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ORIGINAL ARTICLE

Accuracy of home blood pressure measurement: the ACCURAPRESS study –
a proposal of Young Investigator Group of the Italian Hypertension Society
(Societ�a Italiana dell’Ipertensione Arteriosa)

Costantino Mancusia, Valeria Bisognib,c, Alessandro Malobertid,e, Maria Virginia Manzia, Valeria Viscof,
Marco Biolcatid, Valentina Gianid, Francesco Spannellag,h, Silvia Monticoneh, Francesca Saladinii,
Giulia Rivasij, Giada Turrinj, Giacomo Puccib,c , Martino Pengok, Fabio Bertacchinil, Claudio Ferrim,
Guido Grassid , Maria Lorenza Muiesanl and ACCURAPRESS investigators
aHypertension Research Center and Department of Advanced Biomedical Science, Federico II University of Naples, Napoli, Italy;
bDepartment of Medicine and Surgery, University of Perugia, Perugia, Italy; cUnit of Internal Medicine, Terni University Hospital,
Terni, Italy; dSchool of Medicine and Surgery, Milano-Bicocca University, Milan, Italy; eASST GOM Niguarda Hospital, Milan, Italy;
fDepartment of Medicine, Surgery and Dentistry, University of Salerno, Fisciano, Italy; gInternal Medicine and Geriatrics, IRCCS INRCA,
Ancona, Italy; hDepartment of Clinical and Molecular Sciences, University “Politecnica delle Marche”, Ancona, Italy; iCardiology Unit,
Cittadella Town Hospital, Italy; jHypertension Clinic, Division of Geriatric and Intensive Care Medicine, University of Florence and
Azienda Ospedaliero Universitaria Careggi, Florence, Italy; kDepartment of Cardiovascular, Neural and Metabolic Sciences, IRCCS
Istituto Auxologico Italiano, Milan, Italy; lDepartment of Clinical and Experimental Sciences, University of Brescia, Brescia, Italy and
2a Medicina ASST Spedali Civili di Brescia, Brescia, Italy; mMeSVA Department and San Salvatore Hospital, UOC Internal Medicine and
Nephrology, University of L’Aquila, L’Aquila, Italy

ABSTRACT
Purpose: Home blood pressure monitoring (HBPM) might be considered a valid alternative to
ambulatory blood pressure monitoring (ABPM) for both the diagnosis and management of
hypertension. Correct information on how to perform HBPM are crucial for its reliability. The aim
of the present survey was to assess if hypertensive patients followed current recommendation
on how to correctly perform HBPM measurements.
Materials and methods: The survey included 30 different items on how to perform the HBPM.
It was developed by the ‘Young Investigators’ group of the Italian Society of Arterial
Hypertension (SIIA) and it was administered during the office visit between May 2019 and
December 2021.
Results: A total of 643 hypertensive patients participated in the study. Main results show that,
despite the rate of informed patients was relatively high (71% of the whole population),
unacceptable number of patients did not follow indications on how to perform a correct HBPM.
Patients who were informed on how to measure home BP had a significantly higher rate of cor-
rect position during measurement (78 vs. 22%, p< 0.01), avoidance of talking and moving dur-
ing measurement (68 vs. 32%, p< 0.0001), and correct number and time interval between two
measurements (85 vs. 15%, p< 0.001). More accurate measurements of home BP were associ-
ated with less prevalence of carotid plaque.
Conclusions: Correct performance for HBPM is low among patients treated in Italian hyperten-
sion centers. These findings shed light on the importance of correct HBPM measurements for
the detection of accurate BP values for the proper management of hypertensive patients.
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Introduction

