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Aims Home blood pressure telemonitoring (HBPT) is a useful way to manage BP. Recent advances in digital technology to
automatically transmit BP data without the patient input may change the approach to long-term BP treatment and fol-
low-up. The purpose of this review is to summarize the latest data on the HBPT with automatic data transmission.

Methods Articles in English from 1980 to 2021 were searched by electronic databases. Randomized controlled trials comparing

and results HBPT with automatic data transmission with usual BP management and including systolic BP (SBP) and/or diastolic BP
(DBP) as outcomes in hypertension patients were included in the systematic review. A meta-analysis was conducted.
After removing duplicates, 474 papers were included and 23 papers were identified. The HBPT with automatic data
transmission had a significant beneficial impact on BP reduction (mean difference for office SBP —6.0 mm Hg; P <
0.001). Subgroup analyses showed that the studies using smartphone applications reduced BP significantly more in
the intervention group than in the control group (standardized mean difference for office and home SBP —0.25; P=
0.01) as did the studies using HBPT other than the applications. Longer observation periods showed a sustained effect,
and multidisciplinary cooperation was effective.

Conclusion This review suggests that a care path based on HBPT with automatic data transmission can be more effective than clas-
sical management of hypertension. In particular, the studies using smartphone applications have shown beneficial effects.
The results support the deployment of digital cardiology in the field of hypertension management.
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Introduction

Hypertension is one of the biggest global concerns in cardiovascular
disease. Adequate blood pressure (BP) control has been reported in
the European Society of Cardiology (ESC) and European Society of
Hypertension (ESH) guideline in 2021" to reduce future morbidity
and mortality, and its management is important for all aspects of car-
diology. Home BP (HBP) monitoring is superior to office BP (OBP)
monitoring because it has more value in predicting cardiovascular
outcomes.? The ESC and ESH guideline also indicates that telemoni-
toring and smartphone applications of HBPs may be even more
beneficial. In general, there are several methods for ‘telemonitoring’
of HBP. For example, self-measured BP information was shared over
the telephone in the 1990s. Digital cardiology has made remarkable
progress in recent years,3 and nowadays, a single press of a button on
the screen of a smart device can automatically transmit a patient’s BP
data to healthcare providers. Although telemonitoring system with
automatic BP data transmission has potential limitations such as
the wide heterogeneity of devices/applications, the economic consid-
erations, and the workload on the healthcare providers, it is easier to
use than manual BP transmission and saves patients the trouble of re-
cording their own BP data and reporting phantom BP records.? It has
also been reported that patients who have had their HBP measured
many times often report the lowest BP data.” Therefore, the more
data and the longer a patient measures HBP, the more advantageous
the automatic BP data transmission system will be. In addition, a
smartphone application can be used to automatically notify abnormal
BP values or track parameters other than BP with simple opera-
tions.® The purpose of this systematic review and meta-analysis is
to summarize the latest data on the utility of HBP telemonitoring

Automatic Home BP Data Transmission,

via wireless technology without the
patient having to enter BP data.
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(HBPT) systems, with a focus on the automatic transmission of BP
data by digital devices.

Methods

Data sources and search

The search was conducted in accordance with the Preferred Reporting
[tems for Systematic Reviews and Meta-Analyses (PRISMA) reporting
guideline.7 PubMed, Cochrane Library, and Embase databases were
searched for studies published between 1980 and October 2021. The
search was performed iteratively for synonyms of ‘hypertension’,
‘home blood pressure’, and ‘telemonitoring’ using controlled vocabulary
(e.g. MeSH or Emtree) and free text words (see Supplementary material
online, S1). Only randomized controlled trials (RCTs) that included
adults older than 20 years old were included in the study. The reference
lists and the referred articles of the identified relevant papers (including
reviews) were cross-checked to find additional references.

