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Abstract 

About half of the adults in the United States have hypertension, and uncontrolled 

hypertension leads to significant illness and death. Telemonitoring of blood pressure (BP), where 

patients with hypertension take their BP at home and remotely communicate with their 

healthcare providers through technologies from the comfort of their homes and receive feedback, 

improves BP control. However, many patients are not using BP telemonitoring due to personal, 

technological and health system barriers. Specifically, individuals are required to have electronic 

health literacy (e-HL), defined as knowledge and skills to use technology services such as BP 

telemonitoring effectively. Yet, patients’ e-HL in using BP telemonitoring is not known.  

To fully understand the factors impacting telemonitoring of BP, we did three studies of 

BP telemonitoring and BP-related technology behaviors using a mixed-methods approach. The 

studies included, 1. Prediction of smartphone and tablet use in achieving health goals and 

communicating with healthcare providers via SMS text messaging among people with 

hypertension using patient-reported data from 3045 patients with hypertension within the Health 

Information National Trends Survey (HINTS), 2. Facilitators and barriers to telemonitoring of 

BP using the e-HL framework (comprised of 7 domains) among 21 patients receiving care at 

Michigan Medicine, 3. Predictors of participation in BP telemonitoring using an online national 

survey of 507 people with hypertension sampled based on age and education a priori quotas.     

In the first study, we found that electronic communication with the doctor or doctor’s 

office through email or internet and having a wellness app were significant predictors of using 
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SMS text message communication with a healthcare professional, adjusting for other 

demographic and technology-related variables. The odds of achieving health-related goals with 

the help of a tablet or smartphone declined significantly with older age and ownership of basic 

cellphones. However, they increased significantly with being a woman or with being married 

having a wellness app using devices other than smartphones or tablets to monitor health, making 

health treatment decisions, and discussing with a with the help of a tablet or smartphone. The 

second study identified five main themes including knowledge, motivation, skills, systems, and 

behaviors along with 28 subthemes comprising facilitators or barriers of BP telemonitoring. The 

mixed-methods results showed concordance between the participants’ e-HL status and their 

experiences in the ability to actively engage with BP monitoring and managing digital services 

(domain 3) of the e-HL framework. The third study showed that about 12 percent of people with 

hypertension use BP telemonitoring. Participation in BP telemonitoring was positively predicted 

by awareness of BP telemonitoring, sharing health information electronically with a healthcare 

provider, and having digital services that suit individual needs (domain 7).  

Collectively, the results show that considering patient characteristics such as age and 

education and prior technology use will likely increase BP telemonitoring. As well, awareness of 

BP telemonitoring programs and recommendation to participate from healthcare providers are 

likely to increase BP telemonitoring. Participants’ e-HL status was related to their ability to 

actively engage in BP monitoring and management through digital services. Future research is 

needed to incorporate these concepts into media and programs to increase the uptake of BP 

telemonitoring. 
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Chapter 1 Introduction 

 

1.1 Hypertension: Prevalence, Complications and Treatment 

Globally, about 1.28 billion adults within 30-79 years of age have hypertension.(1) Almost 

half of adults with hypertension are unaware of their condition and only about 21% have their 

hypertension under control worldwide.(1) In the United States, 122.4 million adults aged 20 

years or older have hypertension (50.4% males; 43.0% females).(2) Among those with 

hypertension, 62.0% are aware, 52.6% are receiving treatment, and about a quarter (25.7%) have 

their hypertension under control.(2) Hypertension is a significant risk factor for other 

cardiovascular diseases. Uncontrolled hypertension can lead to stroke (3), systemic embolism 

and bleeding (4), congestive heart failure (5), myocardial infarction (6), renal damage, dementia, 

aortic aneurysm, angina pectoris, metabolic syndrome, diabetes, blindness and death.(7,8) 

Hypertension is a major cause of death worldwide.(1) From 2010 to 2020, the number of deaths 

ascribable to hypertension in the United States rose by 90.1%.(2) The average annual cost of 

hypertension in the United States for 2018 to 2019 has been estimated at $52.2 billion.(2) 

Treatment of hypertension involves both pharmacological and non-pharmacological 

strategies. The World Health Organization guideline on pharmacological treatment of 

hypertension in adults recommends the use of thiazide or thiazide-like diuretics, angiotensin 

converting enzyme inhibitors or angiotensin-II receptor blockers, and long acting 

dihydropyridine calcium-channel blockers as first line treatment either alone or in 

combination.(9)  The non-pharmacological treatment recommendations include: salt-intake 
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reduction, increase in fruits and vegetables diet, being physically active, avoiding tobacco usage, 

alcohol consumption reduction, limiting the intake of food with saturated and trans-fat.(9) The 

latest guideline for the management of hypertension in adults reported by the eighth Joint 

National Committee (JNC 8) recommends setting blood pressure (BP) goals and 

pharmacological treatment based on individual’s age, comorbidities, and race in addition to the 

non-pharmacological treatments.(10) 

Despite effective lifestyle and pharmaceutical treatments, the 2023 Heart Disease and 

Stroke Statistics reported that only about a quarter of adult patients with hypertension have their 

BP controlled in the United States using the age-adjusted nationally representative data from the 

2017-2020 National Health and Nutrition Examination Survey (NHANES).(2) For the purpose of 

this prevalence, they defined hypertension as systolic BP (SBP) ≥ 130 mmHg, diastolic BP 

(DBP) ≥ 80 mmHg, or positive answer to taking antihypertensive medication. Hypertension was 

considered controlled with SBP ˂ 130 mmHg or DBP ˂ 80 mmHg.(2)  The systolic blood 

pressure intervention trial (SPRINT) of 9361 participants with SBP ≥ 130 mmHg and increased 

cardiovascular risk but no diabetes or stroke showed that managing the BP to a goal of SBP ˂ 

120 mmHg (intensive treatment group) led to a significant reduction in cardiovascular events and 

death when compared with SBP ˂ 140 mmHg (standard treatment) goal group.(11) These 

participants were followed for about 3.3 years of the intervention study. However, about 4.5 

years after the study ended, the SBP increased to 140 mmHg in the intensive treatment group and 

the cardiovascular events and mortality benefits were lost.(12) This suggests that consistent 

control of BP is important.  

There is a need to harness every arsenal possible to mitigate the challenge of uncontrolled 

BP. To improve hypertension control, Jones et al., had suggested incentivizing the health system 
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to prioritize preventive care by inculcating study intervention strategies into routine clinic care; 

use of telehealth strategies; healthier food policies; aggressive early lifestyle modification for 

individuals with family history of hypertension; early use of antihypertensive medication in 

teenagers and young adults; and use of lifetime cardiovascular risk instead of 10-year risk for BP 

management decisions.(13) 

One critical strategy is involving patients in their disease management through technology 

application. The innovations in information and communication technology provide great 

opportunity for improvements in hypertension control. For example, there are portable digital BP 

measuring devices available for home use, wearable devices that keep count of body movements, 

and mobile smartphones with health applications. There has been a steady increase in the number 

of internet users and mobile cellular subscribers since the year 2000. According to Pew Research 

Center 2022 report, 93% of Americans use internet, and the increase in internet use is seen across 

all age groups.(14) Also, 97% of Americans own a cellphone and 85% now use 

smartphones.(15) There are different technology devices and strategies that could be applied in 

hypertension management. The next paragraph will introduce the available technology that could 

help patients with hypertension management. 

 

1.2 Technology to the Rescue 

Health technology is any practice, knowledge, substance, or tool that is applied to improve 

health.(16) The last few years have witnessed a surge in technological approaches to tackle 

several health challenges and hypertension is not exempt. Several technologies have been 

applied at system’s, physician’s, and patient’s levels of hypertension management. For instance, 

there are telehealth enabling policies to be made at the system level, clinical decision support 
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technologies at the physician level, and portable electronic devices to help patients connect with 

the physicians and the health system.(17)  

For this project, we focused on those technologies that patients can relate with, for 

example electronic health records, pill bottles, flash cards, quick response (QR) coded videos, 

phone calls, short message service (SMS) alerts, email, alarms, wearable wireless devices, and 

health applications. Single or combination use of these technologies have been applied in 

hypertension medication adherence, self-monitoring, and telemonitoring of BP. 

1.2.1 Technology use in Hypertension Medication Adherence 

With hypertension being a chronic disease, the importance of medication adherence in 

hypertension management can never be overemphasized. However, only about one half of 

patients who started an anti-hypertensive medication remain on it after 12 months.(18) The 

consequences of non-adherence to hypertension treatment regimens include treatment failure, 

increased incidence of other cardiovascular diseases, increased healthcare cost and 

mortality.(19–23) Examples of different approaches to improve medication adherence among 

people with hypertension include medication simplification, patient counseling and education, 

financial incentives, patient-centered medical home and health technology tools.(24,25) In this 

section, we will discuss the health technology tools that have been applied to improve patients’ 

adherence to their hypertension medication.  

The impact of these technologies was determined by a literature review. The databases 

searched were PubMed® and Google Scholar®. Search terms included were ("hypertension" OR 

"high blood pressure*”) AND ("medication adherence" OR "medication compliance" OR "drug 

compliance") OR (“hypertension medication adherence”) AND (“technolog*” OR “device*” OR 

“digital*” OR “electronic pill bottles” OR “smartphone app*” OR “SMS text messages” OR 
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"phone call" OR “flash cards” OR “QR codes” OR “electronic health record” OR “EHR” OR 

“self-monitoring of blood pressure”), randomized controlled trials, reviews, systematic reviews 

and meta-analysis articles from year 2013 to 2023. Over 70 articles published in English were 

identified. The purpose of this section is not to provide a systematic review of literature but to 

show how technology has influenced hypertension management in the last ten years. Therefore, 

we present here some examples of the randomized controlled trials, systematic reviews, and 

meta-analysis studies where available. 

Electronic pill bottles of different designs and forms have been applied in medication 

adherence improvement strategies. In a longitudinal nonblinded randomized study of 134 low 

health literacy patients with hypertension, the intervention group received a summary of the 

counseling message recorded in a Talking Pill Bottle while the control group received the usual 

counseling without the Talking Pill Bottle.(26) Both groups were followed up at 30, 60 and 90 

days. At the end of 90 days, the intervention group had significantly decreased mean systolic (-

4.09 mmHg, P = 0.036) and diastolic (-2.42 mmHg, P = 0.027) BP compared to baseline. No 

significant change in BP readings over time was seen in the control group. A three-arm 

randomized controlled trial of 149 patients with hypertension compared the use electronic pill 

bottle or bidirectional text messaging to improve adherence to usual care.(27) Patients in the 

electronic pill bottle arm received their pill in a wireless electronic pill bottle that monitors bottle 

opening and sends electronic alert to a software platform used in the study. Those in the 

bidirectional text message arm received text message asking them to reply Yes or No to having 

taken their medication. Both arms received daily feedback text messages and were followed-up 

for 4 months. At the end of the study, though medication adherence was high in both pill bottle 

(77.2%) and bidirectional text messaging (79.4%) arms, there was no difference in self-reported 
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baseline and follow-up medication adherence surveys. Also, no significant differences were 

observed in the BP control among the pill bottle, text messaging and usual care groups.(27) A 

pre-and post-intervention study of the effect of a monthly electronic medication organizer with 

inbuilt alarm clock on medication adherence and BP control of 32 elderly patients with 

hypertension, showed that 78.1% who were less adherent at the beginning became more adherent 

post intervention, P ˂ 0.001.(28) The alarm was programmed to go off at the specified patient 

medication taking time and the intervention time was 6 months. The mean differences in systolic 

and diastolic BP pre-and post-intervention were -21.6 mmHg, P ˂ 0.001 and -4.7 mmHg, P ˂ 

0.001, respectively.(28)  

A systematic review of electronic medication packages (EMP) employed to improve 

adherence in different disease settings including hypertension showed a positive result in favor 

of EMP compared to traditional pill bottles.(29) Thirty-seven studies (9 on patients with 

hypertension) constituting 4,326 patients were reviewed. Ten of the 37 studies were on EMP 

with patient-interface only, while 29 were on EMP with patient-interface coupled with healthcare 

provider intervention. The EMP types included simple recorders (22 studies), recorders with 

audio and/or visual reminders (6), recorders with digital display (5), recorders with audiovisual 

reminders and display (5), and a device using real time wireless monitoring.(29) The overall 

effect estimates of EMP on the mean medication adherence ranged from -2.9 to 34.0%, and that 

of proportion of adherent patients ranged from -8.0 to 49.5%. 

Flash cards are cards containing summarized information about any subject. It is used to 

aid recall of the full subject. Quick response (QR) codes are machine-readable codes made up of 

black and white squares. QR code can be used to store written information, pictures, or videos. 

The flashcards are useful reminders and videos are particularly helpful, especially in patients 
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with lower health literacy. In a prospective matched quasi-experimental study of 68 adult patients 

prescribed targeted oral heart failure, hypertension and type 2 diabetes medications, disease- and 

medication-specific flash cards and QR coded online videos resulted to higher proportion of days 

covered (PDC) in patients in intervention group than the control (71% vs. 44%; P < 0.0069) after 

180 days.(30)  The low health literacy (based on first grade reading level or below) flashcards 

educated patients on medication indications, administration counseling, disease state counseling 

and common side effects. Each flashcard had a corresponding pharmacist’s counseling video 

linked to a QR code and attached to patient’s medication bottles. 

Phone calls, SMS alerts, and smartphone application (app) reminders are common and 

effective strategies in improving medication adherence. Mobile health apps have helped patients 

in setting alarms and reminders to take their hypertension medications.(31) An individually 

tailored telephone call intervention aimed at reminding patients to adhere to their medications, 

DASH diet, weight loss, reduced salt intake, exercise and moderate alcohol intake, among 558 

patients with hypertension under Medicaid coverage recorded improvement in medication 

possession ratio from 55% at 9-12 months before the intervention to 77%, 9-12 months after.(32) 

The study was a quality improvement program in three community-based provider networks. 

The care manager called patients up to 10 times at about 3-week intervals over a 6-month period. 

A one-time phone call intervention to identify barriers to medication adherence among 186 

patients with hypertension and diabetes who were on an angiotensin converting enzyme inhibitor 

(ACEI) or angiotensin receptor blocker (ARB) showed that that the call was a significant 

predictor of increased adherence among the intervention groups (β = 0.3182, 95% CI 0.19-0.38, 

P ˂ 0.001).(33) In a similar study to improve medication adherence, 734 patients with 

hypertension and diabetes on ACEI/ARB were randomized to intervention and control groups. 
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The intervention group received motivational interviewing via phone call once a month for 6 

months. Patients who completed the initial phone call and at least 2 follow-up calls were more 

likely to be adherent (β = 0.0604, P ˂ 0.001) and less likely to discontinue their medication (OR 

= 0.29, 95% CI 0.15-0.54, P ˂ 0.001) compared to control.(34) 

In a randomized controlled trial (RCT) involving 314 patients with hypertension, SMS 

text messaging increased medication adherence from 49% to 62.3%, P = 0.01 in the SMS group 

and decreased from 59.3% to 51.4% in the non-SMS after 6 months follow-up.(35) The text 

messages included information on healthy diet, medication schedule, and importance of 

medication adherence. The messages were sent every 12-14 days during the 6-month period. In a 

two arm unblinded RCT, 123 African Americans with uncontrolled hypertension were 

randomized to an automated text messaging intervention to improve medication adherence 

(BPMED).(36) The BPMED intervention included daily medication taking reminder text 

messages, and twice weekly hypertension management educational text messages. Patients were 

followed-up for one month. Medication adherence was measured with the eight-item Morisky 

Medication Adherence Scale-8 (MMAS-8) at baseline and one month. The BPMED group had 

greater but non-significant mean improvement on their medication adherence compared to usual 

care (mean change 0.9, SD 2.0 vs mean change 0.5, SD 1.5, P = 0.26). Also, non-significant but 

greater mean improvement in systolic BP (mean change -12.6mmHg, SD 24.0 vs mean change -

11.3 mmHg, SD 25.5, P = 0.78) and diastolic BP (mean change -4.9 mmHg, SD 13.1 vs mean 

change -3.3 mmHg, SD 14.3, P = 0.54) were observed in the BPMED group versus the usual 

care group.(36) A meta-analysis of 16 RCTs involving 2742 patients with chronic diseases 

showed that text messaging significantly improved medication adherence (odds ratio 2.1; 95% 

CI 1.52 – 2.93; P ˂ 0.001).(37) Fifteen out of the 16 studies sent messages at a preset time while 
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one study only sent at real time if the patient failed to open the medication dispenser. The 

messaging form ranged from a personalized format to a two-way communication. The frequency 

of messaging was daily in 8 studies, weekly in 3, and variable in others. The message content 

was mainly medication reminders, though some included health education and non-medical 

general topics.(37) A more recent systematic review of 12 RCTs on the effectiveness of text 

messaging reported that text messaging interventions significantly reduced systolic BP (standard 

mean difference 0.13, P = 0.01) but not diastolic BP (standard mean difference 0.06, P = 

0.56).(38) The frequency of the text messaging varied from daily to biweekly, and were mostly 

unidirectional. The meta-analysis of seven (those lasting 6 months or less) out of the 12 studies 

showed that once a week or less messaging frequency resulted in systolic BP (effect size 0.35, P 

˂ 0.01) and diastolic BP (effect size 0.28, P = 0.01) reductions. The authors did not provide 

analysis on medication adherence due to high heterogeneity in medication adherence assessment 

methods in the studies.(38) 

In an RCT on 411 adult patients with uncontrolled hypertension, the use of a smartphone 

app increased medication adherence in the intervention group compared to the control (between-

group difference, 0.4; 95% CI, 0.1-0.7; P = 0.1) at 12 weeks.(39) The intervention group were 

instructed to download the app which provided medication taking reminders, adherence reports 

and optional peer support. The medication adherence was measured using the MMAS-8. Ng et 

al, conducted a systematic review of the impact of mobile applications on medication adherence 

including 11 RCTs and 10 non-RCTs.(40) The studies targeted various chronic diseases, nine of 

which were cardiovascular diseases including hypertension. The app features included 

reminders, education, medication e-diary, and communication with a healthcare professional. 

They reported improvement in adherence in all 11 RCTs with statistically significance 
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improvement in 7. The non-RCTs showed statistically significant improvement in adherence in 

two studies. The heterogeneity of the studies in terms of design, app features, and adherence 

measures made it hard to a draw conclusion on the mobile app impact. However, the studies 

showed that medication adherence may be improved by using mobile apps.(40)  

A more recent study on the technology-based interventions to improve medication 

adherence in hypertension management reviewed 12 RCTs.(41) Five out of the 12 studies 

showed significant improvement in adherence compared to the control. The improvements were 

seen with studies that applied electronic-medication bottle caps with audio-visual reminder, 

educational SMS alerts, sending self-measured BP to a telephone-linked computer system, and 

incentivized video submission of drug taking.(41)  

All indications point to the advantages of these technologies in improving adherence and 

hence BP control. More studies are however needed to fully understand the extent of their 

impact. In addition to medication adherence, the actual measuring of the BP and regular 

monitoring of the numbers by the patient is an important part of maintaining BP control.(42) 

There are many commercial portable BP machines that patients can get for their home use. The 

Center for Disease Control (CDC) and the American Heart Association have guidelines on to 

how to choose the appropriate BP cuff sizes and measure BP for patients.(43,44) The next 

section discusses self-monitoring of BP and evidence of its effectiveness in literature.  

1.2.2 Self-monitoring of Blood Pressure 

Self-monitoring of blood pressure (SMBP) is an important aspect of self-management of 

hypertension.(45) Self-monitoring entails the patients taking their BP measurements outside of 

their health providers’ office, usually at home. Self-monitoring provides BP data for detection of 

uncontrolled high BP or white coat effect thereby ensuring appropriate clinical treatment 
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decisions. SMBP can help to improve medication adherence as well as BP control, as discussed 

in this section.  

Fletcher et al, conducted a systemic review and meta-analysis of 28 RCTs involving 

7,021 participants to show the effect of SMBP on medication adherence and BP control.(46) The 

participants were adults with hypertension receiving care in ambulatory settings and prescribed 

hypertension medications. The protocol for SMBP varied from twice daily to monthly BP 

measurements. Participants follow-up ranged from 2 weeks to 12 months. Out of the 28 studies, 

13 and 11 studies qualified for meta-analysis of the effect of SMBP on medication adherence and 

BP control respectively. The analysis showed an overall significant improvement in medication 

adherence among the SMBP group compared to control with the standardized mean difference 

(SMD) of 0.21 (95% CI 0.08-0.34).(46) An overall significant reduction in mean diastolic BP at 

6 months was observed (-2.02 mmHg, 95% CI -2.93, -1.11) in favor of SMBP while no 

difference was seen for systolic BP.(46)  

Another review of 52 prospective comparative studies on the effectiveness of SMBP with 

or without additional support in adults with hypertension demonstrated a clinically important 

improvements in systolic and diastolic BP compared to control.(47) When comparing SMBP 

alone versus usual care, significant differences in systolic and diastolic BP were seen at 6 month 

(weighted mean difference, -3.9 mmHg and -2.4 mmHg, respectively) in favor of the SMBP 

group but not at 12 month (weighted mean difference, -1.5 mmHg and -0.8 mmHg, respectively). 

When SMBP was supported with additional interventions such as telemonitoring, patient 

education, counselling and behavior management, high-strength evidence resulted in an overall 

reduction in mean systolic BP (range, -2.1 to -8.3 mmHg) and diastolic BP (range, 0.0 to -4.4 

mmHg) occurred at 12 months in the intervention group compared to usual care group.(47) 
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Similar BP outcomes were mostly found when SMBP alone was compared with SMBP plus 

additional support but low-strength evidence. The effectiveness of SMBP was further 

demonstrated by Sheppard et. al., in their systematic review and individual patient data meta-

analysis of 16 RCTs involving 6,522 patients with hypertension-related comorbidities.(48) The 

patients had hypertension plus other morbidities including coronary heart disease, stroke, 

obesity, diabetes, and chronic kidney disease (CKD). Despite the heterogeneity across the 

studies, self-monitoring was associated with mean reductions in systolic and diastolic BP of -

3.12 mmHg (95% CI -4.78, -1.46) and -1.44 mmHg (95% CI -2.13, -0.74) respectively in all 

patients. Increasing the number of co-morbidities resulted in no difference in self-monitoring 

effectiveness with systolic and diastolic BP p-values of 0.260 and 0.079 respectively. Those 

involved in self-monitoring had reduced odds of having uncontrolled BP at 12-month follow-up 

(odds ratio (OR) 0.71, 95% CI 0.58, 0.87) regardless of the number of comorbidities.(48) 

Another interesting finding from the Sheppard et al., study was the significant interaction found 

between self-monitoring and intensity of co-intervention. The co-intervention was either low-

intensity or high-intensity. Low-intensity intervention was defined as self-monitoring with 

minimal additional contact and automated feedback or support. High-intensity intervention was 

defined as self-monitoring plus active and significant tailored support that included electronic 

feedback, education as well as healthcare provider monitoring. Patients with stroke, diabetes, 

CKD, and obesity receiving high-intensity intervention were less likely to have uncontrolled BP 

at 6-month follow-up.(48) Another meta-analysis 7,138 of individual patient data from 25 

reviewed articles found that BP self-monitoring led to reduced overall reduction in clinic systolic 

blood (-3.2 mmHg, 95% CI -4.9, -1.6) compared with usual care at 12 months.(49) However, 
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self-monitoring combined with co-intervention such as medication titration or lifestyle 

counseling led to a greater reduction in systolic blood (-6.1 mmHg, 95%CI -9.0, -3.2).(49) 

These findings suggest that though SMBP is effective in BP reduction and control, SMBP 

combined with additional interventions such as telemonitoring may result in greater BP control. 

The next section discusses BP telemonitoring. 

1.2.3 Telemonitoring of Blood Pressure 

In his call to action to control hypertension published October 2020, the US surgeon general 

recognized that multifaceted approaches are required to control BP including consolidated use of 

health technology, empowering and equipping patients to use self-measured BP monitoring, 

medication adherence strategies, and maintenance of the patient-healthcare provider 

communications.(50) Advancements in technology such as electronic communication tools and 

monitoring devices as well as the experiences with the global COVID-19 pandemic have made 

telehealth a viable option in management of various diseases including hypertension.(51–53) 

Telehealth is defined as “the delivery and facilitation of health and health-related services 

including medical care, provider and patient education, health information services, and self-care 

via telecommunications and digital communication technologies”.(54) The four major forms of 

technologies used in telehealth include mobile health apps, store and forward electronic 

transmission, video conferencing and remote patient monitoring.(54) 

Remote patient monitoring (RPM), also known as telemonitoring is simply monitoring of 

patients from a distance.(55,56) It comprises the use of electronic communication devices such 

as mobile monitoring devices, wearables, smartphone apps, internet-enabled computer, usually 

from a patient’s home to collect and transmit patient’s health data to a healthcare provider for 

evaluation and appropriate intervention.(54,57,58) The health data transmission could be 
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automated or manually entered by the patient. Telemonitoring could be accompanied by 

structured telephone support (human or machine delivered phone calls)(59) or text 

messages(60,61) that provide reminders and self-care health education to the patient.(58) 

According to the Telehealth.HHS.gov website, conditions such as diabetes, heart conditions, 

chronic obstructive pulmonary disease, sleep apnea and asthma, and symptoms like high BP, 

weight loss or gain can be telemonitored.(62)  

Over the years, telemonitoring has evolved in both the components and processes of 

administration. Several systematic reviews published from 2003 to 2022 about telemonitoring in 

varying diseases exist, and the results are mixed. A systematic review of 272 publications on 

telemonitoring from 2000 to 2018 showed that it is effective in improving patient outcomes in 

209 (76.8%) of the papers.(56) Most of the papers reviewed were on telemonitoring of 

cardiovascular (47.8%) and endocrinologic (18.0%) diseases. De Farias et al, also noted a 

significant increase in the number of publications on telemonitoring between 2015 and 2018 

demonstrating the growing interest in its use in patient health improvement.  

Another systematic review of randomized controlled studies on telemonitoring using non-

invasive wearable devices(63) showed some positive results. They demonstrated that remote 

monitoring could reduce chronic obstructive pulmonary disease (COPD)-related hospitalization 

and costs; improve BP control in select patients; reduce pain and improve function in low back 

pain patients; and improve mobility in Parkinson’s disease and systemic sclerosis or rheumatoid 

arthritis. However, the meta-analysis of the 15 randomized controlled studies - six on weight, 

five on systolic BP, and four on diastolic BP - showed no statistically significant differences in 

patient outcomes between the telemonitored and control groups, mainly due to heterogeneity and 

few high-quality studies.(63)  
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Similarly, a systematic review of 91 different telemonitoring studies utilizing invasive and 

non-invasive devices, and manual data entry into tablets, smartphones or websites demonstrated 

effectiveness in reducing hospital admission, length of stay and emergency visits in 49% (n = 

44/90), 49% (n = 23/47), and 41% (n = 13/32) of the studies where measured, respectively.(64) 

The disease conditions in this review were cardiovascular 59% (n = 54), COPD 20% (n = 18) or 

cardiovascular and COPD comorbidity 4% (n = 4) with schizophrenia, inflammatory bowel 

disease, peritoneal dialysis, nursing home residents and people on home ventilation also included 

17% (n = 15).(63) The outcome measures monitored were heart rate 57% (n = 52), BP 54% (n = 

49), weight 48% (n = 44), and oxygen saturation 43% (n = 39).  

Omboni et al., meta-analyzed 23 RCTs comprising 7037 patients with hypertension 

randomized to home BP telemonitoring (HBPT) and usual care. They found that the patients in 

HBPT group had a significant reduction in the systolic BP (-4.71 mmHg, 95%CI -6.18, -3.24, P 

˂ 0.001) and diastolic BP (-2.45 mmHg, 95% CI -3.33, -1.57, P ˂ 0.001) compared to usual 

care.(65) Though health cost was higher in the HBPT group, participating in telemonitoring 

improved their quality of life significantly (SF-12 or SF-36 questionnaire: +2.78 [+1.15, +4.41] P 

˂ 0.001).(65)  Finally, a meta-analysis of 32 randomized controlled studies done in patients with 

hypertension living in urban areas demonstrated higher BP control rates among the remote BP 

monitoring group (relative ratio 1.226, P < 0.001) compared to the usual care group.(66) 

Though heterogeneity in BP telemonitoring studies has led to identification of lack of 

difference in positive patient outcomes between telemonitored and non-telemonitored groups in 

some studies, the bulk the of meta-analysis studies demonstrated greater improvement in BP 

control among those in the telemonitoring group. BP telemonitoring is thus considered a viable 



 16 

digital management strategy for hypertension and so there is need to increase its adoption among 

patients that would most benefit from it.    

1.2.4 Blood Pressure Telemonitoring Challenges 

Despite mixed evidence of effectiveness in improving patient outcomes, support for 

telemonitoring is still growing.(67) The focus is now on how to overcome the challenges of 

telemonitoring, especially related to patient experiences. A review of the literature in this area 

was done by searching Google Scholar® and PubMed® for studies on BP telemonitoring 

adoption challenges from 2013 to 2023. From this review, 19 studies were identified including 

ten systematic reviews, seven qualitative studies, and two quantitative studies that provided 

insights on BP telemonitoring challenges experienced by patients as discussed in the paragraphs 

below. 

Thomas et al, noted that patient-centered RPM which ensures patients have appropriate 

knowledge, skills, and behaviors combined with frequent communication with healthcare 

providers is successful in reducing acute care use.(68) Among patients with various chronic 

diseases, remote monitoring was facilitated by the disease-specific knowledge gained, early 

identification of disease decline triggers, improved self-management skills, and shared decision-

making with providers.(69) Nonetheless, there is still fear of losing in-person contact and apathy 

towards technology caused by a lack of trust and skill.(69) A weighted analysis of the health 

information national trends survey (HINTS), showed that among adults with hypertension, 

previous electronic communication with healthcare providers through email or the internet and 

access to health Apps were important predictors of interacting with healthcare providers through 

SMS text messages.(70) Furthermore, a randomized controlled study of patients with 

hypertension in telemonitoring and non-telemonitoring groups showed that BP telemonitoring 
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was facilitated by the acceptability of the intervention, data safety, and timely communication 

with the healthcare provider. The barriers were concerns for data safety, lack of motivation, and 

technology skills.(71) 

A scoping review of 36 studies on digital health technology (including telemonitoring) 

adoption for hypertension management reported technology usability and support, better patient-

provider communication, improved self-management, and fewer clinic visits as patient-related 

facilitators.(72) Barriers to digital health technology adoption for patients were cost, data privacy 

and security concerns, anxiety, loss of the patient-provider relationship, and lack of technology 

trust, skills and support.(72) Another systematic review of the adoption of telemedicine for the 

management of hypertension reported similar facilitators and barriers, in addition to the 

availability of access to care, improved patient knowledge, and involvement.(73)  

Furthermore, other challenges limiting the widespread adoption of BP telemonitoring 

including the lack of skill required to operate the technology, acceptability, beliefs, long-term 

adherence, lack of healthcare provider feedback, accessibility, and complexity of the technology 

have also been reported in literature.(58,74–85) In summary, factors related to the individual, 

technology in question, and the health system could impact whether a particular technology is 

used by a patient or not. As BP telemonitoring is currently the most ready implementable 

solution among the various digital health strategies(76), it is important that these challenges 

especially regarding the skills required to operate the technologies are addressed. 

