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Introduction

Home blood pressure monitoring (HBPM) is becoming the 
cornerstone of the management of arterial hypertension 
using telemedicine or mobile health because it combines 
the advantages of its intrinsic qualities to that of the new 
information and communications technologies (NICTs). 

HBPM has been shown to detect white coat hypertension 
and masked hypertension, is the preferred method for 
patients, and there are many reliable, inexpensive, and 
easy-to-use measuring devices available. An example of a 
disadvantage is that some patients make mistakes during 
their home measurements (primarily due to lack of patient 
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training by healthcare providers), in practice, HBPM is 
widely recommended by all the scientific societies (1-4).

The first self-measurement of blood pressure (SBPM) 
devices with remote transmission capability date back 
to the 1990s. They connected directly to the wired 
telephone sockets in the patients’ homes and the results 
were transmitted to the physician’s personal computer. A 
quarter of a century ago, the pioneers of teletransmission 
understood that this process “provides evidence that the 
casual blood pressure (BP) measurements at the office 
should not remain the gold standard for making decisions 
on hypertension management” (5). Since then, the 
development of mobile telephones has made it possible to 
design BP monitors with data transmission via cellular lines, 
contributing to the emergence of the concepts of: “e-health” 
or “digital health” (the use of electronic processes, 
information and communication technologies to provide 
healthcare services); “telehealth” (the teletransmission of 
health-related data from one site to another via electronic 
communications) ;  “m-health” or “mobile health” 
(teletransmission of health-related data by means of 
mobile communication devices (i.e., smartphones). Today, 
the direct-to-consumer marketing of many devices but 
also management programs of hypertension create a new 
context allowing an algorithmic processing of information 
for remote decision-making either by the patient or by a 
healthcare professional; this is “digital intervention” (6).

The use of NICTs has different organizational 
implications depending on the context. A distinction must 
be made between transmissions of BP values initiated by 
healthcare professionals, patients, or healthcare consumers. 
One should not confuse one-off analyses in a medical 
emergency (in this context BP is a “vital sign”) and long-
term monitoring of BP as a chronic cardiovascular risk 
factor. In the first case, the clinician’s analysis is based on 
a single measurement, (for example a BP measurement 
to assess the severity of a hemorrhage); in the second, the 
medical reasoning must take into account the evolution of 
many BP readings, either over 24 hours [ambulatory BP 

monitoring (ABPM)] or over several days (HBPM). For the 
long-term follow-up, new technologies have the advantage 
of keeping a precise history of data with the possibility of 
algorithmic processing to show its evolution over time. 
The present review is focused on the long-term monitoring 
of hypertensive patients. It describes the care pathway in 
distinguishing the medical situations of self-management 
and telemonitoring, the differences of which imply a 
different use of NICTs.

Material and technique

Devices for measuring BP

The SBPM devices currently recommended are the 
automated upper-arm BP monitors.  According to 
guidelines, the patient must be sitting with their back 
supported, at rest for at least 5 minutes before performing 
BP measurements using an appropriate cuff size, and stay 
quiet during measurement. Several measurements must 
be performed within a given period of time to accurately 
represent the patient’s average BP (1-4).

In most cases the patient carries out the act of HBPM 
device purchase (buy in pharmacies, department stores or 
on the internet) by himself. Consequently, the healthcare 
professional must guide the patient’s choice towards 
validated BP monitors, software included if connected 
devices. Conversely, he must call attention to the availability 
of many non-validated and/or non-reliable devices. There 
are many types of BP measuring devices, some with a cuff 
(wrist or arm), others called wearables, or even smartphone 
applications (Table 1) (7,8).

Provide such information is difficult because of the 
explosion of new devices attracting consumers by their 
design or ease of use. More than 500 wearable wristband 
devices are available on the online Australian Market (9).

Many devices are not suitable for medical decision-
making, although some claim to be validated for example 
this is the case of cuffless monitors for which there is not 
yet an international standard to cover their validation (8).

Table 1 BP measuring devices (7,8)

Automated oscillometric upper arm cuff or wrist cuff devices, unconnected or connected (wireless, or wired)

Wireless smartphone applications (paired with an external oscillometric wireless BP monitor or turning the smartphone into a cuffless BPM 
device (fingerprint, wrist, face)

Wearable monitors for long-term surveillance (e.g., wrist tonometers or finger plethysmography) or continual monitors (wrist, chest, ear)

BP, blood pressure; BPM, blood pressure monitoring.
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Data communication technologies

The transmission of BP data can be done using various 
techniques. Some are adapted to the use of conventional 
BP monitors, which still remains predominant today: 
This is the case of websites with dedicated forms allowing 
manual data input of BP readings. Others use dedicated 
wireless devices based on Bluetooth and/or Wi-Fi, with 
mobile phone-based transmission systems. More than ten 
modalities exist, details have been described elsewhere (10).

