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BACKGROUND: The objective of the PERSONAL-CovidBP (Personalised Electronic Record Supported Optimisation When Alone
for Patients With Hypertension: Pilot Study for Remote Medical Management of Hypertension During the COVID-19 Pandemic)
trial was to assess the efficacy and safety of smartphone-enabled remote precision dosing of amlodipine to control blood
pressure (BP) in participants with primary hypertension during the COVID-19 pandemic.

METHODS AND RESULTS: This was an open-label, remote, dose titration trial using daily home self-monitoring of BP, drug dose,
and side effects with linked smartphone app and telemonitoring. Participants aged >18years with uncontrolled hypertension
(5—7 day baseline mean >135mmHg systolic BP or >85 mmHg diastolic BP) received personalized amlodipine dose titration
using novel (1, 2, 3, 4, 6, 7, 8, 9mg) and standard (5 and 10mg) doses daily over 14 weeks. The primary outcome of the trial
was mean change in systolic BP from baseline to end of treatment. A total of 205 participants were enrolled and mean BP fell
from 142/87 (systolic BP/diastolic BP) to 131/81 mmHg (a reduction of 11 (95% ClI, 10-12)/7 (95% ClI, 6-7) mmHg, £<0.001).
The majority of participants achieved BP control on novel doses (84%); of those participants, 35% were controlled by 1 mg
daily. The majority (88%) controlled on novel doses had no peripheral edema. Adherence to BP recording and reported adher-
ence to medication was 84% and 94%, respectively. Patient retention was 96% (196/205). Treatment was well tolerated with
no withdrawals from adverse events.

CONCLUSIONS: Personalized dose titration with amlodipine was safe, well tolerated, and efficacious in treating primary hyper-
tension. The majority of participants achieved BP control on novel doses, and with personalization of dose there were no
trial discontinuations due to drug intolerance. App-assisted remote clinician dose titration may better balance BP control and
adverse effects and help optimize long-term care.

REGISTRATION: URL: clinicaltrials.gov. Identifier: NCT04559074.

Key Words: amlodipine ® home blood pressure ® hypertension ® personalized dose titration ® remote care

Correspondence to: David Collier, MBBS, PhD, William Harvey Research Institute, Queen Mary University of London, Charterhouse Square, London, HP16
OPJ UK. Email: d.j.collier@gmul.ac.uk

This article was sent to Tochukwu M. Okwuosa, DO, Associate Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 14.

© 2024 The Authors and Closed Loop Medicine Ltd. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the
terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2024;13:e030749. DOI: 10.1161/JAHA.123.030749 1


https://orcid.org/0000-0003-0866-4058
mailto:
https://orcid.org/0009-0007-4705-5702
https://orcid.org/0000-0001-8119-1352
https://orcid.org/0000-0001-5933-2438
https://orcid.org/0009-0006-9477-8906
https://orcid.org/0009-0008-0812-5146
https://orcid.org/0000-0001-9964-2692
https://orcid.org/0000-0002-1233-9613
https://orcid.org/0000-0003-1080-4603
https://orcid.org/0000-0001-9968-2598
https://orcid.org/0000-0002-6292-997X
https://orcid.org/0000-0002-0273-3094
https://orcid.org/0000-0003-3638-028X
https://orcid.org/0000-0001-9295-3594
http://clinicaltrials.gov
mailto:d.j.collier@qmul.ac.uk
http://creativecommons.org/licenses/by/4.0/
https://www.ahajournals.org/journal/jaha

Collier et al

CLINICAL PERSPECTIVE

What Is New?

e This was the first trial to evaluate milligram-by-
milligram personalized novel amlodipine dose
titration for mild—moderate hypertension under
a remote medical management protocol; novel
doses of amlodipine were safe and effective
in precision dosing for hypertension, up to the
maximum licensed dose.

e This trial demonstrated the ability to remotely
triage participants according to baseline blood
pressure control, then adjust and personal-
ize drug dose to optimize clinical outcome
from information recorded by participants in a
dedicated smartphone app and transmitted se-
curely to a clinician.

What Are the Clinical Implications?

e (Clinicians working remotely using personalized
dose titration, assisted by a smartphone app,
can achieve high patient adherence, regardless
of age, and better balance blood pressure con-
trol and adverse effects to optimize long-term
care.

Nonstandard Abbreviations and Acronyms

AE adverse event
EOT end of treatment

of morbidity and premature death worldwide.!

Globally, 1.4 billion people are estimated to have
hypertension, which caused ~10.7 million deaths in
2015 and is projected to affect >1.5 billion people glob-
ally by 2025.22 In England, where 13.5million people
have hypertension, it causes >50% of all strokes and
heart disease, accounting for 12% of general practi-
tioner visits and over £2.1 billion of National Health
Service costs.* In the United States, it contributed to
almost half a million deaths in 2018, which cost $131
billion.® Hypertension is poorly controlled even when
identified, and global estimates suggest only 13.8%
of treated patients achieve blood pressure (BP) con-
trol.! Management involves repeated visits and BP
measurements in the clinic and, increasingly, at home.
Clinician access to patient self-monitored data, quality
control, and processing of data are all challenging. Self-
monitoring combined with self-titration of conventional
antihnypertensive drug doses has been shown to lower

Hypertension is the leading preventable cause
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BP in people with hypertension® but only the most tai-
lored interventions have been effective.’

Among antihypertensive agents, calcium channel
blockers, such as amlodipine, are first-line recom-
mended drugs in the United Kingdom for people >55
or Black persons of African-Caribbean origin of any
age. Amlodipine powerfully prevents cardiovascular
events,8° but ~20% of patients started on amlodipine
discontinue after a single prescription.'® Amlodipine
dosing could be more effective or safer for more pa-
tients if increased dosing precision was available. The
reduction in BP achieved with amlodipine is propor-
tional to the dose taken but if a critical dose is exceeded,
patients experience unacceptable side effects.”” The
most commonly reported side effect hindering com-
pliance with amlodipine is peripheral edema, which is
strongly dependent on dose.'"?

