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Abstract

Hypertension (HT) continues to be a leading cause of cardiovascular death and an enormous burden on the healthcare sys-
tem. Although telemedicine may provide improved blood pressure (BP) monitoring and control, it remains unclear whether
it could replace face-to-face consultations in patients with optimal BP control. We hypothesized that an automatic drug
refill coupled with a telemedicine system tailored to patients with optimal BP would lead to non-inferior BP control. In
this pilot, multicenter, randomized control trial (RCT), participants receiving anti-HT medications were randomly assigned
(1:1) to either the telemedicine or usual care group. Patients in the telemedicine group measured and transmitted their
home BP readings to the clinic. The medications were refilled without consultation when optimal control (BP<135/85
mmHg) was confirmed. The primary outcome of this trial was the feasibility of using the telemedicine app. Office and
ambulatory BP readings were compared between the two groups at the study endpoint. Acceptability was assessed through
interviews with the telemedicine study participants. Overall, 49 participants were recruited in 6 months and retention rate
was 98%. Participants from both groups had similar BP control (daytime systolic BP: 128.2 versus 126.9 mmHg [telemed-
icine vs. usual care], p=0.41) and no adverse events. Participants in the telemedicine group had fewer general outpatient
clinic attendances (0.8 vs. 2, p<0.001). Interviewees reported that the system was convenient, timesaving, cost saving,
and educational. The system could be safely used. However, the results must be verified in an adequately powered RCT.

Trial registration: NCT04542564.
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Introduction

Hypertension (HT) is the leading preventable cause of car-
diovascular disease and death globally [1]. In Hong Kong,
about 30% of the adult population has hypertension, and

= E{ri%gam'P}‘llli(Lge o majority (>80%) are managed in government-funded gen-

PO32@euhk.cdu. eral outpatient clinics (GOPCs) in the primary healthcare

' Jockey Club School of Public Health and Primary Care, The system [2]. Patients with optimal HT control also attend the

Chinese University of Hong Kong, Sha Tin, Hong Kong GOPCs every 3—4 months for blood pressure (BP) measure-

2 General Outpatient Clinics, New Territory West Cluster, ment and refill of medications, which places an enormous

Hospital Authority, Tsuen Wan, Hong Kong burden on the healthcare system in Hong Kong. To better

3 Cluster Services Division, Hospital Authority Head Office, allocate healthcare resources, telemedicine systems have

Kowloon, Hong Kong the potential to reduce the number of doctors’ consultations

4 Department of Cardiology and Kolling Institute, Royal North by automatically confirming optimal disease control (i.c.,

Shore Hospital, and Macquarie University, Sydney, NSW, BP control in patients with HT) and refilling medications.
Australia

Published online: 11 March 2023 €\ Springer


http://orcid.org/0000-0001-8267-9384
http://crossmark.crossref.org/dialog/?doi=10.1007/s10916-023-01933-4&domain=pdf&date_stamp=2023-3-11

34 Page 2 of 9

Journal of Medical Systems

Well-implemented telemedicine systems can help health-
care systems cope with larger patient volumes and facilitate
better allocation of resources [3].

The use of telemedicine has dramatically increased in the
last few years due to the 2019 coronavirus disease (COVID-
19) pandemic and is likely to remain the main channel for
patients’ encounter worldwide [4]. Furthermore, transfer-
ring home BP monitoring (HBPM) data and intensifying
treatments by telemedicine to the physician-in-charge can
improve systolic BP (SBP) control by approximately 4
mmHg because it also encourages self-monitoring and self-
management. Additionally, it promotes behavioral changes,
treatment compliance, and self-efficacy [3, 5-8].

Although telemedicine typically represents more inten-
sive treatments and has been examined in patients with sub-
optimal control of HT in previous randomized controlled
trials (RCTs), there is currently a relative lack of studies
examining the safety, acceptability, and feasibility of using
automatic telemedicine systems to reduce physician consul-
tations [5, 9, 10]. Furthermore, telemedicine was not found
to be cost saving for patients with HT in a recent review
[11]. A telemedicine app and system (‘HealthCap’) has been
developed to record HBPM, provide automatic feedback
in response to different BP levels, transfer BP data to the
case physicians, and confirm optimal BP control on HBPM
(details under methods). We hypothesized that when opti-
mal control of BP is confirmed on HealthCap, the index
physician’s consultation can be safely deferred, and medi-
cations can be automatically prescribed.

Although we believe HealthCap can reduce consultations
with the physician, be timesaving for patients, and allow
better resource allocation, a pilot RCT is needed because
the feasibility for a full-scale RCT and patients’ accept-
ability using HealthCap are not known, and telemedicine is
currently understudied, especially with telemedicine rarely
being practiced in Southeast Asia. A systematic review in
2018 that explored barriers to implementation of telemedi-
cine did not find any Southeast Asia or Chinese studies [12].
The feasibility of implementing telemedicine systems dif-
fers geographically due to different cultures, patients’ demo-
graphics (age, education, and level of e-health literacy), and
expectations [12]. In Hong Kong, implementation could be
difficult because patients with HT are old and less educated,
which are known barriers [10].