Study selection

This review included full-length articles published in peer-reviewed jour-
nals. The inclusion criteria for the study were as follows: (i) describing an
RCT written in English; (i) (most of) patients must have been diagnosed
with hypertension; (i) comparing an HBPT system that automatically
transmitted BP data after the measurement to a usual BP management
without this system; and (iv) describing at least one of the following out-
comes comparing pre- and post-intervention: systolic BP (SBP) or dia-
stolic BP (DBP). Regarding (iii), ‘telemonitoring with automatic data
transmission’ meant that measured BP data would be transmitted to a
digital device via wireless technology (e.g. telephone line, Bluetooth)
without the patient having to enter BP data. The system of entering BP
data manually into an online system, an email, a memo, or using a
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telephone is excluded because they are not ‘automatic’. Two researchers
(T.K.and V.I.-G.) checked the titles and abstracts of all identified papers.
All duplicates were excluded. If there was doubt about eligibility, articles
were read in full. A third investigator (M.S.) resolved differences in
decision-making. The selection process was based on the PRISMA
guideline.7

Data extraction

For each selected RCT, the first physician (T.K.) completed the data ex-
traction. It included authors, year of publication, country of the study,
number of patients including patient characteristics, RCT achievement
rate, and details of dropouts. In addition, the type of device used, the dur-
ation of the study from randomization to the end of the follow-up per-
iod, the duration of the HBPT intervention, and the nature of the HBPT
and other interventions were extracted. Eventually, outcome data on
changes in SBP and DBP were collected. When results from more
than one follow-up period were presented in a single RCT, the one
with the same follow-up period as the intervention period was selected.
If there were papers that reported only the long-term follow-up results
after the intervention of an original paper, only the original paper was re-
tained. The corresponding authors of the retained papers were con-
tacted to supplement the missing information. The selection process is
shown in Figure 1.

Study quality

Two researchers (T.K. and V.I.-G.) individually assessed the risk of bias in
the included articles, and a third investigator (M.S.) compared the results.
The risk of methodological bias in these studies was checked according to
the parameters of the Cochrane Handbook for Systematic Reviews of
Interventions.® Each parameter is scored as high, low, or unclear risk
of bias. If the risk of random sequence generation or allocation conceal-
ment was high, the risk of bias was determined to be at high.

Data synthesis and statistical analyses

A meta-analysis using Review Manager Version 5.4 for Windows (The
Cochrane Collaboration, Oxford, UK) was conducted to examine the ef-
fect of HBPT with automatic data transmission on hypertension. The dif-
ferences between the two comparative groups (with vs. without an
HBPT with automatic data transmission system) were examined. Effect
sizes [risk ratio (RR) and 95% confidence interval (Cl)] were calculated
for SBP and DBP. Random-effects modelling was used because studies
vary in duration, delivery, and evaluation. Heterogeneity was assessed
by Q-statistics, and I* > 75% was considered high heterogeneity.” All tests
were performed at the 5% level of significance; for SBP and DBP, the
mean change from baseline and standard deviation (SD), if available,
were used. For trials that did not report SD of change in outcomes,'®"
> values were imputed by a validated strategy'® (Supplementary
material online, S2).

Results

Study characteristics

Fifty-three full-text articles were assessed for eligibility, and 17
RCTs'O1 13151729 that met the inclusion criteria were selected.
Six more RCTs'>'*3933 \vere extracted from the references
(Table 1). A total of 5743 patients were included in the 23 RCTs.
Seven studies were from Europe (Denmark,'*3° Germany,'
UK, M?733 and  Italy®®), 11 were from the USA'™1319-

212426293132 504 1 was from Canada,® and 4 were from Asia

171823 and Korea®?). The percentage of male patients ranged

(Japan
from 11.5 to 95.3%, and the average age ranged from 48 to 68 years.
The sample size ranged from 26 to 593. One hundred per cent of
hypertension patients were included in the studies other than one
study.32 Details of the patient characteristics including outcome mea-

sures are shown in Table 1.

Characteristics of the intervention for
home blood pressure telemonitoring
with automatic data transmission

In the included studies, HBPT devices (and other devices) with the
capability of automatic transmission of BP data and feedback systems
were used in the intervention group during the study period
(Table 2). Most of the studies used HBPT devices with phone lines
or Bluetooth wireless technology to transmit BP data. More recent

studies1 7-20,25,31

reported the use of a smartphone application. In
addition to transmitting BP data, 10 studies, including the majority
of studies using smartphones, provided automatic feedback (BP re-
ports as well as advice and alerts) to patients without intervention
from healthcare professionals, and 20 studies used monitored BP
data to provide feedback from healthcare professionals during the
study periods. The application can also provide patients with a variety
of alerts regarding BP and medications. One application used perso-
nalized motivational reminders," and the other included persona-
lized interactive education programmes and interventions to
implement lifestyle modifications.'”” Non-physician healthcare provi-
ders participated as advisors to the telemonitoring system
(Supplementary material online, S3). Nurses were the most inte-
grated into the intervention protocol,1#1319:2226.28.3132 54 phap-
macists were the second.'®'®2'?* Details of the pre-specified
treatment protocols specific to the intervention group are summar-
ized in Table 3. The interventions were categorized as pharmacother-
apy and non-pharmacotherapy. Table 3 shows that most of the
included studies used medication adjustments and/or non-
pharmacologic therapies (e.g. lifestyle interventions, improving medi-
cation adherence) as part of their telemonitoring systems.