The usefulness of a therapy depends on a combina-
tion of effectiveness and patient adherence to the reg-
imen. Poor patient adherence to prescribed treatment
hampers chronic therapy for symptomless risk factors
such as hypertension.'® Proper evaluation of antihyper-
tensive therapy requires assessment of tolerability and
effectiveness (BP control). Poor tolerability damages
patient adherence and “Increasing the availability and
affordability of these more precise measures of adher-
ence represent a future opportunity to realize more of the
proven benefits of evidence-based medications..., it is
important that health care providers focus their attention
on how to do better with the drugs they have.”'*

Hence amlodipine was chosen for precision dosing
for hypertension using novel doses and personaliza-
tion of dose, for which a digital solution was developed
for recording wanted and unwanted effects. This tai-
lored digital solution was repurposed for the COVID-19
pandemic using a decentralized clinical trial platform
to allow remote recruitment, remote assessment of
BP control, and for those found to have poor control
of BP, a personalized amlodipine dose titration pro-
tocol incorporating novel doses. The key advantage
of amlodipine in the remote care setting during lock-
down was that it could be introduced more simply than
most other BP-lowering drugs, in part because blood
tests to check renal function are not required (which
are needed before safely starting an angiotensin-
converting enzyme inhibitor, an angiotensin Il receptor
antagonist, or diuretic drugs). As the titration course
with amlodipine could last up to 14 weeks, the use of
a placebo was considered against patients’ interests.
The resultant PERSONAL-CovidBP (Personalised
Electronic Record Supported Optimisation When
Alone for Patients With Hypertension: Pilot Study for
Remote Medical Management of Hypertension During
the COVID-19 Pandemic) trial was designed to evalu-
ate whether a drug plus digital intervention (comprising
self-monitoring of BP and side effects) and clinician-led
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drug dose changes would result in lower systolic BP
(SBP) in people with poorly controlled hypertension.

METHODS

Data that support the findings of this trial are avail-
able from the corresponding author upon reasonable
request.

Trial Design and Oversight
PERSONAL-CovidBP was an open-label, remote care,
personalized, nonrandomized, community-based trial,
which recruited eligible participants from October 2020
to July 2021.

This trial was reviewed and approved by Dulwich
Research Ethics Committee, the Health Research
Authority, and the Medicines and Healthcare Products
Regulatory Agency, which provided a favorable opin-
ion to conduct this trial in the United Kingdom. Written
informed consent was obtained from all participants.
The trial was overseen by a trial steering committee.

The trial was conducted in accordance with ethical
principles consistent with the Declaration of Helsinki,
the International Council for Harmonization Good
Clinical Practice guidelines, and all other relevant
national and regional guidelines and regulations, in-
cluding The Medicines for Human Use (Clinical Trials)
Regulations 2004 (SI 2004/1031), and amendments.

All the authors have vouched for the adherence
to the protocol, for the accuracy and completeness
of data, and for the reporting of serious adverse
events (AEs). The authors followed the Consolidated
Standards of Reporting Trials (CONSORT) guidelines
while preparing this article.’

The trial design is shown in Figure 1 and described
next.

Participants

Participants were aged 18years and older with hy-
pertension defined as either (1) participant account of
a diagnosis of hypertension consistent with National
Institute for Health and Care Excellence/British and
Irish Hypertension Society criteria on either 24 hours
ambulatory BP monitoring or repeated home meas-
ures of BP, ideally before treatment; or (2) current treat-
ment with antihypertensive medication.

At prescreening, conducted remotely for the major-
ity, participants gave verbal consent to sharing medical
history and had to have hypertension as defined, which
could include remote assessment of home recordings
over 7 days before the screening visit. Main exclusions
were already being on or above the maximum licensed
dose of amlodipine (>10mg daily), current infection,
or symptoms suggestive of COVID-19 at the time of
screening (rescreening when recovered was allowed),
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not having a suitable smartphone, known severe ad-
verse reaction to amlodipine, and comorbidities in-
compatible with trial participation, including those that
could result in a participant being unable to complete
daily entries satisfactorily via their smartphone and also
such comorbidities as determined by the principal in-
vestigator that could confound trial assessments. All
other existing BP-lowering drugs that participants were
receiving were permitted to be continued, providing
their doses could remain stable for the duration of the
trial (allowing for unexpected changes for participant
safety).

Participants who did not have a suitable home
BP machine (upper arm cuff, validated design, and
<4-5years old)'® were sent a new Omron M3 Comfort
home BP machine with a universal cuff. Training on the
use of a BP monitor was provided during the screening
consultation.

At screening, following completion of the written, or
more usually e-consent process (DocuSign), consent-
ing participants downloaded the app onto their smart-
phone and began a baseline period of recording 3 BP
measurements each morning and evening over 5 to
7 days. Home BP readings were manually entered into
the app. A minimum of 5days and 24 BP measure-
ments were required to calculate baseline BP and to
determine eligibility for intervention or observation co-
hort. Participants with a baseline mean of >135mmHg
SBP or >85mmHg diastolic BP (DBP) were enrolled to
the intervention cohort and received personalized dos-
ing with amlodipine over 14weeks. Amlodipine dose
options included novel (1, 2, 3, 4, 6, 7, 8, and 9mg)
and standard daily doses (5 and 10mg). The treatment
approach allowed for adjustment of dose to zero when
necessary to allow participant and clinician to assess
causality of effects; this allowed continuation in the trial
and for the reintroduction of amlodipine where pos-
sible and also allowed patrticipants to be open about
unwillingness to restart amlodipine while remaining ad-
herent to the therapeutic approach.

Participants with controlled BP (mean SBP <135
and DBP <85mmHg) during the 5- to 7-day base-
line period were entered into an observation cohort.
Participants in the observation cohort continued to
use the app as downloaded at screening and contin-
ued to enter BP. Participants in the observation cohort
were offered entry into the intervention part of the trial
if their BP subsequently rose to >135mmHg SBP or
>85mmHg DBP.