For the primary outcome, we hypothesized that an RCT
examining HealthCap was feasible (by examining recruit-
ment and retention rates) and acceptable. For secondary
outcomes, we hypothesized that reducing physicians’ con-
sultations with HealthCap would be safe. Furthermore, we
hypothesized that patients randomized to HealthCap would
have similar BP control (primary outcome in future defini-
tive RCT), have a reduced number of doctors’ consultations,
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and have non-inferior self-efficacy and treatment compli-
ance when compared with usual care at 6 months. Par-
ticipants randomized to HealthCap were interviewed to
understand their experiences, including any difficulties.

Methods

This pilot RCT was approved by the joint CUHK-NTEC
Clinical Research Ethics Committee (Ref no.: 2020.294)
and registered in the clinical trial registry (ClinicalTrials.
gov no.: NCT04542564). Participants were randomized in
a 1:1 allocation ratio to receive telemedicine (HealthCap)
or usual care.

Intervention: HealthCap

HealthCap was developed by an expert team in primary care
and with patients’ feedback. It is commercially available in
English and Chinese on the Apple and Google platforms. It
prompts regular HBPM (every 1-2 weeks), records patients’
HBPM readings, formulates the mean BP values in the past
7 and 30 days, and provides automatic feedback to patients.
For example, patients are diagnosed with elevated BP when
their mean SBP or diastolic BP are consistently 136-179
mmHg and 86-119 mmHg, respectively. These patients
are encouraged to monitor BP frequently and to book an
early medical appointment if elevated BP persists. For very
high BP (BP>180/120 mmHg), HealthCap advises double-
checking and emergency treatments. These threshold levels
are in accordance with local and international recommenda-
tions [13]. Furthermore, BP readings and their mean values
are automatically transferred to the physician’s office.

In the current project, HealthCap reminded patients to
take dual BP readings both in the morning and evening for
1 week prior to the index consultation (Appendix 1). These
data were then sent to a password protected computer in
the respective clinic and the physician-in-charge retrieved
BP data 1-2 days before the index consultation. This mea-
surement algorithm was used in previous studies and was
the only one included in the Hong Kong Primary Care
guidelines [14]. If the 7-day HBPM mean was optimal (i.e.,
<135/85 mmHg), other parameters were checked by an
online questionnaire and were confirmed by the physicians,
these included: (i) self-reported good drug compliance and
no drug side effects, (ii) absence of symptoms of compli-
cations (i.e., chest pain and hemiplegia), and (iii) no other
health complaints that needed a consultation. If the answers
were all negative, medications were prepared in the clinic,
and the index physician appointment was deferred for three
months. However, if any of the answers were positive or
7-day HBPM mean was suboptimal (i.e., > 135/85mmHg),
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the patient was asked to consult the doctor in-person
as planned. The doctor would assess the patient and was
advised to step up the medications according to the Hong
Kong Primary Care guidelines [14], as appropriate.

Usual Care

In Hong Kong, patients with well-controlled HT are rou-
tinely seen every 3—4 months. Participants in usual care who
used to conduct HBPM were not excluded from the RCT
because HBPM is beneficial, and it was unethical to with-
hold HBPM from patients. However, no extra training or
advice was provided. They were also asked not to download
or use any HT mobile app during the study period.

For any other health complaint, patients had unlimited
access to private clinics, GOPCs, and emergency depart-
ments. These were not limited to the participants in either
group of the trial.

Participants

The participants were recruited from two large GOPCs (Lek
Yuen and Fanling Clinics) in Hong Kong. They were patients
receiving antihypertensive medications with well-controlled
HT defined as BP < 135/85 mmHg on out-of-office BP mea-
surements (ambulatory blood pressure monitoring (ABPM)
or HBPM) [13]. Out-of-office measurements are more
reproducible and predictive to cardiovascular outcomes than
office BP [15, 16]. Patients were excluded if they had severe
mental illnesses that impaired their ability to use HealthCap
and if they required regular face-to-face consultations (e.g.,
other diseases such as asthma or diabetes). As a pilot trial,
we aimed to recruit 50 patients, similar to other pilot trials
[17]. The detailed inclusion and exclusion criteria are pre-
sented in Appendix 2.

Randomization

Stratified randomization according to age (= 65 years or <65
years) and education level (primary school or below versus
secondary education or above), with blocks of four or six
was used to achieve a 1:1 allocation ratio. The aim was to
achieve similarity with respect to sociodemographic charac-
teristics between the two groups because age and educational
levels are important barriers to telemedicine implementa-
tion [11]. The randomization sequence was generated by an
independent statistician and sealed in light-opaque enve-
lopes. The envelopes were opened only after confirmation
of eligibility and a consent form was signed. Although the
nature of the intervention prohibited blinding of the doctors
and patients after allocation (an inherent difficulty shared by

app-based intervention RCTs), the outcome assessor(s) and
statistician were blinded to the allocation [18].

