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Abstract 

Background Telemedicine is becoming integral in primary care hypertension management, and is associated with 
improved blood pressure control, self-management and cost-effectiveness. This study explored the experiences of 
patients and healthcare professionals and their perceived barriers and facilitators in implementing and using a tech-
nology-enabled blood pressure monitoring intervention with teleconsultation in the Singapore primary care setting.

Methods This was a qualitative study embedded within the Primary Technology-Enhanced Care Hypertension pilot 
trial. Patients were selected purposively and invited to participate by telephone; healthcare professionals involved in 
the trial were invited to participate by email. Individual semi-structured interviews were conducted in English or Man-
darin with thirteen patients and eight healthcare professionals. Each interview was audio-recorded and transcribed 
verbatim. Data were analyzed inductively to identify emergent themes which were then grouped into the dimensions 
of the socio-technical systems model to study the interactions between the technical, individual and organizational 
factors involved in the process.

Results Several emergent themes were identified. The factors involved in the implementation and use of the inter-
vention are complex and interdependent. Patients and healthcare professionals liked the convenience resulting from 
the intervention and saw an improvement in the patient-provider relationship. Patients appreciated that the inter-
vention helped form a habit of regular blood pressure monitoring, improved their self-management, and provided 
reassurance that they were being monitored by the care team. Healthcare professionals found that the intervention 
helped to manage workload by freeing up time for other urgent matters. Nevertheless, participants highlighted 
challenges with usability of the equipment and management portal, data access, and some expressed technology 
anxiety. Participants suggested patient segmentation for the intervention to be more targeted, wished for a more 
user-friendly equipment and proposed allocating more resources to the intervention.

*Correspondence:
Valerie Hui Ying Teo
valerie_hy_teo@nhgp.com.sg
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12875-023-02014-8&domain=pdf
http://orcid.org/0000-0002-8890-6450


Page 2 of 15Teo et al. BMC Primary Care           (2023) 24:71 

Conclusions The implementation and use of telemedicine for hypertension management can engender vari-
ous benefits and challenges to patients, healthcare professionals and the healthcare system. Stakeholder feedback 
gathered on the sociotechnical aspects of the technology should be taken into consideration to guide the design, 
implementation and evaluation of future telemedicine interventions in primary care.

Trial registration This study was registered on ClinicalTrials.gov on October 9, 2018. ID: NCT03698890.

Keywords Health information technology, Socio-technical systems, Implementation, Primary health care 
hypertension, Blood pressure monitoring

Background
Hypertension is one of the most prevalent chronic 
diseases in Singapore, affecting 35.5% of adults aged 
between 18 and 74  years old [1]. It is commonly man-
aged in primary care in Singapore and globally [2]. In 
the Global Burden of Disease Study 2019, elevated 
blood pressure (BP) was one of the top five risks of 
attributable deaths and a key risk factor for ischemic 
heart disease and stroke, which were the leading causes 
of disability-adjusted life years of people aged 50 years 
and above [3, 4].

Besides lifestyle modifications and pharmacological 
treatment if indicated, telemedicine has increasingly been 
considered as an integral part of hypertension manage-
ment in primary care to improve access to services, qual-
ity of care, productivity and prevention of cardiovascular 
diseases [5]. Telemedicine refers to the systematic provi-
sion of healthcare services remotely via information and 
communications technology, and includes tele-collabo-
ration, tele-treatment, tele-monitoring and tele-support 
in Singapore [6]. It has been used in the management of 
chronic diseases in primary care, such as asthma, diabe-
tes, hypertension and multimorbidity, to improve disease 
control and quality of life [7–11].

The most well-received telemedicine application for 
hypertension management is BP telemonitoring, which 
allows BP readings to be transmitted remotely from 
the patient’s home to the physician [12]. Studies have 
shown that BP telemonitoring, along with telecoun-
seling and management by a team of healthcare pro-
fessionals (HCPs), is associated with reductions in BP, 
healthcare utilization, mortality and cost, and improve-
ments in patient self-management, empowerment, qual-
ity of life and patient-provider relationship [13–15]. The 
Telemonitoring and Self Management in the Control of 
Hypertension (TASMINH2) and the Telemonitoring and 
Self-management in Hypertension (TASMINH4) trials 
in the UK [16–18] and the Scale-Up BP study in Scot-
land [19] showed that BP telemonitoring is feasible in 
primary care, facilitates better medication management 
and well-received by patients and HCPs, who are impor-
tant stakeholders in its implementation. Nevertheless, a 
multitude of cultural practices, technical, individual and 

organizational factors which differ between countries can 
influence the safe and effective implementation and use 
of telemedicine.

Singapore is a multi-ethnic and urbanized country 
in Asia, with a small population size of 5.7 million peo-
ple and high mobile phone and internet penetration 
rates [20, 21]. Like many developed countries, Singa-
pore is facing the challenges posed by an ageing popu-
lation, increasing chronic disease prevalence, and rising 
healthcare cost. Primary healthcare in Singapore com-
prises unsubsidized private clinics and subsidized public 
institutions (polyclinics), with the latter managing most 
chronic disease patients. Telemedicine was already in use 
for chronic disease management in primary care before 
the COVID-19 pandemic in the form of nurse-based tele-
support services [22]. The pandemic has propelled its use 
to unprecedented levels, as it enabled the continuation of 
chronic disease management while adhering to safe dis-
tancing measures.