Intervention cohort participants downloaded a new
version of the app optimized to capture unwanted ef-
fects of amlodipine, drug dose, and time taken as well
as BP (3 measurements each morning and evening)
and were provided with liquid amlodipine 1 mg/1 mL
authorized as a prescription-only medicine in the United
Kingdom (Rosemont Pharmaceuticals) by courier
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Prescreening

v

Screening & written
informed consent

{— Uncontrolled BP:

Intervention cohort

L

If on amlodipine already
start on equivalent liquid
dose or next mg dose up
(investigator judgment)

J

\J

If amlodipine naive start
on 1 or 2 mg (liquid)

¥

Daily treatment schedule and e-diary completion:
* Dose of amlodipine (AM)

* BP home measurements (AM & PM)

« Recording of unwanted effects (PM)

Clinician-led remote titration consultation at Week 1, 2,
then biweekly until final titration visit at Week 12:

« Review patient e-diary data

« Decision on dose titration (0-10mg in 1-2mg steps)

\/

End of treatment consultation at Week 14

J

Baseline
remote consultation
BP review

. <¢——— Uncontrolled BP

Controlled BPﬁ

Observation cohort

Y

Daily treatment schedule and e-diary completion:
* BP home measurements (AM & PM)
* COVID-19 symptoms recording (PM)

Clinician-led remote consultation at Month 1, 2, and

end of study at Month 3:

» Review patient e-diary data

» Assessment of BP control

« If patient BP is uncontrolled at any consultation,
patient is invited to enroll into the intervention cohort

_>[

Long-term follow-up consultation

Figure 1. Trial protocol flow chart.
BP indicates blood pressure.

under appropriate supply chain conditions. Product
was stored and used in accordance with manufactur-
er's storage instructions and shelf life (closed bottle/
open bottle) of 3years/30days. Amlodipine dose was
measured using the oral syringe provided by the man-
ufacturer and in accordance with the manufacturer’s
Patient Information Leaflet (graduated in 1mg and
0.5mg increments).

Suboptimal BP control was defined as mean SBP
of 1335mmHg or greater, or mean DBP of 85mmHg
or greater during the run-in period for entry into the
intervention cohort. This was amended during the trial
at the trial steering committee’s suggestion from mean
SBP 140 mmHg or greater or DBP 90mmHg or greater
to align it with British and Irish Hypertension Society/
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National Institute for Health and Care Excellence hy-
pertension diagnostic criteria from self-measured
home BP.

Trial Procedures

Trial consultations for participants were conducted
remotely. All contact with the research trial team was
held remotely via a teleconference using a mobile
phone, laptop, personal computer, or telephone (in
practice almost all contact was by telephone). Trial
participants took part in teleconsultations at agreed-
upon times. Clinical members of the trial team—clinical
scientists (h=3), research nurses (n=3), doctors (n=2)—
contacted participants at least once every 2weeks.
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Calls to participants in the observation arm were un-
dertaken by nurses or clinical scientists. Doctors and
nurses conducted the titration calls to participants in
the intervention arm.

Intervention cohort participants had a remote con-
sultation via tele-call at least every 2weeks while on
treatment (from Baseline [Week 0] to Week 14). This
involved the review of their BP and adjustment of med-
ication dosage as indicated depending on all other
smartphone app-recorded data including side effects.
Trial dose titration teleconsultations (and coinciding
adherence checks) were scheduled twice weekly as
pharmacokinetic-pharmacodynamic  studies show
that it may take approximately 2weeks before am-
lodipine exerts its full effect, which agrees with the clin-
ical experience of the principal investigator. Adherence
to monitoring routines was checked every 2weeks
by completeness of data entry and self-reported out-
comes by the participant. Adjustment of amlodipine
dose for most participants was completed by the last
titration visit (Week 12). A follow-up call was made to
ensure that participants in the intervention cohort were
stable on posttrial treatment.

The observation cohort was not designed to serve
as a direct comparator for the interventional cohort, as
the 2 cohorts were inherently not comparable in terms
of baseline BP (separation of cohorts was based on
their baseline BP). Entrants to the observational cohort
had adequately controlled BP and did not require the
same frequency of review as those in the interventional
cohort who had a dose titration consultation at least
biweekly. The purpose of the observational cohort was
to provide safety monitoring (3-month) follow-up with
appropriate consultation frequency (monthly) and also
to allow participants whose BP control became inad-
equate to be considered for entry to the interventional
cohort (24 observational cohort participants transi-
tioned to interventional cohort).

Outcomes

The primary outcome was the mean change in SBP.
This was measured daily at home from baseline to
the end of treatment (EOT, Week 14) comparing 7-day
mean SBP at baseline (minimum of 24 values) to 7-day
SBP mean at EOT.

Secondary outcomes included: mean change in
daily DBP (measured as previously described for SBP);
proportion of participants reaching BP targets (either
SBP <135mmHg and DBP <85mmHg, or drop in
SBP >10mmHg, or drop in DBP >5mmHg) by EOT;
treatment-emergent AEs defined as AEs that were
considered at least possibly related to trial treatment;
reports of side effects using the app; patient-reported
outcome data including user experience; adherence
to medication (% intervention participants reporting
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adherence to prescribed amlodipine dose on 80% or
more days); adherence to BP monitoring routines (%
participants making a BP record entry on 80% or more
occasions, based on 2 occasions/day). The observa-
tion cohort was not designed to assess adherence to
participants’ background medication usage nor inci-
dence of side effects given the large variation in num-
ber and drug class of antihypertensive background
medications in use.

Data Collection

After completion of a run-in period of 5 to 7 days, par-
ticipants’ home BP (morning and evening), drug dose,
and side effects were recorded daily via the app for a
period of up to 14 weeks.

Statistical Analysis

It was calculated that the enrollment of 200 partici-
pants would provide >90% power to detect a con-
servative change in SBP of 3.0mmHg from baseline
to EOT with an SD of SBP change of 11 mmHg, at the
5% significance level. Assumptions for SD were taken
from the PATHWAY-2 (Prevention and Treatment of
Hypertension With Algorithm Based Therapy-2) trial,
where a 4.1 mmHg change in SBP was observed from
baseline in the placebo arm.!” This sample size allowed
for >20% missing data from either loss to follow-up or
noncompliance while maintaining at least 90% power.

For the primary outcome of change in SBP from
baseline to EOT in the intervention cohort, a partici-
pant’s mean SBP was calculated at baseline and each
scheduled visit up to EOT visit, as the mean of 7 days
of SBP measurements preceding each visit, includ-
ing all available BP entries for each participant during
those time periods. First, all available BP values were
used within a single routine to calculate a mean for that
routine (ie, morning and evening each day were sep-
arate routines). Each BP routine would ask the patient
for 3 BP measurements, with a fourth measurement
prompted to be taken if the first 3 were substantially
varied. A mean for a specific time point, for example,
at baseline or EOT, was then calculated as the mean
of all routine means over the 7 days (maximum of 14
routines) for each participant.

The primary end point was analyzed using a linear
mixed effects model. The outcome in the model was
SBP level and contained a fixed effect for visit, includ-
ing baseline and each scheduled consultation up to
EQT, and a random intercept component at the par-
ticipant level to account for correlation between SBP
measurements across visits within the same partici-
pant. The mean change in SBP between baseline visit
and EOT visit was estimated from the model as the dif-
ference between SBP level at EOT and baseline, along
with 95% Cl and P value.
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All 205 intervention participants who had BP mea-
surements at least at 1 time point were included in the
main intention-to-treat analysis. The primary end point
was reanalyzed for a per protocol population consist-
ing of intervention participants who had at least 24 BP
measurements in the 7-day window preceding EOT
visit.