1.2.5 Theoretical Applications to Blood Pressure Telemonitoring 

Most studies on the adoption of BP telemonitoring were not based on any theoretical or 

behavioral model or framework. The few studies that applied a framework used the technology 

acceptance model (TAM).(86) According to TAM, a person’s intention to use technology 



 18 

depends on the perception of the usefulness and ease of use of the particular technology. TAM 

has been used to explain patients’ acceptance of technology in management of chronic diseases 

like hypertension.(77,87,88) There is also a series of modifications from TAM to TAM2, TAM3, 

and the unified theory of acceptance and use of technology (UTAUT).(89) With these 

modifications, however, it is important to note that electronic health literacy (e-HL) could be at 

the foundation of any perception a patient using technology might have as literacy usually 

influences perception.(90–92) There is therefore need to explore the concept of e-HL among 

patients as it relates to RPM. This next section discusses different theories and scales of e-HL 

and its importance in telemonitoring of blood pressure. 

 

1.3 Electronic Health Literacy (e-HL) 

eHealth was one of the terms that arose with the spread of internet usage. Eysenbach(93) 

provided the first comprehensive definition of eHealth in the academic setting as follows 

“eHealth is an emerging field in the intersection of medical informatics, public health, and 

business, referring to health services and information delivered or enhanced through the internet 

and related technologies. In a broader sense, the term characterizes not only a technical 

development, but also a state-of-mind, a way of thinking, an attitude, and a commitment for 

networked, global thinking, to improve health care locally, regionally, and worldwide by using 

information and communication technology.” Several other definitions of eHealth have been 

postulated depending on the context and the defining body.(94) The most common denominator 

has always been the use of technology to support health and healthcare. The World Health 

Organization (WHO) currently defines eHealth as “the cost-effective and secure use of 

information and communication technologies in support of health and health-related fields, 
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including health-care services, health surveillance, health literature, and health education, 

knowledge and research”.(95) However, individuals can only enjoy the benefits of eHealth if 

they are able to access and use them.  

To account for the skills and knowledge needed to use eHealth, Norman and Skinner coined 

the concept of eHealth literacy (e-HL). They defined e-HL as “the ability to seek, find, 

understand, and appraise health information from electronic sources and apply the knowledge 

gained to addressing or solving a health problem”.(96) Later definitions of e-HL captured the 

required skills within the context of social, individual, and technology interactions not 

represented in the original definition.(97–99)  Norman and Skinner put forward the first e-HL 

model called the “Lily Model” over a decade ago.(96) They also developed the eHealth Literacy 

Scale (eHEALS) to measure e-HL.(100)  Several other e-HL models and measuring scale have 

been proposed over the years including the e-HL Framework (e-HLF) and e-HL Questionnaire 

(e-HLQ).(101,102) 

1.3.1 Literature Review of Electronic Health Literacy Theories and Scales 

This section provides a review of the available e-HL theories and measures beginning with 

the pioneer general measure developed in 2006(100), its extended version, other general 

measures of e-HL up to the latest diabetic-specific measure of e-HL.(103) 

The Lily model of e-HL comprises six different literacies grouped into analytical and 

context-specific skills.(96) The analytical skills are broadly applicable, and they include 

traditional literacy and numeracy (ability to understand text and numbers), media literacy (ability 

to process media content and quality), and information literacy (ability to find, use and organize 

knowledge). The context-specific skills include computer literacy (ability to solve problems 

using a computer), health literacy (ability to understand and apply health information to 
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healthcare), and scientific literacy (ability to understand basic scientific texts). Norman and 

Skinner utilized the Lily model and social cognitive theory (self-efficacy) to develop a 

measuring scale for e-HL called eHEALS.(100) The eHEALS is an 8-item scale with questions 

on individual’s ability on what, where, how to find and use health information on the internet. 

The questions responses are on 5-point Likert scale ranging from strongly agree to strongly 

disagree. The eHEALS has high coefficient alpha 0.88, item-scale correlation range of 0.51 to 

0.76 and modest test-retest reliability. Being the pioneer e-HL measure, the eHEALS has been 

validated in different languages and populations.(104–111) However, the scale was developed 

among a healthy youth population which may not represent the larger population of unhealthy 

individuals needing to use eHealth. The authors also noted that developing eHEALS as part of a 

larger study may have affected the test-retest reliability suggesting consideration for context of 

use. Still on the context of use, it should be noted that it was developed in the era of Web 1.0 

before the widespread of social media, mobile health and other electronic devices.(112) 

Consequently, it applies mostly to Health 1.0 (information only) applications and not Health 2.0 

(interactive applications).(113) The 8-item measure offers a simple and quick way of testing 

individual’s e-HL but may not capture all the complexities therein. Its psychometric quality and 

unidimensionality have also been questioned.(104,114) Norman agrees that a revision of 

eHEALS is warranted.(112) 

Petric et al., developed an extended version of eHEALS (eHEALS-E) for users of online 

health communities.(115) eHEALS-E comprises 20-item measure on 5-point Likert scale 

presented in six dimensions including awareness of information sources, recognizing quality and 

meaning , understanding information, perceived efficiency, validating information, and being 

smart on the Net. These six dimensions capture the accessing, understanding, appraising, and 
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applying health information relevant to health definition components of e-HL.(96)  Though the 

eHEALS-E incorporates additional items to understand people’s e-HL status, it seems to be 

limited to the online health community test population used in the development and requires 

more studies in other populations and settings to confirm its psychometric qualities. It is also 

limited to the same e-HL definition in eHEALS which does not capture the current social 

environment of health technology.  

Based on the concept of health literacy, trust, action, and behavior, Seckin et al., developed 

another e-HL measuring tool known as electronic health literacy scale (e-HLS).(116) They 

captured the individual-health professional’s interaction as well as the individual’s ability to not 

just find information but to also be able to assess the quality of information found. The e-HLS is 

a 19-item scale measured in three dimensions including behavior, communication, and attitude. 

The responses are rated on a 5-point Likert scale ranging from never or strongly disagree (1) to 

always or strongly agree (5). They reported a Cronbach’s alpha coefficient of 0.93. Apart from 

the development study, e-HLS has only been used in e-HL evaluation of Chinese patients with 

stroke with a similar Cronbach’s alpha coefficient of 0.91.(117) It therefore needs more 

widespread usage to confirm its psychometric properties.  

 Van der Vaart et al., measured e-HL in 31 patients with rheumatic diseases by observing 

them perform specific online tasks.(118) They assigned 15 patients to Health 1.0 task and 16 

patients to Health 2.0 task. All tasks were related to their disease condition. The Health 1.0 

assignment was information retrieval only while Health 2.0 assignment included retrieval of 

information, interpretation, creating and contributing their own content to online platforms. 

Patients were asked to think aloud as they perform their tasks. The study found that 

rheumatology patients lack the skills to properly apply Health 1.0 and 2.0 to their advantage. The 
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problems identified were operating the computer and internet browser, Web navigation and 

orientation, search engine utilization, information relevance and reliability assessment, personal 

content addition, and protecting privacy.(118) The outcome of this study prompted the 

development of  the Digital Health Literacy Instrument (DHLI) to capture Health 1.0 and 2.0 

skills needed to navigate eHealth environment.(119) DHLI implemented the problems 

discovered in the previous study to arrive at 7 skill categories for e-HL including operational 

skills (for computer and internet browser use), navigation skills (for Web navigation and 

orientation), information searching skill (for correct search strategies), evaluating reliability of 

information in general, determining relevance of information to oneself, adding self-generated 

content to Web-based apps, and protecting and respecting privacy while using the internet. Three 

items were developed under each skill including a performance-based item. The result was a 21-

item instrument measured on 4-point scale ranging from “very easy” to “very difficult” and from 

“never” to “often”.(119) DHLI was validated among adults ≥ 18 years old who had internet 

access and were mostly highly educated. It is available in Dutch and English versions. Though 

DHLI was found to have overall satisfactory psychometrics, it is however, limited by the 

population used for validation, non-inclusion of mobile health skills, and low internal 

consistency of the performance-based items. DHLI has been adapted mostly to measuring digital 

health literacy in the COVID-19 pandemic with validations in difference languages and 

settings.(120–128) 

Paige et al., developed the Transactional eHealth Literacy Instrument (TeHLI)(129) based 

on the Transactional Model of eHealth Literacy (TMeHL).(130) The TMeHL was designed from 

the concepts of the Transactional Model of Communication, interpersonal computer-mediated 

communication, and noise-inducing factors that affect communication. TMeHL views e-HL as 
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being transactional in that the interaction between the user- and task-related factors influences 

the intrapersonal skillset of e-HL. The user-related factors include personal, relational, 

knowledgeable, and technological factors. The task-related factors refer to message type, source, 

channel, and language. The interactions determine how an individual responds to eHealth to 

achieve desired health outcomes. TMeHL captures the intrapersonal, interpersonal, and eHealth 

contexts in relation to e-HL. The TeHLI is a 18-item instrument with 4 dimensions including 

functional (4 items), communicative (5 items), critical (5 items), and translational (4 items). It is 

rated on a 5-point Likert scale ranging from 1 “strongly disagree” to 5 “strongly agree”. The 

instrument was validated among patients ≥ 40 years old at risk or having obstructive lung 

diseases. It was reported to have satisfactory psychometrics. The TeHLI is limited by the 

development population and cannot generalized across all ages. It also does not reflect actual 

eHealth tasks performance capabilities. The TeHLI has been validated among cancer caregivers 

with a proposal of clinical eHealth literacy as the fifth dimension.(131) More studies of the 

instrument in other disease conditions and population are needed to confirm the psychometrics. 

The e-health literacy framework (e-HLF) is another model of e-HL put forward by 

Norgaard et al.(101) It was developed by systematic inductive methods involving inputs from 

patients with chronic health conditions, information technology (IT) experts, health 

professionals, and e-health professionals to capture all the elements that may impact individuals’ 

decision to use eHealth for their health management. The e-HLF posits e-HL as a function of 

external observable and internalized traits of individuals and the e-health systems, and the 

interactions between them. They thus proposed seven dimensions of e-HL including 1. Ability to 

process information, 2. Engagement in own health, 3. Ability to actively engage with digital 

services, 4. Feel safe and in control, 5. Motivated to engage with digital services, 6. Access to 
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digital services that work and 7. Digital services that suit individual needs.(Figure 1.1) The first 

two domains (1 and 2) dependent on the individual’s capability, the last two (6 and 7) are 

dependent on the e-health system, while the three domains in the middle (3,4, and 5) show 

interaction between the individual and the e-health system. The e-health literacy questionnaire 

(eHLQ)(132) was designed from the e-HLF. eHLQ is a 35-item questionnaire with seven 

domains. Each item is rated on a 4-point Likert scale (strongly disagree, disagree, agree, strongly 

agree). The eHLQ was validated using both classical test theory and item response theory 

psychometrics, and the domains items were found to have strong composite scale reliability 

(CSR). The e-health literacy domains variables include 1. Using technology to process health 

information (5 items, CSR: 0.84), 2. Understanding health concepts and language (5 items, CSR: 

0.75), 3. Ability to actively engage with digital services (5items, CSR: 0.86), 4. Feel safe and in 

control (5 items, CSR: 0.87), 5. Motivated to engage with digital services (5 items, CSR: 0.84), 

6. Access to digital service that works (6 items, CSR: 0.77), 7. Digital services that suit 

individual need (4 items, CSR: 0.85). Each domain score is the average of the individual item 

scores in the domain. The eHLQ validity evidence in terms of relations to other variables like 

age, education, and information communication technology use has been studied and found to be 

satisfactory.(133) It has also been validated in patients with chronic diseases in other 

languages(134,135) and used to study e-HL in different populations and settings.(136–142) The 

eHLQ is not disease-specific and does not recall time for the scale items.   

  There are other models(97,99) of e-HL and measuring instruments available including e-

health literacy assessment toolkit (eHLA)(143), revised German version of eHEALS (GR-

eHEALS)(144), e-health literacy Web 3.0 (eHLS-Web 3.0)(145), and the diabetes-specific e-HL 

instrument.(103) Systematic reviews by Lee et al.,(102) and Tavousi et al.,(146) provide 
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overview of the psychometrics of different e-HL measuring scales available as at the year 2021. 

No tool is perfect and there is no goal standard yet for e-HL measurement now. The e-HLQ was 

selected for this project because it was developed with inputs from various stakeholders 

including patients with chronic diseases, IT experts, e-health, and health professionals. The tool 

items portray individual and systems functionalities, observable and unobservable traits, access 

to systems, the interactions between the individual and the e-health systems. The robustness of 

this framework makes it a viable tool to understand why patients with hypertension may or may 

not be engaging in technologies proven to improve BP control. 

1.3.2 Electronic Health Literacy (e-HL) and Blood Pressure Telemonitoring (BPT) 

Considering the ever advancing technology types and processes involved in telemonitoring 

of BP, e-HL is paramount for any patient to benefit from its advantages.(58,147) However, most 

studies on BPT are focused on its effectiveness in hypertension management. Concurrent 

exploration of patient’s e-HL status as a predictor or mediator in relation to engagement in BPT 

is limited. Google Scholar® and PubMed® search of any type of article published on BPT and e-

HL in any year using the search terms (“blood pressure telemonitoring”) AND (“electronic 

health literacy” OR “ehealth literacy” OR “e-health literacy” OR “digital health literacy” OR 

“digital literacy”) yielded 10 studies focused on BPT.(78,148–156) Out of these 10 articles, only 

three accounted for the patients’ e-HL status.(78,153,156) Hence, the need for this project to fill 

this important gap in literature. 

Having established the importance of studying BPT in the context of e-HL, another unique 

dimension to our study is the application of mixed-methods approach to fully understand the 

patient-related factors impacting BPT. The following section provides an explanation of mixed-
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methods research, different mixed-methods research integration strategies, and the advantages 

and disadvantages. 

 

1.4 Mixed-methods Research Advantage 

Mixed-methods research (MMR) is defined as “an approach to research when both 

quantitative and qualitative data are collected, analyzed and integrated, and the researcher can 

therefore draw interpretation based on the combined strengths of both sets of data”.(157) MMR 

also includes coordinating the research procedures within designs that are based a particular 

theory or philosophy.(158) The main difference between MMR and combinations of qualitative 

and quantitative researches lies in the data integration. Integration of data in MMR can occur at 

various levels of the research including design, methods, and interpretation and reporting.(159) 

Generally, the integration strategy to apply in MMR stems from the study purpose and 

design.(158) When the intention is to explore, expand, diffract, or construct a case, then the 

integration strategy should be to explain, enhance, initiate, or transfer findings respectively. The 

accompanying design is usually sequential. If the study’s intent is to construct a case or compare 

or match the quantitative and qualitative data, the integration strategy could be merging or 

corroborating (triangulation). This is common with convergent design. However, when any of 

the aforementioned study intentions are placed within a larger framework, embedding becomes 

the integration strategy of choice. Pluye et al.,(160) described three types of MMR integration 

including connection of phases, comparison of results, and assimilation of data based on the 

principles of complementarity, dialectic tension, and unification respectively. Pluye’s integration 

types are similar to the types described by Fetters et al.,(159) The next section will briefly 

describe the integration strategies as reported by Fetters et al.(159)  



 27 

1.4.1 Integration by design 

At the design level, integration can be achieved by designing the study using the basic 

designs (exploratory-sequential, explanatory-sequential, and convergent) or advanced 

frameworks (multistage, intervention, case, and participatory studies). Exploratory-sequential 

design involves the initial collection and analysis of the qualitative data and using the results to 

decide quantitative data collection. Explanatory-sequential design is basically the opposite of 

exploratory-sequential design in that the quantitative data is collected and analyzed first. The 

result is then used to determine the qualitative data collection and analysis. In convergent design, 

however, both qualitative and quantitative data are collected and analyzed at similar period. This 

is also called concurrent design and could follow interactive or parallel approach. In convergent-

interactive design, repetitive data collection and analysis guides the data collection processes. In 

convergent-parallel design, the quantitative and qualitative data collection occurs side-by-side 

and integration is done in the analysis or both data are analyzed separately and then consolidated. 

The multistage framework involves using three or more stages of the sequential 

(exploratory- or explanatory-sequential) designs or two or more stages of the convergent design. 

The intervention framework is about performing an intervention. Qualitative data are collected to 

help in the design of the intervention, understand intervention context and explain the outcomes. 

In case study framework, the focus is on using both quantitative and qualitative data to explain a 

particular case. The participatory framework as the name suggests, allows the active participation 

of the target population studied to determine the research process. 

1.4.2 Integration by methods 

Qualitative and quantitative data integration can happen by methods in four ways namely 

connecting, building, merging, and embedding.(159) Integration by connecting happens through 
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the sampling frame. For instance, the participants for the qualitative part are drawn from those 

who participated in the quantitative part of the study. Connecting can happen irrespective of the 

mixed-methods design applied. Integration by building occurs when the findings from the 

quantitative data collection determines how the qualitative data will be collected and vice versa. 

Integration through building usually occur with the sequential design because lessons from one 

procedure are built into the next procedure. Integration by merging occurs when the quantitative 

and qualitative data are brought together for analysis and comparison. For a successful merging 

to occur, both data should have similar items for comparison. Merging can be applied in both 

sequential and convergent designs. Integration by embedding happens when the quantitative and 

qualitative data collection and analysis are linked at various points. Embedding could be a 

mixture of connecting, building, and merging all in one study. Embedding mostly happens with 

intervention studies. 

1.4.3 Integration at interpretation and reporting level 

At the interpretation and reporting level, qualitative and quantitative data integration can 

happen in three ways, namely narrative, data transformation, and joint display.(159) In the 

narrative integration, the researcher presents the qualitative and quantitative results as one or 

more descriptions or stories. The narration could follow the weaving, contiguous or staged 

approach. The weaving approach involves writing both results in a theme-by-theme or concept-

by-concept manner. The contiguous approach, the qualitative and quantitative results are 

presented separately in different parts of one write-up. In staged approach, the data are reported 

in stages as they become available. This is common in multistage intervention mixed-methods 

studies. The data transformation integration occurs when the qualitative data is converted to a 

quantitative form and the transformed qualitative data is then integrated with the untransformed 
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quantitative data and vice versa. In integration by joint display, the researchers use visualization 

to link the qualitative and quantitative data together and draw a meta-inference from both results. 

It could be a figurative, tabular, graphical, or matrix representation of both data that provides a 

better understanding of the mixed-methods results. 

1.4.4 Joint Display 

Fetters defined a joint display as “a table or figure that can be used for organizing mixed 

data collection and analysis in a table , matrix, or figure that a) can be used to represent 

juxtaposed data collection or findings of qualitative and quantitative strands of a project; b) 

includes or implies specific linkages or areas of commonalities across the qualitative and 

quantitative strands that can be expressed as constructs or domains, and c) contains an 

interpretation, often called metainferences, about the meaning of the two types of results when 

considered together”.(161) This broad definition captures joint display as a tool to depict MMR 

data integration at the design, method, analysis and interpretation levels. In addition to use of 

tables and figures, Guetterman et al.,(162) have proposed the extension of the joint display 

visuals to include graphs, charts, maps, diagrams, visual models, or any other graphical 

representations. They argued that these additional visuals aid the integration, understanding, and 

interpretation of MMR.  

Creation of joint display starts from the project planning stage (to ensure that similar 

linkable constructs are being addressed in qualitative and quantitative sections); through data 

collection stage (to ensure adequate linkable data collection); to the analysis and interpretation 

stage (identifies linkages in both data and findings and provides a metainference).(161) Different 

types of joint display have been reported in literature.(163–165) The six major types of joint 

display include side-by-side, statistics-by-themes or themes-by-statistics, interview questions, 
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participant selection, and instrument developments joint displays.(162) A recent study by 

Younas and Durante(166) provides a comprehensive guide on how to choose the joint display 

type best suited for one’s project based on the MMR design, purpose and integration methods. 

1.4.5 Advantages and disadvantages of using MMR 

The quantitative and quantitative research methods can each be used to understand or 

solve research problems. Each method has its strengths and weaknesses. However, sometimes 

one method is not enough to provide detailed understanding of the challenge at hand. Hence, 

MMR becomes necessary. MMR provides opportunity to build on the strengths of both 

qualitative and quantitative research methods while minimizing their weaknesses. MMR is 

necessary when there is need to explore an idea before measuring it; provide an explanation for a 

measured concept; build on an experimental project; describe, compare, or validate results from 

qualitative and quantitative methods.(158,167,168)   

With the advantages of MMR come some challenges of its use. MMR is more time 

consuming and requires more resources to complete than if only qualitative or quantitative 

method is used. It also requires that the researcher acquire the necessary skills to conduct an 

adequate MMR.(158,169,170) Not having the skills and understanding of how and what MMR 

entails could lead to the three common errors seen in MMR publications including non-specific 

MMR design followed, lack of systematic integration of data, and lack of rigor.(169,171,172) 

Rao and Shiyanbola highlighted these challenges, proffered solutions to them and suggested best 

practices for conducting MMR including choosing a specific MMR design, appropriate 

integration method and ensuring credibility and validity of the MMR.(171) There is also the 

challenge of educating other researchers and the public on the value of using MMR.(158) 
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1.5 Study Objectives 

Our long-term goal is to improve BP control in hypertensive patients. Our overall objective 

is to understand the factors that impact technology use in remote monitoring of BP. We were 

poised to conduct this mixed methods study because we have experience using publicly 

available, nationally representative databases and we have access to patients where the use of 

technology in telemonitoring of BP has been lower than desired. This was, therefore, a unique 

opportunity to apply the e-HL framework to this crucial self-management behavior. To attain the 

overall objective, we propose the following specific aims: 

1. Quantify predictors of smartphone and tablet use in achieving health goals among 

hypertensive respondents using Health Information National Trend Survey 

(HINTS). Our research question is “what are the relationships of patients’ characteristics 

with the use of smartphones or tablets to achieve health goals among a nationally 

representative sample with hypertension”. 

2. Determine the facilitators and barriers of technology use experienced by patients in 

telemonitoring of BP. Our research question is “what are the facilitators and barriers that 

affect the use of technology in remote monitoring of BP”.  

3. Assess the association of e-health literacy and patients’ characteristics with 

engagement in BP telemonitoring. Our research question is “what are the relationships 

between e-HL and patients’ characteristics with engagement in remote monitoring of 

BP”.  
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Our mixed methods analysis will then integrate the findings in aim 2 and across the three aims 

to elucidate the factors that impact technology use in telemonitoring of BP from patients’ 

perspective.   

1.5.1 Rationale for using MMR in this project 

In this study, MMR was used because we think that quantitative or qualitative research 

alone would not be sufficient to explore and explain the nuances involved in patients’ 

experiences with technology and BP telemonitoring. The quantitative survey alone may not truly 

reflect all the patients’ everyday lives experiences with technology. Using the survey and 

interviewing the patients provides a broader understanding of the research questions.  The 

integration of both methods provides the opportunity to describe, compare and corroborate 

results from both quantitative and qualitative methods.  

A multistage mixed-methods design was used. We first conducted a quantitative survey 

to describe the relationship patients’ characteristics with the use of smartphone or tablet to 

achieve goals. The results from this first quantitative section were linked to a convergent parallel 

mixed-methods design seeking to explore and explain facilitators and barriers to remote BP 

monitoring through “connecting”.  With the convergent parallel mixed-methods design, data 

integration occurred at the design, interpretation and reporting levels using side-by-side joint 

display (merging and comparing) and the results “built” into the third quantitative section. The 

third quantitative section sought to assess the relationships of e-HL and patient’s characteristics 

with engagement in remote BP monitoring.  We then summarized the findings from every 

section to give our final interpretation on the factors that impact remote monitoring of BP in 

patients with hypertension from the patients’ perspective. 
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In the following chapters, we present the first quantitative study as already published in 

the Journal of Medical Internet Research.(70) This is followed by the convergent mixed-methods 

study as published in Digital Health journal.(173) Then, a manuscript of the third quantitative 

section. The last chapter provides the discussion and interpretation of all the sections to show 

what we learnt about patients’ experiences in BP telemonitoring and the implications for our 

health systems and future studies.  
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Figure 1.1 Electronic Health Literacy Framework (e-HLF) 
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Chapter 2 Paper 1 Predictors of Smartphone and Tablet Use among Patients with 

Hypertension: A Secondary Analysis of HINTS Data 

In this chapter, the results from Aim 1 will be provided. These results were published 

with my committee in Journal of Medical Internet Research as Eze CE, West BT, Dorsch MP, 

Coe AB, Lester CA, Buis LR, Farris KB. Predictors of Smartphone and Tablet Use among 

Patients with Hypertension: Secondary Analysis of Health Information National Trends Survey 

Data. J Med Internet Res. 2022;24(1):1–23, https://www.jmir.org/2022/1/e33188/. My role was 

development of research question, data management and analyses, interpretation of results, lead 

manuscript writing, and corresponding author. The journal specifically notes “Note on 

permission requests: As disclosed at the bottom of each article, the copyright for all articles in 

JMIR journals is owned by the respective authors and copyright is NOT transferred to or owned 

by the publisher. Rather, all articles are published under a Creative Commons Attribution 

license , essentially giving everybody the right to reproduce the material freely as long as it is 

properly cited. Please do NOT contact the publisher for permission requests related to individual 

articles, as permission has already been granted. Authors who have published in JMIR journals 

also do NOT require our permission to reuse the material for example in a thesis or monograph.” 

[https://support.jmir.org/hc/en-us/articles/115001745328] 

 

2.1 Introduction  

Among the 121.5 million adults in the United States with hypertension, 61.2% are aware 

https://creativecommons.org/licenses/
https://creativecommons.org/licenses/
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of their disease condition, and 50.4% are receiving treatment, but only about 22% have their 

blood pressure (BP) controlled.(1) Uncontrolled hypertension can lead to stroke (2), systemic 

embolism and bleeding (3), congestive heart failure (4), myocardial infarction (5), renal damage, 

dementia, aortic aneurysm, angina pectoris, metabolic syndrome, diabetes, blindness, and 

death.(6,7) The 2021 Heart Disease and Stroke statistics report that 57.2% of all deaths recorded 

in the US from 2008 to 2018 were attributed to hypertension.(1) Despite effective lifestyle and 

pharmaceutical treatments, the number of patients with uncontrolled BP in the US is undesirable. 

There is thus a need to harness every arsenal possible to mitigate this challenge. 

One strategy to improve BP control is involving patients in their disease management 

through technology.(8) Recent innovations in information and communication technology 

provide excellent opportunities for improvements in hypertension control. There has been a 

steady increase in internet users and mobile cellular subscribers since the year 2000.(9) 

According to a 2021 Pew Research Center report, 93% of adult Americans now use the internet, 

and the increase in internet use is seen across all age groups [9]. Also, 97% of adult Americans 

own a cellphone, and 85% now use smartphones.(10) 

In considering technology and BP control, patients with hypertension can now measure 

their BP using electronic monitors, transmit the results to their health provider through electronic 

health record platforms on their smartphones, tablets, or computers and get feedback through the 

same channels without having to leave the comfort of their homes.(11) Phone calls, text message 

alerts, health Apps, emails, and alarms have also been used, and collectively this is called 

telemonitoring. Improvement in BP control has been noted with this type of remote monitoring. 

For example, a pharmacist-led telemonitoring intervention involving weekly electronic 

transmission of home-measured BP and regulated telephone visits among 450 patients with 
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uncontrolled BP resulted in a significant decrease in systolic BP at 6, 12, and 18 months of −10.7 

mmHg (95% CI, −14.3 to −7.3 mmHg), P < .001,  −9.7 mmHg (−13.4 to −6.0 mmHg), P < .001, 

and −6.6 mmHg (−10.7 to −2.5 mmHg), P =.004, respectively.(11) In addition, this study 

reported an increase in the proportion of patients with controlled BP in the telemonitoring group 

(71.8%, 95% CI, 65.0-77.8) compared to the usual care group (57.1%, 95% CI, 51.5-62.6).(12) 

More generally, the use of text messages as reminders and health education delivery led to 

improvements in behavior changes, hypertension knowledge, medication adherence, and BP 

among hypertensive patients.(13–16) A meta-analysis of 46 randomized controlled trials 

reported that home BP telemonitoring decreased systolic BP -3.99mmHg ((-5.06 to -2.93); P < 

.001) and diastolic BP -1.99 mmHg ((- 2.60 to - 1.39); P < .001) in the intervention groups 

compared to usual care.(17) However, these are mostly intervention studies that are not 

nationally representative.  

Though we know the advantages of these technologies in achieving favorable health 

outcomes, little is known about the predictors of their use among hypertensive patients. Using 

the Health Information National Trends Survey (HINTS), Langford et al. examined the 

prevalence of smartphones, basic phones, and tablets and made comparisons between 

hypertensive and non-hypertensive respondents.(18) They found that 68%, 55%, and 16% of the 

hypertensive population had smartphones, tablets, and basic mobile phones, respectively. 

Younger hypertensive respondents were more likely to own a smartphone or tablet and have a 

health-related app. Ownership of smartphones or tablets increased with increases in educational 

attainment. Another HINTS study focused on respondents with one or more chronic medical 

conditions found that gender, age, employment status, and having a health app were associated 

with achieving a health-related goal with a smartphone or tablet. However, this study did not 
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differentiate the respondents according to disease conditions in the analysis.(19)  Other studies 

on mobile health app usage were not centered on people with hypertension.(20,21) There is, 

therefore, a need for more hypertension-focused studies to identify factors that impact mHealth 

technology use among this patient population. 

The objective of this study was to quantify predictors of smartphone and tablet use in 

achieving health goals and communicating with healthcare providers via SMS text messaging 

among hypertensive patients. Our research question was, “what are the relationships of patients’ 

characteristics with the use of a smartphone or tablet to achieve health goals and sending or 

receiving SMS text messages to/from healthcare professionals, among a nationally representative 

sample with hypertension?”  This study provides nationally representative estimates regarding 

the predictors of using a smartphone or tablet to achieve health-related goals and SMS text 

messaging communication with healthcare professionals among hypertensive respondents. It also 

illuminates respondents’ factors that are associated with the use of these communication 

approaches. This will help us identify where and how to channel efforts to improve patients’ 

involvement in telemonitoring of BP when healthcare providers work with their patients to 

increase smartphone and tablet use for health services. These results will also inform our 

questions for further studies to understand patients’ experiences with technology for BP control. 

 

2.2 Method 

2.2.1 Design 

This study was a cross-sectional, secondary quantitative analysis of the 2017 and 2018 

HINTS 5, Cycles 1 & 2 data. We combined the two cycles to provide more robust estimates of 

our relationships of interest. The study was considered exempt by the University of Michigan  
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Institutional Review Board with the approval number HUM00208364.  