Methods for measuring blood pressure (BP) to detect
a diagnosis of systemic arterial hypertension (HT)
have undergone considerable change in the past deca-
des. The bulk of knowledge about the risks of HT

and the benefits of treating it is based on the trad-
itional method of taking a small number of readings
using the auscultatory or automated oscillometric
technique in a medical setting (i.e. ‘in-office’ BP
measurement). However, there is increasing evidence
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that such measures may have some limitations, such
as the poor observer technique, the white-coat effect
and BP variability, that reduce their diagnostic and
predictive power in terms of cardiovascular (CV) risk
[1]. Therefore, the most recent European [2] and
American guidelines [3] for the management of HT
strongly recommend the use of ‘out-of-office’ BP
monitoring for confirming new diagnoses of HT,
detecting white-coat and masked HT, and managing
BP control during the follow-up. Twenty-four hours
ambulatory BP monitoring (ABPM) and home BP
monitoring (HBPM) are the two main approaches to
out-of-office BP evaluation [4]. Twenty-four-hour
ABPM is usually regarded as the gold standard, espe-
cially for the diagnosis of HT, for personalizing treat-
ment according to BP profile, and for the prediction
of clinical outcomes [2–4]. However, it has some
issues, such as the high cost of devices and not being
widely available in primary care practice.
Furthermore, it may also be uncomfortable resulting
in poor tolerance in several patients [5]. On the other
hand, HBPM, which involves the use of commercially
available, validated, automated devices that patients
use on their own to measure BP, is better accepted
and is more accessible to physicians [4]. It represents
an accurate and reasonable alternative method, espe-
cially for confirming the initial diagnosis of HT [4],
and also for predicting hypertension-mediated organ
damage (HMOD) [6] and CV outcomes [7,8]. In
several studies, HBPM has been reported superior to
‘in-office’ BP as predictor of both HMOD [6,9] and
clinical outcomes [7]. Some disadvantages of HBPM
might also be reported such as the need for patient
training, lack of nocturnal BP readings and possible
induction of anxiety resulting in excessive monitoring
[4]. According to the guidelines, for the technique
effectiveness and self-monitoring of BP values repro-
ducibility, patients must follow a strict procedure (e.g.
sitting position, several minutes rest, correct cuff size,
etc.), using validated tools, with priority automatic
brachial devices, as recommended by the guidelines
[2–4]. Following these indications the risk of under-
or overestimation of BP values is low, and the repro-
ducibility and the accuracy of this technique increases
[4]. To date, available data on patients’ adherence to
HBPM recommendations are still limited to few sur-
veys [10–12] in which it has been proved that only a
small proportion of hypertensive patients is informed
on how to correctly measure BP at home and is able
to strictly follow the correct recommendations.

The current article presents the results of a
national survey conducted among Italian society

Hypertension Centers, with the aim of investigating
the degree of adherence to current recommendations
on HBPM.

Methods

The ‘Young Investigators’ research working group of
the Italian Society of Arterial Hypertension (SIIA)
developed a survey on how hypertensive patients per-
form the BP measurement at home. This survey was
administered between May 2019 and December 2021.
The survey was developed according to the 2018
ESH/ESC guidelines for the management of arterial
hypertension [2]. It was sent to the SIIA members
and was spread to Italian Hypertension Centers. Ten
centers collected all data with a mean number of
patients recruited at each center described in
Supplemental Table 1.

Participants were invited to join the survey during
the control visit for hypertension in one of the certi-
fied Italian Hypertension Center. The participation
was voluntary and confidential, and each responder
could withdraw at any point. All the invited patients,
performing home BP measurements, agreed to
respond to the survey.

The questionnaire was administered in the office,
just after the routine clinical visit, using an online
platform. The first section, regarding anthropometric
data and CV history, was filled in by the patient with
the help of the physician. The next section including
nine questions was related on how to measure the BP
at home and patients were asked to answer independ-
ently (Table 1). Office BP values and the type of in-
office BP measurement device were added by physi-
cians at the end of outpatient’s examination (see
detailed list in the Supplementary Material). Systolic
and diastolic BP were measured in the sitting position
by a validated automatic sphygmomanometer after
5min of rest. Consistent with the current guidelines,
BP was measured three times at 2min intervals and
the average of the last two BP readings was taken as
the BP [2]. Home BP was self-reported by patients as
the last measurement performed at home. The pres-
ence of carotid plaque and left ventricular hyper-
trophy (LVH) were defined according to the current
guidelines [2] and investigated during the clin-
ical visit.