Subgroup analyses were performed for the primary
outcome on subgroups of age group (<65, 65+ years),
sex, race (Asian, Black, White, Other/Mixed), diabetes
status, baseline antihypertensive medication (on no
antihypertensive medication, on amlodipine [maximum
5mg] alone, on amlodipine [maximum 5mg] in combi-
nation with other antihypertensive[s]; or on other anti-
hypertensive[s] not amlodipine).

All secondary end points were analyzed and pre-
sented as descriptive statistics, without statistical test-
ing, including BP changes in the observation cohort.

Patient and Public Involvement

Patient representatives contributed to several aspects
of the trial, including approving fractional dosing, app
design feedback in iterative user experience testing
with Closed Loop Medicine, trial design and docu-
mentation of the grant bid submitted to Innovate UK,
the choice of liquid amlodipine delivery (syringe), and
the patient-facing materials.'® A patient representative
(N.D.) was an active member of the trial steering com-
mittee. Innovative forum theater techniques were em-
ployed with patients who had had past intolerance to
amlodipine.'®

RESULTS

Between October 2020 and July 2021, a total of 343
participants were screened. A summary of participant
disposition is shown in Figure 2. A total of 162 par-
ticipants with controlled BP at baseline were initially
enrolled in the observation cohort. A total of 205 par-
ticipants were enrolled into the intervention cohort. Of
these, 181 started with uncontrolled BP at baseline
and a further 24 became eligible for the intervention
cohort with uncontrolled BP, having initially been en-
rolled into the observation cohort. All participants were
followed up over 3 months. November 10, 2021, was
the last date of follow-up for intervention participants
and November 19, 2021, for observation participants.

The 2 cohorts of participants had similar charac-
teristics, shown in Table 1, apart from their baseline
BP values and a higher proportion of participants who
were not treated for hypertension at baseline in the in-
tervention cohort.

The most commonly reported comorbidities of in-
terest were hypercholesterolemia (20% of intervention
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cohort) followed by diabetes (9%). Antihypertensive
concomitant medication use (other than amlodipine)
occurred among 45% (92) of the intervention cohort,
with the following distribution for number of antihyper-
tensive drugs: 1, 29% (60), 2, 15% (31), 3, 1% (2), 4,
0.5% (1). Antihypertensive drug use at baseline by drug
class is shown in Table 1.

Of the 205 intervention cohort participants, all were
included in the main intention-to-treat primary end
point analysis and safety analysis, and 180 were in-
cluded in the per protocol population. One hundred
ninety-six intervention cohort participants completed
the trial and 9 were lost to follow-up, and a further 7
participants completed the trial with no BP measure-
ments recorded in the past 7 days before the EQT. In
some instances, participants had an additional titration
teleconsultation (unscheduled) after the last sched-
uled titration at Week 12. This was done if the clinician
deemed it appropriate for a patient to have an addi-
tional dose change in order to end the trial on a dose of
amlodipine that was considered optimal for the post-
trial dose continuation strategy. There were 23 partici-
pants (11.7% of the 196 who completed the intervention
cohort) who had an additional dose adjustment at an
unscheduled visit after the last scheduled titration visit
at Week 12. Secondary end points were assessed on
all participants with available data for each end point.

Trial Intervention

Adherence to trial interventions was high, with 84%
(164/196) of participants adherent to BP self-monitoring
routines and 94% (185/196) of participants adherent
to medication usage (self-reported). Adherence to BP
self-monitoring was 75% (70/93) for those under 60
and was 91% (94/103) for those 60years and older,
and adherence to amlodipine medication was 94%
(87/93) for those under 60 and 95% (98/103) for those
60years and older. A post hoc assessment across
age groups showed a similar level of adherence to BP
self-monitoring across ages up until 60years (75% had
80% or higher, 70/93) and thereafter a substantial in-
crease in adherence was apparent, with 89% (50/56)
of those aged 60 to 69 having >80% adherence and
96% (46/48) of those aged 70years and older having
>80% adherence. A high level of adherence to the
completion of routines in-app was sustained over the
course of the trial (Table 2). Those who finished the trial
with controlled BP had slightly higher adherence to BP
monitoring compared with those not controlled at EQT,
88% compared with 83%, respectively.

Overall patient retention in the intervention cohort
was 96% (196/205 completing treatment). Adherence
to BP self-monitoring in the observation cohort over
the 3-month duration was 76% (101/133).
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Failed prescreened - Prescreened
n=366 = n=719
Failed screening » Screened
n=10 i~ n=353

Enrolled
n=343

i n=181 n=162. V
. Began intervention .
LTFU | Intervention cohort prior to completing 3 | _ Observation cohort | LTRU
n=9 | n=205 [= month observation | n=162 7| n=12
n=17
\
Began intervention
Completed 3 month intervention having completed 3 | _ Completed 3 month observation
n=196 month observation | n=133
n=7

Y

Available for primary analysis
ITT n=205
PP n=180

Figure 2. CONSORT flow diagram.

CONSORT indicates ITT, intention to treat (analysis population); LTFU, loss to follow-up; and PP, per protocol (analysis population).

Outcomes
Primary and Main Secondary Outcome

Mean BP in the intervention cohort fell from 142/87
(SBP/DBP) to 131/81 mmHg (SBP reduced by 11 [95%
Cl 10-12] and DBP reduced by 7 [95% CI, 6-7]mmHg,
P<0.001 for both) in the intention-to-treat population.
The time course and distribution of BP changes from
baseline to EOT are shown in Figure 3. Estimated BP
changes were consistent when repeating the analysis
on the per protocol population consisting of 180 par-
ticipants who had at least 24 BP measurements avail-
able within 7days of EOT, BP fell from 141/87 (SBF/
DBP) to 130/80mmHg (SBP reduced by 11 [95% ClI,
10-12] and DBP reduced by 7 [95% CI, 6-7JmmHg,
P<0.001 for both). Similarly, repeating the primary anal-
ysis on the subcohort of participants who were not al-
ready on amlodipine at baseline and who did not have
a history of intolerance to amlodipine (n=123) made no
difference in the patterns of BP reduction, falling from
143/87 (SBP/DBP) to 131/80mmHg (SBP reduced by

12 [95% CI, 10-13] and DBP reduced by 7 [95% ClI,
6-8lmmHg, P<0.001 for both).