2.2.2 Data Collection 

HINTS was developed by the Health Communication and Informatics Research Branch 

of the National Cancer Institute. It is a publicly available, nationally representative survey that 

monitors how American adults 18 years and older obtain and use health information. HINTS has 

been carried out every few years since 2003, and the target population is adult Americans, 18 

years and above, in the civilian non-institutionalized population of the United States. HINTS 

uses a two-stage sampling design, and residents in high minority strata are oversampled.  A high 

minority stratum represents places with ≥ 34% Hispanics or African Americans. The data has 

both a full sample weight and 50 replicate weights assigned to each completed questionnaire for 

the adult sample. The 50 replicate weights were computed using the jackknife replication 

method. The full sample weight enables the calculation of population and sub-population 

estimates, while the 50 replicate weights allow for the analysis of design-adjusted standard errors 

for these estimates. The sample weights allow valid inferences from the responding sample to the 

population, accounting for unequal probability of selection, nonresponse, and non-coverage 

biases. The details of the sampling methods and weighting approaches are available in HINTS 5, 

Cycles 1 & 2 Methodology reports.(22,23) 

2.2.3 Participants/Sample size 

A total of 6,789 respondents completed the HINTS 5 cycles 1 & 2 questionnaires. 

Respondents to HINTS who answered “Yes” to the question “Has a doctor or other health 

provider ever told you that you had high blood pressure or hypertension?” were the 
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subpopulation used for this study. Out of the 6,789 respondents, 3,045 belonged to this 

subpopulation and thus constituted the final sample included in this analysis. 

2.2.4 Variable of Interest 

The dependent variables were 1. Has your tablet or smartphone helped you track progress 

on a health-related goal, such as quitting smoking, losing weight, or increasing physical activity? 

(yes or no), and 2. Have you sent or received a text message from a doctor or other health care 

professional within the last 12 months? (yes, no, don’t know). The “no” and “don’t know” 

responses were combined to a single “no” response for logistic regression analysis. In this study, 

we described as well as predicted these variables. We selected these two items because they most 

closely relate to the concept of telemonitoring of BP. We also provided population proportion 

estimates of the following variables: has your tablet or smartphone helped you make a decision 

about how to treat an illness or condition? (yes or no); has your tablet or smartphone helped you 

in discussions with your health care provider? (yes or no); other than a tablet or smartphone, 

have you used an electronic device to monitor or track your health within the last 12 months? 

(yes or no); have you shared health information from either an electronic monitoring device or 

smartphone with a health professional within the last 12 months? (yes or no); and in the past 12 

months, have you used a computer, smartphone, or other electronic means to use email or the 

internet to communicate with a doctor or doctor’s office? (yes or no). 

The independent variables included respondents’ demographics (such as age, educational 

level, marital status, income) and clinical characteristics (body mass index (BMI), co-

morbidities, general health status). Technology-related covariates included technology access 

such as ownership of smartphones, tablet ownership, ownership of wellness health Apps, and 

ownership of basic cellphones. Technology-related behaviors such as electronic communication 
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with the doctor or doctor’s office through email or the internet were also included. These 

covariates were selected as they are technology-related items that can apply to BP 

telemonitoring. 

2.2.5 Statistical analysis 

        We accounted for the sampling weights and the complex sample design features in all 

analyses to obtain population-level estimates for the United States using the R survey package. 

Variance estimates were computed using the Jackknife replication method, and specialized 

(unconditional) subpopulation analyses are not needed when using this replication approach.(24)  

We used descriptive statistics to analyze the characteristics of the respondents based on relevant 

demographics and covariates. We fit multivariable logistic regression models to the variables of 

interest to determine the most important predictors of the dependent variables. We first used 

demographics variables only and then we tested the full model with clinical and technology use 

variables. The pseudo maximum likelihood estimation method was used in fitting the regression 

models. To arrive at the final fitted model, we used a step-by-step approach starting from the 

preliminary bivariate analyses of potential predictors, followed by fitting different models 

containing all the anticipated predictors and variables of interest as well as interaction terms.  We 

used the regTermTest function in the survey package to test the significance of the predictors 

with design-adjusted Wald tests. None of the interaction terms were found to be significant. We 

identified the best-fitting model by choosing the model with the lowest design-adjusted Akaike 

information criterion.(25) Some non-significant predictors were retained in the models because 

they were found to be associated with hypertension in prior studies (26–28) and removing them 

did not result in a better-fitting model. P values ≤ .05 were considered statistically significant. 

We conducted all analyses using the JJ Allaire R Studio, version 3.6.1. 
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2.3 Results 

2.3.1 Demographics and clinical characteristics 

Out of the 497,278,883 estimated weighted population surveyed, 183,285,150 (36.9%, 

SE: 0.9%) responded yes to having hypertension. The 183,285,150 estimated hypertensive 

population constituted the denominator for all of the analysis in this study. The mean age of the 

hypertensive population was 58.3 years (SE: 0.48). Among people with hypertension, there were 

more males (52.7%) than females (47.3%) and most persons were aged 50 to 64 years (Table 

2.1). The hypertensive population was predominantly non-Hispanic Whites (66.9%), and most 

had some college education or more (61.2%). Most were married or living as married (57.1%), 

and more than three-quarters consider themselves to be in good, very good, or excellent health. 

Less than half of this subpopulation was employed (46.7%), and more than two-thirds earned 

yearly household incomes below $75,000. Diabetes was the most common reported co-morbidity 

(33.7%).  

2.3.2 Ownership and use of electronic devices 

In the hypertensive subpopulation, the distribution of ownership of electronic devices was 

smartphones: 69.4%, tablets: 54.7%, and basic cellphones: 21.8% (Table 2.2). Almost three-

quarters (74.0%) have accessed the internet; however, lower proportions have utilized their 

smartphones or tablets to achieve health-related goals (36.1%) and sent or received SMS text 

messages to/from their healthcare professionals (30.0%). Only a third (33.6%) of the 

hypertensive population have communicated electronically with their doctor or doctor’s office 

through email or the internet. 
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2.3.3 Use of tablets or smartphone to achieve health-related goals 

In the full model predicting ‘achieving health-related goals with the help of tablet or 

smartphone’, age, gender, marital status, ownership of basic cellphone, having a health-related 

wellness app, making health treatment decisions with mHealth, using other devices apart from 

tablet or smartphone to monitor or track health, and having a discussion with healthcare provider 

with the help of tablet or smartphone were significant predictors (Figure 2.1). In terms of the 

impact on the odds of achieving health-related goals with the help of tablet or smartphone, 

increasing age decreased the odds (35-49 years, OR 0.41, 95% CI 0.18-0.91; 50-64 years, OR 

0.17, 95% CI 0.08-0.38; 65-74 years, OR 0.11, 95% CI 0.04-0.29; 75+ years, OR 0.07, 95% CI 

0.02-0.19), being female increased the odds (OR 1.69, 95% CI 1.06-2.68), being married (OR 

2.28, 95% CI 1.17-4.47) or previously married (OR 2.39, 95% CI 1.09-5.25) increased the odds, 

having a basic cellphone (OR 0.43, 95% CI 0.21-0.87) decreased the odds, having a wellness app 

(OR 8.70, 95% CI 5.81-13.04) increased the odds, making health decisions with mHealth (OR 

1.77, 95% CI 1.06-2.94) increased the odds, tracking health with other devices (OR 2.73, 95% CI 

1.46-5.12) and having discussion with provider (OR 1.96, 95% CI 1.22-3.17) using tablet or 

smartphone increased the odds. Age, female gender, being married or previously married were 

also significant predictors of achieving health-related goals with the help of a tablet or 

smartphone when we accounted for only demographic variables (Appendix A).  

2.3.4 Use of tablet or smartphone to communicate with healthcare provider through text-

messaging 

In the full model predicting ‘send or receive text messages to/from a healthcare 

professional in the last 12 months’, electronic communication with the doctor or doctor’s office 

via email or internet (OR 2.93, 95% CI 1.85-4.63) and having health-related wellness apps (OR 
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1.82, 95% CI 1.16-2.86) were the only significant predictor variables (Table 2.3). Individuals 

who used a computer, smartphone, or other electronic means to use email or the internet to 

communicate with a doctor or doctor’s office in the past 12 months had 193% higher odds of 

sending or receiving text messages from a healthcare professional in the last 12 months than 

those who have not. Those with health-related wellness apps had 82% higher odds of sending or 

receiving SMS text messages from a healthcare professional in the last 12 months than those 

who have not. No other covariates were significant.  

Notably, in the model with only demographics, annual household income was the only 

significant predictor of sending or receiving text messages to/from a healthcare professional in 

the last 12 months (Appendix B). Compared to the subpopulation with yearly household income 

of $75,000 or more, the odds of sending or receiving text messages from healthcare professional 

in the last 12 months decreased by 40.0%, 50.7%, 64.7% and 74.0% among those with $50,000 

to < $75,000 (OR 0.60, 95% CI 0.41-0.87, P = .01), $35,000 to < $50,000 (OR 0.49, 95% CI 

0.28-0.88, P = .03), $20,000 to < $35,000 (OR 0.35, 95% CI 0.20-0.61, P = .001),  and < $20,000 

(OR 0.26, 95% CI 0.13-0.51, P < .001) household incomes, respectively. The design-adjusted 

Wald test indicated that household income remained a significant predictor of sending or 

receiving text messages to/from a healthcare professional, F(4,23)= 4.92, P = .005.  

 

2.4 Discussion 

2.4.1 Principal Findings and Implications 

The purpose of this study was to identify predictors of ‘using a smartphone or tablet to 

achieve health goals’ and ‘SMS text messaging communication with healthcare professionals’ 
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among individuals with hypertension. Most of the hypertensive population have a smartphone, 

and just over half have tablets. We found that the likelihood of using a smartphone or tablet to 

achieve health-related goals significantly decreases with increases in age and ownership of a 

basic cellphone. The use smartphones or tablets to achieve health-related goals was, however, 

statistically significantly positively associated with being female, married or previously married, 

having a health-related wellness app, making health treatment decisions with mHealth, using 

other devices apart from tablet or smartphone to monitor or track health, and having a discussion 

with a healthcare provider with the help of a tablet or smartphone. Sending or receiving SMS 

text messages to/from a healthcare provider was statistically significantly positively associated 

with prior electronic communication with the doctor or doctor’s office by email or internet and 

having a health-related wellness app.  

Achieving health-related goals with the help of a tablet or smartphone usually involves 

having a health-related application installed on the smartphone or tablet.(29) Therefore, it is not 

surprising that age was a significant predictor of achieving health-related goals with the help of a 

tablet or smartphone, with the odds decreasing as age increases. This may be because younger 

people are more likely to have smartphones or tablets and health-related apps.(10,18) Studies 

have shown that older adults can use technology if they understand the benefits they can get from 

such use.(30–32) Healthcare providers can recommend that their older patients use their 

smartphone and tablets in achieving health goals and encourage more utilization. Our findings 

among people with hypertension on younger age and female gender as significant predictors of 

achieving health-related goals with the help of a tablet or smartphone agree with another HINTS 

study (19) among respondents with one or more chronic diseases that found that respondents 

aged ≥ 65years had lower odds compared to those aged 18-34 years, while females had higher 
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odds compared to males for tracking the progress of health-related goals with their tablet or 

smartphone. They also found that those having health-related app have higher odds of tracking 

the progress of health-related goals with their tablet or smartphone than those who do not have 

the app, which agrees with our findings as well. However, their findings showed that being 

employed increases the odds and having good health status decreases the odds of tracking the 

progress of health-related goals with tablet or smartphone differ from ours where employment 

and health status were not associated with tracking health goals. The difference in results could 

be because of the differences in the variables included in the regression models, or it could also 

be because their study was done among respondents with one or more chronic diseases. Another 

HINTS study (20) on adult respondents also found that the likelihood of achieving health goals 

with the help of mHealth app decreased with increases in age.  

It was not surprising that those who own only basic cellphones had lower odds of 

achieving health-related goals with the help of a tablet or smartphone compared to those who do 

not, since it is nearly impossible for basic cellphones to do that. The significance of making 

health treatment decisions with mHealth, using other devices apart from a tablet or smartphone 

to monitor or track health, and having a discussion with healthcare provider with the help of a 

tablet or smartphone as predictors for achieving health-related goals with the help of a tablet or 

smartphone buttresses the fact that people who are already utilizing a technology device are more 

likely to increase their utilization than those who are not. This finding suggests that these groups 

of the hypertensive population can likely benefit from telemonitoring of BP too. Healthcare 

providers can play a role in creating awareness of these resources and their usefulness among 

their patients. It is also critical that payment reform adequately recognize providers’ time in 

supporting telemonitoring of BP. The number of hypertensive patients using any of these 
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technology devices could be increased by making them more affordable and accessible, and 

insurance coverage of such technology is likely necessary for widespread adoption of 

telemonitoring of BP.    

Less than a third of the hypertensive subpopulation have sent or received SMS text 

messages from their healthcare professionals. Interestingly, annual household income was a 

significant predictor of sending or receiving SMS text messages from a healthcare professional 

while considering only demographic variables, with the odds of sending or receiving SMS text 

messages decreasing with lower household income. SMS text messaging has been portrayed as a 

low-cost and common resource that can be used to improve health care. It has been shown to be 

effective in several intervention studies to improve hypertension knowledge and behavior 

changes, such as medication adherence and BP monitoring leading to better BP control.(13–16) 

In general, 2-way SMS text messaging communication initiated by the healthcare provider keeps 

the patient and provider in frequent communication and is more effective in BP targets 

attainment.(14) Our results show that advantages of SMS text-messaging are not being fully used 

in everyday life. One would think that text messaging will be widespread across all income 

levels as it is considered an inexpensive option, but that is not the case. Advocacy for free SMS 

text-messaging phone subscription for lower income hypertensive patients may increase usage of 

this technology. It could also be that patients are not aware that they can communicate with their 

healthcare professionals through SMS text messaging, or the service is not offered by their health 

providers. With adequate reimbursement, it behooves healthcare providers to initiate SMS text 

messaging with their patients so that they can both reap its advantages and free office time, to 

some extent, for more acute or serious visits.  
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In the full model, electronic communication with the doctor or doctor’s office and having 

a health-related wellness app were significant predictors of sending or receiving SMS text 

messages from a healthcare professional when we accounted for all covariates. This shows that 

those already in communication with their healthcare provider are more likely to continue even if 

there is a change of communication channel. The significance of having a health-related wellness 

app suggests that those who are already doing a form of self-monitoring are more likely to 

communicate with their healthcare provider via SMS text messaging. These findings are 

important because the impact of demographic characteristics such as age, gender, and income 

were not statistically significant. This suggests that all individuals, not just the young or those 

with higher incomes, for example, should be targeted to use remote BP monitoring. An essential 

first step may be a first electronic communication with the doctor or doctor’s office, including 

email or electronic health portal messaging or phone SMS text messaging. Having a health-

related wellness app predicted both using a tablet or smartphone to achieve health goals and 

communication with a healthcare provider through SMS text messaging. These findings 

underscore the importance of these technology applications in improving health and the 

importance of the willingness of the patients to be more involved in their care through 

technology use. Healthcare systems could offer user-friendly health-related wellness apps to 

patients on a secure platform to boost patient trust and increase uptake. 

2.4.2 Study Limitations 

Our study results are limited by the cross-sectional nature of the data, and the 

subpopulation used is based on self-reported hypertension. Yet, our robust analytic approach, 

accounting for the HINTS sampling design, is positive. We also may not have accounted for all 

factors needed to predict the dependent variables because we used secondary data.  
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2.4.3 Future Studies 

Effective engagement with health technology requires that patients have some eHealth 

literacy.(33) eHealth literacy expresses a person’s understanding of the knowledge, skill and 

resources needed to properly use health technology services. Future research should consider 

how factors such as the eHealth literacy status of the patients or healthcare resources available to 

the patients are associated with the use of tablet or smartphone to achieve health goals and 

communicate with a healthcare provider through SMS text messaging in patients with 

hypertension. For example, mobile SMS text messages aimed at control of child dental caries 

among parents with low eHealth literacy led to improvement in health outcomes and an increase 

in parental eHealth literacy in the intervention group at six months.(34) Further studies are 

needed to understand how these predictors correlate with objective BP control and patient-

provider communication preferences among patients with hypertension. 

 

2.5 Conclusion 

The use of mHealth to achieve health goals and communicate with healthcare 

professionals by patients with hypertension is significantly associated with having health-related 

wellness apps. Achieving health goals is also associated with demographics such as age, gender, 

marital status, technology access, and other technology-related behavior. Communication with 

healthcare providers through SMS text messaging is associated with previous electronic 

communication with the doctor or doctor’s office. It is essential to consider these factors in 

tandem when planning telemonitoring for patients with hypertension. Measures accounting for 
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these factors are required to increase smartphone and tablet use and their benefits in routine care 

of patients with hypertension.  
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Table 2.1 Design-adjusted estimates of demographics and clinical characteristics among the hypertensive population 

                                                         Sample size = 3,045 

                                                         Estimated Population size = 183,285,150 

Variable Category % or Mean SE 95% CI 

     

Age (yrs) 

  58.3 0.48 57.31, 59.21 

Age groups (yrs) 

 18-34 6.0% 1.0 4.1, 8.0 

 35-49 22.2% 1.5 19.2, 25.2 

 50-64 37.6% 1.4 34.8, 40.3 

 65-74 18.8% 0.6 17.6, 19.9 

 75+ 15.4% 0.6 14.2, 16.6 

Gender 

 Male 52.7% 1.3 50.1, 55.3 

 Female 47.3% 1.3 44.7, 49.9 

Education levels 

 Less than high 

school 

10.8% 1.0 8.8, 12.8 

 High school 

graduate 

28.0% 1.4 25.3, 30.8 

 Some college 37.4% 1.4 34.6, 40.2 

 College graduate or 

more 

23.8% 1.0 21.9, 25.6 

Race/ Ethnicity 

 Non-Hispanic 

White 

66.9% 1.1 64.7, 69.1 

 Non-Hispanic Black 

or African 

American 

13.9% 0.8 12.4, 15.4 

 Hispanic 12.8% 0.9 11.1, 14.5 

 Non-Hispanic Asian 3.2% 0.5 2.2, 4.2 

 Non-Hispanic Other 3.1% 0.4 2.4, 3.9 

Marital status 

 Married 54.7% 1.2 52.3, 57.1 

 Living as married 2.4% 0.4 1.6, 3.2 

 Divorced 11.4% 0.6 10.2, 12.3 

 Widowed 9.2% 0.6 8.0, 10.4 

 Separated 1.6% 0.3 1.0, 2.7 

 Never married 20.7% 1.3 18.1, 23.4 

 



 81 

Variable Category % or Mean SE 95% CI 
 

 

Household yearly income  

 <$20,000 21.1% 1.2 18.7, 23.5 

 $20,000 to 

<$35,000 

13.2% 0.8 11.6, 14.8 

 $35,000 to 

<$50,000 

15.2% 1.1 13.0, 17.3 

 $50,000 to 

<$75,000 

19.4% 1.2 17.0, 21.9 

 $75,000 or more 31.1% 1.2 28.6, 33.5 

Employment status 

 Employed 46.7% 1.6 46.7, 49.7 

 Unemployed 53.3% 1.6 50.1, 56.4 

Smoked at least 100 cigarettes 

 Yes 44.7% 1.6 41.6, 47.7 

 No 55.3% 1.6 52.3, 58.4 

BMI 

  31.1 19.1 30.7, 31.4 

General health 

 Excellent 5.5% 0.6 4.4, 6.6 

 Very good 28.0% 1.5 25.0, 30.9 

 Good 42.0% 1.5 38.9, 45.0 

 Fair 20.3% 1.3 17.9, 22.8 

 Poor 4.3% 0.6 3.1, 05.4 

Diabetes 

 Yes 33.7% 1.4 31.0, 36.4 

 No 66.3% 1.4 63.6, 69.0 

Heart condition 

 Yes 15.8% 1.0 13.8, 17.7 

 No 84.2% 1.0 82.3. 86.2 

Depression 

 Yes 27.8% 1.3 25.4, 30.3 

 No 72.2% 1.3 69.7, 74.6 

SE = Standard error; CI = Confidence interval; BMI = Body mass index 
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Table 2.2 Design-adjusted proportions for ownership and use of mobile health (mHealth) electronic devices among 

the hypertensive population 

                                                              Sample size = 3,045 

                                                              Estimated Population size = 183,285,150 

Variable Category % SE 95% CI 

     

                                  Technology access and use 

     

Have only basic Cellphone 

 Yes 21.8% 1.1 19.7, 24.0 

 No 78.2% 1.1 76.0, 80.3 

Have Smartphone 

 Yes 69.4% 1.4 66.7, 72.0 

 No 30.6% 1.4 28.0, 33.3 

Have Tablet 

 Yes 54.7% 1.4 51.8, 57.5 

 No 45.3% 1.4 42.5, 48.2 

Use Internet 

 Yes 74.0% 1.3 71.4, 76.6 

 No 26.0% 1.3 23.4, 28.6 

Have Health Apps     

 Yes 40.6% 1.8 37.1, 44.0 

 No 59.4% 1.8 56.0, 62.9 

     

                                     Technology-related health behaviors 

     

Make health treatment decision with mHealth 

 Yes 34.2% 2.0 30.4, 38.1 

 No 65.8% 2.0 61.9, 69.6 

Discuss with health provider with help of tablet or smartphone 

 Yes 33.7% 1.5 30.7, 36.6 

 No 66.3% 1.5 63.4, 69.3 

Used other devices apart from tablet and smartphone to monitor/track health 

 Yes 41.6% 1.3 39.1, 44.0 

 No 58.4% 1.3 56.0, 60.9 

Shared health Info from electronic device, tablet or smartphone with health provider 

 Yes 21.2% 1.0 19.2, 23.2 

 No 70.9% 1.4 68.1, 73.6 

 Not applicable   7.9% 0.9 6.2, 9.7 
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Variable Category % SE 95% CI 
 

Electronic communication with doctor or doctor’s office via email or internet 

 Yes 33.6% 1.3 31.0, 36.2 

 No 66.4% 1.3 63.8, 69.0 

     

                                             Dependent variables 

     

Achieve health goal with tablet or smartphone 

 Yes 36.1% 1.6 33.0, 39.2 

 No 63.9% 1.6 60.6, 67.0 

Sent or received a text message from doctor 

 Yes 30.0% 1.4 27.3, 32.8 

 No 70.0% 1.4 67.2, 72.7 

SE = Standard error; CI = Confidence interval 

  



 84 

Table 2.3 Full model with design -adjusted estimates of odds ratios for sending or receiving text messages from 

healthcare provider in the last 12 months among hypertensive population 

  Sample size = 3,045 

Estimated Population size = 183,285,150 

Predictor Category Odds Ratio (95% CI) SE P-value 

     
aAge groups (yrs) 

 35-49 2.22 (0.749, 6.581)  0.554 .174 

 50-64 1.56 (0.535, 4.532) 0.545 .431 

 65-74 1.48 (0.452, 4.844) 0.605 .528 

 75+ 1.55 (0.429, 5.585) 0.655 .516 

     
bGender 

 Female 1.20 (0.825, 1.743) 0.192 .359 

     
cEducation levels 

 High Sch grad 0.84 (0.374, 1.871) 0.411 .670 

 Some college 0.68 (0.300, 1.521) 0.415 .360 

 College grad or more 0.61 (0.242, 1.535) 0.471 .313 
 

dRace/Ethnicity 

 Non-Hispanic Black or 

African American 

0.75 (0.426, 1.311) 0.287 .329 

 Hispanic 0.90 (0.467, 1.744) 0.336 .765 

 Non-Hispanic Asian 0.67 (0.217, 2.056) 0.573 .495 

 Non-Hispanic Other 1.57 (0.368, 6.744) 0.742 .551 
 

eMarital status 

 Married 1.37 (0.680, 2.766) 0.358 .394 

 Previously married 1.54 (0.648, 3.647) 0.441 .347 
 

fHouse-hold yearly income 

 <$20,000 0.50 (0.221, 1.152) 0.422 .128 

 $20,000 to <$35,000 0.55 (0.312, 0.977) 0.291 .062 

 $35,000 to <$50,000 0.63 (0.341, 1.157) 0.311 .160 

 $50,000 to <$75,000 0.82 (0.536, 1.253) 0.217 .374 
 

gEmployment status 

 Employed 0.80 (0.443, 1.427) 0.299 .456 
 

hSmoked at least 100 cigarettes 

 No 1.21 (0.868, 1.682) 0.168 .282 

     
iHealth status 

 Very good 1.17 (0.660, 2.087) 0.294 .595 

 Good 1.28 (0.789, 2.087) 0.248 .333 

 

BMI 

  1.00 (0.962, 1.029) 0.017 .780 

     
jDiabetes 

 Yes 1.05 (0.691, 1.595) 0.213 .822 

     
jHeart condition 

 Yes 1.04 (0.661, 1.627) 0.230 .876 
 

jDepression 

 Yes 1.19 (0.696, 2.046) 0.275 .532 
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Predictor Category Odds Ratio (95% CI) SE P-value 
jHave Smartphone     

 Yes 1.53 (0.618, 3.803) 0.463 .373 
 

jHave Tablet 

 Yes 1.08 (0.676, 1.735) 0.240 .746 

     
jHave basic cellphone 

 Yes 0.79 (0.350, 1.772) 0.414 .573 
 

jHave Health Apps 

 Yes 1.82 (1.163, 2.857) 0.229 .021 

     
jMake treatment decision with mHealth 

 Yes 1.31 (0.836, 2.043) 0.228 .261 

     
jDiscuss with Health Provider with help of tablet or smartphone 

 Yes 0.98 (0.640, 1.509) 0.219 .938 

     
jUsed other devices apart from tablet and smartphone to monitor or track health 

 Yes 1.20 (0.789, 1.839) 0.216 .404 

     
jShared health Info from electronic device, tablet or smartphone with health provider 

 Yes 1.62 (1.023, 2.564) 0.234 .060 

 Not applicable 0.74 (0.222, 2.493) 0.617 .639 

     
jElectronic communication with doctor or doctor’s office via email or internet 

 Yes  2.93 (1.852, 4.628) 0.234 .0005 

     
a-jReference categories for categorical predictors. 
a =18-34yrs; b =Male; c =Less than high school; d =Non-Hispanic White; e =Never married;  f =$75,000 or more; g =Unemployed; 
h =Yes response; i =Fair; j =No response 
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Figure 2.1 Full model with design-adjusted estimates of odds ratios for achieving health-related goal with the help of 

a tablet or smartphone among the hypertensive population 

 

P-values: *** 0.001, ** 0.01, * 0.05 

SharedHealthDeviceInfo: Shared health info from electronic device, smartphone or tablet with healthcare provider; 

OtherDevTrackHealth: Used other devices apart from tablet or smartphone to track health; DiscussHCP: Discuss with healthcare 

provider with the help of tablet or smartphone.  

Reference categories for categorical predictors: 

Age=18-34yrs; Gender=Male; Education level=Less than high school; Race/Ethnicity=Non-Hispanic White; Marital 

status=Never married; HouseholdIncome=$75,000 or more; Employment status=Unemployed; Smoking=Yes response; Health 

status=Fair; Other variables=No response
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Chapter 3 Paper 2 Facilitators and Barriers to Blood Pressure Telemonitoring: A Mixed-

methods Study 

In this chapter, the results from Aim 2 will be provided. These results have been published 

in Digital Health as Eze CE, Dorsch MP, Coe AB, Lester CA, Buis LR, Farris KB. Facilitators 

and Barriers to Blood Pressure Telemonitoring: A Mixed-methods Study. DIGITAL HEALTH 

2023;9. doi:10.1177/20552076231187585. This paper is protected under Creative Commons 

Attribution – Non-Commercial license (CC BY – NC 4.0) and reuse is restricted to non-

commercial, and no derivative uses. My role was development of research question, data 

management and analyses, interpretation of results, lead manuscript writing, and corresponding 

author. 

 

3.1 Introduction  

About half of adult Americans have hypertension and less than 25% have it under control 

(1). Multifaceted approaches are required to control blood pressure (BP) including consolidated 

use of health technology, empowering and equipping patients to use self-measured BP 

monitoring, medication adherence strategies, and maintenance of patient-healthcare provider 

communications (2). Advancements in technology such as electronic communication tools and 

monitoring devices as well as experiences with the global COVID-19 pandemic have made 

telehealth a viable option in the management of various diseases including hypertension (3–5). 

https://doi.org/10.1177/20552076231187585
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The four major forms of technologies used in telehealth include mobile health apps, store and 

forward electronic transmission of data, video conferencing, and remote patient monitoring (6). 

Remote patient monitoring (RPM), also known as telemonitoring, is simply monitoring 

of patients from a distance (7,8). It comprises the use of electronic communication devices such 

as mobile monitoring devices, wearables, smartphone apps, and computers, usually from a 

patient’s home to collect and transmit the patient’s health data to a healthcare provider for 

evaluation and appropriate intervention (6,9). The health data transmission can be automated or 

manually entered by the patient. Telemonitoring can be accompanied by structured telephone 

support (human or machine-delivered phone calls) (10) or text messages (11,12) that provide 

reminders and self-care health education to the patient. According to the Telehealth.HHS.gov 

website, conditions such as diabetes, heart conditions, chronic obstructive pulmonary disease, 

sleep apnea, and asthma, and symptoms like high BP, weight loss or gain can be telemonitored 

(13). 

Telemonitoring has evolved in both the components and processes of administration. 

Several systematic reviews published from 2003 to 2022 about telemonitoring in varying 

diseases exist, and the results are mixed. A systematic review of 272 publications on 

telemonitoring from 2000 to 2018 showed that it is effective in improving patient outcomes in 

209 (76.8%) of the papers (8). Most of the papers reviewed were on telemonitoring of 

cardiovascular (47.8%) and endocrinologic (18.0%) diseases. A meta-analysis of 7,138 patients 

with hypertension found that BP self-monitoring led to an overall reduction in clinic systolic BP 

(-3.2 mmHg, 95% CI -4.9, -1.6) compared with usual care at 12 months. However, self-

monitoring combined with telemonitoring including medication titration or lifestyle counseling 

led to a greater reduction in systolic BP (-6.1 mmHg, 95% CI -9.0, -3.2) (14). Finally, another 
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meta-analysis of 32 randomized controlled studies done in patients with hypertension living in 

urban areas demonstrated higher BP control rates among the remote BP monitoring group 

(relative ratio 1.226, P < 0.001) compared to the usual care group (15).  

Despite mixed evidence of effectiveness in improving patient outcomes, support for 

telemonitoring is still growing (16). The focus is now on how to overcome the challenges of 

telemonitoring, especially related to patient experiences. Some of the challenges limiting the 

widespread adoption of telemonitoring include the lack of skill required to operate the 

technology, acceptability, beliefs, long-term adherence, and cost of the technology (17,18). 

Among patients with various chronic diseases, remote monitoring was facilitated by the disease-

specific knowledge gained, early identification of disease decline triggers, improved self-

management skills, and shared decision-making with providers (19). Nonetheless, there is still 

fear of losing in-person contact and apathy towards technology caused by a lack of trust and skill 

(19). These studies provide good insight into barriers and facilitators of remote monitoring 

adoption; however, they are non-specific to patients with hypertension. 

