary heart disease, heart
failure, chronic renal failure, peripheral
vascular disease, cognitive impairment and
premature death.' * In high-income coun-
tries, the age-standardised prevalence of
hypertension rises to 28.5% (95% CI 27.3%
t029.7%).”

Current evidence suggests that patients
with systolic blood pressure (SBP) 2140 mm
Hg and/or diastolic blood pressure (DBP)
=90mm Hg require treatment to reduce the
risk of cardiovascular and kidney disease.*
However, not all patients with these values
have a high cardiovascular risk, sometimes
due to factors such as white coat hypertension.
The diagnosis of hypertension requires accu-
rate blood pressure (BP) monitoring to deter-
mine whether the patient has constant high
BP values and this requires various determi-
nations. At present, clinical guidelines accept
three methods of BP monitoring: 24-hour
ambulatory BP monitoring (24-hour ABPM),
home BP monitoring (HBPM) and office BP
monitoring (OBPM).*®

24-hour ABPM, the gold standard, consists
of applying an automatic oscillometer sphyg-
momanometer connected to a cuff on the
patient's arm. The device records BP values
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for 20 or 30min during 24 hours.* This identifies differ-
ences between day and night and the risk associated with
hypertension.” * However, the high incidence of hyper-
tension means it cannot be carried out in all patients who
require it, and 24-hour ABPM is not always available for
all primary healthcare patients and is uncomfortable.”

HBPM measures BP at home or in the pharmacy.
Determinations may be made by patients or relatives after
receiving instruction.'” This method avoids bias due to
the white coat effect. However, the benefits may be lost
due to incorrect application of the technique or a lack of
standardisation of the measuring equipment (measure-
ment with a mercury sphygmomanometer is still used).""

OBPM consists of taking the BP measures at the clinic for
several days. After determining the reference arm, three
determinations are made once a week for three consecu-
tive weeks and the mean of these determinations is calcu-
lated. The disadvantages of OBPM are the overdiagnosis
of hypertension, unnecessary treatments in 15%-30% of
patients,” the inability to detect sudden changes in BP,
measurement errors, the limited number of records that
can be made, and the risk of confusing isolated hyperten-
sion, the white coat effect and the lack of correlation with
real BP."?'* Other drawbacks are the lack of data on the
prognostic value and the definition.” "*'* However, despite
its disadvantages, clinicians often perceive that OBPM is
controllable and verifiable, and therefore it persists as the
preferred method, including in large population studies
and pharmacological clinical trials with a required diag-
nosis of hypertension.'? °

Recently, two studies have examined the effectiveness
of two new methods which use a modified 24-hour ABPM
device. One takes a set of measurements during 30 min
and the other during 60min.'” ' These methods have
some of the advantages of OBPM: the clinician can
verify and control the process because the patient is in
the clinic but avoiding the frequent white coat effect.
In 1hour-BP measurement (1-BPM), mean daytime BP
values were similar to 24-hour ABPM, with a sensitivity of
85.2% (95% CI 67.5% to 94.1%) and a specificity of 92%
(95% CI 83.6% to 96.3%) for masked white coat hyper-
tension."® However, 1-BPM requires further study for use
in clinical practice, and the patient experience in terms
of handling, satisfaction, understanding and adherence is
unclear. Patient involvement in the evaluation is required
to improve the quality of care, and to increase effective-
ness and the patient’s sensitivity to their health status
according to their perceived needs.'” However, this has
not been widely reported in previous studies and current
BP monitoring methods have not been studied in the
light of patient experience."”

The European, North American and British guide-
lines recommend the diagnosis should be made after
verifying BP values with an ambulatory method involving
various measurements or, at best, using 24-hour ABPM.*°
However, all methods of measuring hypertension in daily
clinical practice have shown important shortcomings
related to the accuracy of monitoring, and 24-hour ABPM

is not feasible in all cases.” The aim of this study is to
examine the accuracy of the 1-BPM method against the
out-of-office and office methods, taking 24-hour ABPM as
the gold standard.