The study was performed under Article 89 of the
General Data Protection and Regulation, which allows
the processing of personal data for archiving purposes
in the public interest, scientific or historical research
purposes or statistical purposes, provided that
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technical and organizational measures are in place to
ensure the principle of data minimization (https://
gdpr-info.eu). All patients gave their informed con-
sent to participate in the survey. The study was con-
ducted in accordance with the principles of the
Declaration of Helsinki. The study has been approved
by ethical committee of University Milano Bicocca.

Statistical analysis

Statistical analysis was performed using IBM SPSS 23
(IBM Corporation, Armonk, NY, USA). Data are pre-
sented as mean ± SD for continuous variables and as
percentages for categorical variables. Analysis of vari-
ance and v2 distribution were used for exploratory
statistics. A total score of good knowledge on how to
correctly measure home BP was built for the main
questions on BP measurement, assigning one point
for each correct answer as detailed in Table 1.
Pearson’s correlations were used for assessing signifi-
cant variables associated with higher score. Then a

logistic regression model was used to assess whether
the total score impact on the presence of carotid pla-
que and LVH. The model was built also including
age, sex, office systolic and diastolic BP values, dia-
betes, obesity and dyslipidemia. The null hypothesis
was rejected at a two-tailed a � 0.05.

Results

The present survey included answers from 643
patients. Main characteristics of the study population
are reported in Table 2. Both systolic and diastolic BP
values were significantly higher in office compared to
those reported at-home BP measurements (p< 0.0001,
Figure 1).

Of the total study population, 458 patients (71%)
were declared to have received oral information previ-
ously from physicians on how to measure BP at
home. No significant difference in age or sex was
found among patients who received or not received
information on home BP measurement (both

Table 1. Questions used for total score calculation.
1. How many minutes of rest do you observe before taking blood pressure:

a) <1min
b) 1–4min
c) 5min

2. In what position does it measure blood pressure:
a) Lying down
b) Sitting without support for the arm
c) Sitting with arm rest
d) Sitting with your back leaning against the backrest and your arm supported

3. If you measure your blood pressure in a sitting position, be careful not to cross your legs and keep the soles of your feet flat on the floor:
a) Yes
b) No.
c) I don’t know / don’t pay attention to the position of the legs and feet

4. When measuring blood pressure:
a) You move and speak
b) You try not to move and not to speak
c) You move but do not speak
d) You do not move and do not speak

5. When measuring blood pressure:
a) Place the bracelet over the clothing
b) Remove clothes before taking measurement

6. How many blood pressure measurements do you take:
a) 1 measurement
b) 2 measurements in quick sequence
c) 3 measurements in quick sequence
d) 2 or more measurements with a 1–2min interval

7. How often do you measure your blood pressure at home:
a) Less than 1 time per month
b) once a month
c) 2 times a month
d) 1–2 times a week
e) Every day

8. When measuring blood pressure at home:
a) Drinks tea or coffee just before (<30min) to take your blood pressure measurement
b) Take the measurement immediately after the meal
c) Take the measurement immediately after smoking
d) Perform blood pressure measurement away from meals / tea / coffee / cigarette smoke

9. In what condition do you measure blood pressure?
a) Only in conditions of well-being
b) Only in the presence of symptoms (headache, asthenia, malaise, etc.)
c) Both in conditions of well-being and in the presence of symptoms

Correct answers (þ1 point) are highlighted in bold.
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p> 0.05). Most of the patients (75%) used automatic
arm BP device for measuring BP at home, while other
not recommended devices were quite commonly used
(Figure 2). Regarding resting time before home BP
measurement, only 13% of the study population
declared to correctly wait for 5min, while most of the
study population (53%) waited only 1min before
detecting the measurement (Figure 3(A)). Correct
position during BP measurement was declared only
by 26% of the study population (Figure 3(B)), while
talking or movements were correctly avoided by less

than 50% (Supplemental Figure 1). Only 2% of the
interviewed patients declared to not have removed
clothes before home BP measurements and 55% of
the study population avoided tea, coffee or food
immediately before home BP measurements
(Supplemental Figure 2). Around 16% of the patients
interviewed declared to measure BP only in the pres-
ence of symptoms and only 25% correctly measured
BP two times with 1min interval (Supplemental
Figure 3). Home BP was measured one to two times
per week by 41% of the patients (Supplemental
Figure 4).