The Primary Technology-Enhanced Care – Hyper-
tension (PTEC-HT) pilot trial showed that there is an 
opportunity for telemedicine to improve clinical out-
comes and cost-effectiveness of chronic disease manage-
ment programs in Singapore’s primary care. PTEC-HT 
was a quasi-experimental trial conducted in a polyclinic 
in central Singapore with patients recruited from Sep-
tember 2018 to March 2019. The study methodology 
and main results have been reported elsewhere [23]. 217 
patients with hypertension (office BP ≥ 140/90  mmHg) 
or hypertension with hyperlipidemia were recruited to 
the intervention or usual care group and followed up for 
6 months. All patients were cared for by healthcare teams 
called teamlets, each comprising two family physicians, a 
care manager who is a nurse trained in chronic disease 
management, and a care coordinator who is a lay per-
son that follows up with patients on their appointments. 
Each participant in the intervention group was loaned 
a Bluetooth-enabled home BP monitor and mobile data 
network connecting gateway device, and was asked to 
monitor BP at least once weekly. The BP readings were 
automatically uploaded to a web-based portal for clini-
cal management. Patients with well-controlled BP were 
reviewed regularly through telephone consultations 
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with the care managers (scheduled teleconsultations). 
Care managers would contact patients if unexpectedly 
high readings were detected to check on their condi-
tion (unscheduled teleconsultations). Medications were 
adjusted over the phone (medication titration) if the phy-
sicians deemed it clinically necessary. The intervention of 
BP telemonitoring combined with teleconsultation was 
found to have improved BP control and patient satisfac-
tion, and was cost-effective.

The current qualitative study, embedded within the 
PTEC-HT trial, explored the experiences and perspec-
tives of patients and HCPs on the barriers and facilitators 
to the implementation and use of the intervention in the 
Singapore primary care setting.

Methods
Recruitment of interview participants
To capture a range of experiences of implementing and 
using the intervention, the research team identified HCPs 
who were involved in the implementation and patients 
who had remained in the trial to participate in the cur-
rent study. Twenty patients were selected purposively 
and invited by telephone, and a maximum variation 
sample was sought based on age and sex characteristics. 
Ten HCPs were identified and invited via email. Due to 
the scope of the ethical approval, patients who withdrew 
from the trial could not be recruited into the current 
qualitative study.

Data collection
Individual semi-structured interviews were chosen 
to elicit participant thoughts and feelings about the 
implementation of the BP telemonitoring intervention 
[24]. Interview questions were developed based on the 
study aims, literature review and discussions within the 
research team. The topic guide (Additional file  1) was 
pilot-tested and covered experiences and opinions on 
using the telemonitoring equipment, BP self-monitoring, 
teleconsultation, medication adjustments and lifestyle 
modifications. Additional probes were used to clarify and 
discover in-depth information. Data collection and anal-
ysis were carried  out concurrently. The topic guide was 
refined iteratively as needed, including adding prompts 
and questions, based on emerging findings from preced-
ing interviews.

All participants provided written consent for this 
study. The interviews were conducted face-to-face with 
each participant between March and September 2019, 
each interview lasted 20–60  minutes. Two investiga-
tors (SHT and EALC) who are trained in qualitative 
methods conducted the interviews in English or Man-
darin in an enclosed room in the polyclinic. Each inter-
view was audio-recorded and transcribed verbatim. 

Repeat interviews were not carried out. Transcripts were 
anonymized to ensure data confidentiality.

Ethical approval was received from the National 
Healthcare Group Domain Specific Review Board.

Analysis
Each transcript was checked for accuracy against the 
recording. Data analysis was conducted following the 
framework method [25].

Two investigators (SHT and EALC) read and re-read 
the transcripts independently to familiarize with the data 
and independently coded the data. SHT is a research fel-
low with a master’s degree in public health and EALC 
is a research fellow with PhD in Communications. Data 
were analyzed inductively to examine the perspectives 
of different participants, highlighting similarities and 
differences, and generating unanticipated insights [26]. 
Data gathered from patients and HCPs were analyzed 
separately. A reflexivity journal was maintained by the 
investigators to record their views before the analysis. 
Initial codes were discussed and a working analytical 
framework was agreed upon. Constant comparison was 
employed to ensure consistency in coding. Differences 
in opinion were resolved through consensus on the main 
themes and subthemes that emerged from the data. An 
Excel spreadsheet was used to generate a matrix to chart 
the data with the cases in rows, codes in columns and 
summarized data in the cells. After coding all transcripts, 
relationships among categories were explored to raise the 
analytical level from categorical to thematic. Thematic 
data saturation was reached after the  21st interview of 
both patients and HCPs, as no new themes emerged from 
the data by then. The different codes, categories, and 
themes were grouped into a coding tree chart that illus-
trated the patient and provider perspectives on the BP 
telemonitoring and teleconsultation intervention.