A scoping review of 36 studies on digital health technology adoption for hypertension 

management reported technology usability and support, better patient-provider communication, 

improved self-management, and fewer clinic visits as patient-related facilitators (20). The 

barriers to digital health technology adoption for patients were cost, data privacy and security 

concerns, anxiety, loss of the patient-provider relationship, and lack of technology trust, skills, 

and support (20). A weighted analysis of the health information national trends survey (HINTS) 

showed that among adults with hypertension, previous electronic communication with healthcare 

providers through email or the internet and access to health Apps were important predictors of 

interacting with healthcare providers through short message service (SMS) text messages (21). A 
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randomized controlled study of patients with hypertension in telemonitoring and non-

telemonitoring groups showed that BP telemonitoring was facilitated by the acceptability of the 

intervention, data safety, and timely communication with the healthcare provider. The barriers 

were concerns about data safety, lack of motivation, and technology skills (22). Another 

systematic review of the adoption of telemedicine for the management of hypertension reported 

similar facilitators and barriers, in addition to the availability of access to care, improved patient 

knowledge, and involvement (23). Though these studies are specific to patients with 

hypertension, they do not explore the role of e-health literacy among patients, which is necessary 

for the adoption of RPM. 

Fundamental to technology adoption is the understanding of the skills, knowledge, and 

resources needed to apply them; a concept known as e-health literacy (e-HL) (24). Several 

models of e-HL have been proposed (24–28) along with different e-HL assessment scales (29), 

with variations in sample populations and concepts. The e-HL framework (24) developed by 

systematic inductive methods involving inputs from patients and e-health professionals provides 

a comprehensive view of all the elements that impact a patient’s decision to use a particular 

technology for their health management. The objective of our study was to determine the 

facilitators and barriers experienced by patients with hypertension in telemonitoring of BP using 

the e-HL framework. Our research question was “what are the facilitators and barriers that affect 

the use of technology in remote monitoring of BP?”. To fully capture all the intricacies regarding 

patients’ experiences in telemonitoring of BP, our study employed a mixed-methods framework 

to assess the relationship between the participants’ qualitative responses and quantitative e-HL 

mean scores. 
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3.2 Methods 

3.2.1 Design 

The study was a prospective mixed methods study using a convergent parallel design. 

The quantitative section was an online survey while the qualitative section was phone or online 

in-depth semi-structured interviews. The consolidated criteria for reporting qualitative research 

(COREQ) were followed (30). The study was approved by the University of Michigan 

Institutional Review Board (HUM00179130).  

3.2.2 Study Setting and Participants 

This was a single-center study at Michigan Medicine, a large academic health institution 

associated with University of Michigan. Study participants were selected using purposive and 

convenience sampling. The participants were adults with hypertension who were seen at one of 

the institution’s primary care clinics at least twice in the past one year, had a prescription for at 

least one hypertension medication, understood the English language, and had phone numbers. 

Participants were excluded if they had active cancer, a diagnosis of cognitive impairment, or had 

been admitted to the intensive care unit in the past six months. 

Several sources of recruitment were used. An invitation to participate in the study was 

sent through text messages to prospective participants’ phone numbers. Non-respondents 

received two more messages on two different days after which we did not contact them again. 

Those who responded to the text message invitation were called, screened for eligibility, and 

provided with further study details. Consenting participants were sent the survey and interview 

date scheduled. We first contacted a list of patients who participated in the interactive voice 

response (IVR) or the MiChart Patient Outreach Text Application (MPOTA) systems within the 
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institution, which utilized automated voice calls and text messages, respectively. The IVR and 

MPOTA are remote BP monitoring intervention systems set up by health providers at Michigan 

Medicine. Only 5 of the potential 61 patients chose to participate in the study. We then sought 

more participants using the institution’s online platform for research volunteers. We received 72 

interested participants, and 16 were eligible to participate. A total of 21 individuals signed the 

consent form and participated (Figure 3.1).  

3.2.3 Data collection and analysis 

The approach of the convergent mixed-methods design used was a parallel collection of 

the quantitative and qualitative data (31). Quantitative data were collected using an online survey 

with questions on patients’ demographics, patient-provider communication channel preferences, 

and e-HL. Demographics included age, sex, race, marital status, educational level, employment 

status, income and co-morbidities, self-rated general health status, and length of time diagnosed 

with hypertension. Patient-provider communication channel preferences included in-person 

clinic visits, electronic health records, phone calls, email, video visits, and SMS text messages. 

Participation in remote BP monitoring was defined as self-measurement of BP and any form of 

electronic transmission of the measurement to health providers through electronic means such as 

automatic transfer, text-messaging, phone call, electronic health portal, email, or smartphone 

apps. 

The e-HL was assessed using a validated e-HL questionnaire (e-HLQ), which is a 35-

item questionnaire with seven domains (32,33) developed from the e-HL Framework. The seven 

domains of the e-HL framework have been categorized into three parts representing the 

individual, the system, and the interaction between the individual and the system. The first two 

domains provide information on the patient’s capability (individual part), the next three domains 
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show the interaction between the patient and digital services (interaction part), and the last two 

are about the patient’s experiences with digital services (system part). The 35 items in the e-HLQ 

are mapped under the seven domains of the e-HL framework. Each item was rated on a 4-point 

Likert scale (strongly disagree, disagree, agree, strongly agree). The e-HLQ was validated using 

both classical test theory and item response theory psychometrics, and the domain items were 

found to have strong composite scale reliability (CSR). The seven e-HL domain variables 

include 1. Using technology to process health information (5 items, CSR: 0.84), 2. 

Understanding health concepts and language (5 items, CSR: 0.75), 3. Ability to actively engage 

with digital services (5 items, CSR: 0.86), 4. Feel safe and in control (5 items, CSR: 0.87), 5. 

Motivated to engage with digital services (5 items, CSR: 0.84), 6. Access to digital services that 

work (6 items, CSR: 0.77), 7. Digital services that suit individual needs (4 items, CSR: 0.85). 

Each domain score is the average of the individual item scores in the domain. The e-HLQ license 

was obtained from Swinburne University of Technology, Denmark. The online survey was 

administered using the Qualtrics® platform and it took about 10 minutes to complete.  

Descriptive statistics were used to describe patients’ demographics and e-HL domains. 

Categorical variables were reported as frequencies and percentages while continuous variables 

were reported as means and standard deviation. The Mann-Whitney U test and Kruskal Wallis 

test were used to assess the association between e-HL domains, demographics, users, and non-

users of remote BP monitoring. All analyses were performed using JJ Allaire R Studio, version 

3.6.1. 

Qualitative data were collected through an in-depth interview using a phone call or 

Zoom®. The semi-structured interview guide (Appendix C) was developed from the e-HL 

framework and literature, piloted and expert-reviewed to establish face validity. Participants 
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were asked questions about hypertension and their experiences with technology in 

telemonitoring of BP. The patients’ interviews were transcribed verbatim using Microsoft® 

transcription software and verified manually. The transcripts were analyzed by thematic analysis 

(34). They were first coded using Microsoft® Excel followed by NVivo (Release 1.6) software 

to ensure validity. CEE and KBF coded the transcripts independently and then met to discuss and 

agree on the codes. Themes and subthemes were generated from the codes. The themes were 

grouped accordingly as facilitators or barriers to BP telemonitoring and mapped to the seven 

domains of the e-HL framework where possible. 

3.2.4 Mixed-methods data integration and analysis 

The seven domains of the e-HL framework were adapted to remote BP monitoring and 

used to integrate the quantitative and qualitative results. Integration of the quantitative and 

qualitative results occurred at the analysis level by connecting the mean e-HL scores with the 

qualitative responses, merging, and presenting the results in a joint display with meta-inferences. 

A joint display is a tabular or graphical representation showing how quantitative and qualitative 

results are integrated to provide a better understanding of the mixed-methods results (35). The 

individual mean e-HL score ranges for e-HL domains were matched with the corresponding 

qualitative responses for a side-by-side comparison to assess for concordance or discordance 

between results and draw meta-inferences. The mean e-HL score ranges were used because the 

domain mean scores cannot be tied to any participant’s response, but the range allows for 

examination of interview responses of the lowest and highest scoring participants and provides a 

better understanding and reasonable comparison of the qualitative and quantitative data. 

Concordance happens when the qualitative and quantitative findings support each other leading 

to same interpretation, while discordance occurs when the two findings contradict or conflict 
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with each other (36). We examined everyone’s transcript and their e-HL scores to be able to 

draw a comparison between what they experienced and what they answered in the survey. We 

used the range of e-HL scores such as highest score and lowest score for ease of presentation and 

understanding. Concordance occurred when the comments from the lower and higher-scoring 

participants matched the theme being considered. Discordance occurred when there was a 

disagreement between the participants’ scores and their comments regarding the theme in 

question.  

 

3.3 Results 

Thirteen (61.9%) of the 21 participants were aged between 50 and 74 years, and 7 (33.3%) 

were less than 50 years old (Table 3.1). There were similar numbers of males (52.4%) and 

females (47.6%). Most participants were non-Hispanic (95.2%), and White (76.2%). All 

participants had either attempted some college or higher education. About two-thirds of the 

participants were married and had an annual household income of US $75,001 or more. The 

mean years of hypertension diagnosis was 8.33 (SD 1.28). Two-thirds of participants (66.7%) 

had participated in remote BP monitoring. 

In-person clinic visits (89%) were the most preferred mode of interaction between 

participants and their healthcare providers. Electronic health record (87%), phone call (77%), 

email (74%) and video call (62%) were also included. Convenience and accessibility were the 

most common reasons for the most preferred interaction method. The least preferred mode of 

interaction was SMS text messaging (52%), which the participants considered the least 

satisfying. 
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The mean scores for the seven domains of e-HLQ for all participants ranged from 3.29 to 

3.53. The individual scores ranged from average (2.00) to the highest point possible (4.00). The 

Mann-Whitney test comparison of the mean (SD) e-HL scores among those who participated in 

BP remote monitoring and those who did not show statistically significant differences in 

domains five (Motivated to engage with digital services) and seven (Digital services that suit 

individual needs) (Table 3.2). No statistically significant differences were found in mean e-HL 

domain scores compared by demographics (age, gender, ethnicity, race, education level, marital 

status, patient-rated general health status, income, and comorbidity).  

The thematic analysis of the qualitative data identified five main themes including 

knowledge, motivation, skills, systems, and behaviors along with 28 subthemes comprising 

facilitators or barriers of BP telemonitoring (Table 3.3). The themes were also grouped into 

factors that are intrinsic to the individuals (knowledge, motivation, skills, and behaviors) and 

those that are external to the individual (systems). Exemplary quotes for the themes are provided. 

Some themes are outright facilitators of BP telemonitoring, e.g., a clinical decision-making tool, 

where a participant said “I think it's a great value because it gives the doctor a lot of data. Um, 

from those three days a week over multiple weeks. That she can make an accurate descriptor 

recommendation for my health.”  Some themes are barriers, e.g., challenge with message timing 

because of work, with participant’s statements such as “It seemed easy, except that I would 

forget, say, the message came in and maybe I was at work, I would forget to do it when I get 

home.”  However, some themes can fit into both facilitator and barrier depending on their 

presence or absence, e.g., awareness of BP telemonitoring, where a participant said “Well, I 

would do it anyway, like if I knew about it. I didn't know about that, so” (barrier) while another 

participant said “It's just like you know, like I knew I needed to track my blood pressure and I 
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didn't do a good job of it. So it took the technology to get me to track it” (facilitator). The seven 

domains of the e-HL framework were adapted to remote BP monitoring. For example, domain 1 

became Ability to process BP measurements and information. Domains 1 and 2 align with the 

knowledge theme, domain 3 aligns with skills, domains 4 and 5 align with motivation, and 

domains 6 and 7 align with systems. The behavior theme did not fall into any of the domains.  

The mixed-methods results were based on the seven domains of the e-HL framework 

adapted to remote BP monitoring themes (Table 3.4). The mean e-HL score ranges were aligned 

with the corresponding individual qualitative responses. The meta-inference showed 

concordance in qualitative and quantitative data for domain 3 and discordance for other domains. 

For example, in the first domain (ability to process BP measurements and information), and 

second domain (understanding hypertension as it relates to own health), both the lowest and 

highest-scoring participants’ comments suggest a higher ability to process information and 

understand hypertension, showing a discordance.  In domain four (Feel that they have ownership 

of their BP measurements and other health data in the systems and the data are safe and only 

accessible to relevant persons), the participant with the highest mean e-HL score of 4 with a 

conflicting corresponding response, “Just, Well, it's just discomforting to know with the concern 

that the data they take may or may not be safe from hackers”  shows discordance. Participants 

were asked to rate their proficiency in technology use on a scale of 1 to 10, 10 being the highest 

proficiency. In domain three (ability to actively engage with BP monitoring and managing digital 

services), the comment of the highest scoring participant, “Extremely comfortable Ten. I've 

written programs for these. I have been a software developer at one time, so I feel very 

comfortable with the technology”, and that of the lowest scoring participant, “Mmmm, So you 
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know, like not too fancy, but not too horrible, you know, proficiency of 5.”  match their mean e-

HL scores of 4 and 2.4 respectively, showing a concordance.  

 

3.4 Discussion 

In this study, participants involved in remote BP monitoring had significantly higher 

motivation to engage with digital services and had digital services that suited their individual 

needs compared to non-participants. We identified five main themes (knowledge, motivation, 

skills, systems, and behaviors) which included facilitators and barriers to remote BP monitoring. 

The most referenced facilitators of remote BP monitoring were e-health systems experience, self-

efficacy with technology, access to home BP monitor, BP self-monitoring (checking BP by self 

at home), and convenience and ease of use of the remote BP monitoring process. We included 

BP self-monitoring as one of the parameters because not everyone who monitors their BP by 

themselves engages in remote monitoring. Notable barriers to remote BP monitoring included 

lack of awareness of BP telemonitoring, challenges with message timing due to work schedule, 

lack of access to a home BP monitor, and trust in the technology. Participants recommended the 

provision of an accurate wearable BP monitor, automatic transmission of home-measured BP, 

and peer support as some of the measures to improve engagement with remote BP monitoring. 

Within the knowledge theme, our exploratory study found that the understanding of 

participants’ disease condition such as knowing the benefits of management and complications 

that could arise from uncontrolled hypertension, knowing medications, being aware of body 

cues, and knowing their BP goals facilitated involvement in remote BP monitoring. Knowledge 

gain was reported as a facilitator of engagement in remote monitoring in patients with chronic 

diseases (19) and hypertension (23). This implies that educating patients on their hypertension 
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condition and what is expected to control it (37) is an important basis for participation in remote 

BP monitoring. Motivation is also an essential factor in getting patients engaged in their health 

management (38,39). We found that the motivation to engage with remote BP monitoring digital 

services is facilitated by awareness of BP telemonitoring, convenience and ease of use of the 

digital services, the value gained by engagement such as improved communication with a health 

care provider, and clinical decision making. Similar facilitators such as improved motivation, 

ease of use monitoring devices, better patient-provider communication, reduction in office visits, 

shared decision making, and timely and accessible care have been reported to increase patient 

involvement in remote disease monitoring (19–20,22). Having the appropriate skills to use any 

remote monitoring services facilitates engagement with the service (24,40). There should be 

adequate training of patients and provision of readily available technical support to boost their 

comfort with the remote monitoring service. In addition to knowledge, motivation, and skill, 

external factors may also impact remote BP monitoring.  

Engagement in remote BP monitoring services is not solely dependent on the patient's 

knowledge and skills. The health system has an important role to play by increasing access to 

digital resources, improving trust in technology, and ensuring the e-health system that suits 

individual patient needs. Access to digital services can be increased by reducing the cost of 

technology devices and providing insurance coverage for technology used by patients in BP 

telemonitoring. Remote BP monitoring could be integrated into health providers’ routine 

workflow and reimbursement offered for the monitoring services. Remote BP monitoring 

interventions should be designed with patient input and tailored toward individual patient 

requirements. Studies have shown that selecting the right patient for remote monitoring 

interventions is essential for adherence and positive health outcomes (41). Patients’ behaviors 
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such as BP self-monitoring, medication adherence, and healthy lifestyle adherence play a 

significant role in BP control and overall health (42–44). A study of participants with 

hypertension showed that those already engaged in a behavior such as electronic communication 

with their healthcare provider were more likely to engage in another level of behavior like 

sending or receiving SMS text messages from their healthcare provider (21). In essence, the 

exhibition of positive behaviors towards BP control may facilitate engagement in remote BP 

monitoring and can be used by providers to identify potential participants. 

The barriers to engagement in BP telemonitoring are essentially the opposite of the 

facilitators mentioned above. Some patients also expressed trust in their clinic visits with their 

healthcare provider, such that they do not feel they need to engage in an extra activity like 

remote BP monitoring. The challenges with technology usage such as security, accessibility, and 

operational issues in this study aligned with patients’ highest preference for direct in-person 

contact as a means of interaction with their healthcare providers. Direct contact physician care 

preferences have been reported in other studies (45,46). Technology is here to augment in-person 

services and should be made easy, accessible, and secure in a way that spurs an increase in usage 

to free up clinic time for necessary in-person services. Patients are more willing to use digital 

services if they understand the benefits it adds to their health (47,48).  

Patients with hypertension in this study collectively had high e-HL in all domains of the 

e-HL framework, and this high e-HL may explain why two-thirds of them were engaged in 

remote BP monitoring. Higher e-HL has been linked to greater engagement in digital services 

(49,50). The e-HL was not significantly associated with the participants’ demographics such as 

age, gender, race, marital status, income, or educational level. Our findings differ from a study of 

110 older Thai adults ≥ 60 years with hypertension and mostly (76%) income below US $30,000 
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(51), where higher e-HL was associated with being male and having higher income but not with 

age, educational level, or marital status. Studies on 247 patients with hypertension or diabetes, ≥ 

50 years and mostly White-Hispanic (40), and that of Asian patients with hypertension, diabetes 

and coronary heart disease, mean age 47 years (SD 12.51) and mostly female (56.5%) (52) 

reported low e-HL to be associated with older age and lower educational levels. Similar 

association was also found among 453 Australian people with cardiovascular disease diagnosis 

or risk including systolic BP ≥ 180mmHg, diastolic BP ≥ 110mmHg, heart disease, stroke or 

transient ischemic attack, peripheral vascular disease (53). All these studies used the eHealth 

literacy scale (eHEALS) to measure e-HL. A study on 246 Danish adult patients with diabetes 

and/or gastrointestinal diseases and mean age of 56.5 years (range 18-89) that utilized e-HLQ 

found that lower age was associated with a higher ability to engage with digital services while 

lower educational status was weakly associated with an increase in feeling safe, in control and 

access to digital services that work (54). The differences between our study findings and these 

studies could be due to differences in study population characteristics, sample size, or the disease 

conditions accounted for. Our study is the first to our knowledge to use e-HLQ to assess e-HL 

among people with hypertension. We found, however, that those who telemonitor their BP were 

significantly more motivated to use remote BP monitoring services (domain 5) and tended to 

have remote BP monitoring services that suit their needs (domain 7) than those who do not 

telemonitor BP. Though we could not find a comparable study on remote BP monitoring, Holt et 

al. who used e-HLQ in their study found that adult patients with diabetes and/or gastrointestinal 

diseases who are users of the national health portal have significantly higher e-HL in all domains 

except domain 4 (feel safe and in control of health data) when compared with non-users (54). 
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This underscores the importance of willingness on the part of patients to take charge of their 

health and the health system providing the necessary resources to boost that motivation.  

In our mixed-methods joint display (Table 4), the lack of alignment of the participants’ e-

HLQ scores to their qualitative responses could be because the questionnaire was not specific to 

remote BP monitoring. It could also be due to participants' perception of their knowledge and 

skills at the different times of answering the survey and the interview questions. Based on our 

findings, we recommend more studies on patients with hypertension using the e-HL framework 

to fully understand the relationship between patient’s e-HL and their remote BP monitoring 

experiences. Future studies could adapt the e-HLQ to remote BP monitoring to ensure 

participants have the same context in the qualitative and quantitative study.   

Our study has some limitations. We used a convenience sample of 21 participants with 

hypertension who were mostly White, have some college or higher education and have an annual 

household income in the middle or upper class. The participants may have responded from 

experiences unique to them. Sampling participants digitally and using electronic survey may 

have biased our sample in favor of those with higher e-HL. It is possible we may not have 

captured all the factors affecting e-HL, such as social or cultural context with the instrument we 

used. The findings may not be generalizable to all the hypertension population, but it provides a 

good insight into what may be obtainable. Our mixed-methods approach makes the study more 

robust.  

Future studies should explore remote BP monitoring practices and their relationship with 

e-HL in a larger and more diverse hypertension population. With the availability of several e-HL 

assessment scales, testing two or more on the same hypertension sample may be worthwhile to 

provide a better inference on e-HL status.  
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3.5 Conclusion 

Patients with higher e-HL are more likely to use BP telemonitoring. Patients may engage 

with BP telemonitoring when they feel the usefulness of concurrent access to telemonitoring 

services that suit their needs. 
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Table 3.1 Participants' demographics 

Variable and Category Total  

N=21, (%) 

Remote BP 

monitoring, n= 

14, (%) 

Not Remote BP 

monitoring, 

n = 7, (%) 

P-value 

Age in years                                                                                                                               0.19 

  <50 7 (33.3) 6 (42.9) 1 (14.3)   

  50 -74 13 (61.9) 8 (57.1) 5 (71.4)   

  75+ 1 (4.8) 0 (0.0) 1 (14.3)   

Gender                                                                                                                                       0.88 

  Male 11(52.4) 8 (57.1) 3 (42.9)   

  Female 10 (47.6) 6 (42.9) 4 (57.1)   

Ethnicity 1.00 

  Hispanic 1 (4.8) 1 (7.1) 0 (0.0)   

  Non-Hispanic 20 (95.2) 13 (92.9) 7 (100.0)   

Race 0.47 

  White 16 (76.2) 11 (78.6) 5 (71.4)   

  Black or African American 1 (4.8) 1 (7.1) 0 (0.0)   

  Asian 1 (4.8) 0 (0.0) 1 (14.3)   

  Other 3 (14.3) 2 (14.3) 1 (14.3)   

Education level                                                                                                                          0.19 

  Some college 6 (28.6) 4 (28.6) 2 (28.6)   

  Bachelor’s degree 8 (38.1) 7 (50.0) 1 (14.3)   

  Post-Baccalaureate  7 (33.3) 3 (21.4) 4 (57.1)   

Marital status                                                                                                                            0.16 

  Married 13 (61.9) 10 (71.4) 3 (42.9)   

  Single 1 (4.8) 0 (0.0) 1 (14.3)   

  Divorced 5 (23.8) 2 (14.3) 3 (42.9)   

  Living as married 2 (9.5) 2 (14.3) 0 (0.0)   

General health status                                                                                                              0.33 

  Very good 6 (28.6) 3 (21.4) 3 (42.9)   

  Good 12 (57.1) 8 (57.1) 4 (57.1)   

  Fair 3 (14.3) 3 (21.4) 0 (0.0)   

Annual household Income                                                                                                      0.54 

  Less than US$20,000 2 (9.5) 1 (7.1) 1 (14.3)   

  US$20,000 - US$35,000 2 (9.5) 1 (7.1) 1 (14.3)   

  US$35,001 - US$50,000 1 (4.8) 0 (0.0) 1 (14.3)   

  US$50,001 - US$75,000 3 (14.3) 2 (14.3) 1 (14.3)   

  US$75,001 or more 13 (61.9) 10 (71.4) 3 (42.9)   

Comorbidity                                                                                                                               0.55 

  Heart disease and diabetes 1 (4.8) 0 (0.0) 1 (14.3)   

  Diabetes 1 (4.8) 1 (7.1) 0 (0.0)   

  Diabetes and Depression or 

anxiety 

1 (4.8) 1 (7.1) 0 (0.0)   

  Depression or anxiety 3 (14.3) 1 (7.1) 2 (28.6)   

  Depression or anxiety and other 3 (14.3) 2 (14.3) 1 (14.3)   

  Other 5 (23.8) 4 (28.6) 1 (14.3)   

  None 7 (33.3) 5 (35.7) 2 (28.6)   

Hypertension history in years (mean (SD)) 8.33 (1.28) 8.14 (1.46) 8.71 (0.76)       0.35 

Hypertension medications (mean (SD)) 1.48 (0.75) 1.57 (0.85) 1.29 (0.49)       0.42 

Other medications (mean (SD)) 2.43 (2.16) 2.64 (2.41) 2.00 (1.63)       0.53 

 

 

BP: Blood pressure; N: Total number of study participants; n: number of participants in subgroups 
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Table 3.2 e-HL mean scores dichotomized by those who use RBPM versus not 

e-HLQ Domains Total 

Participants 

Mean (SD) 

scores, N=21 

RBPM participants’  

mean (SD) scores, 

n= 14 

Non-RBPM 

participants' mean 

(SD) scores, n =7 

P-

value 

1. Using technology 

to process health 

information 

3.38 (0.53) 3.50(0.53) 3.14(0.49) 0.15 

2. Understanding 

health concepts and 

language 

3.33 (0.46) 3.43(0.44) 3.14(0.49) 0.23 

3. Ability to actively 

engage with digital 

services 

3.53 (0.53) 3.64(0.45) 3.31(0.63) 0.30 

4. Feel safe and in 

control 

3.30 (0.53) 3.41(0.45) 3.09(0.65) 0.16 

5. Motivated to 

engage with digital 

services 

3.44 (0.49) 3.63(0.32) 3.06(0.56) 0.02 

6. Access to digital 

services that work 

3.38 (0.54) 3.55(0.40) 3.05(0.65) 0.08 

7. Digital services 

that suit individual 

need 

3.29 (0.61) 3.50(0.49) 2.86(0.63) 0.03 

Average   3.52 (0.09) 3.09(0.13) 0.04 

 

 

e-HLQ: e-Health literacy questionnaire; RBPM: Remote blood pressure monitoring; N: Total 

number of study participants; n: number of participants in subgroups; SD: standard deviation. 
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Table 3.3 Facilitators and barriers of technology use in RBPM 

Themes e-HLF adapted domains Subthemes Facilitator Barrier 

Internal factors     

1. Knowledge     

 Ability to process blood 

pressure measurements 

and information 

 

Knowledge of blood pressure goals 

“They gave me a target. They said that 

anything below that is good and 

anything above that is bad. So I've been 

keeping track of it” (RBPM participant) 

 

√    √ 

 Self-health information seeking with 

technology. 

“you have to go searching for it, so 

that's exactly what I did in the Example 

that I gave. In taking a look at 

particularly white coat hypertension” 

(Non-RBPM participant) 

 

√    √ 

 Understanding 

hypertension as it relates 

to own health 

Knowledge of benefits hypertension 

management. 

“To keep my blood pressure down 

Um? Just so I don’t have further 

complications as time goes along.” 

(RBPM participant) 

 

√    √ 

 Knowledge of complications of 

uncontrolled hypertension. 

“my family background, Uhm, my 

parents and siblings have hypertension 

and I know It's made other organs, It's 

affected other organs like my dad had 

kidney disease from that and when he 

was older, Uhm, he had a stroke and 

they were unable to control his 

hypertension and I know the stroke 

resulted from his having high blood 

pressure that was hard to control” 

(RBPM participant) 

 

√    √ 

 Hypertension medication knowledge. 

“it's important that you keep track of 

you know your medication, how much 

you take, how often you take” (Non-

RBPM participant) 

 

√  

 Body changes awareness/cues. 

“I can typically tell when it's not 

because I will either get lightheaded or 

I can feel my heart racing and uhm, I 

don't have either of those symptoms. 

Those are the symptoms that kind of 

Clue me in on whether or not my blood 

pressure is either way rarely low, but if 

it's high you know, I'll get the fluttering 

failure and then” (Non-RBPM 

participant) 

 

 

 

 

 

√  
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Themes e-HLF adapted domains Subthemes Facilitator Barrier 

2. Motivation     

 Motivated to engage 

with remote blood 

pressure digital services 

Awareness of BP telemonitoring.  

“No, I was not aware of that [remote 

BP monitoring]” (Non-RBPM 

participant) 

 

√ √ 

 Convenience and ease of use. 

“I think this is convenient and easy.” 

(RBPM participant) 

 

√    √ 

 Better communication with healthcare 

providers. 

“It allows me to Communicate better 

with my Health care providers”. (RBPM 

participant) 

 

√    √ 

 Challenge with message timing because 

of work schedule.  

“It seemed easy, except that I would 

forget, say, the message came in and 

maybe I was at work, I would forget to 

do it when I get home.” (RBPM 

participant) 

 

 √ 

 Clinical decision-making tool.  

“I think it's a I think it's a great value 

because it gives the doctor a lot of data. 

Um, from those three days a week over 

multiple weeks. That she can make an 

accurate descriptor recommendation for 

my health.” (RBPM participant) 

 

√  

 Feel that they have 

ownership of their blood 

pressure measurements 

and other health data in 

the systems and the data 

are safe and only 

accessible to relevant 

persons. 

Health care provider trust. 

 “I could do a better job of Getting on 

the online portal at U of M and signing 

up for that so that I have access to my 

all my overall health more readily I I, 

but I trust my doctors there” (RBPM 

participant) 

 

 √ 

 Concern for data security and integrity. 

“Just, Well, it's just discomforting to 

know with the concern that the data they 

take may or may not be safe from 

hackers Knowing a lot about that.” 

(RBPM participant) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 √ 
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Themes e-HLF adapted domains Subthemes Facilitator Barrier 

3. Skills     

 Ability to actively 

engage with blood 

pressure monitoring and 

managing digital 

services 

 

Excellent home BP self-monitoring 

technique.  

“Oh OK, so I have one that's electronic. 

I would get the monitor and sit. Where 

my legs weren’t crossed. And where I 

was calm and comfortable, but with my 

arms resting, put some monitor on my 

arm and let it you know, hit the 

button. So it started. It would pump up 

and take the pressure” (RBPM 

participant) 

 

√    √ 

 Self-efficacy with technology.  

“Extremely comfortable Ten. I've 

written programs for these. I have been 

a software developer at one time, so I 

feel very comfortable with the 

technology” (RBPM participant) 

 

√   √ 

 Training. 

“I’m very comfortable (with technology) 

as long as you train me” (RBPM 

participant) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

√    √ 
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Themes e-HLF adapted domains Subthemes Facilitator Barrier 

External factors     

4. Systems     

 Access to remote blood 

pressure monitoring 

digital services that work 

Access to home BP monitor. 

“Uh, well, you know before I never had 

a machine at home, so I really, I mean, 

originally I didn't have a blood pressure 

machine at home, so I would have to go 

to the doctor or I would have to go to 

like a pharmacy that had the uhm, They 

used to have Machines at the pharmacy 

you could use, but, Then you don't really 

know. You have to get something 

consistent. If I can use the one at home, 

I know how it is, uhm, consistently.” 

(RBPM participant) 

 

√ √ 

 Technology trust. 