Outcome Measures

As a pilot RCT, the primary outcomes included the rates of
recruitment and retention. Good feasibility was defined as
the rate of recruitment of 50 patients within 6 months by two
recruiting doctors and a retention rate of > 80%. Acceptabil-
ity was further assessed by interviewing 21 patients in the
telemedicine group at 6 months (end of the study).

Appendix 3 provides a detailed description of the sec-
ondary outcomes. In summary, the secondary outcomes
included daytime/night-time/24-hour BP parameters from
ABPM, office BP, health service utilization (e.g., number
of visits to the emergency department and GOPC), number
and types of anti-HT medications, body mass index, serum
creatinine, fasting glucose and lipid levels, self-efficacy,
medication and diet adherence, exercise level, and health
and e-health literacy (see Appendix 3 for the validated tools
used to assess these outcomes). The validated device Phys-
ioQuant (Envitec, Belgium) was used to measure ABPM,
following international guidelines and using a fixed period
to define daytime (6am to 10pm) and night-time (10pm to
6am) [26]. BP was measured every 30 min during daytime
and 60 min during night-time and the readings were con-
sidered valid if there was >70% of valid readings overall, >
20 valid awake and > 7 valid asleep BP readings in 24-hour
intervals; ABPM was performed on a routine working day
and on the non-dominant arm [26]. All outcomes were col-
lected at recruitment and at 6 months. Sociodemographic
information including age, sex, marital status, educational
level, smoking status, and alcohol use (assessed by the vali-
dated AUDIT questionnaire) were collected on recruitment
[19].

Statistical Analysis

Baseline characteristics were compared using two-sample
t-tests for continuous variables and the chi-square test for
categorical variables. The recruitment and retention rates
were calculated. Data from validated scales were regarded
as continuous outcomes if the data were normally distrib-
uted. Data that were not normally distributed were catego-
rized. Continuous variables were examined with analysis
of variance, and the effects of telemedicine on ABPM were
examined using analysis of covariance, with BP as the
baseline and treatment group as the covariate, following
the intention-to-treat principle. Categorical secondary out-
comes were analyzed using the Fisher exact test or the Chi-
square test as appropriate. Subgroup analysis was conducted
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Table 1 Baseline characteristics of the telemedicine and usual care groups

Variable Level Total Telemedicine Usual
care
(N=49) (N=24) (N=25)
Age, mean year (SD) 59.9 (8.4) 59.7(7.4) 60.1 (9.3)
Female, N (%) 26 (53%) 17 (70%) 9 (36%)
Systolic blood pressure, mean mmHg (SD) 132.7 (10.3) 131.9 (12.0) 133.4
(8.6)
Diastolic blood pressure, mean mmHg (SD) 75.8 (9.4) 76.1 (8.8) 75.6
(10.7)
Marital status, N (%) Single 5(10%) 2 (9%) 3 (12%)
Married 34 (71%) 15 (65%) 19 (76%)
Divorced 6 (13%) 4 (17%) 2 (8%)
Widowed 3 (6%) 2 (9%) 1 (4%)
Education, N (%) Elementary school 14 (29%) 7 (29%) 7 (28%)
Middle school 28 (57%) 16 (67%) 12 (48%)
College-preparatory school 7 (14%) 1 (4%) 6 (24%)
or higher
Employment, N (%) Full-time 18 (37%) 8 (33%) 10 (40%)
Part-time 3 (6%) 2 (8%) 1 (4%)
Unemployed 3 (6%) 0 (0%) 3 (12%)
Housewife 9 (18%) 6 (25%) 3 (12%)
Retired 16 (33%) 8 (33%) 8 (32%)
Household income, N (%) No income 11 (35%) 5 (28%) 6 (46%)
10,000-$19,999 9 (29%) 5 (28%) 4 (31%)
$20,000-29,999 2 (6%) 1 (6%) 1 (8%)
30,000-39,999 3 (10%) 3 (17%) 0 (0%)
More than $40,000 6 (19%) 4 (22%) 2 (15%)
Smoking status, N (%) Non-smoker 39 (80%) 20 (83%) 19 (76%)
Current smoker 6 (12%) 2 (8%) 4 (16%)
Ex-smoker 4 (8%) 2 (8%) 2 (8%)
Hazardous drinker {, N (%) 1 (4%) 1 (4%)

tHazardous drinker was defined as men having a score of >4 and women having a score of 23 on AUDIT questionnaire. P-value <0.05 (marked

by *) was considered statistically significant

for baseline characteristics that were unbalanced between
the two groups.

Data from the interviews were analyzed using thematic
analysis, and the interviews were audio-recorded, tran-
scribed, and thematically coded. The coding was indepen-
dently cross-checked for reliability by two researchers (SW/
EKPL).