In a subgroup analysis of participants on different
antihypertensive medication at baseline in the interven-
tion cohort, although baseline SBP was slightly differ-
ent between groups, the mean estimated reduction in
SBP was very similar in trend and in magnitude over
the course of the trial (Figure 4). In all subgroup anal-
yses undertaken, there was no evidence for differing
changes in SBP between groups.

Secondary and Other Outcomes

Most participants in the intervention cohort (152/189,
80%) achieved BP control (SBP <135mmHg and DBP
<85mmHq) during the trial, and a high proportion
(128/152, 84%) were on novel doses when first achiev-
ing control. Of these 128 participants, 35% (45) were
controlled by 1mg daily (Figure 5). The distribution of
amlodipine doses participants were receiving when
they first achieved control was similar irrespective of
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Table 1. Demographic and Baseline Characteristics Table 1. Continued
Cohort Cohort
Intervention Observation Intervention Observation
(N=205) (N=162) (N=205) (N=162)
Age, y, mean (SD) 60.1 (11.0) 61.6(9.2) 2+, n (%) 69 (33.7%) 61 (37.7%)
Sex BMI indicates body mass index; BP, blood pressure; DBP, diastolic blood

Female, n (%) 68 (33.2%) 57 (35.2%) pressure; HR, heart rate; Cl, and SBP, systolic blood pressure.

*Baseline BP and HR were calculated as the mean of 7 consecutive days

Male, n (%) 137 (66.8%) 105 (64.8%) of home BP measurements leading up to and including the day preceding
Race the baseline date for each participant.

- fData are missing for BMI in 7 intervention participants and in 9 observation

Asian, n (%) 25 (12.2%) 14 (8.6%) participants.

Black, n (%) 20 (9.8%) 19 (11.7%) *Concomitant (nonamlodipine) calcium channel blocker use at stable dose

. occurred for 7 participants in the trial. Four participants were on felodipine,

Mixed, n (%) 10.5%) 2(1-2%) 1 on diltiazem, 1 on nifedipine, and 1 on lacidipine, all of whom continued

Other?, n (%) 8 (3.9%) 6 (3.7%) at stable dose throughout the trial. Additionally, 3 participants switched

White, n (%) 149 (72.7%) 120 (74.1%) felod?p?ne forgmlodipine equivalenlt gt baseline, 2 who had been tgking 5mg

felodipine switched to 5mg amlodipine, and 1 who had been taking 2.5mg

Unknown/ not reported, 2 (1.0%) 1(0.6%) felodipine switched to 2mg amlodipine.

n (%) @Participants selecting “Other” were given a free-text field to provide addi-
BMI (kg/m?)T, mean (SD) 28.8 (5.3) 28.5 (4.9) tional information. Responses included Hispanic/Brazilian/Portuguese, Filipino,

broadly European, Jamaican, Ethiopian (1), Egyptian, African/Caribbean.
SBP (mmHg)*, mean (SD) 141.9 (9.7) 126.0 (7.3)
DBP (mmHg)*, mean (SD) 87.0(8.1) 77.7 (6.4)
HR (bpm)*, mean (SD) 71.5(10.9) 69.4 (9.5) the number (0-3) of background antihypertensive
Current smoking medications that participants were receiving during the

Nonsmoker, n (%) 124 (60.5%) 104 (64.2%) trial (Figure 6). Also, the incremental (mg) amount of

Previous smoker, n (%) 59 (28.8%) 44 (27.2%) amlodipine irrespective of whether they were receiving

Current smoker, n (%) 21 (10.2%) 13 (8.0%) amlodipine at baseline or not.

Unknown/not reported, n (%) 1(0.5%) 1(0.6%) The majorlty (113/1 28, 88%) of part|0|pants con-
Diabetes, n (%) 19 (9.3%) 21 (13.0%) trolled on novel dqsgs had experienced no peripheral
Kidney dysfunction. n (%) 1(0.5%) 10.6% edema befolre aghleV|ng BE’ c'ontrol. .

; ; The median time to achieving BP target (either SBP
Peripheral arterial/vascular 3 (1.5%) 0 .
disease, n (%) <135mmHg and DBP <85mmHg, or drop in SBP
Hypercholesterolemia, n (%) 42 (20.5%) 45 (27.8%) =10mm Hg: OR drOp in DBP >5mm Hg) was 16days

O —

Previous stroke, n (%) 0 1(0.6%) (95 0 Cl’ 13 21)' .

, — . At EOT, BP control was attained by 54% (102/189)
Previous myocardial infarction, 3 (1.5%) 0
n (%) and BP target by 76% (143/189); at Week 8 corre-
Previous percutaneous o 1(0.6%) sponding outcomes were 47% (90/197) and 68%
coronary intervention, n (%) (134/197), respectively.
On amlodipine (<10mg) at 62 (30.2%) 74 (45.7%) In the observation cohort, mean BP remained sim-
baseline, n (%) ilar between baseline and 3-month follow-up, 125/77
Class of hypertensive medication at baseline (SBP/DBP) and 124/76 mmHg, respectively, in those

Alpha blocker, n (%) 8 (3.9%) 4 (2.5%) who completed 3 months follow-up. When includ-

Angiotensin-converting 66 (32.2%) 59 (36.4%) ing the 17 participants who crossed over into the in-

enzyme inhibitor, n (%) tervention cohort before completing follow-up in the

Angiotensin receptor 46 (22.4%) 49 (30.2%) observation cohort, mean BP was again similar be-

0 . . v .
blocker, n (%) tween baseline and the last trial visit attended while

Beta blocker, n (%) 16 (7.8%) 13 (8.0%) in the observation cohort, 126/78 (SBF/DBP) and

Calcium channel blocker*, 72 (35.1%) 80 (49.4%) 125/77 mmHg, respectively.

9 . g . .
n (%) Dose-limiting side effects were experienced by 59%
H 1 0 0 [ ') . P
Diuretic, n (%) 26 (12.7%) 21(13.0%) (112/189) of participants, with 23% (44/189) requiring
Mineralocorticoid receptor 2 (1.0%) 0

antagonists, n (%)

Number of classes of medication

participants are taking at baseline

J Am Heart Assoc. 2024;13:e030749. DOI: 10.1161/JAHA.123.030749

None, n (%) 49 (23.9%) 10 (6.2%)
1,n (%) 86 (42.0%) 91 (56.2%)
(Continued)

dose reduction and 10% (19/189) requiring pausing of
amlodipine dosing at various time points during the
trial (5 temporarily and 14 being on Omg at EQT). At
EQT, 45% (85/189) had achieved BP control without
experiencing a dose-reducing side effect.