“I don't think that they gave accurate 

readings, so I never really knew if my 

blood pressure was too high or not 

because I could take two readings 10 

minutes apart or 20 minutes apart and 

one would be kind of low and the other 

will be high. You know, I never trusted 

it. So I felt that I I really wasn't learning 

anything about my actual blood 

pressure.” (Non-RBPM participant) 

 

√ √ 

 Access to Smartphone.  

“I have an Android phone which is a 

smartphone and that allows me to use 

the portal.” (RBPM participant) 

 

√ √ 

 Access to tablet. 

“I have a tablet” (Non-RBPM 

participant) 

 

√ √ 

 Access to computer.  

“OK, I have a computer.” (RBPM 

participant) 

 

√ √ 

 Remote BP monitoring 

digital services that suit 

individual needs 

Adapting services to patients’ needs.  

“It started out, I had to do it every week 

and then it reduced down to every I 

think like once every three weeks. And 

then now it just went down to once in a 

Quarter.” (RBPM participant) 

 

√  

 Ehealth system experience.  

“It's gotten better and better the patient 

portal. Um, it, you know, I've been a 

patient at U of M for about 20 years I 

think, and maybe longer. Yeah, early 

90s. Um? It's gotten so much better” 

(RBPM participant) 

 

 

 

 

 

√ √ 
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Themes e-HLF adapted domains Subthemes Facilitator Barrier 

5. Behaviors     

  BP self-monitoring. 

“I have a blood pressure cuff here at 

home. I monitor it myself once a week.” 

(RBPM participant) 

 

√  

  Action/action plan to aid BP 

monitoring.  

“I went and looked for anything 

technology wise that could help me with 

that. And I found A blood pressure 

device.” (RBPM participant) 

 

√  

  Medication adherence.  

“I have a pill box with Monday 

through Sunday and I take them every 

morning when I go to work.” (RBPM 

participant) 

 

√  

  Diet, Exercise and related behaviors  

“We have mainly a plant-based diet and 

we cook almost all of our own food, so 

we're able to greatly limit the salt intake 

as compared to buying Prepared foods 

or eating out. The other is I exercise 

daily.” (RBPM participant) 

 

√  

  Advocacy 

“So I mean, if people had the proper 

equipment. You know, and some more 

knowledge to go with that. I mean, you 

know we probably could knock the 

numbers down a little bit.” (Non-RBPM 

participant) 

√  

 

 RBPM: Remote Blood Pressure Monitoring; e-HLF: e-Health literacy framework. 
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Table 3.4 Joint display of the relationship between e-HL mean scores and RBPM themes 

Remote BP monitoring 

Themes 

Average eHL mean (SD) 

scores 

[Mean (SD) score range] 

Example quotes from the 

interview 

Meta inference 

Ability to process BP 

measurements and 

information 

 

3.38 (0.53) 

[2.40(0.55) – 4.00 (0.00)] 

“They gave me a target. They 

said that anything below that is 

good and anything above that is 

bad. So I've been keeping track 

of it” (RBPM participant) 

“It (BP) is under control now…I 

check my blood pressure 

Monday, Wednesday and 

Friday” (RBPM participant) 

 

Discordance 

 

The participants’ comments 

suggest a higher ability to 

process information that 

does not match the lower 

range score.   

 

Understanding 

hypertension as it 

relates to own health 

 

3.33 (0.46) 

[2.40 (0.55) – 4.00 (0.00)] 

“I know that with the 

hypertension there can be a lot of 

really bad effects further down 

the line up heart can heart 

problems. It can also interact 

with diabetes. You can have 

strokes. Uhm, so there are 

number of side effects to just 

hypertension that can be really 

bad if you don't take care of it 

and keep it under control.” (Non-

RBPM participant) 

“Because if you are monitoring 

yourself and your blood pressure 

is high, You're gonna do 

something probably try to take 

that down. That would have 

made you probably get up and go 

Because you know, nobody 

wanna die.” (Non-RBPM 

participant) 

 

Discordance 

 

The participants’ comments 

suggest a higher 

understanding of 

hypertension which does not 

match the lower-range score 

Ability to actively 

engage with BP 

monitoring and 

management digital 

services 

 

3.53 (0.53) 

[2.40 (0.55) – 4.00 (0.00)] 

“Extremely comfortable Ten. I've 

written programs for these. I 

have been a software developer 

at one time, so I feel very 

comfortable with the technology” 

(RBPM participant) 

“Mmmm, So you know, like not 

too fancy, but not too horrible, 

you know, proficiency of 5.” 

(Non-RBPM participant) 

 

Concordance 

 

The comments of the lower 

and higher-scoring 

participants match their level 

of engagement with 

technology  

Feel that they have 

ownership of their BP 

measurements and 

other health data in the 

systems and the data 

are safe and only 

accessible to relevant 

persons 

 

3.30 (0.53) 

[2.40 (0.55) – 4.00 (0.00)] 

“Just, Well, it's just 

discomforting to know with the 

concern that the data they take 

may or may not be safe from 

hackers Knowing a lot about 

that.” (RBPM participant) 

“No comment” 

(Non-RBPM participant) 

 

 

 

 

 

 

Discordance 

 

The higher-scoring 

participants’ comments 

expresses concern for data 

safety while there was no 

record of such concerns 

expressed by those in the 

lower-score range 
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Remote BP monitoring 

Themes 

Average eHL mean (SD) 

scores 

[Mean (SD) score range] 

Example quotes from the 

interview 

Meta inference 

Motivated to engage 

with remote BP digital 

services 

 

3.44 (0.49) 

[2.20 (0.45) – 4.00 (0.00)] 

“Well, I would do it (remote BP 

monitoring) anyway, like if I 

knew about it. I didn't know 

about that, so. Because I tend to 

get, I think that is common thing 

for a lot of people, when your 

blood pressure is controlled for a 

long time and you're doing great, 

you kind of push it to the side. 

And as soon as you do that, that's 

when you fall off the wagon so 

the text messaging would 

definitely help me”. (RBPM 

participant) 

“To I mean, to a certain degree, 

yeah, I mean they do help. I 

mean by supplying you with 

knowledge, you know  

But I think ultimately It's up to 

the individual, you know to. I 

believe in that lifestyle change. 

You know, I think ultimately it's 

up to the individual to do some 

soul searching, make some 

changes in their life. You know 

technology can definitely help 

assist you in that you know that 

you know the journey. But 

ultimately, yeah, it does. So it 

does answer the question. Yeah, 

it helps, so it is a valuable tool.” 

(Non-RBPM participant) 

 

Discordance 

 

The participants’ comments 

suggest higher motivation to 

engage with digital services 

which does not match the 

lower-range score 

Access to remote BP 

monitoring digital 

services that work 

 

3.38 (0.54) 

[2.00 (0.63) – 4.00 (0.00)] 

“So I use the blood pressure 

monitor that is like on my 

wrist. And turn it's Bluetooth 

enabled so I can connect to my 

phone.” (RBPM participant) 

“I have computer, smartphone, 

Sphyg and stethoscope” (Non-

RBPM participant) 

 

Discordance 

 

The participants’ comments 

suggest they have digital 

services that work which 

does not match the lower 

range score 

Remote BP monitoring 

digital services that 

suit individual needs 

 

3.29 (0.61) 

[2.25 (0.50) – 4.00 (0.00)] 

“I would record it at home and 

then I would input all of my 

weekly blood pressure 

measurements 

in and then send it so it would be 

like every week.” (RBPM 

participant) 

“No comment” 

(Non-RBPM participant) 

Discordance 

 

The higher-scoring 

participants’ comments 

suggest they have services 

that suit their needs while 

there was no record of 

comments to support the 

lower score range 

 

Note: The green texts are participants’ quotes corresponding to the highest e-HL score range while the red texts correspond to the 

lowest e-HL score range. e-HL: e-Health literacy. 

”No comment” means there was no statement by the lower scoring participants against the remote BP monitoring theme under 

consideration to match the lower scores. 
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61 potential participants 

from the MPOTA 

program 

57 eligible patients 

invited to participate. 

Excluded 

3 Active cancer 

patients 

1 used as “practice 

patient.” 

72 interested participants 

from online platform 

47 No 

response 

25 potential participants 

7 replied “YES” 

5 patients took the online survey 

& were interviewed. 

16 patients took the online 

survey & were interviewed. 

21 participants in the 

study altogether 

6 ineligibles 

3 declined 

participation 

2 patients replied 

“No”  

48 No response 

2 could not be 

reached. 

Figure 3.1 Flow Chart of Recruitment 
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Chapter 4 Paper 3 Remote Blood Pressure Monitoring: Electronic Health Literacy and 

Behavioral Factors related to Participation 

 

4.1 Introduction 

Remote blood pressure monitoring (RBPM) or blood pressure (BP) telemonitoring is an 

important hypertension (HTN) management strategy that involves electronic transfer of self-

measured BP from the patient’s home to their doctor or doctor’s office with subsequent feedback 

based on the transmitted BP measurements.(1) RBPM offers many benefits to both patients and 

healthcare providers.(1–3) The patients are able to save time and cost of healthcare by reducing 

clinic visits, be more engaged in their disease management, and gain better understanding of 

their HTN and how to keep it under control. The healthcare providers can follow their patients 

more closely, make timely health decisions and so provide improved quality of care to their 

patients. Various studies have demonstrated greater improvement in BP control among patients 

engaged in RBPM compared to those in usual care.(1,2,4–8) However, to reap the benefits of 

RBPM, patients need to engage in the RBPM program.(9–11) Patients’ engagement in RBPM is 

dependent on various factors which may be technological-, health system-, or patient-related. 

The technology needs to be simple and user-friendly. The health system has the responsibility of 

making these technological services available with adequate resources and manpower to operate 

them.(12,13) 
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Patient-related factors that may influence RBPM engagement include patient’s 

demographics, technology health behaviors, poor electronic health literacy (e-HL), lack of 

understanding of the risks associated with uncontrolled HTN, lack of access to simple adequate 

technologies, concerns about privacy, health data integrity and security.(2,5,12,14–16) 

Technology health behaviors refer to technology-related actions taken by patients to improve 

their health. Technology health behaviors such as electronic health information sharing between 

patients and their healthcare providers have helped to improve communication and shared 

decision making between both parties.(17) The health information sharing could be done through 

the electronic health portals, or mHealth devices including tablet computers and mobile phones. 

Adults with one or more chronic disease conditions including HTN, are more likely to use 

mHealth to access Web-based health support from their healthcare providers compared to those 

without any chronic diseases.(18) Patients with chronic diseases are also more likely to track 

health goals electronically, make health decisions and hold discussions with their healthcare 

providers based on electronically found health information.(19) A study on people with HTN 

who responded to the Health Information National Trends Survey (HINTS) found that patients 

who are already engaging with their healthcare providers electronically via email or internet have 

a higher odds of also communicating through SMS text messages with them compared to those 

who are not.(20) These studies however, are not specific to RBPM. 

The electronic health literacy framework (e-HLF)(21) and the corresponding electronic 

health literacy questionnaire (eHLQ)(22) developed from it provide an essential tool to measure 

patient’s e-HL status. eHLQ takes into account a patient’s health knowledge and technology 

skills, motivation to engage in technology, access to technology, and health data security 

concerns. eHLQ reflects most of the patient-related factors that may influence RBPM 
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engagement.(22) The assessment of a patient’s e-HL status is essential to ensure maximum 

benefit from any health digital services including RBPM.  

However, patients’ e-HL status is seldom assessed in electronic health intervention studies 

(23,24) and RBPM studies are not an exception.  The few electronic health management studies 

involving patients with HTN utilized non-validated tool (25) or the electronic health literacy 

scale (eHEALS) to measure e-HL status (3,12,19,26) and a small number of these studies are 

focused on RBPM.(3,25) eHEALS(27) centers mainly on patients’ ability to use the internet and 

does not have the robustness of eHLQ.  

Moreover, most studies on RBPM are intervention studies. There is a dearth of data on the 

prevalence of RBPM participation among people with HTN in everyday life situations. Patient-

related factors that influence engagement in RBPM have been driven mostly by qualitative 

studies (28–33) and less by the quantitative assessment of patients’ characteristics to identify 

predictors of engagement.(25) Data on concurrent assessment of RBPM participation predictors 

and e-HL are also limited. Studies focused on RBPM using eHLQ are therefore warranted. The 

objectives of this study were to 1. Assess participation and non-participation in RBPM among 

adults with HTN, 2. Assess patients’ characteristics and technology health behaviors that predict 

participation in RBPM, and 3. Assess e-HLF domains that predict participation in RBPM. We 

hypothesized that participation in RBPM is associated with patients’ characteristics, technology 

health behaviors, and e-HL status. 
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4.2 Methods 

4.2.1 Design 

The study was a quantitative cross-sectional survey of patients with HTN in the United 

States. The study was approved by the University of Michigan Institutional Review Board with 

the approval number HUM00205760. 

4.2.2 Participants 

Participants were recruited and surveyed using an online Qualtrics® panel. The inclusion 

criteria were patients aged ≥ 18 years who self-reported HTN diagnosis, had at least one 

prescription HTN medication, understand English language, and were willing to participate. 

Exclusion criteria included active cancer, diagnosis of cognitive impairment or having been to 

the intensive care unit (ICU) in the past six months. We used the exclusion criteria because 

people with active cancer, cognitive impairment or were recently in ICU were more likely to be 

closely monitored by their healthcare providers and may not provide the general RBPM practice 

obtainable in the hypertension population.  

4.2.3 Sample size 

With the 47.3% adult population with HTN in the US in 2021(34), using 5% type 1 error 

(P = 0.05), the minimum sample size required to estimate participation in RBPM was calculated 

to be 383 participants.(35) A minimum of 500 sample size has been recommended for detection 

of difference between sample estimates and the population in observational studies involving 

logistic regression.(36) We therefore recruited a sample of 507 participants with HTN using the 

quota sampling explained in the recruitment section. 
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4.2.4 Recruitment 

Participants were recruited using an online Qualtrics® panel. Based on our first study of a 

secondary analysis of the 2018 Health Information National Trends Survey (HINTS) 5 Cycle 2, 

age and education were associated with electronic health information seeking among respondents 

with HTN. We therefore used a priori quota sampling based on age and educational levels. To 

ensure adequate representation within the age and education groups, the following proportions 

were used; less than 50 years (15%), 50 – 74 years (64%), 75 years and above (21%), less than 

college education (32%), some college education (34%), college graduate and above (34%). The 

study, extent of participation, as well as incentive for participation were described to the 

participants meeting the inclusion criteria. Participants were screened for study inclusion 

eligibility, and consented online before they completed the survey. 

4.2.5 Data collection 

The online survey (Appendix D) had four parts, was self-administered, and took about 15 

minutes to complete. The survey was in the field from November to December 2021. 

Demographics and clinical characteristics. This included respondents’ demographics 

(including age, sex, ethnicity, race, educational level, marital status, income, clinic distance from 

residence, and residential area), general health status, co-morbidities, length of time since being 

diagnosed with HTN, number of HTN medications, number of other medications different from 

the HTN medications, BP control status, and the last measured systolic and diastolic BP values.  

BP Self-monitoring and Telemonitoring Behaviors. These were questions focused on BP 

self-monitoring and remote monitoring strategies formulated from activities that patients are 

usually required to do in home BP monitoring and RBPM programs.(4–7) The questions 
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included 1. Routine measurement of BP at home, clinic, pharmacy, work or not at all, 2. 

Frequency of home BP self-measurements (ranging from daily to never), 3. Self-measured BP 

tracking strategy (ranging from paper tracking, electronic tracking to not tracking at all), 4. How 

self-measured BP is shared with healthcare provider (whether in person or electronically through 

automatic transfer, email, electronic patient portal or text messages), 5. Self BP control behaviors 

such as medication adherence, exercise, alcohol intake reduction etc., 6. Awareness of RBPM 

(yes/no), 7. RBPM offered in clinic (yes/no/don’t know), 8. Participation in RBPM (yes/no) 

defined as current self-measuring of BP accompanied by any form of electronic transmission of 

the measurements to the healthcare provider regardless of transmission frequency (outcome 

variable), 9. RBPM providers (doctor, nurse, pharmacist, physician assistant, don’t 

know/unsure), 10. Means of electronic communication with healthcare provider in RBPM 

(email, electronic health records, health apps, phone call or automatic transfer), 11. Frequency of 

electronic communication with healthcare provider in RBPM (ranging from daily to less than 

once a month), and 12. RBPM feedback received. We also asked those not participating in 

RBPM to state their reasons for not participating and their likelihood of participation if RBPM 

were offered to them (very likely, somewhat likely, neither likely nor unlikely, somewhat 

unlikely, very unlikely). 

e-Health Literacy. We used the validated e-health literacy questionnaire (eHLQ)(22), 

which is a 35 item questionnaire with seven domains developed from e-health literacy 

framework. The first two domains provide information on the patient’s capability, the next three 

domains show interaction between the patient and digital services, and the last two are about 

patient’s experiences with digital services. Each item is rated on a 4-point Likert scale (strongly 

disagree, disagree, agree, strongly agree) with lowest score of 1 and highest score of 4. The 
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eHLQ was validated using both classical test theory and item response theory psychometrics, and 

the domains items were found to have strong composite scale reliability (CSR).(22) The e-health 

literacy domains variables include 1. Using technology to process health information (5 items, 

CSR: 0.84), 2. Understanding health concepts and language (5 items, CSR: 0.75), 3. Ability to 

actively engage with digital services (5 items, CSR: 0.86), 4. Feel safe and in control (5 items, 

CSR: 0.87), 5. Motivated to engage with digital services (5 items, CSR: 0.84), 6. Access to 

digital services that work (6 items, CSR: 0.77), 7. Digital services that suit individual need (4 

items, CSR: 0.85). Each domain score is the average of the individual item scores in the domain. 

The highest and lowest mean scores possible were 4 and 1 respectively. The eHLQ license was 

obtained from Swinburne University of Technology, Denmark (Appendix E). 

Technology Health Behaviors. These are variables from HINTS(37) focusing on 

technology ownership and use within a 12 month recall period. These variables included 

ownership of basic cellphone (yes/no), ownership of smartphone (yes/no), ownership of tablet 

computer (yes/no), ownership of laptop or desktop computer, ownership of home BP monitoring 

device (yes and use or not use it/no), how home BP device was obtained (self-payment, gifted, 

insurance, other), having health Apps (yes/no). The behaviors included use of computer, 

smartphone, or other electronic means to communicate with doctor or doctor’s office through 

email or internet (yes/no); electronic checking of medical tests results (yes/no); use of computer, 

smartphone, tablet to monitor and achieve health goals (yes/no); use of computer, smartphone, 

tablet to make health decisions (yes/no); use of computer, smartphone, tablet helped discussion 

with healthcare provider (yes/no); shared information from an electronic monitoring device or 

smartphone with healthcare provider (yes/no); and sent or received text message from healthcare 

provider (yes/no). We also asked for patient-provider communication or interaction preferences 
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regarding BP management, whether it is in-person clinic visits or through electronic means 

including email, phone call, SMS text messages, electronic health record, and video visit. 

Participants who responded “no” to ownership of home BP monitoring device were asked to 

state their reasons for not having the device. 

Pilot testing. The online survey was first piloted among twelve volunteers from staff and 

graduate students at the University of Michigan College of Pharmacy and revised for clarity. The 

second pilot was through the Qualtrics® panel to confirm the content validity and reliability 

before the full launch. 

4.2.6 Statistical analysis 

The outcome variable was participation in RBPM. Independent variables included 

demographics, general health status, clinic distance from residence, RBPM awareness, e-HL 

domains, and technology health behaviors. 

Descriptive statistics were used to describe patient’s demographics, e-HL status, and BP 

telemonitoring behaviors, and health technology behaviors. Categorical variables were reported 

as frequencies (%) while continuous variables as means and standard deviation. Bivariate 

analysis using chi-square tests compared patients' characteristics between RBPM and non-RBPM 

groups. The Mann-Whitney U test was used to compare the e-HL domains scores between 

RBPM and non-RBPM groups.  

Firth’s (38,39) logistic regression was used to assess the predictors of participation in 

RBPM. Firth’s logistic regression uses penalized likelihood approach to account for any 

separation in the categorical variables due to small sample size and reduces bias in the parameter 

estimates. Demographics and technology behaviors were included in the regression model. Age 
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and education interaction variables were also included. Education variables were re-coded into 

three categories: less than college, some college, and college graduate or more. Race variables 

were re-coded to two categories: White and other races. Marital status variables were re-coded 

into three categories: never married, married, and previously married. Time since HTN diagnosis 

was recoded to two categories: less than 5 years and 5 years or more. Various regression models 

were fitted and the model with the lowest Akaike information criterion (AIC)(40) was chosen for 

the prediction. We also assessed the seven e-HL domains as predictors of RBPM participation 

using Firth’s logistic regression.  All analyses were performed using the JJ Allaire R Studio 

software, version 4.2.1. 

 

4.3 Results 

4.3.1 Description of participants’ demographics and clinical characteristics 

A total of 507 people with HTN meeting the study criteria were consented to the study 

and surveyed. The mean age for all participants was 60 years (SD 14.7) (Table 4.1). The 

respondents were mostly female (60.4%), non-Hispanic (95.3%), and White (84.6%). About 

two-thirds have some college education or more (66.9%), while almost half were married or 

living as married (47.9%). Most of the respondents (78.5%) live within 10 miles distance from 

their clinics in urban (25.6%), and suburban (48.3%) areas. More than half reported having had 

HTN for 5 years or more (56.6%) with the majority reporting their HTN under control (83.3%). 

Depression or anxiety was the most common reported comorbidity (40.0%). Other clinical 

characteristics are presented in Table 4.2. 
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Sixty respondents out of the 507 reported participation in remote BP monitoring giving a 

prevalence of 11.8% (Table 4.1). The RBPM participation group had a significantly lower mean 

age (46.2 years, SD 14.7) compared to non-RBPM participation group (62 years, SD 13.7). The 

RBPM participation group also had more people in the married category (53.3% vs 39.1%). The 

majority (75.1%) of those participating in RBPM reported less than 5 years since diagnosis of 

HTN compared to 39.1% in the non-RBPM group (Table 4.2).  

4.3.2 BP self-monitoring and telemonitoring behaviors 

Overall, about two-thirds (66.1%) of the respondents measured their BP routinely at 

home with varying frequencies of BP measurement (Table 4.3). About 21% of all respondents 

did not measure their BP routinely. However, most respondents in the RBPM group measured 

their BP at home (91.7%) and 61.7% of them engage in daily BP measurement (Table 4.3). A 

greater number of those in RBPM group reported tracking their BP measurements with mHealth 

(61.7%) than those in the non-RBPM group (15.6%). Sharing of BP measurements with the 

healthcare provider through automatic transfer from BP device, email, or electronic health 

records was higher in the RBPM group (51.7%) versus non-RBPM group (3.6%) (Table 4.3). 

Taking BP medications as prescribed by the healthcare provider was the most common self BP 

control behavior overall and in both RBPM and non-RBPM groups (Table 4.4). 

Overall, 67.5% of the respondents were not aware of RBPM and 68.8% do not know if 

their clinic offers remote BP monitoring services. Awareness of RBPM was reported in 32.5% of 

the respondents. RBPM participation was reported in 11.8%, and non-participation in 88.2% of 

the respondents (Table 4.3). Among those who were participating in RBPM, the most reported 

RBPM provider was doctors, while RBPM frequency was mostly daily and several times per 

week (Table 4.5). The electronic health records or patient portal was the most common channel 
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of RBPM communication between the respondents and their healthcare providers. The feedback 

message to the respondents were mainly acknowledgement of BP measurement receipt and 

interpretation of measurement as low, high, or normal (Table 4.5). The top two reasons for not 

participating in RBPM were: doctors have not asked them to participate and lack of awareness of 

RBPM (Table 4.6). About three-quarters of those not participating in RBPM reported that they 

would likely participate in RBPM if offered.  

4.3.3 e-Health literacy (e-HL) 

The calculated Cronbach’s alpha for our sample for the eHLQ domains one to seven are 

shown in Table 4.7. Collectively, the respondents reported e-HL mean scores above 2 in all the 

seven domains of the eHLQ (Table 4.7) including 1. Using technology to process health 

information, 2. Understanding health concepts and language, 3. Ability to actively engage with 

digital services, 4. Feel safe and in control, 5. Motivated to engage with digital services, 6. 

Access to digital services that work, 7. Digital services that suit individual needs. However, the 

RBPM participating group had significantly higher e-HL mean scores compared to the non-

RBPM group in all seven domains. 

4.3.4 Technology health behaviors 

Most of the 507 respondents reported having a smartphone (92.5%), tablet computer 

(63.7%), laptop or desktop computer (86.8%), health-related apps (59%), and home BP 

monitoring device (78.7%) (Table 4.8). The ownership of tablet computers and health-related 

apps were significantly higher among the RBPM group compared to non-RBPM groups (85% vs 

60.9%; 93.3% vs 54.4%, P ˂ 0.001 respectively). The RBPM group also had significantly higher 

proportion of people that own and use home BP monitoring device compared to non-RBPM 
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group (96.7% vs 64.7%, P ˂ 0.001). The top reasons for not owning a home BP monitoring 

device included dependence on health provider for BP measurement (42.6%), and not being able 

to afford one (35.2%) (Table 4.10).  

About three-quarters of the respondents have communicated with their doctor or doctor’s 

office through emails (74.4%) or internet and checked their medical test results electronically 

(75.1%). About half reported that they made health decisions (54.6%) and achieved health goals 

(46.4%) with mHealth, and shared health information electronically with their healthcare 

providers (49.7%). Moreover, more than half of the 507 respondents reported that they have sent 

or received SMS text messages from their healthcare provider (61.3%) and that mHealth use has 

helped in their discussion with their healthcare provider (54.6%). All these behaviors were 

observed more significantly in the RBPM group compared to non-RBPM group (Table 4.9).  

Figure 4.1 shows the patients’ interaction preferences with their healthcare provider 

regarding their BP management. Overall, the most preferred mode of patient-provider interaction 

was in-person clinic visits, while the least preferred was video visits. Among the electronic 

communication methods, phone calls were the most preferred, followed by email, then SMS text 

messages. Video visits remained the least preferred interaction method. There was no difference 

in the order of interaction preferences across age and educational groups. The order of 

preferences for patient-provider interaction channels remained the same in the RBPM and non-

RBPM groups as in the overall participants. 

4.3.5 Predictors of RBPM participation 

For objective 2, the statistically significant predictors of participation in RBPM were 

awareness of RBPM (adjusted odds ratio (AOR) 36.98, 95% CI 12.30 – 157.75, P ˂ 0.0001) and 

sharing electronic health information with a healthcare provider (AOR 6.37, 95% CI 1.79 – 
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29.42, P = 0.003) (Table 4.11). Age, education level, marital status, clinic distance, ownership of 

technology, and other behavioral variables were not statistically significant predictors.  

For objective 3, the univariate regression of each of the e-HL domains with RBPM 

participation yielded significantly positive association RBPM participation (Table 4.12). The 

unadjusted odds ratios include 1. Using technology to process health information (OR 3.62, 95% 

CI 2.15 – 6.23, P ˂ 0.0001), 2. Understanding health concepts and language (OR 2.54, 95% CI 

1.41 – 4.62, P = 0.001), 3. Ability to actively engage with digital services (OR 2.54, 95% CI 1.56 

– 4.24, P = 0.0001), 4. Feel safe and in control (OR 2.81, 95% CI 1.64 – 4.91, P = 0.0001), 5. 

Motivated to engage with digital services (OR 3.09, 95% CI 1.82 – 5.37, P ˂ 0.0001), 6. Access 

to digital services that work (OR 3.69, 95% CI 2.07 – 6.71, P ˂ 0.0001), 7. Digital services that 

suit individual needs (OR 4.18, 95% CI 2.52 – 7.15, P ˂ 0.0001). When participation in RBPM 

was regressed with all the seven domains of e-HLQ, higher scores on having digital services that 

suit individual needs (domain 7) was associated with higher odds of RBPM participation (AOR 

4.49, 95% CI 1.65 – 13.28, P = 0.003) (Table 4.13). The other six domains were not statistically 

significant predictors in the adjusted model. 

 

4.4 Discussion 

4.4.1 Main Findings 

We found that more than three-quarters of patients with HTN were not participating in 

RBPM. Non-participation in RBPM was mostly due to not being asked to participate by their 

healthcare providers and lack of awareness of RBPM, as only 32.5% of the patients were aware 

of RBPM. These findings show the important role healthcare providers can play in helping their 

patients take up health improving strategies. Doctor’s referral or recommendation has been 
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identified as an influential factor in patient’s telemedicine utilization.(41) A related study on 

utilization of tele-consultation among adult epileptic patients in a low income setting showed that 

only about 32% have used tele-consultation and more than half (58%) of the patients were not 

aware of tele-consultation services.(42)  Patients will likely take up health improving programs 

like RBPM if they are made aware of the program and the benefits. A review of impact of 

telemedicine during the COVID-19 pandemic by Omboni et al.,(43) identified patients’ 

awareness as an important factor in the uptake of digital health services. This finding is also 

supported by the high number (74.9%) of non-RBPM patients in our study who reported they 

would likely participate in RBPM if offered. Another study(25) assessing willingness to take up 

telemonitoring program among patients with diabetes and /or HTN found that more than half 

(52.5%) of the respondents were willing to take up telemonitoring program. Despite the 

differences in proportions of patients willing to participate in BP telemonitoring in these two 

studies, it shows that a sizeable number will likely participate had it been brought to their 

awareness or recommendation. A concerted effort among all healthcare providers (physicians, 

nurses, pharmacists etc.) towards RBPM recommendation to their patients could provide the 

encouragement and support needed to get more patients with HTN to participate in RBPM. 

However, the recommendation of RBPM program is dependent on its availability and 

accessibility in the healthcare institutions.(5,31) It therefore calls for the provision of the 

technical infrastructure (e.g. adequate RBPM system, home BP monitoring device for patients) 

and appropriate reimbursements to aid healthcare providers in rendering RBPM services.  

Our study showed that phone calls were the most preferred electronic communication 

method regardless of participation or non-participation in RBPM. This could be because of the 

simplicity of making and answering calls as easy-to-use technology is one of the necessary 
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required features of digital services.(13,44) It could also be because over 80% of our participants 

were aged 50 years and above. Older patients have been found to prefer phone call interactions 

over other electronic modes of communication.(45–47)  It is important for healthcare providers 

or office staff to identify the preferred electronic communication preferences by the patients 

regarding their health management.(48) Reimbursement of phone-based care during the COVID-

19 pandemic greatly improved patient care.(49) Healthcare policy makers could be extend 

similar reimbursement to RBPM services to help healthcare providers improve their patients’ 

health. Alternatively, the RBPM data can be integrated in the patients’ electronic medical record. 

Engaging patients electronically through their preferred medium will likely promote adherence 

to health management protocols. 

In addition to awareness, having shared health information from electronic devices with 

healthcare providers was positively associated with RBPM participation in the adjusted analyses. 