Results

Participants’ Characteristics and Rate of
Recruitment/Retention (Primary Outcome)

The mean age (+SD) of our participants was 59.9 (+8.4)
years. Most of the participants were women (53.1%), had
an education level lower than high school (85.7%), had
a household income of <HKD$ 20,000 (~USD$ 2,565)
(64.5%), and were non-smokers (79.6%). The baseline
characteristics were similar between both groups, except

@ Springer

that more female patients were recruited in the telemedicine
group (70% versus 36%) (P=0.015) (Table 1).

Forty-nine participants were recruited within 6 months;
one participant did not show up on the recruitment days.
The rate of recruitment was thus about eight participants per
month. Only one participant dropped out immediately after
recruitment because of family objection (Fig. 1). The reten-
tion rate was 98%, with 55% (27/49 participants) of par-
ticipants receiving ABPM at the study endpoint. No adverse
event was observed in either group.

Other Outcomes

Participants in the telemedicine group had fewer vis-
its to GOPCs (0.8 versus 2 consultations; P<0.001) and
had higher low-density lipoprotein (LDL) (3.5 versus 3.0
mmol/L; P=0.037) (Table 2) compared to those in the
usual group. Participants in both groups had similar BP on
ABPM (daytime SBP: 128.2 mmHg [telemedicine group]
versus 126.9 mmHg [usual care group], p=0.41) and office
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Consort Flowchart

Assessed for eligibility (n=49)

> Excluded
(n=0)
Randomized (n=49)
Allocation
ACTIVE
Allocated to intervention CONTROL

(n=24) . .
Received allocated intervention AIIocated(rt‘clér;t)erventlon

(n=23 . e .

Did not receive allocated intervention Received all?g:t;sd) intervention

(n=1)
(Quitted because of family objection)

Foll

v

ow-Up

Did not complete end-point
questionnaire (n=2)

Did not complete ABPM (Out of reach,
n=5; Refused, n=4; No show, n=1)
Did not measure office BP (n=2)
Did not measure BMI (n=14)

Did not measure creatinine (n=1)
Did not measure fasting glucose (n=1)

v

Did not complete end-point
questionnaire (n=1)
Did not complete ABPM
(Out of reach, n=7; Refused, n=4)
Did not measure BMI (n=13)
Did not measure creatinine (n=3)
Did not measure fasting glucose (n=1)

Analysis

Analyzed
(n=24)

Analyzed
(n=25)

Fig. 1 Consort diagram
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TaPIe 2. Outcomes about GOPC Outcomes Intervention (N=24) Usual care (N=25)  p-value

utilization, blood pressure, No. of attendance in GOPC 0.8 (1.0) 2.0(0.8) <0.001%

medication change and physical

test in intervention and usual care ~ Blood Pressure

groups at follow-up 24 h Systolic ABPM (mmHg) 126.2 (8.7) 124.8 (10.4) 0.60
24 h diastolic ABPM (mmHg) 78.4 (11.3) 79.8 (9.0) 0.88
Daytime Systolic ABPM (mmHg) 128.2 (8.4) 126.9 (9.3) 0.41
Daytime diastolic ABPM (mmHg) 79.9 (10.9) 81.6 (8.9) 0.86
Office systolic BP (mmHg) 125.0 (10.0) 129.8 (9.5) 0.089
Office diastolic BP (mmHg) 73.0 (6.6) 71.0 (8.4) 0.38
Change in medications
Decrease 521%) 1 (4%) 0.072
No change 19 (79%) 24 (96%)
Physical Test
BMI (kg/m?) 24.7 (4.0) 26.1(5.5) 0.32
¢GFR, mean mL/min/1.73m? (SD) 90.1 (13.4) 82.6 (14.0) 0.063
Fasting Glucose (mmol/L) 5.3(0.4) 5.5(0.7) 0.40

g N HDL (mmol/L) 1.5(0.3) 1.3(0.3) 0.054
fv Z:L‘:;;%grseg“;gﬁ:g;ylly) LDL (mmol/L) 3.5(0.7) 3.0 (0.9) 0.037%
significant Triglycerides (mmol/L) 1.3 (0.5) 1.3 (0.5) 0.94

SBP (125 mmHg [telemedicine group] versus 129.8 mmHg
[usual care group], p=0.089), e-health literacy, self-effi-
cacy, drug use, other healthcare utilization and medication,
exercise, and diet adherence (Tables 2 and 3). Subgroup
analyses yielded similar results (see Appendix 4).

Patients’ Interview

Participants perceived the telemedicine system as safe, con-
venient, and time efficient. The telemedicine system encour-
aged HBPM, educated patients about the threshold levels
of elevated BPs, and reassured participants when BP was
normal. Some participants observed that home BP was more
reliable than office BP and preferred telemedicine. Some
participants also believed that using telemedicine allowed
for better allocation of resources to patients in need (Appen-
dix 5).

