Chapter 2
Home (Self) Monitoring of Blood Pressure

Gianfranco Parati and Juan Eugenio Ochoa

Introduction

Elevated blood pressure (BP) levels represent the most important modifiable risk
factor for cardiovascular disease and for disease burden in developed countries [1].
Consistent evidence has shown that BP reduction with antihypertensive therapy
reduces cardiovascular events, particularly in patients with moderate to severe
hypertension [2]. An accurate assessment of BP levels and early identification and
treatment of hypertension is thus essential for reducing the cardiovascular risk asso-
ciated with this condition [3]. Since most evidence on the cardiovascular risk asso-
ciated with elevated BP, as well as on the benefits of lowering BP levels, comes from
studies using office BP (OBP) measures [4, 5], this technique is regarded as the
reference standard for assessment of BP in clinical practice [3]. However, OBP is
affected by important intrinsic limitations (i.e., inherent inaccuracy of the technique
and the inability to track BP changes during subjects’ usual activities and over a
long period of time) and by extrinsic factors (i.e., observer’s bias, digit preference,
interference by the “white coat effect”) that lead to over- or underestimation of sub-
jects” BP values. In turn, this leads to misclassification of BP levels, i.e., masked
hypertension, white coat hypertension, and false BP control or false resistant hyper-
tension in treated subjects. In recognition of this, current guidelines for
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hypertension management advise combining OBP with information on out-of-office
BP levels measured by means of ambulatory BP monitoring (ABPM) or home BP
monitoring (HBPM) [3, 6-11], with the aim to better identify the presence of high
BP levels and to define the need to start/modify antihypertensive treatment.
Currently, 24-h ABPM is considered the gold standard for out-of-office BP moni-
toring, [10, 12]; however, because of its costs and need of trained clinic staff and
specialized equipment, its use is in most cases (with the exception of NICE guide-
lines) recommended for selected groups of hypertensive patients [3, 4, 6, 13, 14].
Although HBPM cannot provide the extensive information on daily life BP behav-
ior available with 24-h ambulatory recordings, it may represent an excellent com-
plement to both OBP and ABPM in assessing BP levels for several reasons. In
particular, the wide availability of automated and easy-to-use devices for home BP
monitoring, which are acceptable for both patients and physicians, supports the
extensive implementation of HBPM in clinical practice. Moreover, when performed
on a regular basis, repeated BP measures obtained by patients at home (i.e., home
BP monitoring of BP levels over 7 days before the clinical visit) offer the possibility
to obtain accurate and frequent information on out-of-office BP not only during a
single day, but also over several days, weeks, or months in a usual life setting, also
allowing evaluation of dynamic BP changes over wider time windows, and to quan-
tify the degree of BP variability (BPV) [8] (Table 2.1). All of these features not only
allow a better identification of elevated BP levels, but also assessment of BP control
in treated subjects, thus aiding in guiding therapeutic decisions. Besides, at variance
from OBP, HBPM requires the active involvement of patients in managing their
high BP conditions, which enhances patients’ compliance and adherence to antihy-
pertensive treatment, thus potentially increasing the rates of BP control. Because
HBPM combines improved accuracy with the advantages of low cost and easy
implementation, it is recommended whenever feasible for routine use in the clinical
management of hypertension. The present chapter is aimed at reviewing the main
features of HBPM, its prognostic significance, clinical advantages, and potential
applications for the management of hypertension. In its last part, the chapter
addresses the role of home-based blood pressure telemonitoring and information
technologies for the management of hypertensive patients.

Methodological Aspects of HBPM

Measurement conditions and procedures: Although automated and semi-automated
HBPM devices based on the oscillometric technique are widely used by hyperten-
sive patients, their application is not always accompanied by the required knowledge
or sufficient training to ensure a proper BP self-measurement at home. The resulting
problems often include use of inaccurate devices and errors in measurement meth-
odology and in interpretation of HBP values [15]. Care is thus required to guarantee
that HBP measurements are kept under close supervision by physicians, in order to
prevent an excessive frequency of self-BP readings due to anxiety as well as improper
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self-management of drug treatment by patients. Overall, conditions and procedures
for proper HBP performance are similar to those recommended for OBP measure-
ments [9]. Specifically, the patient should be relaxed in the sitting position, with the
back supported, without crossing legs, in a quiet room and at least 5 min of rest
should precede the measurement. The arm should be supported on a table and the
cuff positioned at the heart level (when the arm-cuff is below or above the heart
level, BP will be overestimated or underestimated, respectively). At the time of the
first visit, when prescribing HBPM, BP measurements should be comparatively per-
formed in both arms. If inter-arm BP difference exceeds 10 mmHg for SBP and/or
5 mmHg for DBP and persists after repeated measurements, the arm with the higher
BP should be selected for future BP measurements both in the office and at home
[9]. Attention should be given to selection of cuff size according to arm circumfer-
ence, so that the bladder dimensions are adequate for accurate BP measurement.