This previous technology-related health behavior shows that experience with an action makes it 

more likely to engage in similar action. This finding is supported by a study among patients with 

HTN where prior communication with the doctor or doctors’ office through email or internet was 

a significant predictor of communicating with the doctor via SMS text messaging.(20) Measures 

to improve awareness of RBPM among patients with HTN as well as encourage use of electronic 

health devices and sharing their health information may increase participation in RBPM. 

e-HL is a key resource for engagement in any digital health services. However, e-HL is 

not often assessed in telemedicine studies.(50) Our study is the first to our knowledge to utilize 

the robustness of eHLQ to assess participation in RBPM. As expected, patients in the RBPM 

group had higher e-HL mean scores in all the seven domains compared to those in the non-

RBPM group. However, we found that having digital services that suit individual needs (domain 
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7) was the only significant predictor of RBPM participation when adjusting for all the seven 

domains of e-HL framework. This result suggests that though it is imperative for a patient to 

have knowledge of one’s health, be motivated and actively engaged in digital services, have 

sense of safety and access to digital services that work, if an RBPM digital service does not fit 

the individual needs of the patient, the likelihood of taking part is greatly reduced. 

Personalization of technology interventions has been highlighted as a crucial strategy to improve 

patients’ engagement and adherence to digital health services.(14,51–54) It is therefore necessary 

to tailor RBPM services to individual patients by considering for example, what frequency and 

time of self-BP measurement is suitable for the patient?; what mode of electronic transmission of 

self-measured BP works best for the patient?; what degree of feedback is needed by the patient 

and the communication channel preferred by the patient to get the feedback?, among other 

things.(51,54) 

RBPM is a valuable way of engaging patients with HTN in their disease management to 

achieve BP control and mitigate the consequences of uncontrolled BP. However, more needs to 

be done in terms of getting patients to embrace this digital service option. Availability of secure 

RBPM infrastructure accessible to patients is essential. Proactive actions like building RBPM 

into routine healthcare and ensuring that every patient diagnosed with HTN has access to it could 

go a long way in increasing participation. Reimbursement of RBPM services and insurance 

coverage of home BP monitoring devices could help increase RBPM accessibility to patients. It 

may be helpful for health systems to spread the good news of RBPM to the general population of 

patients with HTN but start the RBPM service with the most severe cases and gradually expand 

to all patients according to what they need.   
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4.4.2 Study limitations 

This study is limited by its cross-sectional design, and the generalizability may be limited 

because the sample included mostly non-Hispanic White patients with HTN living mainly in the 

urban and suburban areas. Over 80% of our sample reported having their BP under control and 

most (72%) reported being in good health. Therefore, a more diverse population based on race, 

ethnicity, residential area, BP control status, and health status is warranted for future studies. 

Using a self-administered electronic survey may have excluded those who are not technology 

savvy from participation and introduced bias in the responses. As the study is related to 

technology use, respondents could be overly positive or supportive of the RBPM. However, our 

study is strengthened by having large sample size to make predictions. We also recruited 

representatives from all age brackets and educational levels to mitigate age and education biases. 

Our study is the first quantitative study on RBPM utilizing the robustness of eHLQ based on the 

e-HL framework to assess RBPM participation among patients with HTN. 

 

4.5 Conclusion 

Currently, these results suggest there is low RBPM participation among patients with 

HTN in the United States. Creating the awareness of RBPM and encouraging patients to share 

their health information electronically with their healthcare providers may increase RBPM 

participation. It is also important to extend treatment personalization to health services like 

RBPM by providing patients with services that suit their peculiar situations. This calls for 

healthcare policies ensuring RBPM availability, accessibility, and service reimbursement in our 

healthcare systems.    
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Table 4.1 Participants' demographics 

Variable Category All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

P-value 

Age (mean, SD)  60.09 (14.7) 46.17 (14.71) 61.96 (13.67) ˂0.001 

Age groups     ˂0.001 

 Less than 50 83 (16.4) 32 (53.3) 51 (11.4)  

 50-74 318 (62.7) 25 (41.7) 293 (65.5)  

 75 and above 106 (20.9) 3 (5.0) 103 (23.0)  

Sex      0.297 

 Male 201 (39.6) 28 (46.7) 173 (38.7)  

 Female 306 (60.4) 32 (53.3) 274 (61.3)  

Ethnicity     0.085 

 Hispanic 24 (4.7) 6 (10.0) 18 (4.0)  

 Non-Hispanic 483 (95.3) 54 (90.0) 429 (96.0)  

Race     0.029 

 American Indian or Alaska 

Native 

4 (0.8)) 2 (3.3) 2 (0.4)  

 Asian 7 (1.4) 1 (1.7) 6 (1.3)  

 Black or African 

American 

61 (12.0) 12 (20.0) 49 (11.0)  

 White 429 (84.6) 45 (75.0) 384 (85.9)  

 Other  6 (1.2) 0 (0.0) 6 (1.3)  

Education level     0.053 

 Less than High School 15 (3.0) 2 (3.3) 13 (2.9)  

 High School Graduate 153 (30.2) 17 (28.3) 136 (30.4)  

 Some College 176 (34.7) 13 (21.7) 163 (36.5)  

 Bachelor’s 148 (29.2) 24 (40.0) 124 (27.7)  

 Graduate and /or Prof 

degree 

15 (3.0) 4 (6.7) 11 (2.5)  

Marital Status     0.003 

 Single 86 (17.0) 14 (23.3) 72 (16.1)  

 Married 207 (40.8) 32 (53.3) 175 (39.1)  

 Living as married 36 (7.1) 7 (11.7) 29 (6.5)  

 Separated 18 (3.6) 2 (3.3) 16 (3.6)  

 Divorced 94 (18.5) 3 (5.0) 91 (20.4)  

 Widowed 66 (13.0) 2 (3.3) 64 (14.3)  

Annual household 

income 

    0.999 

 Less than $20,001 77 (15.2) 9 (15.0) 68 (15.2)  

 $20,001 to $35,000 120 (23.7) 15 (25.0) 105 (23.5)  

 35,001 to $50,000 94 (18.5) 11 (18.3) 83 (18.6)  

 $50,001 to $75,000 99 (19.5) 11 (18.3) 88 (19.7)  

 $75,001 or more 106 (20.9) 13 (21.7) 93 (20.8)  

 Prefer not to say 11 (2.2) 1 (1.7) 10 (2.2)  

Clinic Distance     0.037 

 Less than 5 miles 204 (40.2) 19 (31.7) 185 (41.4)  

 Between 5 and 10 miles 194 (38.3) 32 (53.3) 162 (36.2)  

 More than 10 miles 109 (21.5) 9 (15.0) 100 (22.4)  

Area     0.010 

 Urban 130 (25.6) 24 (40.0) 106 (23.7)  

 Suburban 245 (48.3) 22 (36.7) 223 (49.9)  

 Exurban 15 (3.0) 1 (1.7) 14 (3.1)  

 Rural 104 (20.5) 9 (15.0) 95 (21.3)  

 Blank answer 13 (2.6) 4 (6.7) 9 (2.0)  
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Table 4.2 Clinical characteristics 

Variable Category All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

P-value 

General Health 

Status 

    0.103 

 Poor 22 (4.3) 1 (1.7) 21 (4.7)  

 Fair 120 (23.7) 11 (18.3) 109 (24.4)  

 Good  238 (46.9) 26 (43.3) 212 (47.4)  

 Very good 113 (22.3) 18 (30.0) 95 (21.3)  

 Excellent 14 (2.8) 4 (6.7) 10 (2.2)  

Comorbidity     0.011 

 Heart Condition 0 (0.0) 0 (0.0) 0 (0.0)  

 Diabetes 128 (25.2) 18 (30.0) 110 (24.6)  

 Depression or Anxiety 203 (40.0) 35 (58.3) 168 (37.6)  

 Chronic kidney disease 24 (4.7) 1 (1.7) 23 (5.1)  

 Other diseases 99 (19.5) 8 (13.3) 91 (20.4)  

 No comorbidity 137 (27.0) 7 (11.7) 130 (29.1)  

HTN History     ˂0.001 

 Less than 1 year 22 (4.3) 0 (0.0) 22 (4.9)  

 1 year – less than 2 years 44 (8.7) 16 (26.7) 28 (6.3)  

 2 years – less than 3 years 63 (12.4) 15 (25.0) 48 (10.7)  

 3 years – less than 4 years 47 (9.3) 10 (16.7) 37 (8.3)  

 4 years – less than 5 years 44 (8.7) 4 (6.7) 40 (8.9)  

 5 years or more 287 (56.6) 15 (25.0) 272 (60.9)  

HTN Meds (mean, 

SD) 

 1.61 (0.96) 1.65 (0.73) 1.61 (0.98) 0.740 

Other Meds (mean, 

SD) 

 2.92 (2.83) 2.42 (2.32) 2.98 (2.88) 0.146 

BP under control     0.525 

 Yes  422 (83.2) 53 (88.3) 369 (82.6)  

 No  46 (9.1) 4 (6.7) 42 (9.4)  

 Don’t know or Not sure  39 (7.7) 3 (5.0) 36 (8.1)  

Systolic BP (mean, 

SD) 

 131.77 (18.15) 129.24 (23.39) 132.11 (17.34) 0.254 

Diastolic BP (mean, 

SD) 

 80.15 (11.80) 81.64 (13.62) 79.96 (11.555) 0.308 
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Table 4.3 Self BP monitoring behaviors 

Variable Category All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

P-value 

Routine BP 

measurement venue 

    <0.001 

 At home 335 (66.1) 55 (91.7) 280 (62.6)  

 At the pharmacy 83 (16.4) 16 (26.7) 67 (15.0)  

 At the clinic 109 (21.5) 18 (30.0) 91 (20.4)  

 At work 20 (3.9) 12 (20.0) 8 (1.8)  

 Some other places 6 (1.2) 1 (1.7) 5 (1.1)  

 Do not measure BP 

routinely 

106 (20.9) 0 (0.0) 106 (23.7)  

Frequency of Home 

BP measurement 

    <0.001 

 Daily 149 (29.4) 37 (61.7) 112 (25.1)  

 Several times a week 108 (21.3) 19 (31.7) 89 (19.9)  

 Once a week 33 (6.5) 1 (1.7) 32 (7.2)  

 1 to 3 times a month 46 (9.1) 1 (1.7) 45 (10.1)  

 Once in 3 months 9 (1.8) 0 (0.0) 9 (2.0)  

 Once in 6 months 2 (0.4) 0 (0.0) 2 (0.4)  

BP tracking strategy     <0.001 

 Writing on paper 163 (32.1) 19 (31.7) 144 (32.2)  

 Writing on calendar 35 (6.9) 12 (20.0) 23 (5.1)  

 Writing on App on 

phone/tablet/computer 

59 (11.6) 24 (40.0) 35 (7.8)  

 Writing on Excel sheet or 

Notepad on 

phone/tablet/computer 

13 (2.6) 1 (1.7) 12 (2.7)  

 Do not keep track 51 (10.1) 1 (1.7) 50 (11.2)  

 Other strategies 26 (5.1) 1 (1.7) 25 (5.6)  

How Self- measured 

BP is shared with 

health provider 

    <0.001 

 By taking them to doctor 

visits 

235 (46.4) 33 (55.0) 202 (45.2)  

 By device automatic 

transfer to doctor 

19 (3.7) 15 (25.0) 4 (0.9)  

 By email to doctor 19 (3.7) 12 (20.0) 7 (1.6)  

 By electronic health 

record/patient portal to 

doctor 

9 (1.8) 4 (6.7) 5 (1.1)  

 By text messages to doctor 2 (0.4) 0 (0.0) 2 (0.4)  

 Do not share with health 

provider 

77 (15.2) 2 (3.3) 75 (16.8)  

RBPM awareness     ˂0.001 

 Yes 165 (32.5) 57 (95.0) 108 (24.2)  

 No 342(67.5) 3 (5.0) 339 (75.8)  

RBPM offered in 

clinic 

    ˂0.001 

 Yes 66 (13.0) 57 (95.0) 9 (2.0)  

 No  92 (18.1) 0 (0.0) 92 (20.6)  

 Don’t know 349 (68.8) 3 (5.0) 346 (77.4)  
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Table 4.4 Self BP control behaviors 

Variable Category All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

Behaviors     

 Taking BP meds as 

prescribed 

448 (88.4) 47 (78.3) 401 (89.7) 

 Exercise 243 (47.9) 36 (60.0) 207 (46.3) 

 Low sodium diet 216 (42.6) 24 (40.0) 192 (43.0) 

 Low carbohydrate diet 80 (15.8) 13 (21.7) 67 (15.0) 

 Adequate hydration with lots 

of water 

204 (40.2) 19 (31.7) 185 (41.4) 

 Adequate sleep 195 (38.5) 21 (35.0) 174 (38.9) 

 Reduction in coffee intake 88 (17.4) 6 (10.0) 82 (18.3) 

 Meditation 58 (11.4) 10 (16.7) 48 (10.7) 

 Breathing exercises 70 (13.8) 13 (21.7) 57 (12.8) 

 Stress reduction 117 (23.1) 25 (41.7) 92 (20.6) 

 Reducing alcohol 

consumption 

98 (19.3) 7 (11.7) 91 (20.4) 

 Periodic health checks 211 (41.6) 17 (28.3) 194 (43.4) 

 None of the above 0 (0.0) 0 (0.0) 0 (0.0) 

 Other behaviors not listed 3 (0.6) 0 (0.0) 3 (0.7) 
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Table 4.5 Remote BP monitoring (RBPM) strategies 

Variable Category Frequency (%), N = 60 

RBPM Providers   

 Doctor 47 (78.3) 

 Nurse 22 (36.7) 

 Pharmacist 4 (6.7) 

 Physician assistant 12 (20.0) 

 Don’t know or unsure 1 (1.7) 

RBPM Frequency   

 Daily 21 (35.0) 

 Several times a week 24 (40.0) 

 Once a week 9 (15.0) 

 One to three times a month 2 (3.3) 

 Less than once a month 4 (6.7) 

RBPM Method   

 Text messages 0 (0.0) 

 Email 19 (31.7) 

 Electronic health record or patient 

portal 

21 (35.0) 

 Health Apps 15 (25.0) 

 Phone call 13 (21.7) 

 Automatic transfer from BP device to 

doctor 

10 (16.7) 

RBPM Feedback type   

 None 5 (8.3) 

 Readings received/acknowledgement 30 (50.0) 

 Interpretation of readings as normal, 

high or low 

26 (43.3) 

 Changes in hypertension medication 14 (23.3) 

 Changes in frequency of blood pressure 

monitoring 

11 (18.3) 

 Other feedback 1 (1.7) 
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Table 4.6 Reasons for not participating and likelihood of participating in RBPM 

Variable  Category (N = 447) 

n (%)  

Reasons for not 

participating in RBPM  

   

 1 My doctor has not asked me to do that 247 (55.3) 

 2 I am not aware I can do that 190 (42.5) 

 3 My blood pressure is under control 92 (20.6) 

 4 I prefer face-to-face human interaction 72 (16.1) 

 5 My doctor does not offer electronic communication means 46 (10.3) 

 6 My doctor prefers to measure my blood pressure by 

himself/herself 

46 (10.3) 

 7 I do not have a blood pressure monitoring device 46 (10.3) 

 8 I do not know how to do that/need training  39 (8.7) 

 9 I do not measure my blood pressure 38 (8.5) 

 10 I do not need to do that 30 (6.7) 

 11 I do not have smartphone/tablet/computer 5 (1.1) 

 12 Other reasons 5 (1.1) 

 13 I do not have internet access 2 (0.4) 

 14 I am too busy to do that 1 (0.2) 

    

Likelihood of participating 

in RBPM if offered 

   

  Very likely  183 (40.9) 

  Somewhat likely 152 (34.0) 

  Neither likely nor unlikely 75 (16.8) 

  Somewhat unlikely 18 (4.0) 

  Very unlikely 19 (4.3) 
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Table 4.7 Mean electronic health literacy (e-HL) scores (comparison by Mann-Whitney U test) 

e-HL domains e-HL domains’ Cronbach 

alpha (95% CI) 

All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

P-value 

1.Using technology to 

process health 

information 

0.80 (0.76, 0.83) 2.96 (0.56) 3.29 (0.55) 2.92 (0.55) ˂0.001 

2. Understanding 

health concepts and 

language 

0.77 (0.73, 0.80) 3.11 (0.46) 3.28 (0.51) 3.09 (0.44) 0.001 

3. Ability to actively 

engage with digital 

services 

0.82 (0.79, 0.85) 3.00 (0.60) 3.27 (0.56) 2.96 (0.59) ˂0.001 

4. Feel safe and in 

control 

0.80 (0.77, 0.84) 3.09 (0.52) 3.33 (0.52) 3.06 (0.51) ˂0.001 

5. Motivated to 

engage with digital 

services 

0.81 (0.77, 0.84) 3.01 (0.55) 3.29 (0.51) 2.97 (0.55) ˂0.001 

6. Access to digital 

service that work 

0.81 (0.77, 0.83) 3.08 (0.48) 3.34 (0.47) 3.05 (0.47) ˂0.001 

7. Digital services that 

suit individual need 

0.80 (0.75, 0.83) 2.89 (0.61) 3.30 (0.60) 2.83 (0.59) ˂0.001 

Average  3.02 (0.46) 3.30 (0.49) 2.98 (0.44) ˂0.001 
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Table 4.8 Technology ownership 

Variable Category All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

P-value 

Have Basic cellphone 

only 

    0.004 

 Yes 89 (17.6) 19 (31.7) 70 (15.7)  

 No 418 (82.4) 41 (68.3) 377 (84.)  

Have Smartphone     0.118 

 Yes 469 (92.5) 59 (98.3) 410 (91.7)  

 No 38 (7.5) 1 (1.7) 37 (8.3)  

Have Tablet 

Computer 

    ˂0.001 

 Yes 323 (63.7) 51 (85.0) 272 (60.9)  

 No 184 (36.3) 9 (15.0) 175 (39.1)  

Have Desktop or 

Laptop Computer 

    0.324 

 Yes 440 (86.8) 55 (91.7) 385 (86.1)  

 No 67 (13.2) 5 (8.3) 62 (13.9)  

Have home BP 

monitoring device 

    ˂0.001 

 Yes, I use it 347 (68.4) 58 (96.7) 289 (64.7)  

 Yes, don’t use it 52 (10.3) 1 (1.7) 51 (11.4)  

 No 108 (21.3) 1 (1.7) 107 (23.9)  

Home BP device 

payment 

    ˂0.001 

 Paid by self 286 (56.4) 35 (58.3) 251 (56.2)  

 Gifted 25 (4.9) 1 (1.7) 24 (5.4)  

 Insurance paid 78 (15.4) 23 (38.3) 55 (12.3)  

 Other 10 (2.0) 0 (0.0) 10 (2.2)  

 No Home BP device 108 (21.3) 1 (1.7) 107 (23.9)  

Have Health Apps     ˂0.001 

 Yes 299 (59.0) 56 (93.3) 243 (54.4)  

 No 208 (41.0) 4 (6.7) 204 (45.6)  
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Table 4.9 Technology use 

Variable Category All Participants 

N = 507 

RBPM 

Participation 

n= 60 (11.8%) 

No RBPM 

Participation 

n= 447 (88.2%) 

P-value 

Electronic 

communication with 

doctor or doctor’s 

office via email or 

internet 

    ˂0.001 

 Yes 377 (74.4) 58 (96.7) 319 (71.4)  

 No 130 (25.6) 2 (3.3) 128 (28.6)  

Electronic checking of 

medical tests 

    0.041 

 Yes 381 (75.1) 52 (86.7) 329 (73.6)  

 No 126 (24.9) 8 (13.3) 118 (26.4)  

Achieving health 

goals with mHealth 

    ˂0.001 

 Yes 235 (46.4) 51 (85.0) 184 (41.2)  

 No 272 (53.6) 9 (15.0) 263 (58.8)  

Health decision 

making with mHealth 

    ˂0.001 

 Yes 277 (54.6) 51 (85.0) 226 (50.6)  

 No 230 (45.4) 9 (15.0) 221 (49.4)  

mHealth helps 

discussion with health 

care provider 

    ˂0.001 

 Yes 305 (60.2) 56 (93.3) 249 (55.7)  

 No 202 (39.8) 4 (6.7) 198 (44.3)  

Shared health 

information 

electronically with 

health care provider 

    ˂0.001 

 Yes 252 (49.7) 56 (93.3) 196 (43.8)  

 No 255 (50.3) 4 (6.7) 251 (56.2)  

Text messaging with 

doctor 

    ˂0.001 

 Yes 311 (61.3) 54 (90.0) 257 (57.5)  

 No 196 (38.7) 6 (10.0) 190 (42.5)  
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Table 4.10 Reasons for not having home BP monitoring device 

Variable Category (N = 108) 

n (%) 

Reasons for no home BP 

device 

  

 My doctor measures my 

blood pressure 

46 (42.6) 

 I cannot afford it 38 (35.2) 

 My blood pressure is under 

control 

23 (21.3) 

 I don’t think I need it 20 (18.5) 

 I haven’t seen one that works 

well 

20 (18.5) 

 Am not sure how to use it/too 

complicated 

7 (6.5) 

 Other reasons 4 (3.7) 
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Table 4.11 Predictors of RBPM participation using Firth's logistic regression 

Predictor Variables Categories Adjusted odds ratio (95% 

Confidence interval) 

P-values 

    

Age  0.99 (0.93, 1.05) 0.68 

Gendera    

 Male 0.95 (0.39, 2.27) 0.91 

Education levelb    

 Some college 0.73 (0.01, 36.93) 0.88 

 College graduate or more 12.87 (0.22, 853.47) 0.22 

Racec    

 American Indian or Alaska 

Native/ Asian/ Black or 

African American/ Other 

races 

0.65 (0.23, 1.74) 0.39 

Marital statusd    

 Married 1.54 (0.53, 4.71) 0.43 

 Previously married 0.51 (0.11, 2.05) 0.34 

Clinic distance from 

residencee 

   

 Between 5 and 10 miles 1.47 (0.59, 3.73) 0.41 

 More than 10 miles 0.65 (0.19, 2.12) 0.48 

RBPM Awarenessf    

 Yes 36.98 (12.30, 157.75) ˂ 0.0001 

BP under controlg    

 Yes 0.35 (0.06, 2.00) 0.23 

 Don’t know or unsure 0.24 (0.02, 2.92) 0.26 

Have Tableth     

 Yes 1.24 (0.43, 3.70) 0.69 

Have Smartphonei    

 Yes 0.70 (0.04, 29.49) 0.82 

Have Basic cellphone onlyj    

 Yes 2.43 (0.87, 6.99) 0.09 

Have Computerk    

 Yes 0.96 (0.28, 3.74) 0.95 

Have health Appsl    

 Yes 2.31 (0.59, 12.25) 0.24 

Electronic communication 

with doctor or doctor’s 

office via email or 

internetm 

   

 Yes 1.06 (0.17, 9.71) 0.95 

Sent or received SMS text 

message from doctorn 

   

 Yes 1.69 (0.58, 5.48) 0.34 

Shared health information 

from electronic device, 

tablet, or smartphone with 

health providero 

   

 Yes 6.37 (1.79, 29.41) 0.003 

Made health decision with 

mHealthp 

   

 Yes 0.31 (0.07, 1.23) 0.09 

Achieved health goals with 

mHealthq 

   

 Yes 2.58 (0.78, 9.42) 0.12 

Have checked medical test 

results electronicallyr 

   

 Yes 0.32 (0.07, 1.39) 

 

0.13 
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Reference variables: Reference variables: a- female gender; b- less than college education; c- White race; d- never married; e- 

clinic distance less than 5 miles from residence; f- No response; g- No response; h- No response; i- No response; j- No response; 

k- No response; l- No response; m- No response; n- No response; o- No response; p- No response; q- No response; r- No 

response; s- less than 5 years; t- Age and less than college education 

  

    

Predictor Variables Categories Adjusted odds ratio (95% 

Confidence interval) 

P-values 

Time since Hypertension 

diagnosiss 

   

 5 years or more 1.0 (0.36, 2.84) 0.99 

Age and Education 

interactiont 

   

 Age and some college 

education 

0.98 (0.91, 1.05) 0.54 

 Age and college graduate or 

more 

0.94 (0.86, 1.01) 0.07 
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Table 4.12 Univariate regression of RBPM with e-HL domains (Firth's logistic regression) 

Predictor Variables Unadjusted odds ratio (95% 

Confidence interval) 

P-values 

1.Using technology to process health 

information 

3.62 (2.15, 6.23) ˂ 0.0001 

2. Understanding health concepts and 

language 

2.54 (1.41, 4.62) 0.001 

3. Ability to actively engage with digital 

services 

2.54 (1.56, 4.24) 0.0001 

4. Feel safe and in control 2.81 (1.64, 4.91) 0.0001 

5. Motivated to engage with digital services 3.09 (1.82, 5.37) ˂ 0.0001 

6. Access to digital services that work 3.69 (2.07, 6.71) ˂ 0.0001 

7. Digital services that suit individual needs 4.18 (2.52, 7.15) ˂ 0.0001 
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Table 4.13 Multivariate of RBPM with e-HL domains (Firth's logistic regression) 

Predictor Variables Adjusted odds ratio (95% 

Confidence interval) 

P-values 

1.Using technology to process health 

information 

2.45 (0.71, 8.78) 0.16 

2. Understanding health concepts and 

language 

0.58 (0.22, 1.60) 0.29 

3. Ability to actively engage with digital 

services 

0.84 (0.33, 2.15) 0.72 

4. Feel safe and in control 1.13 (0.49, 2.73) 0.78 

5. Motivated to engage with digital services 0.50 (0.15, 1.73) 0.27 

6. Access to digital services that work 1.14 (0.35, 3.78) 0.83 

7. Digital services that suit individual needs 4.49 (1.65, 13.28) 0.003 
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Figure 4.1 Ranking of participants’ interaction preferences with health care providers regarding their hypertension 

management (1 denotes the most preferred and 6 is the least preferred) 
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Chapter 5 Discussion 

Telemonitoring of blood pressure (BP) is a remote patient monitoring strategy that 

improves BP control and patient engagement in their own health. The objective of this 

dissertation was to understand the factors that impact remote monitoring of BP from the patients’ 

perspective using a mixed-method approach. The central hypothesis of this dissertation was that 

engagement in remote monitoring of BP is associated with patient’s characteristics, technology 

behaviors, and electronic health literacy (e-HL) status. 

 e-HL is defined as the skills, knowledge, and resources required to successfully engage in 

any digital health services (1). This dissertation utilized the e-HL framework (e-HLF) which is a 

conceptual framework on e-HL developed with the input from various stakeholders including 

patients with chronic diseases, health professionals, health informatics professionals, computer 

experts, and public health researchers. The e-HLF captured the important aspects of e-HL in 

seven domains: 1. Using technology to process health information, 2. Understanding health 

concepts and language, 3. Ability to actively engage with digital services, 4. Feel safe and in 

control, 5. Motivated to engage with digital services, 6. Access to digital services that work, and 

7. Digital services that suit individual needs. A corresponding 35-item assessment tool called the 

e-HL questionnaire (eHLQ) was developed from the e-HLF encapsulating the factors in the 

seven domains (2) to measure a person’ e-HL. BP telemonitoring as a digital service needs an 

individual to have adequate e-HL to effectively participate. It is therefore important to assess 

patients’ e-HL alongside their engagement in BP telemonitoring.  
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This dissertation was categorized into five chapters. Chapter 1 provided a review of the 

literature on hypertension control by engaging the patients through technology. The review 

specifically included 1. analysis of current literature on various technologies including 

telemonitoring of BP, the concept and impact of e-HL as it relates to BP telemonitoring, 2. the 

mixed-methods research advantage, and 3. identification of gaps in our knowledge regarding BP 

telemonitoring. Chapters Two, Three, and Four presented three separate papers with different 

aims and each analysis contributed to the overall objective of the study. Although the statistical 

analyses were conducted separately and reported in these chapters, together the chapters aimed to 

assess the patient-related factors associated with engagement in BP telemonitoring. The first 

study in Chapter 2 predicted smartphone and tablet use in achieving health goals and 

communicating with healthcare providers via SMS text messaging among people with 

hypertension within a nationally representative Health Information National Trends Survey 

(HINTS) data (3). The second study in Chapter 3 determined facilitators and barriers to 

telemonitoring of BP using the electronic health literacy framework (e-HLF) (1). In Chapter 4, 

the third study identified predictors of participation in BP telemonitoring using an online survey 

of people with hypertension. 

This last chapter builds on the results and conclusions of the previous three chapters and 

provides an overall understanding of factors to improve patient engagement in BP 

telemonitoring. Specifically, this chapter comprises five sections. First, presentation of the gaps 

in past BP telemonitoring studies and how the previous three chapters addressed the identified 

gaps. Second, the summary of findings. Third, the overall findings across the chapters compared 

to past BP telemonitoring studies. Fourth, discussion of the implication of these studies for 
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hypertension control care practice and health system policy along with future research directions. 

Lastly, the limitations of this dissertation study. 

 

5.1 Gap in Current BP Telemonitoring Studies 

As discussed in the first chapter, BP telemonitoring is currently the readiest implementable 

solution among the various digital health strategies for hypertension control (4). There are 

various challenges limiting its adoption among patients with hypertension. These challenges 

which included, for example, poor electronic health literacy (skills required to operate the 

technology), lack of access to adequate electronic infrastructure (e.g., internet, mobile devices, 

computers), lack of affordable digital systems (e.g., BP monitors), ignorance of the importance 

of cardiovascular risks detection and control, non-user-friendly technology interfaces, etc. have 

been reported in the literature (5–15). However, these studies on BP telemonitoring are seldom 

based on any theoretical framework or concurrent assessment of patients’ e-HL which is an 

important resource required by an individual to be able to engage in BP telemonitoring. The few 

studies that used theoretical framework used the technology acceptance model (TAM) (16–18) 

which is based on a person’s perception of usefulness and ease of use of a technology. Generally, 

the TAM was effective in predicting a person’s intention or actual use of technology based on 

the ease of use and usefulness of the said technology. However, TAM does not provide 

information on factors such as the person’s knowledge of their disease condition, whether they 

have access to suitable technology or quantitative assessment of their e-HL status. The BP 

telemonitoring studies that assessed e-HL utilized the electronic health literacy scale (eHEALS) 

(9,19) which focuses on patients’ ability to use the internet to find health information. This 

application of e-HL to telemonitoring of BP is limited because it is centered only on a person’s 
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ability to find, evaluate, and use health information from the internet and does not account for 

active engagement with digital health services such as BP telemonitoring. Thus, these limitations 

provide an opportunity to use a new e-HLF (1). The e-HLF provides both a theorical framework 

and the corresponding assessment tool: the e-HL questionnaire (eHLQ) (2) for evaluation of e-

HL status. The robustness of the e-HLF in terms of content and its development process makes it 

a suitable framework to explore in the study of BP telemonitoring. This dissertation is to our 

knowledge the first application of e-HLF to study factors that impact BP telemonitoring among 

patients with hypertension. The e-HLF is shown in Figure 1.2. 

 A second limitation of previous studies on patient-related factors that impact BP 

telemonitoring is related to the approach in the studies. Elucidation of patient-related factors has 

been mainly through BP telemonitoring effectiveness and intervention studies (7,8,10,12,15,20). 