However, the study participants perceived that older age
and forgetfulness in measuring home BP were barriers to
the telemedicine system. They found that the randomiza-
tion procedures were acceptable, but some participants
found ABPM inconvenient and did not understand why it
was needed (Appendix 5). The qualitative results were in
accordance with the quantitative results, including the high
retention rate (Table 4).

Discussion
Main Findings

The telemedicine system was well accepted by patients and
safe; participants from both groups had no adverse events
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and had similar BP and physical outcomes, except LDL
levels that were higher in the telemedicine group. The dif-
ference in LDL could be explained by an outliner in the
telemedicine group, whose LDL increased from 1.9 mmol/L
to 4.3 mmol/L, and no significant difference between two
groups was detected after excluding this outlier. The recruit-
ment and retention rates of this pilot RCT were high. How-
ever, many patients defaulted the ABPM. Because this trial
was conducted during the COVID-19 outbreak and was self-
funded, ABPM could not be arranged timely at the end-of-
study visits and patients paid two extra visits for the ABPM
on a working day without incentives. This was unavoidable
because personnel allocation was tight in the Hong Kong
healthcare system during the pandemic and extra workloads
(e.g., vaccination administration) were imposed on the clin-
ics. However, we showed that patients from both groups had
similar office BP at 6 months (study endpoint). Therefore, to
conduct a more definitive RCT to ascertain the effectiveness,
acceptability, and safety of telemedicine services, we sug-
gest: (i) offer incentives for ABPM that can improve patient
compliance, (ii) hire a research assistant to conduct ABPM
at the end-of-study visit (in contrast to overburdening the
existing clinic system), (iii) explain the necessity of ABPM
as the most reliable reference standard of BP measurement
[16], and (iv) include other BP measurement methods as
outcome measures, including office BP and home BP, which
are more acceptable to patients [20].

Our results are confirmed by previous studies which
showed that telemedicine was well accepted by patients with
HT [21]. However, while previous studies used telemedi-
cine as an intensification of treatment and was expensive
to build and maintain, the current study showed that tele-
medicine can represent less frequent patient visits and may
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Table 3 Outcomes from validated scales, health utilization and drug
utilization in intervention and usual care groups at Follow-Up
Outcomes

Intervention Usual care p-value

(N=24) (N=25)

Validated scale

e-health 20.0 (6.1) 18.4(6.7) 0.41
Medication adherence 350(1.3) 345(@3.3) 048
Diet adherence 27.6(47) 262(54) 033
Self-efficacy

Bad 21 (88%) 23 (92%) 0.67
Good 3 (12%) 2 (8%)

Literacy

2 1 (4%) 0 (0%) 0.42
3 2 (8%) 5(20%)

4 21 (88%) 20 (80%)
Exercise

Insufficient 14 (58%) 9(36%) 0.29
Moderately active 6 (25%) 11 (44%)
Active 4 (17%) 5(20%)
Health Utilization
No. of attendance in AED

0 21 (88%) 23 (92%) 0.67
1 3 (12%) 2 (8%)
No. of attendance in SOPC

0 18 (75%) 16 (64%) 0.31
1 3 (12%) 6 (24%)

2 1 (4%) 3 (12%)

3 2 (8%) 0 (0%)
No. of hospital admission

0 24 (100%) 23 (92%) 0.49
1 0 (0%) 2 (8%)
No. of Visit to private physician

No visit 20 (83%) 19 (76%) 0.57
1-2 Visits 3 (12%) 4 (16%)

34 visits 0 (0%) 2 (8%)

>=7 visits 1 (4%) 0 (0%)
Drug Utilization
Use of diuretics

No 23 (96%) 25(100%) 0.49
Yes 1 (4%) 0 (0%)
Use of betablockers

No 22 (92%) 23 (92%) 1.00
Yes 2 (8%) 2 (8%)
Use of CCB

No 2 (8%) 8(32%) 0.074
Yes 22 (92%) 17 (68%)
Use of ARB/ACEI

No 19 (79%) 11 (44%) 0.012%*
Yes 5(21%) 14 (56%)

P-value <0.05 (marked by *) was considered statistically significant

potentially be cost-saving [22, 23]. Therefore, in contrast to
previous studies that showed improved BP in patients with
suboptimal BP, our study provided preliminary strong evi-
dence that BP control was non-inferior in the telemedicine
group in patients with optimal HT control [22].

Clinical and Research Implication

As telemedicine systems are very heterogeneous in design,
every telemedicine system should be scientifically validated
prior to widespread implementation in healthcare systems
[23]. However, most commercially available mobile apps
and telemedicine systems have not been validated [24]. Our
results showed that the HealthCap telemedicine system was
safe and non-inferior to usual care, although this needs to be
confirmed in a full-scale, parallel-group, and non-inferiority
RCT. Such a trial can have a longer study period (i.e., 1
year) and include a formal cost-effectiveness analysis. Fur-
thermore, patients commented that they felt empowered by
HealthCap (e.g., more HBPM monitoring), but our quantita-
tive results did not find an increase in self-efficacy scores.
This could be due to our limited sample size and should be
investigated further.