Device selection: Monitors that measure BP at the upper arm (brachial artery)
have been shown to be the most accurate and reliable in measuring peripheral BP
levels. Although some automatic devices for BP measurement at the wrist or at the
finger level have been developed, it should be mentioned that they are subject to
important limitations mainly related to peripheral vasoconstriction, alterations in
BP waveform going from central to more distal sites of recording, and the possibil-
ity of varying hydrostatic height difference between the peripheral cuff and the heart
level, which may lead to significant inaccuracies in BP measurement. This is why
use of wrist cuff devices is currently discouraged. Finally, it should be mentioned
that despite the multitude of devices available on the market for HBPM, only some
of them have fulfilled independent validation criteria for use in clinical practice
(updated lists of validated BP-measuring devices are provided at dedicated websites
such as www.dableducational.org, www.ipertensionearteriosa.net or www.bhsoc.
org). In summary, on the background of the available evidence, current guidelines
for HBPM recommend the use of validated, automated, electronic, oscillometric,
upper arm-cuff devices, particularly those offering the possibility to store, transmit,
or print measurements [9].

Frequency and timing of HBPM: When performed in a standardized fashion, BP
measures collected by patients at home have been shown to be more accurate and
reproducible than office and ambulatory BP levels [16-18]. To achieve the maxi-
mum benefits from HBPM, the optimal HBPM schedule to be used for clinical
decision making should be able to offer a quantification of the prevailing level of
HBP, aimed at yielding reproducible information on HBP values, with prognostic
relevance. Since the reliability of HBPM increases with the number of BP readings
available for analysis, a minimum of 12 measurements and up to 25 measurements
are needed to achieve clinically relevant information on HBP levels. Recent second-
ary analysis of a large, randomized, clinical trial compared strategies for home- or
clinic-based BP monitoring to determine the optimal methodology for obtaining
clinically meaningful BP measurements [19]. In this trial, participants were asked to
record BP values every other day at the same time. A minimum of three values over
two weeks was required and only values spaced over 12 h were included. The study
concluded that the best approach for correctly classifying BP control should be an
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average of several BP measurements including both measurements from the clinic-
and home-based settings [19-21]. However, the important variations in terms of
frequency of self-BP measures, the frequency of reporting home-monitored values,
clinicians’ involvement, duration, and setting have been widely variable among
studies, thus preventing authors from deriving consistent conclusions. Current
guidelines recommend measuring BP levels at home over 7 days, with at least two
morning and two evening measurements [9]. For clinical decision making, the aver-
age of all these values should be used with the exception of the first day, which
should be discarded [9]. This 7-day schedule is recommended immediately before
each visit to the physician’s office, either at diagnosis or during follow-up. In recog-
nition that long-term HBPM might allow a closer assessment of the stability of HBP
control, improve patients’ involvement and compliance with treatment, and main-
tain their BP measurement skills, it was suggested that 1-2 measurements per week
might be useful also during the between-visit period [9]. Of note, programmable
HBPM devices have been recently introduced that provide measures of night time
BP levels comparable to those obtained by means of 24-h ABPM [22-24], thus
widening the clinical applications of HBPM.

How Are Hypertension and BP Control Defined Based
on HBPM?

Hypertension has a strong, continuous relationship with cardiovascular risk.
Traditionally, OBP measurements have been used for cardiovascular risk stratifica-
tion and for defining targets of therapy. The classification of BP categories (i.e.,
optimal BP <120/80; pre-hypertension 120-139/80-89; and hypertension
>140/90 mmHg) as well as definition of BP targets to be achieved by treatment, has
been based on epidemiological studies using OBP measurements [3, 25]. These
values cannot be directly extrapolated to HBPM, because meta-analyses of several
studies on unselected populations or hypertensive patients [26, 27], comparing HBP
and OBP distribution curves, have demonstrated HBP values to be lower than cor-
responding OBP values. Longitudinal studies in general populations [28-37] and in
hypertensive subjects [38—40] as well as clinical trials on the use of HBPM have
confirmed that the cut-off limit to define hypertension based on HBP should be
lower than that used for OBP [41, 42]. Although the relationship between BP values
self-measured at home and the incidence of CV morbidity and mortality should be
further clarified by prospective studies, there is an agreement to diagnose hyperten-
sion when HBP is >135/85 mmHg (corresponding to an OBP of >140/90 mmHg).
Prospective data are still needed, however, to formally recommend the proposed
thresholds of <120/80 mmHg and <130/85 mmHg to define optimal and normal
HBP, respectively. A couple of studies suggested that HBP thresholds for hyperten-
sion in high-risk patients might be lower than 135/85 mmHg [30, 39]. Although the
target HBP to be achieved with treatment should logically be below the threshold
used to diagnose hypertension (i.e., <135/85 mmHg), these target HBP levels
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are still unknown, being currently explored by the ongoing HBPM studies [43].
Although attaining therapeutic goals may be difficult in some patients, it should be
remembered that, even if BP is not fully controlled, each mmHg of reduction in
HBP is important, as it contributes to the prevention of CV complications.

Prognostic Value of HBPM

As a general remark, it has to be acknowledged that the evidence available to sup-
port the prognostic value of HBPM is less than for ABPM, also because of the
smaller number of outcome studies available so far [8, 9]. When averaged over a
period of a few days, home BP measures have been shown to significantly predict
the development of major nonfatal cardiovascular events (myocardial infarction,
stroke) [28-35, 38, 44-52] as well as cardiovascular (fatal cardiovascular events)
and all-cause mortality [28, 34, 35, 39, 47, 48, 53]. In most available studies, the
prognostic value of HBPM has been found superior to that of OBP measurements
with one exception, where a similar predictive value was observed for both tech-
niques [38] (see Fig. 2.1 and Table 2.2).