The themes were further mapped to the dimensions of 
the socio-technical systems (STS) model to understand 
the relationships between the sociotechnical aspects of 
the intervention [26]. The STS model (Fig. 1) was devel-
oped by Sittig and Singh to comprehensively study the 
interconnectedness between the key factors that influ-
ence the success of health information technology inter-
ventions within complex adaptive healthcare systems like 
primary care. It consists of eight dimensions [27, 28]:

(1) Hardware and software – This dimension focuses 
on the technical aspects required to run the applica-
tions, including the physical equipment and software.
(2) Clinical content – This dimension considers the 
data collected that are useful for patients and HCPs 
to manage patient care and inform clinical decisions.
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(3) Human-computer interface – This dimension 
includes aspects of the system that users can see, 
touch or hear as they interact with the application.
(4) People – This dimension represents the 
patients and HCPs who are involved in the imple-
mentation and use of the intervention, and how 
the intervention helps them think and makes them 
feel.
(5) Workflow and communication – This dimen-
sion focuses on the interaction between the patients 
and HCPs to accomplish patient care as well as the 
impact of the intervention on the HCP workflows.
(6) Internal organizational policies, procedures, 
and culture – This dimension can affect every other 
dimension in the model, as organizational policies 
and procedures can affect the availability of hard-
ware and software and clinical workflows related to 
the intervention.
(7) External rules and regulations – This dimension 
focuses on the external regulations and priorities 
that can facilitate or impede the implementation 
and use of the intervention.
(8) System measurement and monitoring – This 
dimension focuses on measuring and monitoring the 
availability, usage, effectiveness and outcomes of the 
intervention regularly.

The latter two dimensions were omitted from this study 
as the analysis did not find any relevance of the data to 
these dimensions.

NVivo 12 (QSR International Pty Ltd) was used for data 
management and analysis. This study is reported accord-
ing to the Consolidated criteria for Reporting Qualitative 
research (COREQ) checklist [29].

Results
Thirteen patients and eight HCPs were enrolled into 
the current study. Participant characteristics are shown 
in Tables  1 and 2 for patients and HCPs, respectively. 
61.5% of patients interviewed were males and mean age 
was 55.7 years (range from 35 to 73 years). Most patients 
were Chinese, attained pre-university or tertiary educa-
tion level and working full-time. We interviewed two 
family physicians, one nurse clinician, three care manag-
ers and two care coordinators. Most HCPs were females 
and the number of years in practice ranged from 1.5 to 
more than 40 years.

We reported our key findings classified into themes 
presented by the applicable STS dimensions. The emer-
gent codes, categories, and themes were represented in 
a coding tree chart (Fig.  2). Representative quotes are 
illustrated in Additional file 2 and Fig. 3 summarizes the 
study findings mapped to the STS model.

Fig. 1 Socio-technical systems (STS) model by Sittig and Singh
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Hardware and software
Usability and functionality
Six patients commented that the devices were fast and 
easy to use, with clear indications and instructions by 
the care team. Four patients were below 50 years old, two 
were above 60 years old, and all were in full-time or part-
time employment.

Nevertheless, patients encountered technical chal-
lenges with the devices. Four patients were frustrated 
that the cuff did not fit them well. F035 (male, 67 years 
old) lamented that it was “really big, stiff!”, and F009 
(female, 47 years old) was frustrated as “it keeps dropping 
down…By the time I can take the measurement, I think 
my blood pressure shoot up already.” S003 (care manager) 

acknowledged the issue, “So the first batch they were 
all quite stiff, very hard to apply. So no matter how you 
do it, it’s always quite loose…” Cuffs were subsequently 
replaced for some patients during the initial stage of the 
trial to prevent inaccurate readings and loss of motiva-
tion from patients.

Many patients also experienced challenges with 
the gateway, which they referred to as “phone”. They 
described the connection issues and that it would switch 
to flight mode unknowingly as the option was close to the 
power button, thereby affecting the transmission of read-
ings. Some found the gateway cumbersome as it added 
to the number of devices they had to manage. The care 
coordinators, whom patients usually approached for 
troubleshooting, recalled that some patients withdrew 
from the trial due to the gateway issues. S001 escalated 
some issues to the vendor, while S007 was concerned that 
these performance issues might affect patients’ confi-
dence in the intervention and relationship with the care 
team “like they lose trust in our treatment because the 
devices don’t work well or not as accurate as how they 
expect it to be.”

When asked about how the issues could be amelio-
rated, most patients, care managers and care coordi-
nators expressed preference for a more user-friendly 
machine that could integrate BP measurement and data 
transmission more seamlessly. Patients who provided 
suggestions were all professionals with tertiary educa-
tion, including IT professionals, managers, and teachers. 
F022 who was working in senior management, remarked 
that the intervention was outdated and advised the team 
to obtain user experience feedback as the intervention 
was being implemented and enhanced.

Table 1 Participant characteristics: Patients (N = 13)

Characteristic n (%)

Gender
 Male 8 (61.5)

Ethnicity
 Chinese 12 (92.3)

 Malay 1 (7.7)

Highest education level
 Primary 1 (7.7)

 Secondary 3 (23.1)

 Pre-University 2 (15.4)

 Tertiary 7 (53.8)

Employment status
 Working part-time 2 (15.4)

 Working full-time 9 (69.2)

 Retired 2 (15.4)

Table 2 Participant characteristics: Staff (N = 8)

Characteristic n (%)

Gender
 Female 7 (87.5)

Ethnicity
 Chinese 8 (100.0)

Profession
 Family physician—Approved medication titration; provided clinical input 2 (25.0)

 Nurse clinician—Supported backend coordination of implementation of intervention 1 (12.5)

 Care manager—Performed teleconsultation and monitoring of BP readings 3 (37.5)

 Care coordinator—Trained participants to use remote BP monitor; provided follow-up technical support 2 (25.0)