Our results show that the telemedicine system is safe and
acceptable to patients and can be implemented in healthcare
systems. However, patients should be allowed to consult
their doctors if suboptimal BP is detected, or new problems
arise. Although telemedicine systems are generally accepted
by physicians, some physicians are concerned about the
additional workload [21]. The current version of HealthCap
telemedicine system still requires the physician or nurse to
manually confirm responses to the three safety questions
(see Method). If these steps can be fully automated in the
telemedicine system, this would further reduce the work-
load and costs.

Strength and Limitations

Our pilot trial showed that the HealthCap telemedicine
system is safe and accepted by patients while maintaining
adequate BP control. This is one of the first studies to show
use of telemonitoring in Southeast Asian patients and may
replace consultations for BP monitoring. Our RCT was pre-
registered, and the randomization process was adequate,
with qualitative results in agreement with the quantitative
results.

This study has a few limitations. As a pilot trial aimed at
investigating the feasibility of a definitive RCT, our sample
size did not allow us to provide a definite conclusion [25].
However, a pilot study is recommended prior to a larger scale
trial by international guidance, and the current study pro-
vides important data (e.g., retention and recruitment rates)
for RCTs planning [25]. Patients’ non-adherence to ABPM
may also be a barrier to interpretation of the ABPM results,
although office BP in both groups was similar. Although
we interviewed patients from the telemedicine group (21 of
24 patients), we did not interview the physicians-in-charge
because only two physicians were involved. A definitive
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Table 4 Side-to-side table for qualitative and quantitative results

Quantitative results

Qualitative results

High retention rate (98%)

Similar BP and physical outcomes between both arms

No adverse event was detected and no increase in hospitalization,
emergency department visits in the telemedicine group

Many participants did not undergo ABPM

Participants found the telemedicine system saved time and was convenient
Participants perceived that the healthcare resources can be allocated better
and be given to patients in need

Telemedicine systems prompted more self-monitoring and self-manage-
ment. It also taught patients the cut-off of elevated BP

Participant were reassured when normal BP was detected at home

Participants felt that the telemedicine system was safe. They were allowed
to see their doctors if they had new problems or suboptimal BP control

ABPM was perceived as inconvenient. Participants did not understand

why ABPM was needed.

RCT will likely involve more physicians and physician
interviews. Our RCT only included patients with well-con-
trolled HT and excluded patients with other diseases that
required regular doctor assessment. Therefore, our results
had limited external validity to patients with multimorbidity,
but we argue that the reduction of physicians’ contact with
these patients was not appropriate. Furthermore, optimal BP
control was defined as <135/85 mmHg, but a lower target
(< 130/80 mmHg) may be considered in patients with HT
complications, such as chronic kidney diseases. HealthCap
may further evolve to individualize BP targets. However,
patients with comorbidities who require regular consulta-
tions were excluded from the current RCT. Moreover, future
studies may also extend the evaluation of telemedicine ser-
vices to other stakeholders, such as patient caregivers and
policymakers.

Conclusion

In conclusion, the HealthCap telemedicine system is
feasible. It was generally accepted by the patients and
appeared safe with no reported side effects or increased
healthcare utilization in the telemedicine group. Replac-
ing physicians’ consultations with an automated tele-
medicine system does not appear to lead to inferior BP
control. These results need to be further verified in an
adequately powered RCT.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s10916-
023-01933-4.

Acknowledgements The authors would like to express gratitude to
clinic staffs, nurses and patients who participated in this research.

Author Contribution All authors contributed to the research protocol
and the manuscript. EKP Lee conceptualized the project. M Leung, SY
Leung, and JJH Han recruited participants, provided patients’ follow
up, and collected data. S Wang analyzed the data. KKF Tsoi and EKP
Lee provided expert opinion on the design of the HealthCap.

Funding This study was entirely self-funded.

@ Springer

Data Availability The data, materials and code related to this study can
be made available on request.

Declarations

Competing interests The authors have no competing interests to de-
clare that are relevant to the content of this article.

Ethics approval The questionnaire and methodology for this study was
approved by the joint CUHK-NTEC Clinical Research Ethics Com-
mittee (Ref no.: 2020.294).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

References

1. Forouzanfar MH, Liu P, Roth GA, et al (2017) Global burden of
hypertension and systolic blood pressure of at least 110 to 115 mm
Hg, 1990-2015. JAMA 317:165-182. https://doi.org/10.1001/
jama.2016.19043, PMID: 28097354

2. Leung GM, Ni MY, Wong PT, et al (2017) Cohort profile: FAM-
ILY cohort. Int J Epidemiol 46:e1-el. https://doi.org/10.1093/ije/
dyu257, PMID: 25617647

3. Mileski M, Kruse CS, Catalani J, Haderer T (2017) Adopting
telemedicine for the self-management of hypertension: system-
atic review. JMIR Med Inform 5:e41. https://doi.org/10.2196/
medinform.6603, PMID: 29066424