There were 22 participants in the intervention cohort
who had previous intolerance to amlodipine (18 were not
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Table 2. Percentage of Intervention Cohort Participants with 80% or Higher Adherence to BP Data Entry Between Each
Trial Visit, by Subgroups of BP Control at End of Treatment

Before Week 1 to Week 2 to Week 4to | Week 6 to Week 8 to Week 10to | Week 12

Week 1 Week 2 Week 4 Week 6 Week 8 Week 10 Week 12 to EOT Overall
All (n=189)* 88.4% 93.0% 90.0% 89.4% 90.0% 84.1% 81.0% 79.9% 83.7%
No BP control EOT (n=87) | 86.2% 89.7% 87.4% 85.1% 87.4% 80.5% 79.3% 80.5% 82.8%
BP control EOT (n=102) 90.2% 96.1% 92.2% 93.1% 92.2% 87.3% 82.4% 79.4% 88.2%

BP indicates blood pressure; and EOT, end of treatment.
*The total number in this table is 189 intervention cohort participants who completed the trial and had available BP measurements at the EOT. A participant
was classed as adherent to BP data entry for a particular routine if they entered at least 1 BP measurement. Each day consisted of 2 routines: 1 in the morning

and 1 in the evening.

on amlodipine at baseline, 4 were on 5mg at baseline).
The majority (16 out of the 18) of participants who had
a history of amlodipine intolerance and who were not
receiving amlodipine at baseline ended the trial on am-
lodipine: 1 on 1mg; 2 on 2mg; 4 on 3mg; 1 on 4mg; 3
on5mg; 1 on8mg; 1 on 9mg; 3 on 10mg at completion.

In the intervention cohort, the User Experience
Questionnaire showed positive mean values for all
scales and was consistent across age cohorts, with
very positive evaluation (mean scores>1) for attrac-
tiveness, efficiency, dependability, and stimulation,
with perspicuity (easy/understandable to use) scor-
ing exceptionally highly (mean score>2) (Figure 7).
Participants in the observation cohort reported very

similar magnitudes of User Experience Questionnaire
scores to the intervention cohort on average, also con-
sistent across age cohorts.

Adverse Events

There were 377 treatment-emergent AEs in the in-
tervention cohort, with severity distribution: 269 mild
(71%); 101 moderate (27%); and 7 severe (2%) in inten-
sity. The most common treatment-emergent AEs by
frequency were tiredness, fatigue, and weakness (=76
events), gastrointestinal disorder (69), and headache
(55) (Table 3). There were 5 serious AEs in the interven-
tion cohort all considered unlikely or not related to trial

A B
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Figure 3. Primary and main secondary outcome—blood pressure at each scheduled remote consultation and change in
blood pressure between baseline and the end of the trial (Week 14) in the intervention cohort.
A, Estimated mean BP and mean change from linear mixed model with random participant component. B, Distribution of SBP
change from baseline and the end of the trial (Week 14). C, Distribution of DBP change from baseline and the end of the trial (Week
14). BP indicates blood pressure; DBP, diastolic blood pressure; EOT, end of treatment; IQR, interquartile range; SBP, systolic blood

pressure; and W, week.
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148
Baseline antihypertensive medication:

146
6 —@— No antihypertensive (n=49)

——&— Amlodipine monotherapy (n=26)
——&—  Amlodipine in combination therapy (n=36)
Other antihypertensive medication (n=94)
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Mean systolic blood pressure (mm Hg), 95% Cls
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(EOT)
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Figure 4. Mean change in systolic blood pressure by
subgroups of participants grouped by their baseline
antihypertensive medication.

EOT indicates end of treatment; and W, week.

drug (n=1 ST-segment—elevation myocardial infarc-
tion, n=2 unstable angina, n=1 malignant breast tumor,
n=1 nephrotic syndrome secondary to Waldenstrom’s

9mg

-
S
3

@

<1 mg

30%

6 mg

12%

2mg

4mg 3mg

I Novel doses

- Standard doses

Figure 5. Distribution of novel and standard amlodipine
doses that participants were prescribed when they first
achieved blood pressure control.

The figure includes 152 participants who achieved blood
pressure control during the trial. The “<1mg” group contains
some fractional doses: 2 participants on 0.5mg and 1 participant
on 0.25mg.
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macroglobulinemia). There were no serious AEs, seri-
ous unexpected adverse reactions, or deaths. There
were no trial withdrawals due to treatment-emergent
AEs. There was 1 serious AE (malignant melanoma) in
the observation cohort.

DISCUSSION

This trial has demonstrated the ability to adjust and
personalize drug dose to optimize clinical outcome
from information recorded by participants in a dedi-
cated smartphone app and transmitted securely to a
clinician. Clinically significant reductions in BP were
rapidly achieved from the first week using this novel
titration protocol. Most participants’ BPs were suc-
cessfully controlled despite the cautious dosing regime
based around 1 to 2mg increments of amlodipine.
Personalization of amlodipine dose improved BP con-
trol in participants, including those previously intolerant
of conventional doses of amlodipine. This trial also es-
tablished remote consent, enroliment, and assessment
of baseline BP, based on twice-daily measurements (in
triplicate) over a 5 to 7-day period with successful re-
mote triaging of participants to intervention or obser-
vation based on control of hypertension. A minimum
of 5days and 24 BP measurements were required to
calculate baseline BP and to determine eligibility for
intervention or observation cohort. This is consistent
with recently published data showing that 4.5days of
home monitoring is the minimum required for a reliable
estimate of BP level.?°

This trial has important strengths. It was the first trial
to evaluate personalized novel amlodipine dose titration
for mild—-moderate hypertension under a remote med-
ical management protocol. The trial tested the efficacy
and safety of precision dosing of amlodipine incorpo-
rating novel doses up to the maximum licensed dose
for hypertension. The trial included remote recruitment
and triage into cohorts according to BP control, in-
cluding an observation cohort. A limitation of the trial
was that it did not include a control for comparison to
the intervention cohort. Use of a placebo control was
considered unethical, and usual care as a comparator
during COVID-19 lockdowns and restrictions was un-
predictable, therefore a randomized controlled design
was not feasible. Participants were required to pos-
sess a smartphone, which could limit the generalizabil-
ity of the population and had the potential to lead to
enrollment of a more affluent, younger, and educated
population. However, smartphone ownership is high
across demographic and economic groups.?!