Reasons for dropout

The duration of the study ranged from 4 to 72 weeks, with an aver-
age duration of 27 weeks (1 month was considered as 4 weeks). The
average completion rate for the included studies was 89.5% (range
69.3%2 to 98.3%%). Causes of dropout included lack of interest

11,23,27 reasons,1 1-13,15,17,19,21,25,26,29,31

12,15,17,26,31

or motivation, medical

changes in personal circumstances, technical problems

with device equipment or application,'®*%7

and unwillingness to dis-
close personal information.?’ The dropout rate for the studies in-
cluded in this review was <20% in 19 of 23 studies, which can be

: 34
considered acceptable.

Study quality

The risk of bias was assessed in each study. No study showed a high
risk of bias for allocation concealment. Due to the nature of the
intervention, blinding of participants and personnel was not possible.
Detection bias was considered low in all 23 studies because the SBP/
DBP as the outcome was measured by an instrument with automatic
data transmission and patients simply pressed a button without bias.


http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
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Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the study selection strategy.
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2’ Automatic monitoring” is defined as the system in which
measured BP data were transmitted to digital devices via
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Overall, all studies were considered to be of high quality (see
Supplementary material online, S4). Since the funnel plots of the
main outcomes (see Supplementary material online, S5) were nearly
symmetrical, no evidence of strong publication bias was found.

Outcomes

A total of 19 studies reported SBP/DBP as the outcome. Eleven stud-
ies and 10 studies on OBP reported SBP and DBP as the outcome.
Figure 2 shows the results of a meta-analysis and forest plots per-
formed between the two groups. Systolic blood pressure was signifi-
cantly lower in the intervention group than in the control group
[mean difference —6.0 mmHg; 95% Cl (—8.9 to —3.1 mmHg); P<
0.001], but there was considerable heterogeneity (I>=79%, P<
0.001). Diastolic blood pressure was also significantly lower in the
intervention group. Five papers and four papers on HBP reported
SBP and DBP as the outcome. Systolic blood pressure was significantly
decreased in the intervention group compared with the control group
[mean difference —4.4 mmHg; 95% CI (-7.1 to —1.8 mm Hg); P=
0.001] with considerable heterogeneity found (> =66%, P=0.02).
Diastolic blood pressure was not significantly decreased in the inter-
vention group compared with the control group (see Supplementary
material online, S6). Ten papers for ABPM reported SBP and DBP as
the outcome. Systolic blood pressure was significantly decreased in
the intervention group compared with the control group [mean dif-
ference —2.4 mmHg; 95% Cl (—3.9 to —0.9 mmHg); P =0.002] with
considerable heterogeneity found (*=60%, P=0.008). Diastolic
blood pressure was also significantly decreased in the intervention
group (see Supplementary material online, S7).

Subgroup analyses

Smartphone application usage

Eligible studies measured by OBP were divided into those with and
without a smartphone application; SBP was reported as the outcome
in three studies with a smartphone application and eight studies with-
out. Figure 3 reports a significant decrease in SBP in the intervention
group compared with the control group [mean difference
—3.7 mmHg; 95% Cl (—6.2 to —1.2 mm Hg); P = 0.004] with low het-
erogeneity found (I*= 0%, P=0.99) using a smartphone application.
A sensitivity analysis was conducted to identify the impact of elimin-
ating studies, but it was not significant for studies that did not use the
smartphone application. No significant difference was shown be-
tween these subgroups (P =0.17). If the studies with HBP as an out-
come are also included in Figure 3 using standardized mean
difference, Figure 4 also reports a significant decrease in SBP in the
intervention group compared with the control group [standardized
mean difference —0.25; 95% Cl (—0.44 to —0.05); P = 0.01] with sub-
stantial heterogeneity found (*=52%, P=0.08). Diastolic blood
pressure showed a significant reduction as SBP. Although excluded
from the meta-analysis, Davidson et al.>" also showed that the smart-
phone programme significantly lowered resting office SBP and DBP
than the standard care.