A distinction must be made between the tools used 
by professionals who must comply with strict regulatory 
obligations (security and data confidentiality) and those 
of healthcare consumers who are free of these rules (for 
example, nothing prohibits a patient from publishing their 
medical data on unsecured social networks that do not 
comply with the regulations [for example the European 
General Data Protection Regulation (GDPR)].

Home BP telemonitoring (HBPT)

The HBPT is the remote transmission of BP values, 
measured at home and transmitted to the clinician’s office or 
hospital, by means of telehealth strategies. Once the data are 
received at the central telemedicine server, they are stored, 
analyzed and then reviewed by a healthcare professionals.

In this context, the main principles of the patient-
clinician consultation relationship (usual care) are 
maintained: the clinician decides when to initiate and stop 
the procedure (start and end of telemonitoring, synchronous 
or asynchronous contact), its technical methods (choice of 
transmission tools and the type of data transmitted) and 
remains the author of medical decisions. In practice, the 
healthcare professional masters the technical environment 
(secured in accordance with the regulations) and can 
involve other professionals (nurses, telemedicine assistants, 
pharmacists). If the system manages alert rules, it can set 
the thresholds and the frequency of information feedback 
(immediate or periodic automatic forward). Throughout 
this process the healthcare professional can communicate 
with the patient to gather information on his/her health 
status and adjust treatment (if needed) according to the 
indications of the managing physician.

BP performance of BP telemonitoring

Randomized controlled trials (RCTs) studies have 
demonstrated HBPT ability in improving patients’ 

compliance and adherence to antihypertensive treatment 
and in accomplishing better hypertension control rates. 
The increase in BP control rates obtained, resulted in 
a significantly larger prescription of antihypertensive 
medications, but a similar rate of office consultations (10,11).

A meta-analysis of RCTs including a total of 23 studies 
(n=7,037 patients) showed regular implementation of 
HBPT during a 6-month follow-up period, was associated 
with significantly greater reductions in BP [average and 
95% confidence interval (CI): 4.7 (6.2, 3.2) mmHg for 
systolic BP (SBP) and 2.5 (3.3, 1.6) mmHg for diastolic BP 
(DBP); P<0.001 for both] (11).

In the HOME BP study after 1 year, mean values of 
BP decreased from 151.7/86.4 to 138.4/80.2 mmHg 
in the intervention group and from 151.6/85.3 to  
141.8/79.8 mmHg in the usual care group, giving a 
mean difference in SBP of −3.4 mmHg (95% CI: −6.1 to  
−0.8 mmHg) and of −0.5 mmHg (−1.9 to 0.9 mmHg) in 
DBP (12). The SBP reduction is clinically interesting.

The HBPM should not be overvalued: In reality, the level 
of evidence (strength of evidence) for the reduction in BP 
is “moderate”. It is “very low” for improving adherence to 
antihypertensive treatment, drug safety or reducing deaths 
or hospitalizations (13). Its financial impact is still debated 
and its cost evaluations are contradictory (8). Some studies 
show that healthcare costs were significantly (P<0.0001) 
larger in the telemonitoring group (11). Its ability to reduce 
the frequency of office consultations is poorly documented 
in real life because it is difficult to transpose the practices 
of clinical trials to current practice (routine primary care; 
poor integration with routine clinical process). Finally, 
the problems of interfacing with other care software are 
remaining.

Furthermore, HBPT cannot be performed by all 
hypertensive patients who constitute one third of the adult 
population. Telemonitoring implies that patients accept 
this mode of care, have access to the Internet and computer 
equipment, know how to fill out questionnaires, input 
the BP values into the system, are able to follow remote 
instructions (received by phone, email, SMS or given during 
a teleconsultation) and agree to adaption of treatment 
without facing a doctor in person. Let’s take an example: 
out of 11,400 patients contacted to take part in the HOME 
BP study, those who gave the reasons for their refusal were 
the lack of internet access (41%) and the wish not to change 
treatment (21%) (12).