Longitudinal and cross-sectional studies have reported that target organ involve-
ment, including left ventricular mass index (LVMI), carotid intima-media thickness,

Survival
1.00 . .
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Fig. 2.1 Kaplan—Meier curves for survival free of CV disease in subjects with office, home, and
ambulatory SBP values above and below median values. Modified from Sega et al. [35], by
permission
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and microalbuminuria, is more strongly correlated with HBP measurements than
with OBP measurements in patients with hypertension [51, 54-60] as well as in
patients with chronic kidney disease (CKD) on hemodialysis (HD) [61], in elderly
people, in women with pre-eclampsia, and in hypertensive patients with diabetes
[8]. In the case of patients with CKD, HBP has been shown to be a better predictor
of progression of CKD (as assessed with eGFR) [40, 62], including its progression
to end stage renal disease (ESRD) [39] and of cardiovascular events and mortality
[63] than OBP. In particular, in ESRD, HBPM may be more informative than pre-
and post-dialysis OBP readings as it provides BP measurements that are more rep-
resentative of the BP load over the interdialytic period. Indeed, several studies in
ESRD have found HBP to be prognostically superior than OBP also in predicting
subclinical organ damage (i.e., LVH) [61] and cardiovascular events (i.e., all-cause
and CV mortality) [64, 65].

Role of HBPM in the Diagnosis and Management
of Hypertension: Identification of Masked Hypertension
and White-Coat Hypertension

As discussed above, HBPM and ABPM provide out-of-office BP measurements
detecting BP changes in real life conditions and preventing the alarm reaction
associated with OBP [66]. It is thus not surprising that BP levels measured in the
clinic setting are in general higher than ambulatory BP measurements performed
out of the clinic environment [67]. This is considered a major explanation for the
frequently observed disagreements between OBP and out-of-office BP measure-
ments when classifying hypertensive subjects [30]. Indeed, when considering the
threshold values to define hypertension using OBP (>140/90 mmHg) and HBP or
24h ABP (>130/80 mmHg), a given individual may fall into one of four BP catego-
ries: sustained normotension (normal office BP and normal home or 24h ABP),
sustained hypertension (high OBP and high home or 24h ABP), white coat hyper-
tension (high office BP and normal home or 24h ABP), or masked hypertension
(normal office BP and high home or 24h ABP) (Fig. 2.2).

Evidence on the ability of HBPM to identify WCH and MH [56, 68] was pro-
vided in a report of the Pressioni Arteriose Monitorate e Loro Associazioni
(PAMELA) study in which the initial diagnosis of WCH (i.e., identified as office BP
>140/90 mmHg and 24-h BP mean <125/79 mmHg or home BP <132/82 mmHg)
was reassessed 10 years later. Overall, the study showed similar results in the ability
of HBPM and ABPM for identifying WCH, sustained hypertension, true normoten-
sion, and masked hypertension, even if a substantial percentage of subjects changed
from one category to another, including progression to sustained hypertension
(Fig. 2.3).
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(140/90 mmHg)

Normal office BP High office BP
High home or daytime High home or daytime
“Masked ”Sustained
A hypertension” Hypertension”
or
“Uncontrolled
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Home or Daytime Ambulatory BP
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or (“isolated office
hypertension”)
“Controlled
hypertension”
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Fig.2.2 Schematic relationship between office and home or daytime ambulatory BP. Classification
of patients based on the comparison of office and home or daytime ambulatory blood pressure
(BP). When focusing on ABP, current guidelines recommend to use 24h rather than daytime ABP,
in order to include also night-time BP values Taken from Parati et al. [8], by permission

Role of HBPM in the Assessment of BP Control in Treated
Hypertension

In the light of the available evidence supporting the prognostic and clinical advan-
tages offered by HBPM, current international and national guidelines recommend
the use of HBPM as part of the routine diagnostic and therapeutic approach to
hypertension, particularly in treated patients [8, 69—74]. By providing accurate and
frequent BP measures at regular time intervals over several days, weeks, or months,
in a setting of typical daily living, HBPM is able to accurately track changes in BP
levels induced by antihypertensive treatment and becomes a better indicator of BP
control than OBP measurements alone [8]. HBPM may be an excellent tool to assess
and improve the achievement of BP control, particularly in patients with apparent
resistant hypertension in whom BP cannot be easily controlled even with several
classes of antihypertensive medications. In support of this concept, several studies
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Fig. 2.3 Mean percentage changes in BP status among normotension (NT), white coat hyperten-
sion (WCHT), and masked hypertension (MHT) over the 10-year period of the study. Data refer-
ring to true hypertension (true HT) are shown for comparison. Taken from Mancia et al. [68], with
permission

exploring the benefits of HBPM for the long-term management of patients on anti-
hypertensive therapy have shown that when properly implemented, HBPM may
significantly increase achievement of BP control when compared to conventional
OBP[75, 76], while reducing the need of follow-up medical visits [77]. The benefits
of HBPM in this regard may be derived from several factors. First, the use of HBPM
improves adherence to prescribed treatment (see below). Secondly, in subjects who
receive antihypertensive treatment, OBP measurements alone may be inaccurate in
assessing true BP control. For instance, the alerting reaction to the medical visit
may continue to be present in anyone treated for hypertension, regardless of the
number of drugs being taken [78]. It is not uncommon to find patients with mild
hypertension based on HBPM or ABPM who yet appear to have severe hyperten-
sion in the clinic, due to a white coat effect in this condition [79], or treated subjects
who, despite achieving adequate out-of-office BP control with antihypertensive
drugs, continue to present elevation in office BP levels because of a persistent emo-
tional reaction to the medical visit. This phenomenon, which is equivalent to WCH
in untreated patients, has been addressed as “white coat resistant hypertension”
(WCRH) or false resistant hypertension in order to emphasize its occurrence in
subjects receiving antihypertensive treatment [14].