Years in practice
 1–4 2 (25.0)

 5–9 1 (12.5)

 10–14 2 (25.0)

 15–19 1 (12.5)

 20 and above 2 (25.0)
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Fig. 2 Coding tree of patient and provider perspectives on the intervention, mapped to the STS dimensions

Fig. 3 Study findings mapped to the socio-technical systems model. Green boxes represent emergent themes and subthemes, green arrows 
represent additional relationships identified from the study
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User experience is something that’s very important…
put on a hat of a profile of the client, whether it’s a 
particular age group, then you try to empathize how 
that person feels…Maybe some of them are not so 
technologically-savvy…go through with them…and 
make it simpler. Interaction can be just a one-touch 
button, to make it more user-friendly. Things should 
be intuitive. (F022, male, 64 years old)

Clinical content
Availability of records
The transmitted BP readings were only accessible 
through the web-based clinical management portal by 
the HCPs, and patients did not know how to retrieve the 
history from the BP monitor. Therefore, F096 and F099 
kept their own record through methods such as taking a 
video or photo of the readings displayed on the monitor, 
or manually in a book.

Three patients expressed desire to have access to their 
readings, so that they could share with other healthcare 
providers, or monitor the BP trends and motivate them-
selves to adopt a healthier lifestyle.

I think it’ll be good if you can aggregate the readings 
over a month and say…I think you’re doing very well 
or not doing too well, and maybe nudge you, you 
may like to exercise or you might want to control 
your diet, less salt…I think it is a behavioral thing 
that can nudge you to a more healthy lifestyle…I 
think every participant would benefit. (F022, male, 
64 years old)

They also suggested having an integrated mobile appli-
cation where patients could readily communicate with 
the care team or access their BP data and other useful 
information, such as contact numbers of the care team 
and frequently asked questions. HCPs interviewed con-
curred as patients could feel empowered and a sense of 
ownership when they have access to their own data.

A concern arising from having data access, and with 
consultation and medication titration being done over 
the phone, was data confidentiality as unauthorized per-
sonnel may impersonate as HCPs. Patients proposed ver-
ification methods, such as two-factor authentication or 
using the device serial number, to ensure that the call is 
genuinely from the polyclinic.

Human–computer interface
Usability of clinical management portal
The care coordinators and care managers who regularly 
used the portal for enrolling patients and monitoring 
patients’ BP noted that its functions and interface were 
manual and not user-friendly. This slowed their work 

down and they took some time to adapt to it, affecting 
the feasibility of the intervention.

Not the easiest to navigate… it’s not very neat and 
tidy. The buttons are like everywhere… So not the 
most intuitive to use, took me awhile to get used to 
it. (S003, female, care manager)

It’s not that bad but it’s not very straight-forward…
But of course can improve much more… the speed is 
not very fast... Due to PDPA [Personal Data Protec-
tion Act], it keeps logging us out halfway… It feels 
like you wasted all your documents. A little bit com-
plicated... A lot of info. (S007, female, care coordina-
tor)

People
Impact on users
The participants described the emotional to physical 
to behavioral impact that they experienced since they 
started using the intervention.

Caused technology anxiety Three patients, who were 
above 60 years old and were retired or working part-time, 
described how they became more anxious since par-
ticipating in the trial. Their concerns were—afraid to see 
high BP readings, errors with transmission of readings, 
unable to reach polyclinic hotline, and found it a chore 
to remember to measure BP. Two of these three patients 
had uncontrolled BP (≥ 140/90 mmHg) after 6 months of 
trial participation. Staff also recalled encountering anx-
ious patients, some of whom even withdrew from the 
trial.

[It is] okay but also sometimes gives you anxiety. 
Like if high, you [get] scared… Sometimes it could be 
a chore, you have to remember to measure. (F099, 
female, 64 years old)

Sometimes the hotline can be very busy, and if you 
are very urgent, you can’t get through, you can get 
panicked. (F122, female, 73 years old)

Three patients also feared losing or damaging the BP 
monitor, as they perceived it to belong to the government 
and compensation would be a consequence. Due to this, 
F007 (male, 47 years old) kept the devices in the box after 
each measurement, which became a barrier and “makes 
it more cumbersome” to take regular BP readings since it 
was kept out of sight.

Personal schedules Most patients and HCPs appreci-
ated the convenience brought about by the intervention. 
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It saved patients’ clinic visits, travelling and waiting time, 
especially for the working individuals. They could also 
monitor at a time that suited their schedules. Patients 
recounted that they no longer had to record BP readings 
manually on a monitoring sheet, and HCPs could moni-
tor the readings from the portal easily without having to 
wait for the patients to bring the physical copy at their 
next clinic visit.

One thing is because I can easily monitor it at home, 
only one week once, out of my own convenience, how 
I want to check it. Sometimes I do it after I came 
back from work, after I have a wash, relax myself… 
You just have to press a button, it got transmitted... 
for you. Rather than you have to jot down…the tim-
ing… (F096, female, 46 years old)

During the intervention period, patients received sched-
uled and unscheduled teleconsultations from the clinic 
to follow up on their BP readings. While F029 (male, 
49 years old) liked that the timing was flexible as “at that 
time [when they called] I was busy so I rescheduled…”, 
three other patients described how scheduled calls were 
not punctual despite having made appointments, or that 
the calls did not match their work schedules, resulting in 
rejected or missed calls.