Today the place of HBPT is not clearly established in 
current practice. We will see below some specific situations 
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Figure 1 Skill pyramid for HBPM and self-management: to reach the next level, the patient must fully understand the previous step. BP, 
blood pressure; HBPM, home blood pressure monitoring.

where it is reasonable to offer telemonitoring at first to 
high-risk patients who need rapid adaptation of treatments, 
such as malignant hypertension, resistant hypertension, 
pregnancy-induced hypertension,  drugs- induced 
hypertension, etc.

Self-management and mHealth

Patients using NICTs of their own initiatives have greater 
leeway than professionals because they own their health data 
and are not subject to professional confidentiality). After 
having measured their BP (compliant or not) the patients 
are free to make their own decisions (for the better or for 
the worse). For example, buying products or medicines 
(good or bad), subscribing to an e-health platform, turning 
to a third party (friend, family, carer, charlatan or qualified 
health professional) remotely or face-to-face. To make a 
self-diagnosis of hypertension they can use an application 
(reliable or not).

To avoid bad practices, the clinician must supervise the 
self-management approach. In practice, he must: (I) ensure 
the quality of the applications used; (II) inform and educate 
the patient; (III) choose the appropriate time between two 
medical consultations considering the level of cardiovascular 
risk and the wishes and autonomy of the patient.

Digital interventions (apps, programs, or software used 
in healthcare) have the potential to support people in self-
management (2). We define here by self-management, a 
strategy to support patients to self-diagnose hypertension or 
to self-control their BP after performing a SBPM at home. 
This patient activation needs to assess a patient’s acceptance 

and ability to engage with self-management. This approach 
presupposes the prior acquisition of skills, the level of 
which must be adapted to the level of health literacy of each 
patient. It is not one size fits all. For patient education by 
health care providers, we propose a skill pyramid which 
includes 7 levels (Figure 1) (14). Level 1 at the base of the 
pyramid corresponds to the simplest task, level 7 to that 
reserved only for autonomous patients who have acquired 
the previous stages. It is only with them that self-medication 
adjustment can be offered. To reach the next level, the 
patient must fully understand the precedent step.

App quality

App quality is an important concern. Too many are designed 
by engineers without any collaboration with the healthcare 
professionals (15,16).

Some algorithms confuse the thresholds of office 
BP and home BP, others base their analysis on specific 
measurements (not on an average of several measurements) 
and most do not take into account the medical profile of the 
user, finally few are subject to published reviews and keep 
their algorithm secret (17). Few of m-apps for hypertension 
can be regarded as accurate and safe for clinical use and to 
date, we do not have high quality evidence to determine the 
overall effect of smartphone apps on BP control (7).

A compilation of RCTs related to the influence of 
an app-based intervention in hypertensives shows that 
smartphone interventions lead to a reduction in BP and an 
increase in medication adherence (18). 

According to this analysis of 6 studies assessing SBP, a 

Self-evaluate by a new series of measurements 4–6 weeks after modification 
  of the treatment (or 3 to 4 months if previous BP controlled)

Inform their doctor of the treatment adjustments made and ensure their validity
  or their need for additional adjustment 

Adapt their treatment by describing their action plan established
  in advance with their doctor

Describe the procedures for presenting their blood pressure measurement results and how
  to communicate them to a third party (doctor, nurse, carer, pharmacist, etc.)

Explain how to organize their medical follow-up (prevent, find help, advance
  or postpone an appointment) according to their level of BP

Carry out a series of blood pressure measurements according to
  the recommended methods and justify these methods

Describe the operation and use of the physician recommended application and
  explain how to obtain automatic calculation of averages and how to read and 
    interpret messages concerning the level of tension

7

6

5

4

3

2
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significant overall effect showed in favor of the smartphone 
intervention (weighted mean difference: −2.28, 95% CI: 
−3.90 to −0.66). Conversely, the “smart hypertension 
control study” found no significant difference with a stand-
alone app (19). Other studies have not clearly shown that 
the apps made it possible to obtain better control of the BP 
of hypertensive subjects (20-23).

Specific clinical situations

The relevance and methods of use of NICTs differ according 
to the patients. The target BP to be achieved under treatment 
depends on the medical profile (age, comorbidities) and the 
speed of therapeutic adaptations are not the same for all 
patients: the monitoring frequencies of a person with grade 1  
hypertension without comorbidity, of a woman at the end 
of pregnancy with a history of preeclampsia, a patient with a 
malignant hypertension attack or heart failure, a patient on 
dialysis, or people treated with molecules with a hypertensive 
effect [corticosteroids, estrogen, tyrosine kinase inhibitor 
(TKI), etc.] are different (24).