Observational and interventional studies in treated hypertensives implementing
OBP measures along with ambulatory or home BP monitoring have shown over-
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whelmingly that up to one-third of treated hypertensives may be mistakenly classi-
fied as having resistant hypertension, when they actually have “false resistant
hypertension” due to a persisting white coat effect [80]. A condition of greater clini-
cal concern is masked resistant hypertension (MRH) or false BP control (i.e., BP
appear to be controlled based on OBP, but is elevated when out-of-office BP levels
are recorded)—this condition has been also reported to occur in about 30 % of
treated subjects [81, 82].

The high prevalence of MRH and WCRH among treated hypertensive individuals
further reinforces the clinical relevance of identifying these conditions. On the one
hand, identification of WCRH would prevent undesirable modifications of antihy-
pertensive treatment, i.e., an unnecessary increase in dose or number of antihyper-
tensive drugs, and reduction of the chance of adverse effects associated with
improperly prescribed multidrug therapy that often interferes with patients’ quality
of life, leading in the end to poor compliance with treatment. At the same time, it
would reduce the expenditures associated with unnecessary additional pharmaco-
logical treatment and/or unnecessary interventional device-based strategies (i.e.,
carotid baroreceptor activation [83] and renal denervation [84]) for the management
of resistant hypertension. Indeed, given the elevated costs and the invasive nature of
these approaches, as well as their potential adverse effects when improperly indi-
cated, discarding WCRH based on out-of-office BP measures is currently consid-
ered among the eligibility criteria before proceeding with interventional treatment
of resistant hypertension [85]. In contrast, identification of MRH would indicate the
need to implement early modifications on antihypertensive treatment in order to
prevent development/progression of subclinical organ damage and cardiovascular
events associated with this condition.

Regarding the ability to identify masked hypertension and white coat hyperten-
sion, several studies have comparatively explored the performance of HBPM against
the reference standard for out-of-office BPM represented by ABPM. Although MH
was first studied with ABPM [86], it has been demonstrated that HBP can be as reli-
able as ABPM in identifying this phenomenon as well as the associated target-organ
damage associated with MH [87]. Evidence has also been provided that HBPM is as
reliable as ABPM in identifying WCH [87] and useful in identifying “truly” hyper-
tensive patients likely to benefit from implementation of antihypertensive therapy
from those with WCH in whom antihypertensive treatment is probably not needed
[41]. In a recent study conducted in a group of subjects on stable treatment with >3
antihypertensive drugs using ABPM as reference method [88] in which resistant
hypertension was defined as elevated OBP (>140/90 mmHg) and true resistant
hypertension as concomitant elevation in-office and out-of-office BP (SBP and/or
DBP> 135/85 mmHg for HBP or awake ABP), there was agreement between ABP
and HBP in diagnosing clinic or “white coat” resistant hypertension in 82 % of the
cases (59 % with and 23 % without clinic resistant hypertension; kappa 0.59).
Regarding the diagnosis of true resistant hypertension, there was agreement between
ABP and HBP in 74 % of the cases (49 % with and 25 % without true resistant
hypertension; kappa 0.46). The sensitivity, specificity, and positive and negative
predictive values for HBP in detecting white coat resistant hypertension were 93 %,
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63 %, 81 %, and 83 %, respectively. The respective values for HBP in detecting true
resistant hypertension were 90 %, 55 %, 71 %, and 82 %, indicating that HBP may
be a useful tool in the evaluation of false and true resistant hypertension [88].

Based on the above data, it may be concluded that a proper assessment of BP
control and classification of treated hypertensive patients with the combined use of
office, ambulatory, and ideally home BP measurements are essential for defining
the need of performing additional diagnostic procedures (i.e., screening tests for
secondary causes of resistant hypertension) and/or implementing more aggressive
pharmacological or interventional strategies (Fig. 2.4) [89].

While emphasizing the above advantages of HBPM in assessing BP control by
treatment, we have also to acknowledge that HBPM may not provide information
on BP levels during night-time sleep, which have shown to be of major clinical
relevance because of their demonstrated prognostic value [35, 44, 90-93]. However,
in recent years validated, memory-equipped devices have been designed that can be
programmed to provide nocturnal BP readings comparable to those obtained with
24-h ABPM [22-24].