Office hours and sometimes, you are in the midst of 
doing something, and then the call come in. So, it’s 
like a lot of interruption…Your care team, they have 
a job to do. They follow up and all. I mean that’s 
good. But for people working, I think it’s a little bit 
inconvenient. Especially the few times when they 
called me, I was in the meeting with my boss. So, I 
have to say, “No, I’m busy now. I cannot talk to you." 
(F119, male, 58 years old)

The care managers, who usually made the calls, men-
tioned that calls to most patients were completed 
smoothly. However, there were instances of unfriendly 
remarks from patients or unresponsiveness and they had 
to make multiple calls to patients which added to their 
workload.

Sometimes they work same times as us…they will 
need to keep the hand phones [aside] so they can’t 
answer… It’s not that they don’t want to [answer]. 
(S003, female, care manager)

Behavior change Six patients, mostly working individu-
als, reported that the intervention had helped instill a 
habit, routine and discipline of measuring BP regularly, 

which would otherwise not be possible even if they had 
owned a BP monitor.

Even though you can buy [a BP monitor], you don’t 
have the discipline to check, but with this thing, you 
know that you have to check one week once, so there 
is no excuse that you don’t have to check…that is 
one thing good about it... The responsibility is there... 
(F096, female, 46 years old)

Patients became more motivated and improved their self-
management and health literacy of hypertension from 
the advice provided by the care team. They grew more 
aware of their own triggers of BP fluctuations and ways 
to maintain a healthy BP in terms of diet, exercise and 
emotions. F022 felt that participation in the trial allowed 
patients to have “more ownership of managing their 
own healthcare”. S003 noted that patients had shown 
“good outcomes”, and S007 found that whether patients 
were new to home BP monitoring or not, the interven-
tion “gives them an exposure to start monitoring them-
selves…Empowered, maybe.”

Patient profile The participants identified the patient 
profiles that are more suitable for the intervention than 
others. These include personal schedules, adaptability, 
age and digital literacy, health literacy and social support, 
and physical condition. They felt that the intervention 
would be more appropriate for certain individuals – busy, 
retired, adaptable or accepting of technology, possess 
some level of health and digital literacy regardless of age, 
or have social support if they are unable to self-manage. 
Participants also highlighted that the intervention would 
benefit those with poor BP control and had a risk or his-
tory of stroke to keep them motivated and prevent their 
condition from worsening.

Among the study participants, those who were younger 
and received tertiary education were more accepting of 
teleconsultation and phone medication titration. Con-
trastingly, the older patients preferred traditional face-
to-face mode of care for better communication or when 
discussions involved medications. F035 preferred physi-
cal consultations as he could obtain the test reports from 
the clinic and that “through the phone, maybe commu-
nication breakdown” as the elderly may have hearing dif-
ficulties. HCPs agreed that physical consultations might 
be more useful for elderly patients, or for those who 
required monitoring of medication compliance. S003 felt 
that “patients may feel more confident to have a face-to-
face [consultation] especially those like elderly patients” 
and that people in Singapore are generally “not used 
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to talk to a person over the phone asking many health-
related questions”.

Workflow and communication
Communication process
The participants discussed several aspects of the inter-
vention relating to internal workflows and engagement 
between patients and HCPs.

Workload management Through the intervention, 
HCPs could receive patients’ BP readings remotely and 
conduct phone medication titration quickly if warranted. 
This raised conflicting views from HCPs about the impact 
on their workload.

In the initial stages of the trial, S005 (female, care man-
ager) had to “find pockets of time” to check each patient’s 
BP readings monthly for fluctuations through the por-
tal and phone calls, “whether it is urgent or not”. Sub-
sequently, a Jobstack function was created and helped 
the healthcare team prioritize certain patients for closer 
monitoring and unscheduled teleconsultations. This 
freed up some time for them to focus on other tasks. 
Since then, S005, S006 and S007 saw better workload 
management as they could spend their clinic time attend-
ing to patients with more complex needs, while conduct-
ing phone medication titration and teleconsultation for 
patients with stable BP.

At individual level, the time that I usually spend for 
my patient [usual consult] compared to now for this 
[intervention], it has reduced a little. But overall, if I 
see it as a whole, for the 120 patients, it does help to 
ease out the appointment for other patients. If I get 
a lot of them to be on teleconsult, so I free up some 
of the appointments for other more complex cases. 
(S006, male, family physician)

On the contrary, the intervention become overwhelming 
for some HCPs. S002 found an increase in workload as 
she had to manage patients with clinic appointments and 
phone follow-up with the trial participants concurrently.

It’s quite packed every day… Sometimes [the time] I 
spend [on] the call is very long, so the patient actu-
ally in the clinic was waiting. These are the difficul-
ties. (S002, female, care manager)

One family physician felt that the effort involved in tel-
econsultation and phone medication titration in this 
pilot trial was not acknowledged but was hopeful that the 
workload might improve in future.

All [done] remotely, [patients] don’t have to come 
back. So in a way, [they] save time, right? Because 
they don’t come in and take our slot. But the bad 
thing is that it is not accounted for, it’s just extra 
work... Maybe in the initial phase, there will be 
increased workload, but in the  long run once eve-
ryone is optimized… there may be a decrease in the 
workload. (S004, female, family physician)

Patient-provider engagement The patients and HCPs 
reflected on the engagement between each other relating 
to the relationship built and support provided during the 
intervention.