The use of telemonitoring and app coaching for 
pregnant women is booming for clinical reasons (relevance 
of BP monitoring during pregnancy with the search for an 
alternative to hospitalization) and social reasons (patients 
motivated to self-monitor and many know how to use a 
smartphone because of their young age) (25-29).

A survey of women using a smartphone pregnancy 
calendar found that almost a third of the majority of women 

monitored their BP at home on their own initiative, but did 
not seek any medical advice (30). It is therefore necessary 
to direct them towards validated apps, such as the free Hy-
Result application in current practice (31,32).

Among specific situations, we can mention the case of 
patients for whom the traditional follow-up consultation 
is not necessarily the most suitable choice for medico-
social reasons (physical disability making travel complex, 
remoteness from place of care, immunosuppression or 
fragility justifying limiting contacts at risk of infection).

Outlook

Currently, a hypertensive patient may be referred to a 
consultation (specialized center and/or primary care), as an 
outpatient or in hospitalization. Similarly, the use of NICT 
presupposes a choice of monitoring mode (HBPT or self-
management, for example). In the example of the Hy-
Result app, a self-management program can be a gatekeeper 
for multiple means of contacting a professional after an 
algorithmic sorting (Figure 2) (33).

The design of digital interventions is currently evolving 
and it is too early to propose a standardization of practices. 
Knowledge and assessments are lacking and several 
categories of professionals can contribute:
 Manufacturers should design affordable, simple, 

and user-friendly devices (providing reliable and 
meaningful data), possibly integrated in mobile 
phones, tablets or home appliances. Cuffless devices 

Figure 2 Self-management with Hy-Result app as a gate keeper for telemonitoring or consultation. HBPM, home blood pressure monitoring.
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for 24/7 longitudinal BP measurement are among the 
new possibilities but not recommended up today;

 Researchers must assess the role of artificial intelligence. 
Exploiting such data may disrupt understanding of 
cardiovascular disease classification, and contributing 
actionable analytics to improve health and healthcare, 
but major challenges need to be addressed to realize 
more fully their potential (34);

 Health authorities must assure adequate infrastructures 
(mobile network, Internet, connected homes); 
take into consideration people who are digitally 
excluded; find new financial models of care and focus 
on legal and ethical frameworks for data sharing, 
confidentiality and promote cost-effective systems;

 Scientific societies must publish new standardized 
validation procedures, specifically in the reliable tracking 
of BP changes in the short and long-term. As for the 
connected devices, it would be preferable to validate 
both the BP monitor and the software linked to it;

 Proper implementation of BP monitoring guidelines 
by doctors;

 Clinicians show robust evidence with blinded, 
prospective randomized clinical trials addressing the 
role of m-health strategies for BP, focusing on hard 
outcomes over longer follow up times. Carry out real-
life studies with healthcare consumers to assess the 
impact of the “self-management tool”; evaluate the 
ability of patients to correctly report data (patient-
reported outcomes) even in the context of poor health 
and/or poor informatics illiteracy; demonstrate the 
indications and benefits of monitoring other parameters 
than BP alone [single channel electrocardiogram 
(ECG), pulse oximetry, body temperature, blood 
glucose, medication intake, etc.];

 Patient associations can oversee the ethics of new 
digital interventions.

Conclusions

NICTs are a real opportunity to improve the management 
of hypertension (Table 2). It is probable, but it is difficult 
to estimate the time needed for this hope to become an 
accessible reality for most patients. Beyond the scientific 
evidence that remains to be provided, it is up to society to 
resolve the resistance to change on the part of professionals 
as well as that of patients. It can be evolution taking the time 
of one or more generations. For example, will doctors who 
have a traditional activity of face-to-face consultation agree 
to process data from hundreds of patients simultaneously? 
How much confidence will patients have in the algorithms?
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Table 2 Take home messages

HBPM is widely recommended by all the scientific societies

The use of NICTs has different organizational implications depending on the medical context

Too many app are designed by engineers without any collaboration with the healthcare professionals

Many direct-to-consumer BP connected device are not suitable for medical decision-making

With the HBPT the physicians decides when to initiate and stop the procedure and remains the author of medical decisions

Digital interventions (apps, programs, or software used in healthcare) have the potential to support people in self-management

Self-management presupposes the prior acquisition of skills, the level of which must be adapted to the level of health literacy of each 
patient

HBPM, home blood pressure monitoring; NICTs, new information and communications technologies; BP, blood pressure; HBPT, home 
blood pressure telemonitoring.
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aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.
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