Most participants achieved BP control with novel
doses of amlodipine. Small doses (from 1 mg) and small
increments (1-2mg) proved effective for gaining BP
control. This effectiveness of small doses of amlodipine
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Figure 6. Distribution of novel and standard amlodipine doses that participants were prescribed when they first achieved
blood pressure control for subgroups by baseline amlodipine use and by number of background antihypertensive

medications received during the trial.

The “<1mg” group contains some fractional doses: 2 participants on 0.5mg and 1 participant on 0.25mg. A, Achieved control at
some point (n=152). B, Achieved control at some point & amlodipine naive at baseline (n=103). C, Achieved control at some point &
on amlodipine at baseline (n=49). D, Achieved control at some point & on no other antihypertensive medication (n=49). E, Achieved
control at some point & on 1 other antihypertensive medication (n=72). F, Achieved control at some point and on 2/3 antihypertensive

medications (n=31).

is consistent with a previous meta-analysis' and may
reflect the sensitivity of veins to low doses of amlodip-
ine, shifting blood volume from the high pressure (arte-
rial) compartment into the venous system.'222:23

It is important to note that although some partic-
ipants continued to receive antihypertensive drugs
during the trial (as per protocol), these were contin-
ued prescriptions from before the start of the trial and
remained unchanged. Study drug/amlodipine was
introduced as monotherapy or in addition to other
BP-lowering drugs that the participant may have been
receiving. The only in-trial change was dose titration
of investigational medicinal product, amlodipine. An in-
vestigation was undertaken to assess whether those
participants on additional hypertensive medications
differed in achieving BP control compared with those
on no other antihypertensive medication. The num-
ber of other antihypertensive medications made lit-
tle difference to the distribution of amlodipine doses
participants were on when they first achieved control.
In addition, reductions in SBP were similar between
participants taking other background antihyperten-
sive medications compared with those on amlodipine

J Am Heart Assoc. 2024;13:e030749. DOI: 10.1161/JAHA.123.030749

alone. This supports the thinking that amlodipine may
have an additive effect when added to other back-
ground medication."

In their meta-analysis of 345 randomized trials, Law
and colleagues noted that “reduction in BP was only
about 20% less at half standard dose of calcium chan-
nel blockers (predominantly amlodipine 2.5mg) than at
standard dose (5mg), but adverse effects were much
less common.”"! In this trial, the personalized novel
dosing approach enabled effective management of
emergent side effects including peripheral edema, the
leading cause of patient discontinuation with amlodip-
ine, to the extent that no trial discontinuations occurred
that were associated with side effects. Patients with
hypertension commonly experience unwanted treat-
ment effects and being able to minimize or avoid side
effects through precision dosing may improve long-
term adherence to treatment. In the very different set-
ting of patients in secondary care with multiple drug
intolerances, a case series was published using an
atypical protocol that incorporated some fractional and
liquid medications including nifedipine with examples
of patient benefit.?
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Figure 7. User Experience Questionnaire.

This trial’s optimized 1 to 10mg precision dosing upper range of outcomes reported in the literature for
regimen delivered efficacy (47% with BP control and standard of care: 5 to 10mg amlodipine (28%-54.9%
68% BP responders at 8weeks) within the mid to  BP control and 21.1%-73% BP responders).5-25-2°
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Table 3. Treatment Emergent Adverse Events in the
Intervention Cohort

Number of Number of
participants adverse
Adverse event type (N=205) events
Tiredness, fatigue, and weakness 70 (34%) 76
Headaches 52 (25%) 55
Ankle edema and other swelling 51 (25%) 52
Gastrointestinal disorder 45 (22%) 69
Skin reaction, rash, itching, and 21 (10%) 23
sweating
Musculoskeletal and connective tissue 16 (8%) 18
disorder
Dizziness 15 (7%) 15
Breathlessness and cough 13 (6%) 13
Anxiety and sleep disorders 11 (5%) i
Blurred or abnormal vision and dry 8 (4%) 8
eyes
Cardiac disorder 7 (3%) 7
Urinary frequency and nocturia 6 (3%) 7
General disorder 6 (3%) 6
Nervous system disorder 4 (2%) 5
Metabolism and nutrition disorder 4 (2%) 4
Erectile dysfunction 2 (1%) 2
Facial flushing 2 (1%) 2
Hearing impairment (tinnitus) 1 (<0.5%) 2
Hypotension 1 (<0.5%) 1
Labyrinthitis 1 (<0.5%) 1
Total 137 (67%) 377

Precision dosing delivered incremental improvement
through to the end of the titration period (54% con-
trolled and 76% responders at Week 14). In standard
of care early dose titration studies, 61% to 88% of
patients required titration from 5 to 10mg amlodip-
ine due to lack of BP control.3°-%2 Of the participants
who achieved control by EOT, 48% of these were con-
trolled on lower doses (1-5mg) illustrating the poten-
tial of determining the optimal dose on an individual
patient basis, informed through aggregated daily BP
self-monitoring and side effect reporting.

Itis acknowledged that the absence of a comparator
group means it is not possible to measure the amount
of BP response attributable to amlodipine intervention
directly, that is distinct from other factors including re-
gression to the mean, placebo effect, and changes
in lifestyle/behavior and other factors that may influ-
ence BP. However, the magnitude in BP change ob-
served over the trial duration is encouraging, as it is far
greater than other studies have observed in a placebo
group.?®2° Moreover, the minimization of regression to
the mean was sought through the trial design. The trial
benefited from using a high number of BP measure-
ments to calculate a baseline BP for trial inclusion that

J Am Heart Assoc. 2024;13:e030749. DOI: 10.1161/JAHA.123.030749
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was more likely to reflect individuals’ true underlying
BP levels, that is, reducing measurement error, reduc-
ing the likelihood of recruitment of participants based
on random high BP measurements, and hence reduc-
ing the likely effect of regression to the mean from this
cause.%3

In the minority of patients not successfully controlled
by amlodipine dose titration, whether as antihyperten-
sive monotherapy or in addition to other BP-lowering
drugs that the participant may have been receiving,
the addition of another antihypertensive drug may
be warranted according to the clinician’s judgment.
Indeed some patients may require treatment with 2 or
more drugs to achieve BP control and some treatment
guidelines now recommend initial combination ther-
apy. However, where the combination includes a cal-
cium channel blocker such as amlodipine, managing
tolerability and unwanted effects through optimal dose
provision can present a significant obstacle, which this
dose titration approach may address.