METHODS/DESIGN

Study objectives

To study the validity (sensitivity and specificity) of
1-BPM versus OBPM in three visits and HBPM, using
24-hour ABPM as the reference during the daytime
period, and to examine patient acceptance and experi-
ence of the methods and compare the cost of 1-BPM with
the other methods.

Design

This study protocol presents a diagnostic accuracy study
of BP measurement using ABPM. Patients requiring a
diagnostic test for high BP will be prospectively included.
All participants will undergo 24-hour ABPM. The speci-
ficity and sensibility will be studied with respect to 1-BPM,
HBPM and OBPM at three visits. The trial registration
identifier in ClinicalTrials.gov web is CT03147573, regis-
tered 10 May 2017.

Study population

Patients assigned to a primary healthcare centre
(PHC) referred for a diagnostic test for hypertension by
the family physician.

Inclusion and exclusion criteria

Inclusion criteria will be as follows: (1) age =218 years, (2)
patients seen routinely in the study PHCs, (3) voluntary
participation and (4) family physician referral for diag-
nosis of high BP. Exclusion criteria will be as follows:
(1) severe physical or cognitive limitations, (2) previous
episodes of arrhythmia, atrial fibrillation with rapid
ventricular response, frequent ventricular extra-systole or
other arrhythmias, (3) Parkinson’s disease or any other
condition causing permanent tremor, (4) arm circum-
ference >42cm, (5) arterial-venous fistula in the arm,
(6) mental disorders or intolerance to BP measurement
method, (7) inability to attend the study PHC and (8)
programmed hospitalisation during the study period.

Clinical setting

Participants will be recruited from three urban PHGCs
located in Barcelona (Spain), which include 54 family
physicians and 56 community nurses who serve 95185
patients. In 2017, 65.21% of patients were seen =1 time.
Participant inclusion commenced in June 2017, and the
estimated completion date is June 2019.

Outcome measurements

Primary outcome

Diagnosis of hypertension, according to The European
Society of Cardiology and The European Society of
Hypertension (ESC/ESH) Arterial Hypertension guide-
lines definitions® (excluding 1-BPM):
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» 24-hour ABPM: daytime mean of 2135mm Hg SBP
and/or=85mm Hg DBP.

» OBPM: mean of three visits>140 mm Hg and/or DBP)
=90 mm Hg.

» HBPM: mean of 2135 mm Hg SBP and/or=85mm Hg
DBP.

» 1-BPM: mean of 2135mm Hg SBP and/or=85mm Hg
DBP.

Patient experience

Satisfaction with the time necessary to obtain the test
result, time required by the patient to obtain the result
(including time of travel to the centre), comfort of the test
and opinion about recommending it to another patient.
These variables will be collected using visual analogic
scales (online supplementary file 1); nurse collaborators
will assist participants if required.

Cost

Cost of the visit, number of visits needed to carry out
the diagnostic procedure, any spending reported by the
participant, cost of travel to the health centre (if appli-
cable) and other reported expenses.

Other variables

Sociodemographic: age and sex, educational level, social
class; clinical variables: weight, height and body mass
index, abdominal perimeter, ECG, cardiovascular risk
factors, smoking, alcohol consumption, level of physical
activity, diabetes mellitus, dyslipidaemia, obesity, previous
prescription of antihypertensive medication and type.

BP measurement methods

24-hour ABPM

BP measurement will be made using Oscar 2, model 250,
24-hour ABPM, Suntech Medical, which is approved by
the US Food and Drug Administration.” Using a stan-
dard cuff adapted to the arm, the device is activated at
intervals for 24hours: every 20min during the daytime
and every 30 min during night-time. A minimum of 70%
of BP records are needed for a valid ABPM measurement.
The device stores the BP records in an internal memory
that is downloaded once the test finishes the next day.
The characteristics are shown elsewhere.?!