AHT with al least 3 optimally dosed antihypertensive medications from
different classes at near-maximal US Food and Drug Administration—-approved
doses, one of which should ideally be a diuretic

OBP persistently 2140/90 mmHg
or 2130/80 mmHg in with
Yes DM, CKD, or at high CV risk No
| Clinic resistant hypertension | | Clinic BP control |
| 24h ABPM and/or HEPM | | 24h ABPM and/or HEPM |

24h ABP = 130/80 mm Hg

24h ABP = 130/80 mm Hg

and/or Home BP
2135/85 mmHg

Yes [

|

and/or Home BP
2135/85 mmHg

Yes 17

|

True resistant Hypertension

False resistant Hypertension
{WCRH)

False BP control
(MRH)

N

True BP control

|

|

|

Implement LSC Implement LSC Implement LSC Implement LSC
Assess adherence to AHT, No modifications in AHT Adjust AHT as suggested by No modifications in AHT
Screen for secondary HT; are needed guidelines are needed

document TOD and CV
complications, start
pharmacological treatment
for RH ; define the need of
interventional strategies.

dwith the combi

BP control should ideally be re d use of OBP, ABPM and/or HBPM

Fig. 2.4 Initial diagnostic approach to the patient with clinic resistant hypertension. AHT antihy-
pertensive treatment, HT hypertension, OBP office blood pressure, DM diabetes mellitus, CKD
chronic kidney disease, CV cardiovascular, BP blood pressure, ABPM ambulatory blood pressure
monitoring, HBPM home blood pressure monitoring, WCRH “white coat” resistant hypertension,
MRH “masked” resistant hypertension, RH resistant hypertension, LSC life style changes. Modified
from Parati et al. [89], with permission
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HBPM is admittedly less effective than ABPM in assessing the time distribution
of BP control by treatment over 24 h. However, HBPM performed in the morning
(before drug intake) and in the evening over different days may provide useful infor-
mation about the efficacy of therapeutic coverage over 24 h and in the long term and
may identify cases of morning hypertension attributable to insufficient duration of
action of prescribed antihypertensive medications.

HBPM allows patients to perform repeated and regular BP measurements over
extended periods of time and may be particularly advantageous in the case of treated
hypertensive subjects with CKD, and particularly in those with ESRD. In hemodi-
alysis (HD) patients, BP control poses unique challenges because of the marked
reductions in intravascular volume immediately after HD and its progressive
increases throughout the inter-dialytic period, which induce an extremely variable
behavior of BP [94]. In this context, HBPM provides potential advantages such as
the possibility of sampling BP at various times throughout the inter-dialytic period
to aid in tracking daytime and day-to-day BP variations and providing BP measure-
ments that are more representative of subject’s actual BP burden.

HBPM: A Substitute or a Complement to ABPM and OBP
Measures?

In view of the limitations characterizing OBP measurements, it becomes clear that
an adequate assessment of BP control and a proper diagnosis of resistant hyperten-
sion cannot be based on just isolated OBP readings. Indeed, a recent position paper
on ABPM of the European Society of Hypertension [14] recommends performing
24-h ABPM and/or HBPM for detecting the presence of WCH and identifying the
presence of true hypertension and masked hypertension in all patients with uncom-
plicated, stage 1 and 2 hypertension before starting antihypertensive drug therapy.
Based on the evidence from several studies supporting the clinical value of ABPM
either for selecting patients for treatment or for assessing the effects of antihyper-
tensive drug therapy, ABPM is currently considered the standard method for con-
firming the diagnosis of hypertension in clinical practice [12, 14] and for assessing
BP control in treated hypertensive patients [3, 6, 14, 10]. However, ABPM is not
always available everywhere and requires trained clinic staff and specialized equip-
ment and software for its analysis [9].

When performed on a regular basis and following standardized protocols [9],
repeated BP measures obtained by patients at home result in accurate and
frequent out-of-office BP measurements not only during a single day, but also
over several days, weeks, or months in the non-medical setting, hence providing
more reliable measures not only on the degree, but also on the consistency of BP
control over time [9].

In view of the available evidence supporting the superior prognostic value of
home vs. office BP levels, as well as the clinical advantages of HBPM, current
hypertension guidelines recommend more extensive use of HBPM not only for the
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initial diagnostic approach to hypertension (i.e., to identify “truly” hypertensive
patients, likely to benefit from implementation of antihypertensive therapy [41]),
but also for the long-term follow-up of treated hypertensive patients, even if they
have controlled OBP, in order to better define the actual BP normalization rate
achieved by various drug regimens [8, 9, 3, 25, 95]. Although HBPM shares many
of the advantages of ABPM, including a cost-effective approach to the diagnosis of
hypertension, it should not be considered as a substitute but rather as a complement
to ABPM, since these methods are likely to pick up different types of BP behavior
in a person’s activities of daily living.

Role of HBPM in Improving Adherence to Treatment
and Reducing Therapeutic Inertia

Poor adherence to therapy has been recognized as one of the most important factors
contributing to uncontrolled hypertension. By encouraging patients to become actively
involved in their care, and by positively affecting their perceptions about the manage-
ment of hypertension, HBPM offers the possibility to improve patient’s compliance
and adherence to lifestyle changes and/or medical treatment [96]. Recent meta-analy-
ses of randomized controlled trials have shown that compared to usual care based on
OBP measurements, HBPM-guided antihypertensive treatment may significantly
increase rates of achievement of BP control [75, 97] probably as a consequence of
better compliance to treatment. In fact, HBPM is being increasingly implemented in
clinical settings not only to guide antihypertensive therapy and to assess long-term BP
control, but also as a means to improve patient’s compliance and adherence to antihy-
pertensive treatment [98]. Another important advantage of HBPM in clinical practice
is that it may help to overcome therapeutic inertia, since more information is provided
to practitioners that allow more appropriate clinical decisions.