Observational duration

The included studies measured by OBP were divided into two cat-
egories: those with observation periods of more than or equal to
48 weeks and those of <48 weeks. Three studies in the first category

and eight studies in the second category reported SBP as the out-
come. The average dropout rate for the studies of 48 weeks or
more was 88.7%; for the studies of <48 weeks, it was 90.6%.
Supplementary material online, S8 reported a significant reduction
in SBP in the intervention group compared with the control group
[mean difference —6.3 mmHg; 95% Cl (—9.6 to —3.0 mmHg); P <
0.001] with substantial heterogeneity (I =60%, P=0.08) in studies
of more than or equal to 48 weeks. A sensitivity analysis was per-
formed to examine the impact of excluding trials, but it was not sig-
nificant for trials of <48 weeks. There were no significant differences
between these subgroups (P =0.94).

Multidisciplinary approaches

The targeted studies measured by OBP were divided into three cat-
egories of interventions: involving physicians only, physicians and
nurses, and physicians and pharmacists. Office SBP was reported
as the outcome in the three studies with only physicians, four with
physicians and nurses, and three with physicians and pharmacists.
Supplementary material online, S9 shows that SBP was significantly
or tended to be lower in the intervention group compared with
the control group in the studies with these three groups.
Significant subgroup difference was shown (P=0.02), and post hoc
analysis showed that the studies of physicians and pharmacists had
a significantly better impact on BP reduction than the studies of phy-
sicians only (P =0.006). Additional subgroup analysis was performed
to detect differences among these studies with office SBP as the out-
come, using both pharmacological and non-pharmacological inter-
ventions (five studies) and one of these interventions (six studies).
Supplementary material online, S10 reports that using both interven-
tions resulted in significantly lower SBP in the intervention group
compared with the control group [mean difference —7.2 mmHg;
95% Cl (—11.6 to —2.8 mmHg); P=0.001] with considerable hetero-
geneity (1> =75%, P=0.003). One intervention measure also showed
a significant office SBP reduction [mean difference —4.8 mmHg; 95%
Cl (—8.2 to —1.4 mmHg); P=0.005] with considerable heterogen-
eity (*=73%, P=0.002). There were no significant differences be-
tween these subgroups (P=0.39).

Discussion

This systematic review and meta-analysis of studies using modern in-
formation technology tools with automatic HBP transmission shows
a significant improvement of BP treatment when compared with the
classical way of following up hypertensive patients. The results are
summarized in the following key findings. (i) Home blood pressure
telemonitoring with an automatic data transmission system has a
beneficial impact on BP reduction compared with usual care. (i)
Smartphone application use has a positive impact on BP improve-
ments. (iii) The system remains effective even for monitoring dura-
tions of 48 weeks or above and dropout rates were low even for
long-term follow-up.

The analysis shows that HBPT with automatic data transmission
reduces SBP/DBP by 6/2 mmHg more than with the classical HBP
management method. The latest meta-analysis has demonstrated
that lowering SBP by 5 mmHg reduces the risk of major cardiovascu-
lar events by ~10%.>® This result means that this system will improve


http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
http://academic.oup.com/ehjdh/article-lookup/doi/10.1093/ehjdh/ztac049#supplementary-data
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Table 3 Details of the pre-specified treatment protocols specific to the intervention group in the included studies

Articles (year) Contents of pharmacotherapy protocols in the

intervention group

Kario et al."” (2021) -

Kario et al.'® (2021) —

Lakshminarayan et al’?