4.  Humphreys J, Schoenherr L, Elia G, et al (2020) Rapid imple-
mentation of inpatient telepalliative medicine consultations dur-
ing COVID-19 pandemic. J Pain Symptom Manage 60:¢54-¢59.
https://doi.org/10.1016/j.jpainsymman.2020.04.001, PMID:
32283219

5. DuanY, Xie Z, Dong F, et al (2017) Effectiveness of home blood
pressure telemonitoring: a systematic review and meta-analysis
of randomised controlled studies. J] Hum Hypertens 31:427-437.
https://doi.org/10.1038/jhh.2016.99, PMID: 28332506

6. McManus RJ, Mant J, Franssen M, et al (2018) Efficacy of
self-monitored blood pressure, with or without telemonitor-
ing, for titration of antihypertensive medication (TASMINH4):
an unmasked randomised controlled trial. Lancet 391:949-959.
https://doi.org/10.1016/S0140-6736(18)30309-X, PMID:
29499873

7. Choi WS, Choi JH, Oh J, Shin IS, Yang JS (2020) Effects of remote
monitoring of blood pressure in management of urban hyperten-
sive patients: a systematic review and meta-analysis. Telemed J
E Health 26:744-759. https://doi.org/10.1089/tmj.2019.0028,
PMID: 31532328


http://dx.doi.org/10.1001/jama.2016.19043
http://dx.doi.org/10.1001/jama.2016.19043
http://dx.doi.org/10.1093/ije/dyu257
http://dx.doi.org/10.1093/ije/dyu257
http://dx.doi.org/10.2196/medinform.6603
http://dx.doi.org/10.2196/medinform.6603
http://dx.doi.org/10.1016/j.jpainsymman.2020.04.001
http://dx.doi.org/10.1038/jhh.2016.99
http://dx.doi.org/10.1016/S0140-6736(18)30309-X
http://dx.doi.org/10.1089/tmj.2019.0028
http://dx.doi.org/10.1007/s10916-023-01933-4
http://dx.doi.org/10.1007/s10916-023-01933-4

Journal of Medical Systems

Page9of9 34

10.

11.

12.

13.

14.

15.

16.

17.

18.

Agarwal R, Bills JE, Hecht TJ, Light RP (2011) Role of home
blood pressure monitoring in overcoming therapeutic inertia
and improving hypertension control: a systematic review and
meta-analysis. Hypertension 57:29-38. https://doi.org/10.1161/
HYPERTENSIONAHA.110.160911, PMID: 21115879

Green BB, Cook AJ, Ralston JD, et al (2008) Effectiveness of
home blood pressure monitoring, Web communication, and
pharmacist care on hypertension control: a randomized con-
trolled trial. JAMA 299:2857-2867. https://doi.org/10.1001/
jama.299.24.2857, PMID: 18577730

Bosworth HB, Powers BJ, Olsen MK, et al (2011) Home blood
pressure management and improved blood pressure control: results
from a randomized controlled trial. Arch Intern Med 171:1173—
1180. https://doi.org/10.1001/archinternmed.2011.276, PMID:
21747013

Omboni S, Ferrari R (2015) The role of telemedicine in hyper-
tension management: focus on blood pressure telemonitoring.
Curr Hypertens Rep 17:535. https://doi.org/10.1007/s11906-015-
0535-3, PMID: 25790799

Scott Kruse C, Karem P, Shifflett K, Vegi L, Ravi K, Brooks M
(2018) Evaluating barriers to adopting telemedicine worldwide: a
systematic review. ] Telemed Telecare 24:4—12. https://doi.org/10
.1177/1357633X16674087, PMID: 29320966

Williams B, Mancia G, Spiering W, et al (2018) 2018 Practice
guidelines for the management of arterial hypertension of the
European Society of Cardiology and the European Society of
Hypertension. Blood Press 27:314-340. https://doi.org/10.1080/
08037051.2018.1527177, PMID: 30380928

Primary care office DoH, Hong Kong SAR Government. Hong
Kong reference framework for hypertension care for adults in
primary care settings, revised 2018 edn. Accessed 1 Mar, 2022.
https://www.pco.gov.hk/english/resource/professionals_hyper-
tension_pdf.html

Yang WY, Melgarejo JD, Thijs L, et al (2019) Association of
office and ambulatory blood pressure with mortality and cardio-
vascular outcomes. JAMA 322:409—420. https://doi.org/10.1001/
jama.2019.9811, PMID: 31386134

Bo Y, Kwok KO, Chung VC-H, et al (2020) Short-term reproduc-
ibility of ambulatory blood pressure measurements: a systematic
review and meta-analysis of 35 observational studies. J Hypertens
38:2095-2109. https://doi.org/10.1097/HJH.0000000000002522,
PMID: 32555001

Lakshminarayan K, Westberg S, Northuis C, et al (2018) A
mHealth-based care model for improving hypertension control
in stroke survivors: Pilot RCT. Contemp Clin Trials 70:24-34.
https://doi.org/10.1016/j.cct.2018.05.005, PMID: 29763657
Alessa T, Abdi S, Hawley MS, de Witte L (2018) Mobile apps to
support the self-management of hypertension: systematic review

20.