1-BPM

Measurement of BP for 1hour using the 24-hour ABPM
device. BP will be measured every 5min. During the hour,
the patient will remain in a quiet room in the primary
healthcare centre, without walking actively, eating or
smoking. After 1hour, the device and arm cuff will be
removed.

0BPM

A standard device will be used (Omron m6 AC, Japan).
The patient must not have smoked tobacco, drunk coffee
or other caffeine-containing drinks in the previous 30 min
or had a large meal in the previous 2hours, complain of
pain or anxiety and must not have psychomotor agitation.

The patient will be seated with their arms crossed, the
legs uncrossed and the feet touching the floor. DBP and
SBP will be determined in the two arms, and the arm with
the highest BP will be selected; if both are equal either
will be chosen. After 5min, a new determination will be
made, which will be the one recorded in the data collec-
tion notebook. In following visits, BP will be determined
following the same procedure but only in the reference
arm.

HBPM

HBPM will be carried out according to daily clinical
practice. All participants will be asked to provide at least
three BP measurements over 3 days. Nurses will check
whether the participant has an adequate BP monitor
(a semiautomatic, validated BP monitor); if they do not
have access to a validated BP device at home, they will be
asked to measure the BP in the pharmacy. Participants
will receive instructions and an information sheet on the
BP measuring method. BP should be measured in a quiet
room without noise or interruptions. Patients should
be relaxed and should not drink, eat, smoke or exer-
cise during the previous half hour. Patients should not
talk during the measurement and should rest for 5min
beforehand. They should sit comfortably with the back
resting on the back of the chair, with the legs uncrossed
and arms not constrained by clothing. The cuff should
be placed on the arm, 2 or 3 cm above the elbow, leaving
the hand on the back and the elbow slightly flexed at the
height of the heart. Two measurements will be made at
least 2min apart and the mean of the two will be used.
Measurement in the pharmacy will follow the recom-
mendations of pharmacy employees, as in usual practice.
Table 1 summarises the number of days/hours/visits
needed, measurements obtained and the threshold used
to diagnose hypertension in each of the four methods.

Study procedures

The study will have a total of three visits. Figure 1 presents
an overview of the tasks carried out at each study visit and
a flowchart of the process. The tasks are shown below.

Visit 0

Patients with inclusion criteria seen by PHC physicians or
nurses will be invited to participate. If the potential partic-
ipant shows interest, they will receive information on the
study requirements. Any patient doubts will be answered
and clinicians will offer a brochure with detailed infor-
mation on the study. At this visit, the nurse will measure
the BP and determine the reference arm, will measure
the first OBPM and will request a HBPM. The next day,
the nurse will call the patient to confirm inclusion and
arrange the next visit.

Visit 1

Between 5 and 7 days after visit 0, the participant will
attend visit 1 with the nurse. All nurses will be instructed
by the study coordinator in data collection and the study
procedures. Before starting the procedures, they will
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Table 1 Summary of the methods according the time required, the number of measurements of BP and the threshold of BP to

diagnose hypertension

Number of days/hours/visits

Number measurements

Method needed obtained Hypertension threshold

24-hour ABPM: 24 hours 49 to 52 >135mm Hg SBP and/or 285 mm Hg DBP

daytime

OBPM Three consultations: once a week 3 >140 mm Hg SBP and/or 290 mm Hg DBP
in three consecutive weeks

HBPM Two consultations 3 >135 mm Hg SBP and/or 285 mm Hg DBP

1-BPM One visit of 1 hour 13 >135mm Hg SBP and/or 285 mm Hg DBP

1-BPM, 1-hour blood pressure monitoring; ABPM, ambulatory blood pressure monitoring; BP, blood pressure; DBP, diastolic BP;
HBPM, home BP monitoring; OBPM, office BP monitoring; SBP, systolic BP.

review the study aims and the patient will be asked to sign
an informed consent. Thereafter, the nurse will record
anthropometric variables and carry out the second deter-
mination of OBPM and patients will follow the 1-BPM
or 24-hour ABPM according a randomisation sequence.
If 24-hour ABPM is chosen, a visit will be arranged from
Monday to Thursday (not Friday because the device must
be removed the next day at the same time).