(2018)

The investigators checked BP transmitted via the
smartphone app and adjusted anti-hypertensive
medications as needed to achieve the BP target. If patients
were already taking anti-hypertensive medications, the
dose of the existing medications was adjusted and new
medications were added as needed. The investigators
communicated with the patients by phone and email
regarding medication changes

Morawski et al.2® (2018) —

Hoffmann-Petersen —
et al>® (2017)
Kim et al.*? (2015) Anti-hypertensive medications were adjusted and prescribed
by the attending physicians according to the patients’ data.
Hypertension treatments based on the major clinical
guidelines were left to the discretion of the attending
physicians

Davidson et al.>' (2015) —

Kaihara et al.” (2014) —

Wakefield et al.>? (2014)  Advanced practice nurses in the family medicine clinic were
able to modify the patients’ treatment based on currently
established privileges (e.g. medication adjustments). Other
nurses in the general internal medicine or family medicine
clinics reviewed the data with the providers to modify the
treatment plans. All treatment modifications were
individualized to the patients’ needs; no standardized BP

management protocols were used

Contents of non-pharmacotherapy protocols in the
intervention group

The contents of the smartphone app consisted of three key
components: (i) a personalized, interactive education
programme, including lectures and advice from a ‘virtual nurse’
based on biological, psychological, and social data; (ii) a lifestyle
intervention based on the knowledge and techniques provided
in the above educational interventions with the app support to
implement lifestyle modifications; and (iii) a combination of
non-pharmacological lifestyle modifications

Patients’ baseline profiles were securely transferred to a cloud
data server and analysed with a specific algorithm to generate a
personalized lifestyle improvement programme to lower BP
via the smartphone app

Patients were educated by a nurse coordinator on the
importance of hypertension management

Medication lists were entered into the smartphone app. The app
provided medication time alerts and generated weekly
medication adherence reports. Patients could nominate a
‘Medfriend’, who had access to the patient’s medication
history, received alerts when doses were missed, and provide
peer support

Patients were instructed to upload records of their daily food
intake and the types and duration of their exercise
programmes, which were monitored by a nutritionist and an
exercise trainer

The MedMinder medication tray with 28 compartments
provided reminder signals. At a prescribed dosing time, a light
in a particular dosing compartment was flashed and activated. If
the compartment was not opened, removed, and returned for
30 min, a chime activated for 30 min. If the compartment still
could not be opened, an automatic reminder phone call or text
message was delivered to the patient’s mobile phone

Continued
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Table 3 Continued

Articles (year) Contents of pharmacotherapy protocols in the

intervention group

Margolis et al.*' (2013)

Contents of non-pharmacotherapy protocols in the
intervention group

Pharmacists emphasized lifestyle modifications and adjusted anti-hypertensive drug therapy based on an algorithm using the

percentage of HBP meeting target during telephone visits. If at least 75% of readings since the last visit met the target BP,

medication changes were usually not suggested. If <75% of readings met target, the algorithm recommended intensification of

therapy; if patients experienced adverse effects, regardless of BP control, the dose would be reduced or the drug changed

Magid et al.>* (2013)

Clinical pharmacy specialists reviewed the patients’ HBP and adherence to anti-hypertensive medications, provided counselling

regarding lifestyle changes, adjusted medications as needed, and communicated with the patients by telephone or secure email.

Medication changes were communicated to the primary care physicians of the patients via the electronic health record

Rifkin et al.'® (2013)

Once a week, the study physicians and pharmacist met to review each patient’s BP. The patient who had consistently exceed

target values in the previous week were called by either the study physicians or pharmacist to discuss the measurements,

provide counselling, and adjust medications
McKinstry et al."" (2013)

Advice regarding the patients’ current BP status was provided via text message or email. These reports reassured patients that

their average BP was within or below target and that they needed to contact their clinician to arrange for a change in treatment.

Physicians could check the patients’ electronic general practitioner records to see if there had been any recent advice regarding

medication or lifestyle changes, and if not, contact the patient to make changes

Logan et al.?® (2012) —
Neumann et al.'* (2011)

When BP alarm criteria were met, an alarm report was automatically generated and sent to physicians via email. The physicians

contacted the patient by phone to resolve medication adherence issues, and changed medications if necessary

Bosworth et al2® (2011)  Nurses provided the study physicians with a medication
change recommendation based on the decision support
software. The study physicians reviewed the patients’ BP,
medication status, and adherence with the nurses and
decided whether to change hypertension medication. The
nurses informed the patients of the recommended
medication changes, and the study physicians prescribed
the medication electronically

McManus et al.?” (2010)  If BP was above target for two consecutive months, patients
were instructed to request a new prescription and change
medications in according to the titration schedule without
visiting their family physicians; if BP was above target after
two changes, the patients returned to their family
physicians for further implementation of the titration
schedule