Although the TASMIN H4 trial showed a small, statis-
tically significant benefit from self-monitoring compared
with usual care at 13 months, the addition of telemon-
itoring gave no clear additional benefit.%* Similarly, BP
HOME, a large, recent randomized trial showed that
standard self-measurement of BP was not improved by
using a BP measurement device paired with a smart-
phone application.®® In the United Kingdom, the Home
BP study added a preplanned series of drug uptitra-
tions for those patients in intervention, as well as alerts
for clinicians if BP warranted uptitration, and achieved
worthwhile reductions in BP related to increased titra-
tion of medication in the intervention group.® An indi-
vidual patient-level meta-analysis of self-monitored BP
interventions has already shown that the highest level
individual support (cointerventions) provided to partici-
pants is linked to greater BP reductions.” The interven-
tion in PERSONAL-CovidBP would be in their highest
category (level 4).

This optimized precision dosing regimen delivered
100% retention rate to amlodipine treatment. No par-
ticipants discontinued from the trial due to treatment-
related side effects over the 14-week trial period. For
standard of care, several studies have reported the
percentage (0%—4%) of participants receiving amlodip-
ine who discontinued during the treatment period due
to side effects at 8weeks of treatment.3 42 Two stud-
ies examining 12weeks of treatment (6% discontin-
ued) and 2 studies focusing on 26 weeks of treatment
(15%—-33%) have also reported rates of discontinua-
tion due to side effects increasing over time.'%43-45 |n
this trial, adherence over the 14-week trial period was
high (94%), whereas the scientific literature is lacking in
studies reporting adherence to amlodipine monother-
apy. Adherence to antihypertensive medications has
been widely assessed, with a number of high-quality
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systematic reviews and meta-analyses assessing ad-
herence through the use of validated questionnaires
and prescribing records, reporting adherence rates:
between 51% and 64%, far lower than seen in this
trial.#6-49 Encouragingly the adherence rate of older
participants was actually higher than their younger
peers, which is fortunate as the cardiovascular events
in outcome trials using amlodipine are dominated by
those over 65 years of age.®°

A small number of studies have assessed adher-
ence to recording of BP by telemonitoring. These
studies show adherence rates of 40% to 72% among
patients reporting BP more than 80% of the time with
telemonitoring in periods ranging from 3 to 20 weeks.5'~
54 Adherence in the trial was high, with 84% of partici-
pants adherent to BP self-monitoring routines captured
in the smartphone app record over the 14-week trial
period. Adherence to BP recordings in the observation
cohort was also higher than reported in previous stud-
ies and not related to age.

As may be apparent, these are very high adherence
levels in both groups, and overall app use was very well
maintained. Adherence to the app remained high over
the course of the trial, reducing slightly over time. In the
Intervention cohort, the proportion of participants with
80% or higher BP data entry (at each routine) was 88%
in the first week of the trial, remaining high at around
90% until there was a slight decline after Week 8 to
80% in the final 2weeks of the trial.

There is an important question as to whether higher
levels of BP measuring and engagement lead to bet-
ter BP outcomes for patients, again adherence to BP
data entry was high in general, but there was a slight
difference in adherence between those who achieved
BP control at EOT and those who did not. For example,
in those achieving BP control by EOT, the proportion of
participants with 80% or higher BP data entry (at each
routine) was 93% in the first 2weeks and 79% in the past
2weeks, and in those who did not achieve BP control
at EQT, the proportion was 88% in the first 2weeks and
80% in the past 2weeks. Therefore, adherence to re-
porting BP and amlodipine dosage appears to be similar
whether participants achieved BP control or not.

Higher levels of AEs were observed than in pre-
viously published studies given the required daily
self-reporting of side effects by participants. Results
from this trial agree with the daily angina scoring on
an electronic diary recently developed for the ongoing
ORBITA-2 (A Placebo-Controlled Trial of Percutaneous
Coronary Intervention for the Relief of Stable Angina)
trial in stable angina and suggest an underrepresen-
tation of AEs in standard of care studies and the need
to improve the design of future studies to ensure the
capture of AEs for standard of care.®>%® In standard of
care trials, AEs have been typically reported at clinic
visits at 4- and 8-week time points. In the trial AEs were
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assessed at least twice weekly and side effects were
entered daily in the smartphone app that in turn in-
formed AE reporting. With standard of care there are
participant discontinuations due to AEs, whereas in this
trial there were no such discontinuations. Moreover,
being able to adjust dose with precision to minimize
drug intolerance enables participants to remain on
therapy rather than discontinue.

The recent Food and Drug Administration precision
dosing public meeting highlighted the potential im-
portance of developing more precise dosing for drug-
disease targets where the potential outcome from
under- or overdosing could result in serious morbid-
ity.” A senior Food and Drug Administration physician
indicated this could be the third major milestone (the
age of dosing individualization) in drug development
and regulation after the ages of safety in 1938 and ef-
ficacy in 1962. Feedback-based precision dosing for
amlodipine and other drugs offers the ultimate dosing
solution. In this trial, the treatment benefit appears to
be associated with a high level of adherence, minimiz-
ing treatment discontinuation, leading to lowered BP
and the prospect of long-term control and cardiovas-
cular event prevention. The psychological impact of
abandoning a drug because it was intolerable, rather
than trying to optimize its use, may reduce patients’
convincement about treatment for this asymptomatic
condition. More precise amlodipine dosing as trialed
offers the prospect of improved patient outcomes and
reduction in major cardiovascular events (stroke, myo-
cardial infarction, death).

CONCLUSIONS

In conclusion, the ability to define dose response at
individual patient level for both BP control and side ef-
fects allows precision control of BP while minimizing
or avoiding side effects. Precision dosing provides a
means to improve a drug’s risk-benefit profile in real
world use. The data generated in this trial can be used
to develop a product that will deliver precision control
of BP at population health scale. Precision dose titra-
tion enabled by a dedicated smartphone app offers
significant benefits enabling patients to personalize
and optimize their therapy routine. Personalized digital
plus drug combination health care solutions may offer
the prospect to improve outcomes for patients and cli-
nicians with significant potential utility for hypertension
and other indications.
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