Assessment of Day-to-Day Blood Pressure Variability

HBPM may offer clinically relevant information when considering BPV over long
periods of time. Although most studies on the prognostic relevance of BPV have
focused on short-term BP changes assessed from 24-h ABPM, evidence from
recent studies and clinical trials has suggested that an increased BPV in the mid-
term (day-to-day) and in the long-term (i.e., between weekly, monthly, or yearly
visits) relates to adverse implications for CV prognosis [99-103]. Although an
extensive assessment of BPV for intermediate periods could theoretically be
obtained by performing ABPM over consecutive days (i.e., during 48 h or more),
this approach is neither well-accepted by patients nor available in all clinical set-
tings. An alternative method for assessment of day-by-day BPV consists of its
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calculation from BP measurements performed by patients at home over several
days. Although HBPM cannot provide extensive information on nocturnal BP and
BP profiles as ABPM does, a major advantage of this technique is that it provides
information on the consistency of BP control over time earlier than when consider-
ing long-term visit-to-visit BPV, thus allowing early adjustment of antihyperten-
sive treatment (and thus timely preventing development/progression of organ
damage associated with inconsistent BP control). Besides, HBP monitors are
widely available and are well-accepted by patients and are a more feasible approach
for the evaluation of day-by-day BPV by applying different metrics: (1) Blood
pressure standard deviation [104, 105], but with accounting for its dependence on
mean BP levels, i.e., by calculating the coefficient of variation (SD x 100/BP mean)
[104]; (2) morning maximum and minimum blood pressure (MMD); (3) "average
real variability" (ARV), computed as the average of the absolute differences
between consecutive BP measurements, focusing on the sequence of BP readings,
thus reflecting reading-to-reading, within-subject variability in BP levels [106]; (4)
variance independent of the mean (VIM), a method proposed to exclude the effect
of mean BP from BPV by applying nonlinear regression analysis (i.e., plotting SD
against mean) [99]. These indices of day-by-day BPV have been shown to be of
prognostic value as indicated by a series of studies in which an increased day-by-
day BPV independently of average home BP levels was predictive of development,
establishment, and evolution of cardiac, vascular, and renal organ damage [107]. In
a cross-sectional analysis of a population of never-treated participants with hyper-
tension, an increased day-by-day BPV in home systolic BP (assessed as the maxi-
mum mean triplicate in home systolic BP over 14 consecutive days) was positively
correlated with left ventricular mass index, increased carotid intima-media thick-
ness, and urinary albumin/creatinine ratio over and above mean home SBP levels
[107]. In a population of type 2 diabetes patients from Japan, increasing values of
day-by-day variability (assessed as CV of morning and evening HBP measured
over 14 consecutive days) were significantly higher in subjects presenting with
macroalbuminuria (i.e., urinary albumin excretion =300 mg/g creatinine).
Additionally, the CVs of morning systolic and diastolic BP and evening systolic BP
were significantly correlated with urinary albumin excretion independently of other
confounders [108]. A further report, also in type 2 diabetic patients, found higher
values of SD of morning systolic HBP to be associated with increased arterial stiff-
ness (i.e., higher pulse wave velocity) independent of other known risk factors
[109]. Another study, conducted in a cohort of hypertensive patients, found home
systolic BPV and max systolic BP to be associated with urinary albumin excretion
[110]. In the frame of the Home Blood Pressure for Diabetic Nephropathy
(HBP-DN) study, a prospective study in type 2 diabetic patients with microalbu-
minuria, higher values of SD of home systolic blood pressure (HSBP) were
observed among subjects with the lowest values of estimated GFR (eGFR) [111].
Regarding the predictive value for cardiovascular events and mortality, the two
main population studies exploring the prognostic value of mid-term BPV have
found increasing values of day-by-day BPV to be associated with an increased risk
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of fatal and nonfatal cardiovascular events [101-103]. In the Ohasama study from
Japan, increasing values of variability in systolic HBP were associated with a
higher risk of the composite end point of cardiac and stroke mortality, but only with
a significant risk of stroke mortality, when the outcomes were independently con-
sidered [101]. In another report from the Ohasama study, increasing values of vari-
ability in systolic HBP were associated with a higher risk of cerebral infarction in
ever smokers, but not in never smokers [102]. When the prognostic value of novel
indices of BPV derived from self-measured HBP was evaluated in the population
of the Ohasama study, increasing values of VIM and ARV, but not of morning
maximum and minimum blood pressure (MMD) determined on a median of 26
readings, were associated with an increased risk of cardiovascular and total mortal-
ity. However, when adjustment was performed by accounting for average BP and
common confounders, the incremental predictive value of VIM, MMD, and ARV
over and beyond HBP level was only marginal (i.e., from <0.01 to 0.88 %) [102].
In the Finn—Home study in a cohort of adults from the general population [103],
increasing variability in systolic and diastolic HBP measures performed over seven
consecutive days was associated with a higher risk of cardiovascular events after
7.8 years of follow-up, which remained significant even after adjusting for age and
average HBP levels, thus supporting the additive value of HBP variability in pre-
dicting CV prognosis [103]. Contrasting results were reported after 12-years of
follow-up in a Belgium population in which no predictive value for HBP variability
was observed for either cardiovascular mortality or morbidity after accounting for
average BP levels [112]. In relation to the effects of antihypertensive treatment,
despite the wide availability of monitors for HBP monitoring, only few interven-
tional studies in hypertension have implemented routine assessment of HBPV in
order to address whether reducing day-by-day BP variability with antihypertensive
treatment in addition to reducing average home BP levels is associated with
improvements in cardiovascular protection.