Earle et al.>* (2010) Changes in treatment were based on trends in the
amalgamated BP measurements and were provided by
letter to patients and the general practitioner

Parati et al.?® (2009) Treatment was titrated to decrease self-measured HBP and
was combined with teletransmission. To achieve the
treatment BP goals, physicians were allowed to prescribe
any anti-hypertensive or combination of drugs they
deemed clinically appropriate

Madsen et al."® (2008) General practitioners were instructed to check the website
weekly to monitor BP of the patients, and implement or
modify anti-hypertensive treatment at their own
discretion with the goal of achieving each patient’s target
HBP

Artinian et al."* (2007) —

The behaviour management intervention consisted of 11 tailored
health behaviour modules focused on improving
self-management of hypertension. Patients were also provided
with evidence-based recommendations for
hypertension-related behaviours. Nurses used an intervention
software app that included predetermined scripts and
algorithms for the modules that were tailored for each patient

Telecounselling with intervention nurses on lifestyle modification
and medication adherence helped patients learn and
incorporate hypertension self-care behaviours into their daily
routine or establish them as a habit

Continued
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Table 3 Continued

Articles (year)

Artinian et al.'® (2001)

Rogers et al.2? (2001)

Contents of pharmacotherapy protocols in the

intervention group

Contents of non-pharmacotherapy protocols in the

intervention group

Patients were provided with telephone counselling by specially

trained registered nurses on content related to adherence to

their anti-hypertension medications and lifestyle modification

A computerized report of the BP results was faxed to each

patient’s physician. Upon receiving a report form indicating

elevated BP, the physicians adjusted the anti-hypertensive

medications by telephone, an office visit, or both

BP, blood pressure; app, application; HBP, home BP.

[SBP reduction]
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean [mmHg] SD [mmHg] Total Mean [mmHg] SD[mmHg] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Artinian 2007 -24.7 107 6 0.95 11.8 9 4.2% -2565[-37.17,-14.13] 2001
Artinian 2001 -11.8 158 167 -7.8 16.32 163 10.7% -4.00 [7.43,-0.57] 2007 351
Parati 2009 -109 153 187 -10.7 15 111 1086% -0.20[3.75,3.35) 2009 b e
Mckanus 2010 -17.6 211 234 -12.2 216 246 104% -5.40 [-9.22,-1.58] 2010 =
Magid 2013 -20.7 15.3 162 -8.2 15 164 109% -1250}15.79,-9.21] 2013 &=
Rifkin 2013 -1 1249 28 -6 104 18 72% -500[F12.11,211] 2013 T
Kim 2015 =113 158 124 -8.9 155 124 103% -240F6.31,1.51] 205 ==
Lakshminarayan 2018 -9.9 176 8 5.9 17.9 22 51% -4.00[13.92,5.92] 2018 e
Margolis 2013 -225 186 194 -12.9 182 186 105% -9.6013.31,-5.89) 2018 e
Kario2 2021 -9.4 163 6e 5.5 158 72 9.2% -390F8.92,1.12] 2021 =il
Kario 2021 -13 153 192 -9.4 15 180 11.1% -360 [6.68,-0.52] 2021 .
Total (95% CI) 1390 1298 100.0% -6.01 [-8.90, -3.13] &>
Heterogeneity: Tau®= 17.15; Chi*= 47.50, df= 10 (P < 0.00001); F= 79% -%U _2= 2‘5 5=U
Test for overall effect Z= 4.08 (P < 0.0001) Favours [BP monitoring] Favours [usual care]
[DBP reduction]
Experimental Control Mean Difference Mean Difference
Study or Subgroup _ Mean [mmHg] SD[mmHg] Total Mean [mmHg] SD[mmHg] Total Weight IV, Random, 85% Cl Year v, 95% ClI
Artinian 2007 -146 8.4 ] ¥ . 77 8  32% -1240}20.80,-4.00] 2001
Artinian 2001 5.7 103 167 -4.9 103 168 11.6% -0.80[-3.00,1.40] 2007 -
Farati 2009 -5.1 9.4 187 -5.5 9 111 1.7% 0.40[1.75,2.55] 2009 &
McManus 2010 -15 M7 234 -4.8 12 246 11.7% -2.70 [-4.82,-0.58] 2010 & 3
Rifkin 2013 -4 8.9 28 -8 9.2 15 6.6% 4.00[-1.70,9.70] 2013 T
Magid 2013 -10.5 9.4 182 -4.8 9 184 12.0% -570[-7.70,-3.70] 2013 =
Kim 2015 -5 92 124 -4.4 99 124 11.2% -0.60[-2.98,1.78] 2015 =
Margolis 2013 -9.3 122 194 43 113 186 11.2% -5.00 [-7.36,-2.64] 2018 -
Kario2 2021 -5.7 9.4 68 -41 9 7z 9.8% -1.60[-4.65,1.45] 2021 b |
Kario 2021 -4.7 9.4 182 -38 9 180 12.2% -0.80[-2.77,0.97] 2021 |
Total {95% CI) 1362 1276 100.0%  -2.11[-3.81, -042] L]
2= 520: Chif= —gp = L + i ; '
Heterogeneity: Tau®= 5.20; Chi*= 3849, df= 9 (P < 0.0001), F=77% 0 35 25 2