Mean score obtained by patients was 4 ± 2 with
normal distribution (Supplemental Figure 5). In
Pearson’s correlation analysis, higher score was sig-
nificantly associated with younger age, lower systolic
BP in office and at home, less prevalent dyslipidemia,
hypertension-mediated vascular and renal damage (all
p< 0.05). Higher score was also significantly associ-
ated with higher prevalence of well-controlled values
of in-office BP (p< 0.05). Higher score was not asso-
ciated with lower differences between office and home
BP values (p> 0.05) (Supplemental Data, Table 1).

In a logistic regression model, the presence of
carotid plaque was associated with lower total score,
independent of the significant effect of male gender,
office systolic BP and the presence of dyslipidemia.

Figure 1. Office versus home systolic (SBP) and diastolic (DBP) blood pressure values.

Table 2. Demographic characteristic of the study population.

Variables
Frequencies
(n¼ 643)

Age (years) 64 ± 12
Men (%) 54
Office systolic blood pressure (mmHg) 137 ± 17
Office diastolic blood pressure (mmHg) 81 ± 10
Home systolic blood pressure (mmHg) 129 ± 12
Home diastolic blood pressure (mmHg) 78 ± 9
Duration of hypertension (years) 13 ± 10
>Stage III CKD (%) 2
Obesity (%) 35
Diabetes (%) 13
Dyslipidemia (%) 57
Atrial fibrillation (%) 4
Resistant hypertension (%) 14
Left ventricular hypertrophy (%) 20
Carotid plaque (%) 35
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The presence of LVH was not influenced by the total
score (Table 3).

Discussion

To the best of our knowledge, this is the first study
assessing adherence to current recommendations dur-
ing home BP measurement in a cohort of hyperten-
sive patients referred to certified Hypertension centers
of the SIIA.

Initial management of hypertension conventionally
requires a diagnosis based on several clinic or office

BP measurements. However, the most recent national
and international guidelines [2–4] suggest that,
besides the ABPM, which is the more accurate esti-
mator of ‘true’ mean BP, the HMBP could provide an
appropriate alternative to ambulatory monitoring in
terms of diagnosis, particularly in primary care where
it might not be immediately available or deemed too
costly or when patients find it inconvenient or
uncomfortable [13]. Although this potential role of
HMBP in the management of hypertensive patients,
data about how patients detect their BP values at
home are missing. Moreover, it has not been clarified

Figure 2. Devices used for home BP measurement.

Figure 3. Rate of patients who affirmed to observe 5min rest before taking blood pressure (BP) (A) and in what position they
measure BP values at home (B).
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yet whether patients routinely received information
on how to correctly measure BP at home.
Interestingly, in our survey, we observed that infor-
mation on how to perform a correct HBPM were not
achieved by one out of three patients, and these data
pointed out on how physicians should play a pivotal
role in patient’s education and support the value of
HBPM. Even if different studies have highlighted its
crucial role for identifying white coat and masked
hypertension [13,14], systematic mistakes in HBPM
might be dangerous misleading hypertension diagno-
sis, treatment and control. Compared to a previous
study conducted in Canada [15] where the rate of
patients who received information on how to perform
HBPM was 30%, our study demonstrated that 70% of
subjects affirmed receiving HBPM indications. A
national field survey conducted in Turkey a few years
ago demonstrated that among hypertensive patients
the ownership of a home BP monitor was associated
with lower BP values, although 50% stated that they
have not had any training regarding the operation of
the device and 18% used wrist device [16]. The use of
wrist devices in our population was not negligible
(7%). As previously reported, this results in frequent
detection of falsely elevated BP values likely because
of poor memory and rendition of the instructions,
leading to the wrong wrist position [17].