Patients reported a sense of security, as they knew that 
they were being monitored closely by the healthcare 
team, who would alert them of any irregular or missing 
BP readings. F035 (male, 67 years old) even exclaimed “I 
feel happy!” when he received an unscheduled teleconsul-
tation for a rise in BP. This also motivated him to measure 
BP regularly and look out for triggers. HCPs concurred 
that issues with patients’ BP could be addressed in a 
timelier manner through this intervention as the health-
care team could intervene quickly, if needed, through a 
teleconsultation or phone medication titration. HCPs 
felt that their relationship with patients improved, as the 
ready technical support rendered by the care coordina-
tors, frequent phone calls and encouragement by the 
doctors and care managers, and BP improvements con-
tributed to the building of rapport and between patient 
and HCPs.

Conversely, four patients were expecting to receive feed-
back on their BP readings from the healthcare team dur-
ing the trial, but they did not seem to have received any 
phone calls. Two were aged 47–49  years old and two 
were aged 64–73 years old. This affected their confidence 
in the patient-provider engagement, as F007 wondered “if 
someone is looking at my records or just for the sake of 
collecting data”. They preferred more regular interaction 
with the healthcare team to understand HCP workflows 
in relation to monitoring BP readings, provide feedback 
on the process and receive advice on their BP readings 
and lifestyle management.

F029 (male, 49  years old) recounted that she had to 
return to the clinic to refill her medications as the doc-
tor increased the dosage over phone medication titration. 
However, the pharmacy was not informed and she “had 
to wait for quite some time because I guess they need to 
clarify with the doctor… So if that link is there, it’s more 
convenient.” This also highlighted that the healthcare 
teams need to work with other clinic staff who might 
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not be part of but still support the core team, such as the 
pharmacist.

Organizational policies and culture
Internal policy
HCPs interviewed, especially the care managers and care 
coordinators, were concerned about the limited man-
power and time available, which would also affect the 
workload of the intervention. They wondered whether 
adjustments to internal allocation of resources would be 
possible in order for the intervention to sustain.

If we have a mobile phone to call the patients, if 
patients keep on texting or messaging, then the nurse 
will be very stressed also. So I don’t know whether in 
the future [there] will be a coordinator [who] have 
some nursing background [and] able to man the 
phone… (S002, female, care manager)

Maybe give us a bit of extra time every day to just 
handle things like this. I would say, minimum maybe 
15 minutes a day? If not, half an hour would be bet-
ter, to go through the cases. (S004, female, family 
physician)

During the initial recruitment stage, like on standby, 
we can have more care coordinators and care man-
agers in the same area to prepare to recruit patients. 
Because sometimes when it’s just one care coordi-
nator, it gets piled up more and more. Then every 
recruitment could get very long, half an hour to an 
hour... But at the same time, it’s quite hard because 
the doctors and care managers also have to see other 
patients… So that part in workflow, it’s more on 
team communication also. (S007, female, care coor-
dinator)

Discussion
The purpose of this study was to assess the barriers and 
facilitators to the implementation and use of the PTEC-
HT BP telemonitoring system with teleconsultation, to 
inform future expansion of the intervention. Our analysis 
showed that the technical, human, workflow and organi-
zational factors involved were complex and interde-
pendent, and the STS model provided a comprehensive 
framework to understand the relationship between these 
dimensions.

Our study findings further substantiated the patient 
satisfaction survey results of the PTEC-HT pilot trial, in 
which patients agreed that it was convenient to record 
and share BP measurements with the healthcare team, 
were motivated to monitor BP weekly and were satisfied 

with the advice provided through teleconsultations [23]. 
Overall, patients had a positive experience using the 
intervention although they encountered technical diffi-
culties and expressed concerns relating to data security 
and technology anxiety. Through implementing the inter-
vention, HCPs found that it helped with workload man-
agement and useful for patients, despite challenges with 
usability and resource allocation. Suggestions to over-
come these obstacles were provided, for the intervention 
to be feasible and sustainable in Singapore’s primary care 
setting.

Comparison with prior work
The themes that emerged from the current study were 
largely consistent with the literature which reported that 
technological usability, reduction of in-office visits, posi-
tive impact on self-management and improved patient-
provider relationship were the most frequently reported 
facilitators for adoption of telemedicine [30]. However, 
several differences exist.

Hardware and software, human–computer interface, people
Our study participants found the intervention easy-to-
use, and patients could save time travelling to and waiting 
in the hectic polyclinic setting, or recording BP readings 
manually. HCPs also had quicker access to BP readings 
and could conduct teleconsultation, if necessary, thereby 
improving their efficiency. Fletcher et  al. reported that 
patients liked the ability to be able to monitor BP when-
ever they wanted as they were more relaxed outside the 
clinic environment [31]. This was reflected by a patient in 
this study who attributed the convenience to having the 
ability to monitor any time she preferred in a week.

Patients in our study saw changes in their attitudes and 
behaviors in managing hypertension, like previous stud-
ies conducted in the US and UK [16–19, 32, 33]. They 
appreciated that the intervention helped to form a habit 
of regular BP self-monitoring and improved their self-
management. Improvements in BP readings and lifestyle 
behaviors coupled with timely feedback from the care 
team, increased their awareness, motivation and sense of 
responsibility for their own condition.