This approach has made it difficult to account for the prevalence of BP telemonitoring among 

people with hypertension in the real world outside the research and clinic settings as well as 

quantitatively predict the factors that enhance BP telemonitoring participation. The available 

studies on BP telemonitoring also lack the advantage of a mixed-methods research approach 

which leverages on both qualitative and quantitative data to enrich the understanding of these 

patient-related factors that impact BP telemonitoring. 

 To fully understand the factors that impact telemonitoring of BP from the patient’s 

perspective, this dissertation first leveraged the nationally representative Health Information 

Trends Survey (HINTS) data to assess mHealth use among people with hypertension in 

communicating with their healthcare providers achieving health goals. The lessons from this first 

study were added to the second and third studies. We then used the e-HLF to assess patients’ 
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experiences and predict factors impacting BP telemonitoring using mixed-methods and survey 

research in the second and third studies, respectively. 

 

5.2 Summary of findings across the three studies 

Predictors of mHealth use. In Chapter 2, the study used a weighted sample of people 

with hypertension from 2017 and 2018 HINTS cycles 1 and 2 data to assess the use of 

smartphone and tablet in communicating with healthcare providers via SMS text messaging and 

achieving their health goals. This dependent variable is not specifically telemonitoring of BP, but 

it is theoretically and pragmatically relevant because telemonitoring of BP involves remote 

communication with healthcare provider which could be done through SMS text messaging. 

Telemonitoring of BP can also be done through health apps on patients’ smartphones and tablets 

thus providing a means of achieving health goals. The findings from this first study (21) showed 

that using SMS text messaging communication with a healthcare professional is positively 

associated with prior electronic communication with the healthcare provider and ownership of a 

wellness app. The odds of achieving health-related goals with tablet or smartphone declined 

significantly with older age and ownership of basic cellphones. Increase in the odds of achieving 

health-related goals with tablet or smartphone was associated with being a woman, being 

married, having wellness app, using devices other than smartphones or tablet to monitor health, 

and making health treatment decisions and discussing with a provider with the help of a tablet or 

smartphone. 

These findings suggest that patients who are already engaging in some electronic usage 

for their health are more likely to achieve health goals and communicate with their healthcare 

provider via SMS text messages using mHealth. These findings are relevant to BP telemonitoring 
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because mHealth devices like smartphones and tablets can be used in BP telemonitoring in both 

communication with healthcare providers and keeping track of BP target goals. Previous studies 

have identified the effectiveness of SMS text messaging between patients and providers in 

achieving better BP control (22–25) but not in the light of predictors of its use. Also, previous 

studies on achieving health goals with smartphones or tablets found similar negative association 

with decreasing age (26,27) and positive association with having wellness app like our study. 

Unlike our study, they found employment and health status to be associated with achieving 

health goals with smartphones or tablets (26) while did not find such association. Moreover, 

these studies were not done in the context of BP telemonitoring. Knowing that smartphone and 

tablet use to communicate with healthcare providers via SMS text messaging or achieve health 

goals could be associated with patients’ demographics such as age, and technology behavior such 

as prior electronic communication with provider is helpful. This is because such knowledge will 

help health systems to offer BP telemonitoring programs accounting for example, patients’ age 

and preferred remote communication methods leading to greater use of BP telemonitoring. 

Facilitators and barriers to BP telemonitoring. In Chapter 3, the study used a 

convenience sample of patients with hypertension from Michigan Medicine to explore 

facilitators and barriers to BP telemonitoring. Participants had either already used a BP 

telemonitoring program or not. The e-HLF was the theoretical framework for this exploration as 

well as the quantification of the patients’ e-HL status. Joint display was used to show the mixed-

methods results and conclusions. In this second study involving 21 patients with hypertension, 

we identified five major themes including knowledge, motivation, skills, health systems, and 

patient behaviors as facilitators and/or barriers to BP telemonitoring. The patients participating in 

BP telemonitoring had higher e-HL compared to those not participating. The mixed-methods 



 168 

results showed concordance between patients’ e-HL quantitively derived status and their 

expressed ability to actively engage in BP monitoring and management through digital services. 

However, there was discordance between the patients’ quantitively derived e-HL status and their 

expressed use of technology to process health information; understanding of health concepts; 

sense of security of health information; motivation; and access to digital services that work and 

suits their individual needs. 

Our findings are similar to previous studies that reported that patients’ knowledge, skills, 

motivation, behaviors and the health system could decrease and/or increase engagement with 

remote monitoring services (20,28–32). Knowing the facilitators and barriers to BP 

telemonitoring from the patients’ perspective will help healthcare professionals to promote the 

facilitators and mitigate the barriers, thus improving BP telemonitoring engagement. Though we 

could not find comparator studies for our mixed-method results, a significant takeaway from the 

concordance and discordance findings is the importance of always confirming the patients’ self-

assessed knowledge and capabilities in any health management engagement by direct interaction 

with a healthcare provider. This is essential in BP telemonitoring to ensure appropriate BP 

telemonitoring technique resulting in accurate and reliable measurements and interpretation. 

Predictors of BP telemonitoring participation. In Chapter 4, the study utilized a cross-

sectional, national survey of 507 patients with hypertension selected using a quota rubric (age 

and education) from a Qualtrics® survey panel. The study assessed the predictors of BP 

telemonitoring participation in the context of patients’ demographics, technology behavior and e-

HL. The survey was developed with insight from study 1 in that it included patient-provider 

communication preferences and BP telemonitoring specific questions. As well, study 2 showed a 
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relationship between e-HL and engagement with BP telemonitoring and so the Chapter 4 survey 

provided the opportunity to test that relationship at the national level.  

The prevalence of participation in BP telemonitoring in this convenience quota sample 

was 11.8%. The significant predictors of participation in BP telemonitoring included awareness 

of BP telemonitoring, sharing health information electronically with healthcare providers, and 

having access to digital services that suit individual patient needs (e-HL domain 7 item). The 

patients’ most preferred electronic communication method with their healthcare provider was 

phone calls. The most common reasons for not participating in BP telemonitoring were because 

their healthcare provider did not request them to do so and the patient’s lack of awareness of BP 

telemonitoring. These results are the first findings to consider factors that predict this health 

behavior in a large sample. 

Though there are no direct comparator previous studies to predictors of BP 

telemonitoring, a review on impact of telemedicine in COVID-19 pandemic (33) noted patient 

awareness as an essential factor in adoption of electronic health services similar to our study. Our 

findings on the sharing health information as a predictor of BP telemonitoring participation is 

confirmed by previous study which found that prior electronic communication with healthcare 

provider increases the probability of engaging in SMS text communication (21). In other words, 

having engaged in a particular behavior increases the chances of engaging in a similar behavior. 

Tailoring of technological interventions to individual patients has been found to improve 

engagement in previous studies (34–37) which is similar to our findings on providing patients 

with technology that suit them. Creation of awareness of BP telemonitoring programs and 

providing tailored BP telemonitoring services through the patients’ preferred electronic 

communication method will help to increase BP telemonitoring engagement. 
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Overall findings. Collectively, the findings from the three studies show that participation 

in BP telemonitoring will increase with the consideration of the following factors: patients’ 

characteristics such as age and education; prior technology use and behavior such as electronic 

communication with the doctor or doctor’s office; knowledge including awareness of BP 

telemonitoring programs; motivation including recommendation from healthcare provider; and 

access to suitable technology for hypertension management. The results showed a positive 

relationship between patients’ e-HL status and ability to actively engage in BP monitoring and 

management through digital services.  

 

5.3 Study Methods compared to Past BP Telemonitoring Studies 

The methods used in the three studies utilized innovative approaches including the use of 

weighted sample of nationally representative data of people with hypertension, the use of e-HLF 

mixed-methods research to understand patient-related factors impacting BP telemonitoring, and 

survey research comparing those who use and do not use telemonitoring of BP. These 

approaches have not been investigated in previous studies. The following paragraphs explain 

these approaches in relation to previous studies. 

 Predictors of mHealth use. Most studies on SMS text messaging communication 

between healthcare providers and people with hypertension are intervention studies that focus on 

the effectiveness of SMS text messaging (22–25). Our study specifically identified factors 

associated with SMS text messaging communication with healthcare providers to be prior 

electronic communication with the provider and use of health apps. While previous HINTS data 

studies on predictors of smartphone and tablet use to achieve health goals have generally focused 

on just adults regardless of diseases conditions (26,27), our study is specifically focused on 
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people with hypertension. Though we found similar factors associated between the use of 

mHealth to achieve health goals and patients’ characteristics such as age as reported in the 

previous studies, our study uniquely applies to people with hypertension. Also, the HINTS 

weighted sampling and our complex sampling design analyses makes it possible to generalize 

findings to people with hypertension in the United States. 

 Facilitators and barriers to BP telemonitoring. Facilitators and barriers to BP 

telemonitoring have been largely studied in the context of general technology adoption and 

without consideration of e-HL (20,29,38). Our findings of major themes including knowledge, 

motivation, skills, health systems, and patient behaviors as facilitators and/or barriers to BP 

telemonitoring are similar to findings in previous studies. However, our incorporation of e-HLF 

to arrive at these findings has not been done before. This framework was useful because it 

considers the individual’s knowledge and abilities (domains 1 and 2), the health systems 

responsibilities (domains 6 and 7), and the interaction between the individual and the health 

systems (domains 3, 4, and 5) in accounting for a patient’s e-HL status. Thus, it provided a 

robust structural foundation for the study. 

As well, the mixed-methods approach of comparing the quantitatively assessed patients’ 

e-HL with their qualitatively expressed themes is the first of its kind in BP telemonitoring 

studies. These results are particularly important because it provided an extended understanding 

of BP telemonitoring themes in the context of e-HL that either method (qualitative or 

quantitative) could not have provided. Specifically drawing our attention to be cautious in 

depending solely on patients’ self-assessment tools for clinical decision making. 

 Predictors of BP telemonitoring participation. Factors influencing BP 

telemonitoring from patients’ perspective have been largely determined qualitatively 
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(8,10,12,20) and less quantitatively (9) in previous studies. Moreover, very few BP 

telemonitoring studies consider patients’ e-HL assessment (9,19). It was difficult to find 

comparison for our findings from previous studies because our study is uniquely focused on 

current BP telemonitoring participation and not willingness or readiness to participate reported in 

previous studies (9,39). Our study is also the first to our knowledge to incorporate e-HL using 

the e-HLF in assessing predictors of BP telemonitoring participation in hypertension 

management. The next section discusses the implications of these findings on health policy, 

science, and healthcare practice. 

 

5.4 Implications and Future Research 

This dissertation is one of the first studies to specifically assess BP telemonitoring in the context 

of three primary types of predictors including patients’ characteristics, technology behaviors, and 

e-HL that impact participation in this health behavior. Some significant implications have 

emerged from the findings of this dissertation and can be considered at policy and practice 

levels. 

 First, the three important policy takeaways are in the provision of BP telemonitoring 

infrastructure, reimbursement for healthcare providers of BP telemonitoring, and insurance 

coverage for patients. For any service to benefit the intended patients, the infrastructure for the 

service must be made available and accessible. With the knowledge of the advantages of BP 

telemonitoring, policy makers in the health system should invest in the resources needed to help 

ensure that telemonitoring of BP is widely adopted. These include secure and dedicated remote 

BP monitoring technology and adequate technical support systems. For example, the patient 

needs a BP monitoring machine, a compatible mobile phone or computer with an internet or 
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cellular service for remote communication with the healthcare provider. We found that the 

patients who were already involved in electronic communication with their healthcare providers 

were more likely to participate in BP telemonitoring. Having a home BP device would go a long 

way in increasing access to BP telemonitoring services for the patients. Adequate technical 

support may include having dedicated staff to monitor the telemonitoring records and respond to 

patients’ technical challenges or questions in record time. The technical support system may 

include computer experts and health professionals working in tandem to ensure glitch-free 

telemonitoring experience for the patients.    

This infrastructure should then be supported by an adequate reimbursement policy for 

healthcare providers of the BP telemonitoring services. One of the critical factors affecting BP 

telemonitoring participation from our study is a lack of patient awareness of such services. 

Further, a recommendation from a healthcare provider has an influence on using such systems. 

We believe that when these services are made available and considered payable services, 

healthcare providers can help to ensure their patients get all the benefits therein. The 

reimbursement of phone- and video-based health services made it possible for patients to receive 

health care during the COVID-19 pandemic (40). The advantages of that access to healthcare 

even in quarantine situations cannot be overemphasized. This same policy should be extended to 

BP telemonitoring, as it is convenient, easy, and saves time and space for the patients and 

healthcare providers.  

 Second, this dissertation offers three significant implications for hypertension care 

including personalization of BP telemonitoring service, integrating BP telemonitoring into 

routine care, and teamwork among healthcare providers. We found that patients were more likely 

to participate in BP telemonitoring when they have access to services that suit their individual 
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needs. These needs include the frequency and timing of BP measurement, mode of remote 

transmission of BP measurement, as well as type of feedback to patients. Understanding the 

electronic health literacy of patients by knowing their current technology use could be a means to 

recommend digital services. Personalization of BP telemonitoring services would also help in 

ensuring that only required data is obtained from the patient, reducing effort and time spent in 

reviewing unnecessary data by the healthcare providers.  

We also suggest that incorporating BP telemonitoring into routine healthcare will 

increase its awareness among patients as an available option of care to pursue. This integration 

into routine care could be done in a way that a patient’s BP telemonitoring record is accessible to 

all their healthcare providers at every point in time. This will enhance teamwork among the 

healthcare providers and ensure improved coordinated care for patients. From our study findings, 

the majority of BP telemonitoring services were provided by doctors and nurses. We believe that 

including other healthcare providers, such as the pharmacists, will not only lessen the burden of 

the telemonitoring service on doctors but will also foster teamwork among the healthcare 

providers. Each healthcare practice should take advantage of all the manpower they have 

available to provide maximum quality care for their patients with hypertension. 

For future research, two directions can be pursued to expand the results of this 

dissertation. First, the real-world association of BP telemonitoring services with BP control is 

needed. Most of the current studies on the relationship between BP telemonitoring and BP 

control are intervention studies with limited generalizability. Investigation of the effect of BP 

telemonitoring on BP control in routine care will help build a stronger case for its effectiveness 

in BP management and would drive policy towards infrastructure provision and reimbursement. 
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Second, designing an e-HL assessment tool that could uniquely apply to people with 

hypertension and related cardiovascular diseases could help capture the full essence of electronic 

literacy needs of this patient population. Currently, the e-HL assessment tools available are non-

specific to hypertension and so patients may not be responding to the assessment questions in the 

context of their hypertension management. This is usually one of the limitations of using these 

tools in disease-specific conditions. Exploring the relationship between BP telemonitoring 

services and hypertension-specific e-HL assessment tool will provide a better understanding of 

what pertains to people with hypertension than a general assessment tool can offer. 

 

5.5 Limitations  

 Just like other studies, this dissertation has some limitations which can be categorized 

into design, data collection tool, and data collection methods. First, the design limitations include 

cross-sectional study designs and convenience sampling. The cross-sectional design used in 

Chapters 2 and 4 is a limitation because it cannot provide causal inferences for the outcome 

variables. However, the robustness of our analytical approach still provides a reasonable estimate 

of the relationship for the factors identified. The convenience sampling used in Chapter 3 is a 

limitation because the findings are the opinions of the participants who responded from 

experiences unique to them. Still, these were people with hypertension with and without 

experience of using BP telemonitoring and, hence, their perspectives are important. Also, it is not 

feasible to interview all the people with hypertension before impactful inference can be made in 

hypertension healthcare.  

 Second, our data collection tool posed some limitations. For example, we could not 

account for BP control in Chapter 2 because the secondary HINTS data had no such variable. 
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However, we were able to add the BP control variable in our own survey used in Chapter 4. The 

e-HL assessment tool (eHLQ) was not hypertension-specific and may not have captured all 

patients’ characteristics such as the social and cultural characteristics that may affect e-HL. 

Nevertheless, the tools still provide insightful findings regarding patient experiences. Future 

studies should aim for disease context specific tools that account for every aspect of human lives. 

 Third, the use of self-reported data across chapters 2, 3, and 4 is subjective instead of 

objective. However, patient-reported data is an important consideration in any disease 

management and cannot be jettisoned. The collection of data through the online method in 

Chapters 3 and 4 may have biased our sample in favor of those with higher e-HL. However, BP 

telemonitoring being a technology service makes it reasonable to use such data collection 

method. 

 

5.6 Conclusion 

BP telemonitoring is an emerging BP management digital service that improves BP control. 

Patient-related factors influencing BP telemonitoring participation are significantly associated 

with patient demographics, technology behavior and access to technology services. Policy 

makers could support the broad development of BP telemonitoring infrastructures and 

reimbursement for the services. BP telemonitoring services should be personalized by providing 

patients with suitable telemonitoring infrastructures and technical support to maximize individual 

benefits. 
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Appendix A: Demographics-only Model with Design-adjusted Estimates of Odds Ratios for 

achieving Health-related Goals with the help of Tablet or Smartphone among the 

Hypertensive Population 

  Sample size = 3,045 

Estimated Population size = 183,285,150 

Predictor Category Odds Ratio (95% 

CI) 

SE P-value 

     
aAge groups (yrs) 

 35-49 0.36 (0.155, 0.831)  0.428 .025 

 50-64 0.14 (0.058, 0.353) 0.462 ˂.001 

 65-74 0.10 (0.037, 0.270) 0.506 ˂.001 

 75+ 0.07 (0.024, 0.180) 0.514 ˂.001 

     
bGender 

 Female 1.69 (1.198, 2.371) 0.174 .006 

     
cEducation levels 

 High Sch grad 1.38 (0.611, 3.115) 0.415 .446 

 Some college 1.80 (0.789, 4.104) 0.420 .176 

 College grad or 

more 

1.75 (0.736, 4.169) 

 

 

 

 

 

 

 

 

 

0.443 .218 

 

  Sample size = 3,045 

Estimated Population size = 183,285,150 
 

Predictor Category Odds Ratio (95% 

CI) 

SE P-value 

 

dRace/Ethnicity 
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 Non-Hispanic 

Black or African 

American 

1.27 (0.762, 2.115) 0.260 .370 

 Hispanic 0.75 (0.366, 1.526) 0.364 .432 

 Non-Hispanic 

Asian 

2.17 (0.840, 5.592) 0.484 .124 

 Non-Hispanic 

Other 

1.68 (0.626, 4.483) 0.502 .315 

 

eMarital status 

 Married 2.41 (1.413, 4.120) 0.273 .004 

 Previously 

married 

2.11 (1.178, 3.783) 0.298 .019 

 

fHouse-hold yearly income 

 <$20,000 0.57 (0.292, 1.107) 0.340 .110 

 $20,000 to 

<$35,000 

0.39 (0.212, 0.722) 0.312 .006 

 $35,000 to 

<$50,000 

0.50 (0.255, 0.990) 0.345 .058 

 $50,000 to 

<$75,000 

0.60 (0.382, 0.936) 0.228 .034 

 

gEmployment status 

 Employed 1.17 (0.804, 1.715) 0.193 .414 
 

hSmoked at least 100 cigarettes 

 No 1.10 (0.711, 1.716) 0.223 .661 

     
iHealth status 

 Very good 1.07 (0.620, 1.859) 0.280 .802 

 Good 0.93 (0.528, 1.643) 0.290 .808 

 

BMI 

  1.01 (0.985, 1.037) 0.013 .432 

     
jDiabetes 

 Yes 1.07 (0.701, 1.623) 0.214 .766 

 

 

     

  Sample size = 3,045 

Estimated Population size =183,285,150 

Predictor Category Odds Ratio (95% 

CI) 

SE P-value 
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jHeart condition 

 Yes 1.05 (0.523, 2.106) 0.355 .893 
 

jDepression 

 Yes 0.95 (0.662, 1.361) 0.183 .779 

 

a-jReference categories for categorical predictors. 
a =18-34yrs; b =Male; c =Less than high school; d =Non-Hispanic White; e =Never married;  
f =$75,000 or more; g =Unemployed; h =Yes response; i =Fair; j =No response 
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Appendix B: Demographics-only Model with Design-Adjusted Estimates of Odds Ratios 

for Sending or Receiving Text Message from Healthcare Provider in the Last 12 Months 

among the Hypertensive Population 

  Sample size = 3,045 

Estimated Population size = 183,285,150 

Predictor Category Odds Ratio (95% 

CI) 

SE P-value 

     
aAge groups (yrs) 

 35-49 1.60 (0.646, 3.960) 0.463 .320 

 50-64 1.04 (0.434, 2.473) 0.444 .937 

 65-74 0.83 (0.324, 2.106) 0.477 .693 

 75+ 0.60 (0.206, 1.732) 0.543 .353 

     
bGender 

 Female 1.22 (0.929, 1.606) 0.140 .165 

     
cEducation levels 

 High Sch grad 0.89 (0.417, 1.895) 0.386 .764 

 Some college 1.28 (0.578, 2.837) 0.405 .545 

 College grad or 

more 

1.17 (0.475, 2.904) 0.462 .731 

 

dRace/Ethnicity 

 Non-Hispanic 

Black or African 

American 

0.94 (0.583, 1.499) 0.241 .783 

 Hispanic 0.76 (0.421, 1.371) 0.301 .372 

 Non-Hispanic 

Asian 

0.86 (0.358, 2.070) 0.447 .742 

 Non-Hispanic 

Other 

1.42 (0.503, 4.010) 0.530 .515 

 

eMarital status 

 Married 1.54 (0.815, 2.908) 0.324 .197 

     

  Sample size = 3,045 

Estimated Population size = 183,285,150 
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Predictor Category Odds Ratio (95% 

CI) 

SE P-value 

 

fHouse-hold yearly income 

 <$20,000 0.26 (0.132, 0.512) 0.346 ˂.001 

 $20,000 to 

<$35,000 

0.35 (0.202, 0.614) 0.283 .001 

 $35,000 to 

<$50,000 

0.49 (0.276, 0.881) 0.296 .026 

 $50,000 to 

<$75,000 

0.60 (0.409,0.872) 0.193 .014 

 

gEmployment status 

 Employed 0.81 (0.506, 1.284) 0.237 .373 
 

hSmoked at least 100 cigarettes 

 No 1.12 (0.858, 1.456) 0.135 .419 

     
iHealth status 

 Very good 1.26 (0.660, 2.087) 0.241 .350 

 Good 1.17 (0.789, 2.087) 0.226 .494 

 

BMI 

  1.01 (0.984, 1.035) 0.013 .470 

     
jDiabetes 

 Yes 1.16 (0.852, 1.585) 0.158 .352 

     
jHeart condition 

 Yes 1.09 (0.743, 1.585) 0.193 .675 
 

jDepression 

 Yes 1.29 (0.816, 2.036) 0.233 .288 

 

a-jReference categories for categorical predictors. 
a =18-34yrs; b =Male; c =Less than high school; d =Non-Hispanic White; e =Never married;          
f =$75,000 or more; g =Unemployed; h =Yes response; i =Fair; j =No response 
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Appendix C: Semi-structured Interview Questions Guide 

Hello, my name is Chinwe Eze, and I am the principal investigator of this research project titled 

“Facilitators and Barriers to Blood Pressure Telemonitoring: A Mixed Methods Approach”. 

Thank you for taking the time to participate in this interview about your perceptions of 

facilitators and barriers to technology use in remote monitoring of blood pressure. We aim to 

learn from your experiences and apply them to improve technology use in blood pressure remote 

monitoring.  

 

I will be leading this interview and will also be audio-taping this session to make sure that I do 

not miss your comments. I will also take notes during this interview. After the recording is 

transcribed, I will delete the recording. Your name will not be tied to your comments, or any 

reports produced from the interviews.  

    

(Note to Facilitator: Note date and time of interview, interview number) 

 

Interview Questionsa 

 

All Participants 

1. Are you aware of the importance of managing hypertension? Share your thoughts on that. 

2. What has your healthcare provider encouraged you to do in order to manage your high 

blood pressure (BP)? 

3. Is your blood pressure under control? 

4. People use different strategies to maintain high blood pressure control. Please share with 

us what you are doing to maintain blood pressure control? (If not controlled, what can 

you do to achieve control?) 

5. What medications are you taking for high blood pressure? 

6. How do you monitor your blood pressure? (Frequency, at home, pharmacy, hospital etc.) 

7. Do you have access to technology like computers, tablets/mobile devices, smartphones, 

monitoring devices, wearables, sensors etc. in your home? (Participant to state all that 

apply) 

8. How comfortable are you in using technology? By technology, I mean things like your 

phone, phone applications, tablets, etc. Are you able to actively use them? How proficient 

are you on a scale of 1 to 10, 1 being least proficient, 10 being maximally proficient? 

9. Do you feel that engaging in technology services (like services offered through electronic 

health records, phone calls, text messages, health apps etc.) is useful in managing your 

health? 

10. Do you have access to technology that works (access to health information, provider 

services, health data, health technology) and what is your experience like? 
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11. Have you used technology for self-monitoring of BP? 

12. What type of technology devices have you used in the past for BP self-monitoring and 

how? 

13. What technology device are you currently using for BP self-monitoring and how? 

14. Can you tell us what you know about remote blood pressure monitoring? (Facilitator to 

introduce remote blood pressure monitoring/ Telemonitoring) 

 

 

 

For those enrolled in remote blood pressure 

15. Tell me about what it was like using remote blood pressure monitoring for blood pressure 

management. 

16. What did you like most about remote blood pressure monitoring for blood pressure 

management? 

17. What did you dislike most about remote blood pressure monitoring for blood pressure 

management? 

18. What would you like to change about remote blood pressure monitoring for blood 

pressure management? 

19. What challenges did/are you have/having with remote blood pressure monitoring for 

blood pressure management? 

 

 

For those that declined enrollment  

20. Please tell us why you declined to participate in remote blood pressure monitoring for 

blood pressure management? 

21. What would it take to have you participate in remote blood pressure monitoring? 

22. Can you think of ways we can make remote blood pressure monitoring or any other 

technology service for hypertension management something you will want to use? (How 

do you think it will work best?)  

 
a The following are examples of probing questions that may be asked to further understand 

the interviewee’s responses: Would you give me an example? Can you say some more about 

that? Would you explain that further? I am not sure I understand what you are saying. Could you 

rephrase your answer? How did that come about? Is there anything else? 
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Appendix D: Survey for Remote Blood Pressure Monitoring: Electronic Health Literacy 

and Behavioral Factors related to Participation Study 

Start of Block: Introduction 

Thank you for choosing to participate in this research study titled “Remote Blood Pressure 

Monitoring: Electronic Health Literacy and Behavioral Factors related to Participation”. The 

next page explains the study more fully and lets you know what will happen to the information 

you provide. 

More Information about the Research Study.      

Hypertension, also known as high blood pressure, is a disease that requires monitoring. 

Information from other studies tells us that people with high blood pressure may now monitor 

their own blood pressure using a blood pressure monitoring device and communicate the 

measurement with their phone or tablet to their doctor, pharmacist or nurse from the comfort of 

their homes. This type of remote blood pressure monitoring service may be available at your 

doctor's office.    

In this study, you will be asked questions about your high blood pressure and experiences with 

monitoring it. You will also answer questions about using technology in general to meet your 

health needs. We want to understand and learn from your experiences with your blood pressure 

monitoring. If you do not monitor your blood pressure, we still want to learn from you what 

could be done to help you in managing your hypertension.    

We are conducting this research because we want to learn how we can make the benefits of 

remote blood pressure monitoring reach every patient with hypertension that needs it.    
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This study may not benefit you directly but may benefit others in the future.   

This is an online survey to gather information about you, your blood pressure, and blood 

pressure monitoring. There are no anticipated risks or discomforts with this survey. No 

identifiable data will be collected.    

You will be compensated the amount you agreed upon before you entered into the survey.   

Your participation in this research is entirely voluntary. Even if you decide to participate, you 

can change your mind and stop at any time. If you choose not to answer any question, you would 

quit the survey based upon how we set it up.  

 If you have questions about this research study, you may contact  Chinwe Eze, Graduate Student  

ceeze@med.umich.edu  Or  Karen B Farris, PhD, Professor  kfarris@med.umich.edu     The 

University of Michigan Institutional Review Board Health Sciences and Behavioral Sciences has 

determined that this study is exempt from IRB oversight.           By selecting YES, you agree to 

participate in the study and you will proceed to complete the online survey.           

 Yes, I consent  

 No, I do not consent  

 

Skip To: End of Block If More Information about the Research Study   Remote Blood Pressure 

Monitoring: Electronic Health Literacy and Behavioral Factors related to Participation... = No, 

I do not consent 

 

Part 1. This online survey has four parts. In this first part, we ask you questions that we will use 

to describe who participated in this study. Please continue to part one.  

Age What is your age in years?  

________________________________________________________________ 
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Skip To: End of Block If Condition: What is your age in years?&... Is Less Than 18. Skip To: 

End of Block. 

 

Age Bracket Please select your age group below 

 less than 50 years  

 50-74 years  

 75 years and above  

HTN Have you ever been told by a doctor, nurse or another health professional that you have 

hypertension or high blood pressure? 

 Yes  

 No  

Skip To: End of Block If Have you ever been told by a doctor, nurse or another health 

professional that you have hypertens... = No 
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HTNMed Are you currently taking any medication prescribed by your doctor, physician assistant 

or nurse practitioner for the management of your hypertension?  

 Yes  

 No  

Skip To: End of Block If Are you currently taking any medication prescribed by your doctor, 

physician assistant or nurse p... = No 

 

 What is your gender? 

 Male  

 Female  

 Non-binary / third gender  

 Transgender male  

 Transgender female  

 Prefer not to say  

What is your ethnicity? 

 Hispanic or Latino  

 Not Hispanic or Latino  
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What is your race? 

 White  

 Black or African American  

 American Indian or Alaska Native  

 Asian  

 Native Hawaiian or Pacific Islander  

 Other, please tell us your race in the box below 

__________________________________________________ 

What is the highest level of education you have completed? 

 Less than High School  

 High School graduate  

 Some College  

 Bachelor's degree  

 Graduate degree and/or Professional degree  
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What is your marital status? 

 Married  

 Single  

 Divorced  

 Widowed  

 Separated  

 Living as married  

How would you describe your general health status? 

 Excellent  

 Very good  

 Good  

 Fair  

 Poor  
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What is your estimated annual household Income? 

 Less than $20,001  

 $20,001 to $35,000  

 $35,001 to $50,000  

 $50,001 to $75,000  

 $75,001 or more  

 Prefer not to say  

History How long have you had hypertension? 

 Less than 1 year  

 1 year - Less than 2 years  

 2 years - Less than 3 years  

 3 years - Less than 4 years  

 4 years - Less than 5 years  

 5 years or more  
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Which of the following other health conditions do you have? (Check all that apply)  

 Heart condition (examples include coronary heart disease or angina, heart failure, 

heart attack)  

 Diabetes  

 Depression or anxiety  

 Chronic kidney disease  

 Other, please list in the box below 

__________________________________________________ 

 ⊗None  

 

 

How many different hypertension prescription medications do you take every day? Prescription 

medications are the ones prescribed by your doctor, physician assistant or nurse practitioner. 