At the end of this visit, an electrocardiographic record
will be made. A new HBPM will be requested.

Visit 2

Between 5 and 7 days after visit 1, the third OBPM deter-
mination will be made. 1-BPM will be administered to
patients who underwent 24-hour ABPM during visit 2and
1-BPM in patients in whom 24-hour ABPM was carried out
during visit 1. The nurse will collect data on the variables
concerning the patient's experience of the four methods

using the patient experience sheet (online supplemen-
tary appendix 1). The nurse will record the HBPM partici-
pants have provided. After completion, the patient will be
referred to their general practitioner to assess the results.

Participant discontinuation

Participants who start any drug treatment to treat hyper-
tension before visit 2, or do not attend any of the visits for
three consecutive weeks will be withdrawn from the study.
To promote retention, the nurse will phone participants
before the visit and will change the date of the visit to
another day of the same week if the participant requests.

1-BPM and 24-hour ABPM sequence randomisation

As 1-BPM and 24-hour ABPM use the same device, there
might be some adaptation effect, which will be mitigated
by randomisation: at visit 1 and visit 2, each participant
will be allocated randomly to 1-BPM or 24-hour ABPM.

Visit Tasks / activities.

1st determination of the OBPM.

0 Check the inclusion & exclusion criteria.

mation sheet and the informed consent form.

Offering to the patient participating in the study and give the infor-

Patients requiring a diagnostic test for
hypertension according a family
physician or nurse.
1st determination of OBPM.

HBPM.

A 4

Collect the signed informed consent form.

Register sociodemographic and other factors.

1 have, ask to bring them the next visit.
2nd determination of the consultation OBPM.

Carry out an electrocardiogram record of 12 derivations

Collect the HBPM records provided by the participant. If they do not <

Carry out ABPM 24h or the 1-BPM according a random process.

Patient informed consent obtained.
2nd determination of the OBPM.
24-ABPM or the 1-BPA according a
random sequence.

HBPM.

L

3rd determination of the OBPM.
24-ABPM or the 1-BPA according a
random sequence.

A 4

Collect the HBPM records.

2 3rd determination of the consultation OBPM.

Carry out ABPM 24h or the 1-BPM according a random sequence.

Analysis:sensitivity, specificity and
positive and negative predictive values
of the 1-BPA, HBPM and the OBPM,
with the 24h-ABPM as the gold
standard.

Figure 1

Research visits and content of study assessments (left) and flow chart of study design (right). 1-BPM, 1-hour

ambulatory blood pressure monitoring; 24-hour ABPM, 24-hour ambulatory blood pressure monitoring; HBPM, home blood

pressure monitoring; OBPM, office blood pressure monitoring.
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The randomisation sequence will be generated previously
and will not be changed. We do not foresee that any other
randomisation method will be needed to examine the
study outcomes.

Statistical analysis

Categorical variables will be presented as absolute
frequency and percentages and continuous variables as
mean and SD, or median and IQR. The Shapiro-Wilk
normality test will be used to check the normal distribu-
tion of variables. Pearson’s correlation coefficient will be
calculated for 1-BPM, HBPM and OBPM. The Bland-Al-
tman method will be applied with the graphic represen-
tation of the correlations of the intervals (the differences
between the measurements against the mean) to confirm
independence between the differences obtained with
each method and the magnitude. The prevalence of white
coat hypertension and masked hypertension will be calcu-
lated. The proportion of well-classified participants with
1-BPM will be estimated with respect to 24-hour ABPM
and HBPM and OBPM, and the kappa index will be calcu-
lated to measure the degree of agreement between the
four methods, to classify the participants in subpopula-
tions of hypertensive patients. Sensitivity, specificity and
positive and negative predictive values will be calculated
for the diagnosis of hypertension subtypes. All concor-
dance and correlation results will be based on the means
of SBP and DBP readings. To analyse the cost, the mean
of the sum of all the cost variables will be analysed and
each variable will be analysed separately by calculating
the differences between means by analysis of variance.
Likewise, the time necessary to obtain the result of the
test and the validity with respect to 24-hour ABPM will be
analysed. Values of p<0.05will be considered statistically
significant. The statistical analysis will be made using the
R V.3 for Windows statistical program.