Testfor overall effect Z= 2.45 (P=0.01)

Favours [BP monitoring]

Favours [usual care]

Figure 2 Effect of home blood pressure telemonitoring with automatic data transmission on blood pressure reduction in office blood pressure.
SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation; IV, inverse-variance; Cl, confidence interval.

cardiovascular prognosis. A previous review®® has shown that medica-
tion adherence during the first year of hypertension management is usu-
ally <50%. Although special populations may be included in the RCTs, it
is possible to maintain high adherence using this system. Patients’ simple
use of such HBPT with an automatic data transmission system and sub-
jective participation in clinical practice can lead to good outcomes.
There is no systematic review that mentions the effect of HBPT
using a smartphone application. Smartphone applications include
multidisciplinary contents such as personalized lifestyle modification,
patient education,"g'19 medication reminders,20 and automatic
prompt feedback systems'®"?%° other than HBPT. In addition, the re-
sults of a recent trial of digital therapeutics (a subset of digital health
tools that provide evidence-based therapeutic interventions®’) by

Kario et al."”""® have reported a significant reduction in BP, which is
promising. In the past, alerts and simple messages were the main ap-
plication features of feedback, but now the application itself is very
comprehensive and allows for more personalized and patient-specific
interventions based on the many data entered into the application.
On the other hand, one hurdle is that the use of smartphone applica-
tions may be low, especially among old patients. In general, old age and
digital literacy are the main barriers to digital cardiology,® and the use
of smartphone applications is not exceptional. The recent paper
shows that digital literacy, not age itself, is independently associated
with interest in mobile health (mHealth).>* However, even with

31,33

such weaknesses, several studies indicate that the use of smart-

phone applications has a beneficial impact.
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Expenmental Control Mean Difference Mean Difference
Study or Subgroup Mean [mmHg] SD [mmHg] Total Mean[mmHg] SD[mmHp] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 with a smartphone app.
Lakshminarayan 2018 -9.9 176 28 -5.8 17.9 22 B5% -4.00 13.92,5.92] 2018 e
kario 2021 -13 153 192 -9.4 15 180 67.9% -360[6.68,-0.52] 2021 H
Kario2 2021 -0.4 153 [c1:] 55 15 72 255% -3980[-8.482,112] 2021 —=
Subtotal (95% CI) 288 274 100.0% -3.70[-6.24, -1.16] L 3
Heterogeneity Tau®= 000, Chi®=0.01,df=2 (P=0.98), F=0%
Testfor overall effect Z= 2.86 (P = 0.004)
1.1.2 without a smartphone app.
Artinian 2001 -24.7 m7 6 0.95 1.8 9  65% -2585F37.17,-14.13] 2001
Artinian 2007 -11.8 158 167 7.8 163 169 141% -4.00[7.43,-0.57] 2007 =
Parati 2009 -10.9 153 187 -10.7 15 111 140% -0.20[-3.75,3.35] 2009 AT P
McManus 2010 -176 211 234 =122 216 246 137% -5.409.22,-1.50] 2010 =
Magid 2013 -20.7 153 162 -8.2 15 164 142% -1250[-1579,-9.21] 2013 s
Rifkin 2013 -1 129 28 -6 104 15 102% -5.00F1211,211] 2013 ==
Kim 2015 13 159 124 -8.9 155 124 136% -240F6.31,1.51] 2015 —
Margalis 2013 =225 186 194 -12.8 183 186 138% -9.60 [13.31,-5.89] 2018 .=
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Figure 3 Effect of home blood pressure telemonitoring with automatic data transmission on blood pressure reduction in office blood pressure,
divided by whether or not a smartphone application was used. app, application; SD, standard deviation; IV, inverse-variance; Cl, confidence interval.
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Figure 4 Effect of home blood pressure telemonitoring with automatic data transmission on blood pressure reduction in office and home blood
pressure, divided by whether or not a smartphone application was used. app, application; SD, standard deviation; IV, inverse-variance; Cl, confidence

interval.