Participants experienced technical challenges with 
using the equipment and clinical management portal. 
Firstly, issues with the cuff and gateway and having to 
handle multiple cumbersome devices caused frustra-
tion and affected patients’ motivation to continue the 
intervention. They preferred the functions of measuring, 
recording and transmission of BP readings to be inte-
grated in one machine. Similar to interventions targeting 
home blood glucose and BP telemonitoring for patients 
with diabetes, the equipment was not “plug and play” for 
some patients and higher digital literacy and frequent 
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assistance from the care team was needed to overcome 
these obstacles [32]. Secondly, while HCPs were able to 
receive patients’ BP readings quickly through the man-
agement portal, they did not find it intuitive. Addition-
ally, they had to check through BP readings of all patients 
in the initial stage. These translated to additional work-
load and time to navigate the portal and affected their 
efficiency, until the Jobstack function was created to help 
with prioritizing patients for closer management.

Patients and clinicians were found to be uncomfortable 
with the interpretation of self-monitoring measurements 
due to the difference between home and office readings 
[31]. Some of our study participants were ambivalent 
due to the technical challenges, while some perceived 
home BP readings to be more accurate than office read-
ings which could otherwise be confounded by white coat 
hypertension. Besides, the Ministry of Health Clinical 
Practice Guidelines for hypertension indicated home BP 
monitoring for monitoring BP in diagnosed patients. The 
guidelines proposed that home BP monitoring is cheaper, 
more widely available, easily repeatable and shows day-
to-day variability, and it can be offered to committed 
patients to improve treatment adherence via positive data 
feedback [34].

Clinical content, people
Patients in the current study wished to have access to 
their data for sharing with other HCPs or self-manage-
ment, and some form of feedback or advice even if their 
readings were satisfactory. These could encourage them 
to become more engaged as active managers of their 
healthcare thereby facilitating self-management.

However, while most patients were comfortable with 
data being shared between patients and HCPs, some were 
concerned about data privacy and security especially 
when the intervention involved medication titration. 
This is a common concern reported in the literature, and 
it was expected due to the health data security breaches 
previously reported in Singapore [22, 35, 36]. Singapore 
has the most comprehensive telemedicine guidelines in 
Southeast Asia that provides advice on various aspects of 
telemedicine usage, and is comparable with other coun-
tries [37]. An example is the Personal Data Protection 
Act (PDPA) mentioned by S007, which governs the col-
lection, use, disclosure and care of personal data in Singa-
pore. Unfortunately, it created a barrier for HCPs as they 
were logged out from the portal frequently possibly to 
prevent unauthorized access. These external regulations 
can help to inform the development of organizational 
policies, which would be important for allocating budget 
and stipulating policies and workflows for authentication 
and data backups, and help HCPs provide safe and effec-
tive care to patients.

People
There was variability in the use of the intervention by 
certain populations in this study. Older patients expe-
rienced technology anxiety as they were afraid to see 
abnormal readings or were worried that the readings 
did not get transmitted. They also preferred face-to-face 
consultations possibly for the human connection [38, 
39]. Contrastingly, younger patients or those with higher 
education level and busy lifestyle welcomed telemoni-
toring, teleconsultation and phone medication titration. 
Perhaps a common issue in Asia, a Malaysian study also 
found that older patients found the telemonitoring device 
unfamiliar and had difficulties using it [40]. This could 
be due to the different levels of health literacy, digital 
literacy and technology acceptance, as shown in a study 
on perception towards digital health among elderly Sin-
gaporeans [41]. Sin et  al. found that only a slim major-
ity of patients with diabetes and/or hypertension were 
willing to adopt telemedicine, and care satisfaction with 
using telemedicine was a significant factor [35]. Although 
Singapore is technologically advanced, levels of comfort 
with health technologies still vary considerably.

Participants also proposed higher utility of the inter-
vention by specific populations, and this suggests the 
need for patient segmentation to craft and target strate-
gies to assist patients with various needs to achieve maxi-
mum benefit. The personae proposed by Low et al. or the 
Bloem-Stalpers model could be considered to segment 
patients according to their socioeconomic and sociode-
mographic characteristics, acceptance of technology, or 
acceptance and perceived control of their condition [39, 
42].

Workflow and communication, people, organizational 
policies and culture
Whereas patients and HCPs were reported to be con-
cerned about telemedicine hindering the patient-pro-
vider relationship [30], those in our study felt that the 
frequent support and encouragement provided to the 
patients improved this relationship. The intervention 
complemented the relationship, rather than interposing 
as an intruder, by providing timely and accurate informa-
tion via telephone calls in between clinic consultations 
[43]. Patients felt reassured that their health was being 
closely monitored, through the quick feedback from the 
healthcare team especially when abnormal readings were 
recorded. However, the practice of conducting telecon-
sultations or tele-support was not consistent as although 
patients were informed upon enrolment to expect calls 
from the healthcare team during the intervention period, 
some did not receive any and might perceive this as a lack 
of accountability by the institution.
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While other studies mainly focused on the doctor as 
the provider of the intervention, team-based care was 
provided at the polyclinic as teamlets. However, one 
patient experienced confusion as there was a lack of com-
munication with the pharmacists, who usually supported 
the teamlets. Coordinating workflows with other support 
staff ensures patient safety in the form of timely supply 
of patients’ medications and can also help to maintain 
patients’ motivation for the intervention.