Sample size calculation

A recent study comparing 1-BPM with 24-hour ABPM
found that 1-BPM classified 87.3% of patients correctly.
To achieve a precision of 5% in the estimate of a propor-
tion with 95% ClIs, assuming the proportion is 87.30%,
and taking into account an expected dropout rate of
20%, a minimum of 214 patients will be required.

Patient involvement

There was no patient or public involvement in the study
design. The study aims to analyse regarding the time
required by the patient to obtain the result, including the
time of travel to the centre, the comfort of the test and
opinions on recommending it to another patient.

Ethics and dissemination

The protocol presents a health technology trial to study
a new test with a medical device, but is not a medicine.
The procedures will follow Spanish and Catalan laws.
Researchers will follow the ethical standards of the Decla-
ration of Helsinki for biomedical studies and the activ-
ities described will follow the Code of Good Practice in

Clinical Research. The protocol has been authorised by
the research ethics committee of the Hospital Clinic of
Barcelona (Ref. HCB/2014,/0615). Authorisation will be
sought from the research ethics committee for protocol
modifications, which will be reported to Clinical Trials.
gov. The results will be presented in the scientific litera-
ture, and to healthcare partners.

Confidentiality and data management

All study-related information will be stored securely at
the study sites. All participant information will be stored
in locked file cabinets in areas with limited access. Infor-
mation from participants will be identified by a coded
identification number only to maintain participant
confidentiality. All records that contain names or other
personal identifiers, such as locator forms and informed
consent forms, will be stored separately from study
records identified by code number. All local databases
will be secured with password-protected access systems.

Patient and public involvement
There was no patient or public involvement in the study
design.

DISCUSSION

Hypertension is the most frequent reason for consultation
in primary healthcare, representing nearly 6% of all visits
to Spanish family physicians.”* The diagnosis of hyper-
tension depends on BP measurements. However, these
vary widely, and include several hidden effects, including
the white coat effect. Two of the most important interna-
tional guidelines suggest using 24-hour ABPM."® Despite
the validity and reliability of this method, it has draw-
backs: a high cost, the lack of instruments to carry out the
procedure in all patients, the discomfort of the patient
during sleep (the cuff activates every 30 min at night) and
the reluctance of some patients to wear the device for
924 hours.® Therefore, in daily clinical practice, nurses
and physicians use OBPM and HBPM which, while more
feasible, lead to other problems such as overdiagnosis.
1-BPM seems to have a sensitivity and specificity in the
diagnosis of hypertension close to that obtained with
daytime 24-hour ABPM and avoids the white coat effect
and other BP effects. Another important aspect that
will be examined in this study is the patient experience.
In daily practice, clinicians use the best method in any
tests requiring medical devices, despite the sensitivity
and specificity values, as any diagnostic method requires
examination of the patient experience to evaluate the
global evidence.?!

Limitations of the study

The validation of 1-BPM will not allow night-time
recording of BP, a relevant issue in the assessment
of cardiovascular risk. Nor does it seek to substitute
24-hour ABPM. However, if the working hypothesis is veri-
fied, the new method will allow for a new valid, effective
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diagnostic alternative, acceptable to the patient, and
easily applicable in primary healthcare, and more reliable
than HBPM and OBPM.
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