The review, which focuses exclusively on telemonitoring sys-
tems that automatically transmit BP data, has found significant BP
reductions in studies with long-term follow-up. It is consistent
with other systematic reviews.*®*" The results of this review not
only confirm them but by focusing on modern automatic transmis-
sion expand the knowledge base that may lead to an easier imple-
mentation. However, there is not enough evidence on the lifelong
effects of digital health.*? For long-lasting effects, digital technology
needs the patients’ active participation and adherence to treat-
ment. A previous systematic review" reported that mHealth
may increase patient adherence to chronic disease management.
The results reflect that the usability of digital devices enhances

adherence, even considering the low dropout rate as mentioned
above. More evidence is needed, especially for smartphone
applications.

Previous systematic reviews'>*' have shown the BP-reducing ef-
fects of HBPT, the long-term effects, and the effects of HBPT with col-
laborative intervention by multidisciplinary teams. As mentioned
above, only papers with automatic transmission of BP data were se-
lected for the systematic review. Data transfer by phone, mail, or
healthcare provider visits is not included. This does not mean that
only digital devices are important and that multidisciplinary cooper-
ation is not necessary. However, recent smartphone applications
can include a virtual nurse or pharmacist. Several studies employed
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automatic feedback to the patient without the intervention of a
healthcare provider in the telemonitoring system (Table 2), and all
of the studies with smartphone applications'®**3" incorporated
it. This type of HBPT with an automatic data transmission system
has been shown to be excellent independent of the caregiver group.
The effectiveness of combined pharmacotherapy and non-
pharmacotherapy interventions (Supplementary material online,
S10) supports the importance of healthcare professionals other
than physicians and the importance of a multidisciplinary approach
as one team around the patient. An important next step will be to fig-
ure out in which situations (e.g. hospitals and clinics) this new technol-
ogy can be most effectively implemented.

Future developments

In the era of digital health, we need to apply the latest HBPT
with automatic data transmission results to our patients.
Comprehensive smartphone and web applications that support pa-
tient self-control will be applied. They should include decision sup-
port systems, and data sharing systems for patients, their families,
and healthcare professionals. There is an urgent need for adopting
homogenous protocol for BP data transmission and analysis among
different devices and manufacturers in order to provide more uni-
form and comparable data across different hypertension centres
and nations. These will lead to personalized medicine in the future
of digital cardiology. We must continue to improve the system for
the sake of the patients who are less digitally literate.

Limitations

There are several limitations to this review. First, only articles in
English were included, and no attempt was made to include grey lit-
erature. Second, some studies used inputted data, and four studies
mentioned above were excluded from the meta-analysis because
the mean and/or the SD values for effect sizes were not available
in the literature. Third, even with subgroup analysis, the heterogen-
eity of the studies remained. The review focuses only on HBPT with
automatic data transmission systems using digital devices and selects
a random-effects model, but there are many different types of de-
vices, programmes, and ways to work with healthcare providers.
Finally, the issue of workload in analysing telemonitored data has
yet to be solved. In the 2021 review,*® the top reason cited for
physician-level barriers was ‘increased work and responsibilities’.
Unfortunately, the included papers were not able to calculate the
workload of healthcare workers. However, automatic feedback
from an application is part of the solution because it can eliminate
the time required to analyse telemonitoring data and repetitive alerts
by medical personnel.

Conclusion

This systematic review and meta-analysis shows that HBPT with
automatic data transmission systems is more effective in lowering
blood pressure than usual care. In particular, smartphone application
use significantly reduces blood pressure. The results support the rou-
tine use of digital cardiology using automatic transmission of data in
the field of hypertension management.

Supplementary material

Supplementary material is available at European Heart Journal — Digital
Health.
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