In line with an Italian survey recently performed,
some of the recommended procedures for HBPM
were followed by most patients, but the level of
adherence to other important recommendations was
unacceptably low [10]. Despite not being considered

useful for HBPM, 18% of the study population
declared to use aneroid and mercury sphygmoman-
ometers at home. Aneroid apparatus requires frequent
calibration to maintain accuracy and are not sug-
gested for HBPM, while mercury sphygmomanome-
ters are not allowed by the Italian law since 2009 but
are still available for some of our patients. Only 13%
of the study population declared to observe resting
time before the measurement, in line with results
from previous research [10,12]. Moreover, incorrect
position during the BP measurement at home
(reported by 38% of our interviewed) may lead to a
significant difference in the reported BP values under-
ling that this aspect is crucial for optimal HBPM [18].
Prior literature suggests, in fact, that taking BP with
the back unsupported may falsely elevate pressure lev-
els by 6mmHg to 10mmHg [19] and that crossing
the legs may increase systolic BP by 2mmHg to
8mmHg [20]. In this regard, the higher prevalence of
incorrect body position reported in our survey may
help to improve area of necessary training in HBPM.

We also observed that higher accuracy in HBPM
measurement was significantly correlated with lower
office BP values and more prevalence of controlled
BP. This is in line with previous studies, demonstrat-
ing that self-monitoring of BP might be a good strat-
egy to improve long-term BP control [16,21].
Nevertheless, compliance with HBPM is the main
determinant of improved BP control rate [22].

Finally, there are evidences that home BP is a bet-
ter predictor of the development of carotid athero-
sclerosis than office BP, supporting the crucial role of
home BP in the detection of HMOD [23]. Our results
highlight that more accurate measurements of home
BP were associated with less prevalent of carotid pla-
que, strongly supporting the evidence that the accur-
acy of HBPM is of paramount relevance for the
management of hypertensive patients. LVH was not
associated with the accuracy of HBPM, and this find-
ing is not surprising since other metabolic factors,
such as obesity, strongly influence its progression
and/or regression [24].

Limitations

The present survey was administered during control
visits of patients followed in Italian Hypertension spe-
cialist centers and thus the main results may not
entirely reflect the whole community of hypertensive
patients in Italy. The study was in part conducted
during the COVID-19 pandemic, which might have
partially influenced the selection of the patients. Also,

Table 3. Logistic regression model for hypertensive mediated
target organ damage, including total score of knowledge on
how to correct measure home blood pressure.

Logistic regression model
for carotid plaque Wald Sig. Exp(B)

95% CI for EXP(B)

Lower Upper

Age 17.987 0.0001 1.04 1.022 1.06
Sex (men) 0.475 0.491 1.14 0.781 1.673
Systolic blood pressure (mmHg) 12.6 0.0001 1.021 1.013 1.042
Total score 7.203 0.007 0.859 0.771 0.958
Diabetes (n/y) 1.006 0.316 1.310 0.773 2.223
Dyslipidemia (n/y) 36.317 0.0001 3.48 2.587 5.793
Obesity (n/y) 1.27 0.259 0.681 0.350 1.327

Logistic regression model for
left ventricular hypertrophy Wald Sig. Exp(B)

95% CI for EXP(B)

Lower Upper

Age 2.408 0.049 1.02 0.999 1.038
Sex (men) 1.190 0.220 0.792 0.521 1.204
Systolic blood pressure (mmHg) 6.748 0.0001 1.026 1.01 1.039
Diastolic blood pressure (mmHg) 0.173 0.678 1.005 0.980 1.032
Total score 0.294 0.495 0.967 0.857 1.092
Diabetes (n/y) 0.887 0.725 1.317 0.742 2.336
Dyslipidemia (n/y) 8.372 0.004 1.945 1.239 3.051
Obesity (n/y) 13.8 0.0001 2.32 1.49 3.617
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a larger sample size would have also been desirable.
Unfortunately, data on socioeconomic status, level of
education and treatment adherence were not available
in the present study.

Conclusions

The accuracy of home BP is low among patients
treated in hypertension centers belonging to the SIIA.
Higher accuracy is associated with better office BP
control and less prevalent carotid plaque, which
strongly encourage to plan strategies with the aim to
improve the performance of home BP measurement.
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