21.

22.

23.

24.

25.

26.

of effectiveness, usability, and user satisfaction. JMIR mHealth
uHealth  6:¢10723.  https://doi.org/10.2196/10723, PMID:
30037787

. Wahesh E, Lewis TF (2015) Psychosocial correlates of AUDIT-

C hazardous drinking risk status: Implications for screening and
brief intervention in college settings. J Drug Educ 45:17-36.
https://doi.org/10.1177/0047237915596605, PMID: 26316555
Wood S, Greenfield SM, Sayeed Haque MS, et al (2016) Influ-
ence of ethnicity on acceptability of method of blood pressure
monitoring: a cross-sectional study in primary care. Br J Gen
Pract 66:€577-e586. https://doi.org/10.3399/bjgp16X685717,
PMID: 27266860

Hanley J, Pinnock H, Paterson M, McKinstry B (2018) Imple-
menting telemonitoring in primary care: learning from a large
qualitative dataset gathered during a series of studies. BMC Fam
Pract 19:118. https://doi.org/10.1186/s12875-018-0814-6, PMID:
30021535

Tucker KL, Sheppard JP, Stevens R, et al (2017) Self-monitor-
ing of blood pressure in hypertension: a systematic review and
individual patient data meta-analysis. PLOS Med 14:¢1002389.
https://doi.org/10.1371/journal.pmed.1002389, PMID: 28926573
Pellegrini D, Torlasco C, Ochoa JE, Parati G (2020) Contribution
of telemedicine and information technology to hypertension con-
trol. Hypertens Res 43:621-628. https://doi.org/10.1038/s41440-
020-0422-4, PMID: 32203451

Akbar S, Coiera E, Magrabi F (2020) Safety concerns with con-
sumer-facing mobile health applications and their consequences:
a scoping review. ] Am Med Inform Assoc 27:330-340. https://
doi.org/10.1093/jamia/ocz175, PMID: 31599936

Abbott JH (2014) The distinction between randomized clinical
trials (RCTs) and preliminary feasibility and pilot studies: what
they are and are not. J Orthop Sports Phys Ther. VA 44:555-558.
https://doi.org/10.2519/jospt.2014.0110, PMID: 25082389
O’Brien E, Parati G, Stergiou G, et al (2013) European Society of
Hypertension position paper on ambulatory blood pressure moni-
toring. Journal of hypertension 31(9): 1731-68.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


http://dx.doi.org/10.2196/10723
http://dx.doi.org/10.1177/0047237915596605
http://dx.doi.org/10.3399/bjgp16X685717
http://dx.doi.org/10.1186/s12875-018-0814-6
http://dx.doi.org/10.1371/journal.pmed.1002389
http://dx.doi.org/10.1038/s41440-020-0422-4
http://dx.doi.org/10.1038/s41440-020-0422-4
http://dx.doi.org/10.1093/jamia/ocz175
http://dx.doi.org/10.1093/jamia/ocz175
http://dx.doi.org/10.2519/jospt.2014.0110
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.160911
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.160911
http://dx.doi.org/10.1001/jama.299.24.2857
http://dx.doi.org/10.1001/jama.299.24.2857
http://dx.doi.org/10.1001/archinternmed.2011.276
http://dx.doi.org/10.1007/s11906-015-0535-3
http://dx.doi.org/10.1007/s11906-015-0535-3
http://dx.doi.org/10.1177/1357633X16674087
http://dx.doi.org/10.1177/1357633X16674087
http://dx.doi.org/10.1080/08037051.2018.1527177
http://dx.doi.org/10.1080/08037051.2018.1527177
https://www.pco.gov.hk/english/resource/professionals_hypertension_pdf.html
https://www.pco.gov.hk/english/resource/professionals_hypertension_pdf.html
http://dx.doi.org/10.1001/jama.2019.9811
http://dx.doi.org/10.1001/jama.2019.9811
http://dx.doi.org/10.1097/HJH.0000000000002522
http://dx.doi.org/10.1016/j.cct.2018.05.005

	﻿Safety, Feasibility, and Acceptability of Telemedicine for Hypertension in Primary Care: A Proof-of-concept and Pilot Randomized Controlled Trial (SATE-HT)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Intervention: HealthCap
	﻿Usual Care
	﻿Participants
	﻿Randomization
	﻿Outcome Measures
	﻿Statistical Analysis

	﻿Results
	﻿Participants’ Characteristics and Rate of Recruitment/Retention (Primary Outcome)
	﻿Other Outcomes
	﻿Patients’ Interview

	﻿Discussion
	﻿Main Findings
	﻿Clinical and Research Implication
	﻿Strength and Limitations

	﻿Conclusion
	﻿References