The results of interventional studies addressing the effects of antihypertensive
treatment on HBP variability have been inconsistent. While some have found treat-
ment with a beta-blocker to be related with lower HBP variability [109], other stud-
ies conducted in diabetic patients or in the general population have reported higher
values of HBP variability in the arm receiving beta-blockers [109, 112]. A longitu-
dinal study conducted in a population of hypertensive patients from Japan (with
systolic HBP>135 mmHg) explored whether reductions in HBP variability (deter-
mined on the basis of BP measures performed in the morning and the evening over
seven consecutive days) were associated with changes in renal damage [assessed
with urinary albumin excretion (UAE)] before and after 6 months of candesartan
treatment. Although significant reductions were observed both in average BP levels
and in HBP variability after 6 months of therapy, only treatment-induced reductions
in average HBP but not in home BPV or in maximum home SBP were associated
with reductions in UAE levels [110]. Another study reported lower values of sys-
tolic BPV in patients treated for <12 months with an angiotensin receptor blocker
(ARB) but not with a calcium channel blocker (CCB) [113]. The only clinical study
comparing the effects of different antihypertensive drug classes on BPV found a
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CCB/ARB combination to be more effective in reducing systolic HBP variability,
than a ARB/thiazide combination [114]. In the same study, significant reductions in
pulse wave velocity (an index of arterial stiffness) induced by the ARB/CCB treat-
ment (6 months) were independently correlated with changes in systolic HBP vari-
ability [114]. A recent non-randomized analysis of a population of diabetic subjects
receiving different drug classes found lower values of morning HBP variability in
subjects receiving calcium antagonists than in those receiving angiotensin convert-
ing enzime (ACE) inhibitors or ARBs [115].

Telemonitoring of Home BP Monitoring

The wide availability and low cost of automated BP measuring devices and the
emphasis put by healthcare systems on delivering patient-centered care have stimu-
lated development of home-based telemonitoring. Such a system requires active
involvement of patients who self-monitor their BP levels as well as pulse rate and
send these values to a healthcare provider. However, in daily clinical practice, these
data are usually reported in handwritten logbooks and oftentimes are inaccurate
and/or illegible. This makes interpretation of HBPM values a difficult task, either
when exploring BP behavior over the recording period and/or when estimating the
BP changes in response to antihypertensive treatment. These issues may discourage
physicians from using HBPM data for clinical decision-making. In recent years, the
rapid development of e-health-related technologies has made it possible to develop
home-based telemonitoring systems that allow transfer of data obtained by patients
at home to a remote sever (through a stationary or mobile phone or internet connec-
tion) where HBPM values are stored and analyzed [116, 117]. Automatically gen-
erated reports of these data are easier to interpret by the physician or the health
personnel and thus more useful to make therapeutic decisions, which may be com-
municated to the patient without the need for additional clinic visits. Several HBPT
systems are available, some of which also allow sending reminders to patients indi-
cating the time of BP measurement and/or of medication intake. Patients can alter
their health behaviors or have adjustments made in their medication regimen
between visits, avoiding the need to wait months between visits for adjustments.
Home-based monitoring may also alert the provider about new changes in a
patient’s health that may be associated with uncontrolled hypertension. In addition
to traditional face-to-face clinic visits, patient-centered care involves providing
care outside the clinic as well, which has been linked to improved patient satisfac-
tion and to innovative ways of providing healthcare [118]. Moreover, telephone
contacts offer a medium to enable patients to be reached regardless of geographic
location and have been shown effective in changing multiple patient behaviors
[119, 120]. Considering the decreased transportation burden and time savings,
home-based telemonitoring may be more convenient for patients [121] and may
encourage the development of a sense of control and support for chronic disease
self-management [122].



32 G. Parati and J.E. Ochoa

Improving Achievement of BP Control Rates with Home BP
Telemonitoring

Recent reports of interventional studies and meta-analyses of clinical trials have
provided evidence that addition of remote telemonitoring of home BP values is
effective in improving compliance to treatment, blood pressure control, and related
medical and economic outcomes in hypertensive patients [117, 123-126], espe-
cially in those with treatment-resistant hypertension due to poor compliance with
multiple drug prescriptions [127] (Fig. 2.5).

Preliminary reports also suggest a possible utility of HBPT for self-titration of
antihypertensive medication by patients [128]. However, despite these results, het-
erogeneity of published studies in terms of HBPM protocols (i.e., devices, fre-
quency of measures, method for reporting BP levels) and study populations suggests
that well-designed, large-scale, randomized, controlled studies are still required to
demonstrate the clinical usefulness of this technique [117, 126].

The Role of Nurse and Pharmacist in Home Blood Pressure
Telemonitoring Systems

Patient-centered hypertension management requires a team-oriented approach often
involving multidisciplinary roles (nurses, pharmacists, physicians) with the patient at
the core [129]. In recent trials, nurses with varying levels of training [120, 130-133],

70 p<0.05 . 16 - 35.6% reduction
o = T =0.04
EE £ o i
B * L= - 12
55 o — Bg
4 2z
0 4 © 5 .
— o
ﬁ S 304 < E
gE =8 5
O = 25
] = ]
-g & 10 ‘g 2
o m 4
a 0
Control Group TELEHBPM Control Group TELEHEPM
(n=111) (n=187) (n=111) (n=187)