(Please enter a number) 

________________________________________________________________ 

 

How many other prescription medications do you take every day for other health conditions? 

Prescription medications are the ones prescribed by your doctor, physician assistant or nurse 

practitioner. (Please enter a number) 

________________________________________________________________ 
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What is the distance from your residence to your healthcare provider's office or hospital? 

 Less than 5 miles  

 Between 5 and 10 miles  

 More than 10 miles  

Please select the option that best describes the area where you currently live 

 Urban  

 Suburban  

 Exurban (rural type areas just beyond the suburbs)  

 Rural  
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Please answer YES or NO to having any of the following technology devices. 

 YES NO 

Tablet computer (example 

iPad, Samsung Galaxy, 

Nexus, Kindle fire)  

    

Smartphone (example iPhone, 

Android, Blackberry, or 

Windows Phone)  

    

Basic cellphone only      

Desktop or Laptop Computer      
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Part 2. This second part of the survey asks questions about your blood pressure and blood 

pressure monitoring. First, we ask about your blood pressure monitoring at home. 

Do you measure your blood pressure routinely   at any of the following places? (check all that 

apply) 

 At home  

 At the pharmacy  

 At the clinic  

 At work  

 Some other place __________________________________________________ 

 ⊗I do not measure my blood pressure routinely  

 

Do you have a home blood pressure monitoring device like a digital blood pressure cuff or 

manual blood pressure cuff? 

 Yes, and I use it  

 Yes, but I don't use it  

 No  

 

 

Skip To: No Home BP device If Do you have a home blood pressure monitoring device like a 

digital blood pressure cuff or manual... = No 
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Please indicate who paid for your home blood pressure monitoring device 

 I paid for it myself  

 My insurance paid for it  

 It was a gift given to me  

 Other, please explain in the box below 

__________________________________________________  
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Display This Question: 

If Do you have a home blood pressure monitoring device like a digital blood pressure cuff or 

manual... = Yes, and I use it 

 

How often do you measure your blood pressure at home? 

 Never  

 Daily  

 Several times a week  

 Once a week  

 One to three times in a month  

 Once in 3 months  

 Once in 6 months  

 Once in a year  
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Display This Question: 

If Do you have a home blood pressure monitoring device like a digital blood pressure cuff or 

manual... = Yes, and I use it 

 

How do you keep track of the blood pressure readings/measurements that you take at home? 

 I write it on a paper  

 I write it on a calendar  

 I write on an App on my phone/tablet/computer  

 I write on Excel sheet or Notepad on my phone/tablet/computer  

 I don’t keep track of it  

 Other, please explain in the box below 

__________________________________________________ 
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Display This Question: 

If Do you have a home blood pressure monitoring device like a digital blood pressure cuff or 

manual... = Yes, and I use it 

 

Have you ever shared your blood pressure readings/measurements that you took at  home with 

your healthcare provider? 

 Yes, I take them to my doctor visits  

 Yes, my blood pressure device automatically reports them to my doctor  

 Yes, I send them to my doctor by email  

 Yes, I send them to my doctor through the electronic health record/patient portal  

 Yes, I send them to my doctor through text messages  

 No  
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Display This Question: 

If Do you have a home blood pressure monitoring device like a digital blood pressure cuff or 

manual... = No 

 

Please indicate why you do not have a home blood pressure monitoring device (Check all that 

apply) 

 I don't think I need it  

 I haven't seen one that works well  

 I cannot afford it  

 My blood pressure is under control  

 Am not sure how to use it/too complicated  

 My doctor measures my blood pressure  

 Other __________________________________________________ 

 

Please rank the order of the ways listed below that you prefer to interact with your healthcare 

provider about your blood pressure management, where #1 is the most preferred and #6 is the 
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least preferred. (Rank by dragging your most preferred way to the top and it's number will 

automatically change to #1. Do the same for the rest of your choices.) 

______ Email 

______ Phone call 

______ Text messages (SMS) 

______ In-person visit at clinic 

______ Electronic health record 

______ Video face-to-face visit/Telehealth 

End of Block: BP monitoring 

Start of Block: Remote BP monitoring 

 

Remote blood pressure monitoring is a newer way to keep control of your blood pressure from 

home. In remote blood pressure monitoring, you measure your BP at home and send the 

readings/measurements to your healthcare provider through an electronic means. You may or 

may not receive feedback from your provider electronically. You still visit the office for 

problems or yearly check-ups. 

Have you ever heard of remote blood pressure monitoring? 

 Yes  

 No  
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Does your healthcare provider or physician office offer remote blood pressure monitoring? 

 Yes  

 No  

 Don't know or unsure  

Do you participate in a remote blood pressure monitoring with your healthcare provider or 

physician office? 

 Yes  

 No  

Skip To: How RBP If Do you participate in a remote blood pressure monitoring with your 

healthcare provider or physici... = Yes 

Skip To: Not RBP reasons If Do you participate in a remote blood pressure monitoring with your 

healthcare provider or physici... = No 

 

How do you electronically send blood pressure readings/measurements that you take at home to 

your healthcare professional or physician? (check all that apply) 

 Text message(SMS)  

 Email  

 Electronic health record or patient portal  

 Health Apps  

 Phone call  

 My blood pressure device automatically reports them to my doctor  

How often do you electronically send blood pressure readings/measurements that you take at 

home to your healthcare professional or physician ? 
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 Daily  

 Several times a week  

 Once a week  

 One to three times a month  

 Less than once a month  
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What type of feedback do you receive when you electronically send your blood pressure 

readings/measurements that you take at home to your healthcare professional or physician? 

 None  

 Readings received/acknowledgement  

 Interpretation of readings as normal, high or low  

 Changes in hypertension medication  

 Changes in frequency of blood pressure monitoring  

 Other __________________________________________________ 

Which of the following healthcare provider(s) is/are involved in your remote blood pressure 

monitoring? (check all that apply) 

 Doctor  

 Nurse  

 Pharmacist  

 Physician assistant  

 ⊗Don't know or unsure  
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Display This Question: 

If Do you participate in a remote blood pressure monitoring with your healthcare provider or 

physici... = No 

 

Please indicate the likely reason(s) why you are not participating in remote blood pressure 

monitoring with your healthcare provider. (Check all that apply) 

 I do not measure my blood pressure  

 I do not have a blood pressure monitoring device  

 My doctor has not asked me to do that  

 I am not aware I can do that  

 My doctor does not offer electronic communication means  

 I do not need to do that  

 My blood pressure is under control  

 My doctor prefers to measure my blood pressure by himself/herself  

 I am too busy to do that  

 I prefer face-to-face human interaction  

 I do not know how to do that/need training  

 I do not have internet access  

 I do not have smartphone/tablet/computer  

 Other, please explain in the box below 

__________________________________________________ 
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Display This Question: 

If Do you participate in a remote blood pressure monitoring with your healthcare provider or 

physici... = No 

 

If your healthcare provider or physician offered a remote blood pressure monitoring system or 

program to you, how likely are you to participate in remote blood pressure monitoring? 

 Very likely  

 Somewhat likely  

 Neither likely nor unlikely  

 Somewhat unlikely  

 Very unlikely  

Is your blood pressure under control? 

 Yes  

 No  

 Don't know or unsure  
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BP numbers What were your blood pressure numbers the last time you measured it at home or 

had it measured? 

Systolic or top number __________________________________________________ 

Diastolic or bottom number __________________________________________________ 

 

Which of the following ways do you use to manage or control your blood pressure? (check 

all that apply) 

 Taking my blood pressure medications as prescribed  

 Exercise  

 Low sodium diet  

 Low carbohydrate diet  

 Adequate hydration with lots of water  

 Adequate sleep  

 Reduction in coffee intake  

 Meditation  

 Breathing exercises  

 Stress reduction  

 Reducing alcohol consumption  

 Periodic health checks  

 ⊗None of the above  
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 Other, please state in the box below 

__________________________________________________ 

Please share in the box below any other comments you have on remote blood pressure 

monitoring that we have not asked. 

________________________________________________________________ 

 

Part 4 Instruction This fourth part of the online survey is taken from a national survey asking 

questions on how you prefer to use technology. We will appreciate your answers to the 

questions. 

 

In the past 12 months, have you used a computer, smartphone, tablet or other electronic means to 

use email or the internet to communicate with a doctor or doctor’s office? 

 Yes  

 No  
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In the past 12 months, have you used a computer, smartphone, tablet or other electronic means to 

look up medical test results? 

 Yes  

 No  

 On your tablet or smartphone, do you have any app related to health and wellness? 

 Yes  

 No 

Has your tablet or smartphone helped you keep track on health-related goal, such as quitting 

smoking, losing weight, or physical activity? 

 Yes  

 No  

Has your tablet or smartphone helped you make a decision about how to treat an illness or 

condition? 

 Yes  

 No  
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Has your tablet or smartphone helped you in discussions with your health care provider? 

 Yes  

 No  

Have you shared health information from either an electronic monitoring device or smartphone 

with a health professional within the last 12 months? 

 Yes  

 No  

Have you sent or received a text message(SMS) from a doctor or other health care professional 

within the last 12 months? 

 Yes  

 No  

Please share in the box below any other comments you have on technology use that we have not 

asked.  
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Appendix E: Electronic Health Literacy Questionnaire User Agreement 

Swinburne University of Technology 

 

 

 QUESTIONNAIRE LICENCE AGREEMENT  

Information Schedule 

Parties 

Swinburne SWINBURNE UNIVERSITY OF TECHNOLOGY (ABN: 13 628 586 

699) a body politic and corporate established under the 

Swinburne University of Technology Act 2010 (Vic) of John 

Street, Hawthorn in the State of Victoria, Australia  

Licensee The Party identified in Item 1 below 

Background 

A. Swinburne is the owner of the Intellectual Property Rights in the Licensed Material. 

B. The Licensee seeks a licence of the Licensed Material. 

C. Swinburne has agreed to grant the licence sought on the basis set out in this Agreement. 

Date 

Date of Agreement means the date on which the last of the parties signs this 
Agreement 

Details 

Item 
No 

Identifier Detail 
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1 Licensee Name: The Regents of The University of Michigan A 
Michigan Constitutional Corporation - TIN: 38-
6006309 

Address: 7071 Wolverine Tower, 3003 S. State Street, Ann 
Arbor, MI 48109-1287, USA 

Authorised 
Officer 

Procurement Agent James Kozich 

Email: jamesjko@umich.edu 

Phone: 734-615-0515 
 

2 Licensed Material means any and all statutory and other proprietary rights in respect 
of the Questionnaire recognised at common law, or laws relating to 
Intellectual Property Rights. 

3 Commencement 
Date 

means 14 days following the Date of Agreement. 

4 Term means the duration identified in Item 4 of the Schedule, which 
commences on the Commencement Date. 

5 Licence Fee Means, where applicable, the fee identified in Item 2 of the 
Schedule and payable by the Licensee during the Term.  

 

 

Execution 

Swinbur
ne 

SIGNED for and on behalf of 

SWINBURNE UNIVERSITY 

OF TECHNOLOGY in the 

presence of:  

 

Date signed: 

.…./…../……… 

) 

) 

) 

) 

 

 

............................................................. 

 

 

............................................................. 

Name of signatory 

 

............................................................. 

Title of signatory 



 

218 

.................................................. 

Signature of witness 

  

 

Licensee SIGNED for and on behalf of 

LICENSEE in the presence of:  

 

Date signed: 

…../…../………. 

) 

) 

) 

) 

 

 

............................................................. 

 

 

............................................................. 

Name of signatory 

 

............................................................. 

Title of signatory 

.................................................. 

Signature of witness 

  

 

 

 

General Terms 

This section of the Agreement sets out the General Terms applicable to this Questionnaire Licence Agreement. The 
signed Information Schedule constitutes an acceptance by the Parties of these General Terms and all other parts of this 
Agreement.  

 
1. Grant of Licence 

Subject to the limitations set forth in this 

Agreement and in consideration of mutual 

promises set out herein, Swinburne hereby 

grants to Licensee a non- exclusive licence 

(Licence), to use the Licensed Materials for the 

Purpose in the Territory during the Term to the 

extent permitted by law.     

2. Reserved Rights 

2.1 Swinburne expressly reserves the right to:  

2.1.1 use Swinburne Intellectual 
Property Rights and associated 
technology for educational and 
research purposes, clinical 
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research, and research 
sponsored by commercial 
entities,  

2.1.2 publicly disclose research 
results; and  

2.1.3 allow other non-profit research 
institutions to use Swinburne' 
Copyright Rights and associated 
technology for the same 
purposes as clause 2.1.1 and 
2.1.2. 

2.2 Except as set forth in this Agreement, 
Licensee shall not: 

2.2.1 remove any copyright or other 
proprietary notices on or in any 
copies of the Licensed 
Materials; or  

2.2.2 modify, adapt, or translate the 
Licensed Materials.  

3. Sub-Licence 

The Licensee may not sub-license any rights 

granted under this Agreement without the prior 

written consent of Swinburne. 

4. Permitted Reproduction and Adaptations 

5.    The Licensee is permitted to 
reproduce, copy, or communicate the 
Questionnaire online, provided The 
Licensee ensures that such online 
access to the Questionnaire is a  
password protected online survey 
instrument.  Furthermore, if indicated 
in Item 6 of the Schedule, Swinburne 
grants to the Licensee the right to use 
the Questionnaire to prepare and 
produce a cultural adaptation and/or 
translation of the Questionnaire into 
the language identified in Item 6 of 
the Schedule (Translation) subject to 
the following conditions:  

5.1.1 Licensee must undertake the 
cultural adaptation and/or 
translation of the 
Questionnaire only in 
accordance with the 
Translation Integrity 
Procedure attached as 
Annexure A;   

5.1.2 Licensee must provide a copy 
of the forward and backward 
translations to Swinburne for 
approval at least 60 days 
before Licensee proposes to 
administer the Questionnaire 
(Administration Date) to 
allow sufficient time for 
review of documents by 
Swinburne, preparation of 
the final translation and local 
validation of the 
Questionnaire, and 
finalisation as described in 
Annexure A. 

5.1.3                    Swinburne will 
own all Intellectual Property 
rights in the Translation and 
the Licensee assigns such 
rights to Swinburne upon 
their creation. 

5.1.4                    If with Swinburne’s 
prior written consent, the 
Licensee engages a third 
party to prepare the 
Translation, the Licensee 
must ensure that such third 
party assign to Swinburne in 
writing all Intellectual 
Property rights in the 
Translation.  Swinburne is 
entitled to approve the 
contents of the agreement 
between the Licensee and 
third party translator as a 
condition of providing its 
consent pursuant to this 
clause 4.1.4. 

 

5.2 The Licensee acknowledges that it may 
not disclose, use, reproduce, 
communicate or exploit or permit such 
disclosure, use, reproduction, 
communication or exploitation of the 
Questionnaire in any way other than for 
the Purpose, or in any jurisdiction other 
than the Territory, unless otherwise 
agreed in writing with Swinburne. 

5.3 The Licensee agrees that if any 
adaptations or modifications are made 
to the Questionnaire by or on behalf of 
the Licensee or as a consequence of the 
Licensee’s use of the Questionnaire 
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(including cultural adaptations and/or 
translations as set out in clause 4.1), all 
Intellectual Property in such 
modifications must be assigned to 
Swinburne, and the Licensee will do all 
things reasonably necessary (including 
the execution of documentation) to 
effect such assignment upon request by 
Swinburne. 

6. Licence Fee  

6.1 The Licensee will pay to Swinburne the 
Licence Fee at the times and in the manner 
set out in Item 2 of the Schedule during 
the Term. 

6.2 Except as set forth in clause 5.3, any 
Licence Fee specified in Item 2 of the 
Schedule is payable upfront in a single 
payment, which must be made on or 
before the Commencement Date.    

6.3 By agreement with Swinburne, the 
Licensee may pay the Licence Fee payable 
for each year of the Term annually in 
advance in each year of the Term. The first 
payment must be paid on or before the 
Commencement Date, and thereafter 
must be paid on or before each 
anniversary date of the Commencement 
Date during the Term. 

6.4 The Licence Fee is exclusive of GST.  If the 
Licensee is an Australian entity, then GST is 
imposed on any supply made under this 
Agreement, the recipient of the taxable 
supply must pay to the supplier an 
additional amount equal to the GST 
payable on the taxable supply.  Subject to 
the recipient receiving a tax invoice of the 
supply, payment of the GST must be made 
at the same time as payment for the 
taxable supply.    

6.5 Swinburne reserves the right to revise the 
Licence Fee for: 

6.5.1 any use of the 
Questionnaire in 
excess of the Number 
of Authorised 
Implementations 
specified under Item 3 
(Approved Purpose) in 
the Schedule; or  

6.5.2 any subsequent 
extension of this 
Agreement. 

7. Obligations of Licensee 

7.1 The Licensee undertakes to use the 
Licensed Materials only in accordance with 
the Licence. 

7.2 The Licensee must ensure that the 
Questionnaire is only used for the 
Purpose, and unless permission is granted 
in Item 6 of the Schedule, not modify or 
translate the Questionnaire, without the 
express written approval of Swinburne.  

7.3 The Licensee will itself administer the 
Questionnaire.  The Licensee 
acknowledges and agrees that it must 
implement the Questionnaire in a manner 
that ensures Swinburne may  read i ly  
aud it  (at  Swinburne’s  s o le 
dis cret ion)  the monitoring, calculation 
and reporting by the Licensee of usage of 
the Questionnaire.  

7.4 Other than as provided in clause 4.1, the 
Licensee must not, and must not allow or 
cause any other person to: 

7.4.1 reproduce, 
communicate or copy 
the Questionnaire by 
any means or in any 
form; 

7.4.2 give, license, sub-
license, lease,  
ass ign,  transfer, 
distribute, 
disseminate,  disclose, 
or publish the 
Questionnaire in any 
form to any other 
person or attempt to 
do any of these acts 
without the written 
authority of 
Swinburne; 

7.4.3 reverse engineer the 
Questionnaire; or  

7.4.4 alter, change, remove 
or obscure any notices 
or other indications 
(including but not 
limited to copyright 
notices) as to 
ownership of the 
Questionnaire. 

7.5 The Licensee must provide to 
Swinburne de-identified information (eg 
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age, country and language) about the 
person to whom the Questionnaire was 
administered in a locked Excel or other 
standard database as agreed with 
Swinburne.  

7.6 The Questionnaire consists of separate 
individual scales that measure separate 
aspects of health literacy.  The Licensee 
may use the individual scales as long as the 
Licensee ensures that each selected scale 
contains all the questions within that scale 
and the questions are in the exact order as 
in the Questionnaire. The Licensee must 
ensure the scales are scored as prescribed 
to ensure interpretations of the data are 
consistent with the development and 
psychometric studies. The Licensee 
undertakes to ensure that it will not reveal 
or disclose the individual scales in any 
publications made by the Licensee.     

7.7 The Licensee undertakes to keep secret 
and protect the confidential nature of all 
information and documentation provided 
to it, learnt by it or to which it has or has 
had access, arising out of or in connection  
with  any  aspect of the  negotiation or 
performance  of  this  Agreement  
including, without limitation, t h e  
t e r m s  o f  t h i s  A g r e e m e n t ,  t h e  
L i c e n c e  F e e ,  a n d  the Questionnaire 
(“Confidential Information”).   To this end 
the Licensee must not use, disclose or in 
any way communicate to any other 
person the details of any Confidential 
Information without the prior written 
consent of Swinburne.   

8. Warranties and Limitation of Liability 

8.1 The Licensee agrees that, to the extent 
permitted by Australian law, all 
warranties (including implied warranties), 
other than express warranties given in 
this Agreement, in respect of the subject 
matter of this Agreement are excluded 
and of no effect.  Where the exclusion of 
a given implied warranty would be void 
or unenforceable, the Licensee agrees 
that Swinburne's liability for a breach of 
such warranty will be limited, at 
Swinburne's discretion to the re-supply 
of the Questionnaire or the payment of 
the cost of the re-supply of the 
Questionnaire.  

8.2 For the avoidance of doubt, the Licensee 

agrees that it uses the Questionnaire 

entirely at its own risk, and Swinburne 
does not warrant that the Questionnaire 
is suitable for any particular purpose, or 
that the Questionnaire will function or 
perform in a particular manner, or that 
the Licensee will derive any particular 
result or outcome from its use of the 
Questionnaire.  

8.3 The Licensee agrees that Swinburne’s 
aggregate liability for all causes of action 
against Swinburne, whether contractual, 
tortious or otherwise, will not exceed the 
aggregate of Licence Fees paid by the 
Licensee as at the date on which the first 
such cause of action arose.  Swinburne 
will not be liable to the Licensee for any 
indirect or consequential losses, 
damages, costs and/or expenses incurred 
or sustained by the Licensee under, or as 
a result of exercising rights in, this 
Agreement (including as a result of any 
negligence by Swinburne), and in 
particular will not be liable for any loss of 
revenue or profits, loss of data, loss of 
goodwill or failure to realise an 
anticipated saving or benefit. 

8.4 The Licensee agrees to indemnify 
Swinburne from and against liability and 
all loss and damage of any kind 
whatsoever caused directly or indirectly 
by any claim or action against Swinburne 
arising directly or indirectly out of the 
Licensee’s use of the Questionnaire or any 
breach by the Licensee of the terms and 

conditions of this Agreement. 

9. Termination by Swinburne 

9.1 If Licensee violates or fails to perform any 
material term of this Agreement, then 
Swinburne may give written notice of the 
default (Notice of Default) to Licensee. If 
Licensee does not remedy the default 
within thirty (30) days after the effective 
date of the Notice of Default (Period to 
Cure), then Swinburne may terminate this 
Agreement and the Licence by a second 
written notice (Notice of Termination) to 
Licensee.  

9.2 If Swinburne sends a Notice of Termination 
to Licensee, then this Agreement 
automatically terminates on the date 
specified in the Notice of Termination.  

9.3 Termination does not relieve Licensee of 
its obligation to pay any monies (if any) 
owed at the time of the date of 
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termination and does not impair any 
accrued right of Swinburne. 

9.4 Upon termination of this Agreement, all 
licenses granted under this Agreement will 
terminate, and the Licensee must 
immediately cease all use of the 
Questionnaire.   

10. Termination By Licensee 

10.1 Licensee has the right at any time to 
terminate this Agreement by giving sixty 
(60) days written notice to Swinburne.  

10.2 Any termination in accordance with clause 
Error! Reference source not found. does n
ot: 

10.2.1 relieve the Licensee of any 
obligation or liability accrued 
prior to termination.  

10.2.2 rescind anything done by 
Licensee or any payments made 
to Swinburne prior to the date 
of termination.  

10.2.3 Termination does not affect in 
any manner any rights of 
Swinburne arising under this 
Agreement prior to 
termination. 

11. General 

11.1 Interpretation 

The following rules apply unless the 

context requires otherwise: 

11.1.1 words denoting the singular 
include the plural and vice 
versa; 

11.1.2 words denoting natural persons 
include corporations and vice 
versa; 

11.1.3 words denoting any gender 
include all genders; 

11.1.4 headings are for convenience 
only and do not affect 
interpretation; 

11.1.5 reference to any Party to this 
Agreement or any other 
relevant agreement or 
document includes that Party’s 
successors and permitted 
assigns; 

11.1.6 reference to any document or 
agreement is deemed to include 
references to such document or 
agreement as amended, 
novated, supplemented, varied 
or replaced from time to time; 

11.1.7 references to any legislation or 
to any provision of any 
legislation include any 
modification or re-enactment of 
such legislation or any 
legislative provisions 
substituted for, and all 
legislation and statutory 
instruments issued under, such 
legislation; and 

11.1.8 any reference to “GST”, 
“recipient”, “supplier”, 
“supply”, “tax invoice” and 
“taxable supply” has the 
meaning given to those 
expressions in the A New Tax 
System (Goods and Services 
Tax) Act 1999. 

11.2 No partnerships: This Agreement does not 
create a partnership, agency, fiduciary or 
other relationship, except the relationship 
of contracting parties.  No Party is liable for 
the acts or omission of any other Party, 
save as set out in this Agreement. 

11.3 Assignment: The Licensee must not assign, 
sub-contract, or transfer any of its rights or 
obligations under this Agreement to any 
person without the prior written consent 
of Swinburne.  Such consent must not be 
unreasonably withheld. 

11.4 Severability: If a clause or part of a clause 
can be read in a way that makes it illegal, 
unenforceable or invalid, but can also be 
read in a way that makes it legal, 
enforceable and valid, it must be read in 
the latter way.  If any clause or part of a 
clause is illegal, unenforceable or invalid, 
that clause or part is to be treated as 
removed from this Agreement, but the 
rest of this Agreement is not affected and 
all other provisions will remain in full force 
and effect. 

11.5 Governing Law: This Agreement shall be 
governed by the laws of Victoria, Australia.  
Each Party submits to the non-exclusive 
jurisdiction of the courts of that place. 
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11.6 Several Obligations: Each Party’s 
obligations and liabilities under this 
Agreement are several and not joint or 
joint and several. 

11.7 No Waiver: Any failure by a Party to 
compel performance by the other Party of 
any of the terms and conditions of this 
Agreement will not constitute a waiver of 
those terms or conditions or diminish the 
rights arising from their breach. 

11.8 Counterparts: This Agreement may be 
executed in any number of counterparts, 
each counterpart is an original but the 
counterparts together are one and the 
same agreement.  This Agreement is 
binding on the Parties on the exchange of 
counterparts.  A copy of a counterpart sent 
by electronic transmission – 

11.8.1 must be treated as an 
original counterpart;  

11.8.2 is sufficient evidence of the 
execution of the original; 
and  

11.8.3 may be produced in 
evidence for all purposes in 
place of the original.  

11.9 Signatories: The signatories to this 
Agreement warrant that they have the 
authority to enter into this agreement on 
behalf of the party they are stated to 
represent. 

11.10 Variation: This Agreement may only be 
varied in writing, signed by all Parties. 

11.11 No representation: A Party shall not 
represent that another Party  or any of 
their staff in any way endorse, support or 
approve of, any products, services, 
Intellectual Property or business of  the 
representing party unless that other Party 
has given its express written consent to 
such representation.  

11.12 Entire Understanding: This 
Agreement- 

11.12.1 is the entire understanding 
between the Parties on 
everything connected with 
the subject matter of this 
Agreement; and 

11.12.2 supersedes any prior 
agreement or understanding 

on anything connected with 
that subject matter. 

11.13 Contra Proferentem: This Agreement or 
any part of this Agreement is not to be 
construed against a Party merely because 
that Party was responsible for preparing it. 

11.14 Execution: This Agreement is null and void 
unless it is executed by all parties. 

12. Notices 

Any notice given under this Agreement: 

12.1 must be in writing and signed by a person 
authorised by the sender; 

12.2 must be delivered to the intended 
recipient by post or by hand or fax or email 
to the address or fax number or email 
address set out in the Information 
Schedule; 

12.3 will be taken to be duly given or made: 

12.3.1 in the case of delivery in person, 
when delivered; 

12.3.2 in the case of delivery by post, 
five Business Days after the date 
of posting unless it has been 
received earlier;  

12.3.3 in the case of fax, on receipt by 
the sender of a transmission 
control report from the 
dispatching machine; and 

12.3.4 if transmitted electronically, 
upon actual receipt by the 
addressee provided that the 
sender does not receive 
notification of invalid email 
delivery address or other 
transmission error.  In the case 
where the sender receives a 
transmission error report, the 
sender must re-send the notice 
by one of the other means by 
hand, post or fax; 

but if the result is that a notice would be 

taken to be given or made on a day which 

is not a Business Day, or is later than 

4.00pm (local time), it will be taken to 
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have been duly given or made on the next 

Business Day. 
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Glossary 

Agreement means this agreement including this Glossary, the Information Schedule, 

the General Terms, all Schedules and Annexures to this agreement, and 

any amendment to it in writing. 

Annexure means an annexure to this Agreement. 

Business Day means a day that is not a Saturday, Sunday or any other day which is a 

public holiday or a bank holiday in the place where an act is to be 

performed or a payment is to be made. 

General Terms means the general terms described as such in this Agreement. 

Glossary means this glossary. 

Information Schedule means the Schedule at the start of this Agreement that details the key 

information relevant to this Agreement. 

Intellectual Property Rights means all rights resulting from intellectual activity whether capable of 

protection by statute, common law or in equity and including copyright, 

discoveries, inventions, patent rights, registered and unregistered trade 

marks, design rights, circuit layouts and plant varieties, know-how and all 

rights and interests of a like nature, together with any and all 

documentation relating to such rights and interests for the intellectual 

property specified in Item 3 of the Information Schedule. 

Item means an item in the Information Schedule. 
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Licence has the meaning set forth in clause 1 of this Agreement. 

Parties means the parties to this Agreement and their respective successors and 

permitted assigns, and “Party” means any one of them. 

Purpose  means the manner of use permitted under this License specified in Item 

3 of the Schedule. 

Questionnaire means the health literacy questionnaire as specified in Item 1 of the 

Schedule.   

Schedule means a schedule to this Agreement. 

Territory means the territorial limits of this Licence specified in Item 5 of the 

Schedule. 
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Schedule 
Licence Number: E2002IA 

 

Item 1 –  The Questionnaire 

eHLQ – the health literacy questionnaire developed by Richard 

Osborne, Roy Batterham, Lars Kayser, Ole Norgaard, Dorthe 

Furstrand Lauritzen, Astrid Karnoe Knudsen, Karl Bang Christensen 

and more fully described in “A Multidimensional Tool Based on the 

eHealth Literacy Framework: Development and Initial Validity Testing 

of the eHealth Literacy Questionnaire (eHLQ)” doi:10.2196/jmir.8371 

 

Item 2 – Licence Fee  

 Waived (for the duration of the Term) 

 

Item 3 – Approved Purpose 

Purpose 

Use of the eHLQ in the English Language for the project “Understanding 

Patient-related Factors that Impact Technology Use in Telemonitoring 

of Hypertension” 

Number of Authorised 

Implementations 
530 

Project Start Date 1st July 2020 

Project End Date 31st December 2022 

 

Item 4 – Duration of Licence 

 2.5 years 
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Item 5 – Territory 

 USA 

 

Item 6 – Cultural Adaptation and/or Translation Rights 

 

[The Licensee does not have a right to prepare or obtain a cultural 

adaptation of the Questionnaire] 

[The Licensee does not have a right to obtain a translation of the 

Questionnaire ] 

Language of Translation [N/A] 

 

The following Questions must be completed within 3 months before the end of the Term.  

The response to the questions should not exceed one side of an A4 page.   
1) Please provide information on the particular purposes for which the questionnaires have been 

administered in the past 12 months? 

2) What challenges (if any) have you encountered in the administration and collection of responses to the 

questionnaires in the last 12 months? 

3) What benefits have accrued through the administration of the questionnaires in the past 12 months? 

(this may include but not limited to new interventions, re-alignment of practices, input to strategic plans 

and policy, presentation to stakeholders and broader audiences, publications etc)  

4) Did the questionnaire serve your specific needs and purpose? Do you have any suggestions on ways in 

which the questionnaires may better serve your specific requirements 