Although there was divergence of HCPs’ opinions on 
whether the intervention helped with workload manage-
ment, they agreed on the need to allocate more resources 
to prevent burnout, and for the intervention to be sus-
tainable in the long run. Although geographical barrier 
is less of a concern in Singapore than in other countries 
where healthcare may not readily accessible, the COVID-
19 pandemic has created an invisible barrier between 
HCPs and patients in the form of safe distancing and 
reallocation of clinic manpower to support COVID-19 
operations and other priorities. Telemedicine, with ade-
quate planning of resources and workflows, can bridge 
this barrier by sustaining BP management and providing 
care to patients even in times when physical visits are not 
possible [44].

The study populations of previous studies were mainly 
from the West and may not be translated to the Singa-
pore or Asian context. The interventions in these studies 
included monitoring, medication titration and contact 
initiated by patients. However, the PTEC-HT interven-
tion required HCPs to initiate contact with patients 
through scheduled or unscheduled teleconsultation, 
which was not available in the referenced studies. This 
provided sufficient support right from the start, espe-
cially for patients with technology anxiety or low health 
or digital literacy. Teleconsultation can provide reassur-
ance, improve patient education and health communica-
tion and contribute to behavior change, addressing the 
areas for future research raised by Fletcher et al. [31].

As we focus on patient-centredness in the implemen-
tation and use of telemedicine interventions, we can 
incorporate principles of service design and human fac-
tor approaches to achieve greater impact and better 
experience for our patients and HCPs [45, 46]. Study 
participants suggested that it is imperative to obtain and 
incorporate user feedback earlier in the development of 
user-friendly telemedicine interventions which prioritize 
effectiveness, patient safety, data confidentiality and the 
needs of patients and HCPs.

Strengths and limitations
This study was conducted within a quasi-experimen-
tal trial using qualitative methodologies. It provided 
insights into the views of patients and HCPs on the 

implementation and use of BP telemonitoring system 
with teleconsultation in a real-world setting. Integra-
tion with routine clinical practice and the ability to adapt 
features of the intervention encouraged uptake by both 
patients and HCPs. Using semi-structured interviews 
allowed us to build rapport with the participants and 
obtain rich data about their experiences. We interviewed 
patients and HCPs to obtain a diversity of views as they 
played different roles in the process.

Applying the STS model in the analysis allowed us to 
study the intervention on a more holistic level and identi-
fied some complexities and important considerations as 
we plan and improve the implementation and use of tel-
emedicine interventions in primary care. The dimensions 
of “external rules, regulations and pressures” and “sys-
tem measurement and monitoring” were not addressed 
in this study as participants did not express any related 
views. Future research could consider interviews with 
developers of the intervention and healthcare adminis-
trators to understand the impact of any external forces 
and the expected outcomes of the intervention.

There have been several other models developed to 
study health technologies [27, 43], but few provide a 
holistic framework to do so. The exception is the nona-
doption, abandonment, scale-up, spread and sustainabil-
ity (NASSS) framework by Greenhalgh et  al., which is 
very flexible and useful to study technology implementa-
tion at the micro, meso and macro-level [47]. While the 
current study was more limited in scope which focused 
more on the users’ perspectives and the impact of the 
intervention on the users, communication and practice 
workflow in one polyclinic, a longitudinal qualitative 
approach using the NASSS framework could be used 
to study the adaptation, scale-up and adoption or non-
adoption of the intervention over time in more polyclin-
ics. The scaling of the PTEC-HT program with more 
integrated features is currently underway [48].

Notwithstanding the efforts to obtain a representative 
sample of patients to reflect demographics of the clinic, 
ethnic diversity was limited. Self-selection might also 
have occurred from voluntary participation. Compared 
to other participants in the PTEC-HT pilot trial, patients 
in this study were younger (mean age 50.5 vs 56.3 years) 
and a larger proportion attained tertiary education quali-
fication (53.8% vs 25.2%), and they might have been more 
willing and able to share their views.

The patient interviews were conducted when the 
patients had completed the 6-month trial in hope to 
maximize their experience and elucidate their perspec-
tives of what did or did not work. However, there was 
a possibility that some patients could not recall details 
from the early months of their participation accurately. 
Future research may also involve views from patients 
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who rejected participation or withdrew from the trial 
to understand their reasons and concerns. As the HCPs 
were part of the teamlet tasked to implement the inter-
vention, they might have been supporters of the interven-
tion so their views might not be representative of other 
primary care HCPs.

As this was a qualitative study conducted in one pub-
lic primary care clinic in Singapore before the COVID-
19 pandemic, transferability of findings to other primary 
care clinics or non-primary care settings is limited as 
operational procedures may differ between institutions. 
However, the challenges identified from this study, such 
as digital literacy and data security, are still largely rel-
evant even as we are adapting our healthcare services 
since the pandemic happened [49].

Conclusions
Our study provides comprehensive perspectives on the 
barriers and facilitators to the implementation and use of 
a BP telemedicine intervention in a complex fast-paced 
primary care setting. It can engender various benefits and 
challenges to patients, healthcare professionals and the 
healthcare system. An intervention that is well-designed 
and successfully implemented can be an enabler to 
improve healthcare delivery, patient journey and safety, 
as well as avoid unplanned hospital admissions and vis-
its. It is hoped that the insights gleaned can help to guide 
various stakeholders understand the importance of the 
various dimensions as they embark on telemedicine pro-
gram design and implementation.
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