Fig. 2.5 Percentage of patients with daytime ambulatory BP normalization (systolic BP
<130 mmHg and diastolic BP <80 mmHg). In this study, hypertensive patients were randomized
to be conventionally managed based on office BP measurement (white bars, n=111) or to be man-
aged based on teletransmission of home BP values (gray bars: n=187). Modified from Parati et al.
[123], by permission
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and clinical pharmacists [134—138], have been involved in this approach to patients’
care. In particular, nurse-delivered interventions have been shown to contribute to
improved patient outcomes [120, 132]. These nursing professionals are trained to
address lifestyle and behavioral actions such as diet and exercise patterns, strategies
for weight reduction, and smoking cessation, among others. Nurses at all practice
levels are able to educate patients on proper home-based BP monitoring techniques,
procedures for telemonitoring, and interpretation about appropriate BP thresholds. In
addition, nurse practitioners (NP) are advanced practice-registered nurses with addi-
tional training enabling them to prescribe or manage pharmacotherapy. Their ser-
vices involve ordering, conducting, and interpreting diagnostic and laboratory tests;
prescribing pharmacologic agents and non-pharmacologic therapy; and teaching and
counseling. Like the NP, clinical pharmacists with additional training and scopes of
practice are able to prescribe and manage pharmacotherapy. Clinical pharmacists are
an excellent source of counseling regarding safe, appropriate, and cost-effective
medications use [139, 140]. Pharmacists may initiate, discontinue, or adjust pharma-
cotherapy based on clinical indications [135, 141, 139, 140].

Clinical pharmacist-administered behavioral and medication management inter-
ventions have been shown to improve BP control and the management of other
chronic conditions leading to reductions in cardiovascular risk [141]. To date
though, most of the evidence supporting the effects of pharmacist-driven interven-
tions on BP levels has been provided in a traditional community-based setting rather
than through telemonitoring [142, 143]. Of note, while the NP or clinical pharma-
cist may appear to be ideal interventionists with their pharmacotherapy privileges,
cost-effectiveness is a major factor as LPNs and RNs may require significantly less
monetary resources.

Cost-effectiveness of Home BP Telemonitoring-Based
Programs

Although some financial aspects may limit the implementation of HBPT (i.e., costs
of purchasing and maintaining the system, the need of trained personnel, require-
ment of telephonic/Internet connections), they may be partly counterbalanced by
the reduction in the costs of patients’ management compared with usual care. It is
suggested that home-based monitoring may encourage more appropriate resource
utilization by curtailing the need for unnecessary clinic visits (e.g., visits solely for
a BP check), while simultaneously initiating needed visits when a patient’s BP is
out of target range. Several studies have demonstrated that home-based BP monitor-
ing, especially when coupled with behavioral interventions, may be cost-additive or
cost-neutral to the healthcare system in the short-term [144—146]. Of note, combin-
ing telemonitoring of BPlevels plus behavioral modification and/or self-modification
of treatment with the support of pharmacies could represent an excellent strategy
not only to improve achievement of BP control, but also to further reduce healthcare
costs and expenses. It has been generally felt that the initial expense will result in
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long-term savings through cardiovascular disease reduction. The few studies
conducted exploring this issue have shown that home-based BP telemonitoring may
not only improve achievement of BP control, but also reduce the adverse cardiovas-
cular outcomes associated with elevated BP levels. However, additional research is
still needed to better understand the cost-effectiveness and long-term effects of
home-based BP monitoring in clinical outcomes.

Conclusions

HBPM is a simple, inexpensive methodology that offers significant clinical
advantages over routine OBP measurements. Consistent evidence has indicated
that home BP is a strong and modifiable risk factor with superior prognostic value
over conventional OBP measurements in predicting initiation, establishment and
progression of subclinical organ damage, and the development of fatal and non-
fatal CV events and all-cause and CV mortality in hypertension. A number of
randomized controlled trials (RCTs) have also provided evidence of the benefits
and cost-effectiveness of programs based on implementation of home-based BP
telemonitoring. During the diagnostic assessment of hypertension, it reduces mis-
classification of BP levels by identifying WCH and MH, and in treated hyperten-
sive subjects telemonitoring allows a better assessment of the BP response to
antihypertensive treatment and may help improving therapeutic decisions. At
variance from OBP, HBPM requires the active involvement of patients in manag-
ing their high BP conditions, which enhances patients’ compliance and adherence
to antihypertensive treatment. Besides, provided that the practitioner has more
information available to make clinical decisions, HBPM also helps to reduce
therapeutic inertia. In turn, all of this may potentially increase rates of BP control.
Finally, unlike ABPM, HBPM does not allow the assessment of BP during sleep
or at work, nor the quantification of short-term BP variability, although it may
allow to assess day-by-day BP variability, thus offering a means to quantify long-
term BP variations which, as recently suggested, may have prognostic signifi-
cance. Based on these clinical advantages over OBP measurements (in particular
its improved accuracy, low cost and easy implementation), the use of HBPM has
been strongly supported by current guidelines for hypertension management as a
complement to office BP measures and ambulatory BP monitoring and as part of
the routine diagnostic and therapeutic approach to hypertension management
[3,8, 11, 12, 25, 147].

Despite the several advantages and potential applications offered by HBPM, in
particular in subjects with resistant hypertension, evidence from intervention ran-
domized trials on hypertension management is still needed in order to address sev-
eral important issues in this field, such as the definition of HBP targets to achieve
with BP lowering strategies or the optimal strategy for a meaningful application of
HBPM in clinical practice.
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