
Research and Applications

Information needs and perceptions of chatbots for

hypertension medication self-management: a mixed

methods study

Ashley C. Griffin ,1 Zhaopeng Xing,1 Sean P. Mikles,2 Stacy Bailey,3

Saif Khairat ,1,4 Jaime Arguello,5 Yue Wang,1,5, and Arlene E. Chung1,2,6,7,8

1Carolina Health Informatics Program, University of North Carolina at Chapel Hill (UNC), Chapel Hill, North Carolina, USA, 2Line-

berger Comprehensive Cancer Outcomes Program, UNC, Chapel Hill, North Carolina, USA, 3Feinberg School of Medicine, North-

western University, Chicago, Illinois, USA, 4School of Nursing, UNC, Chapel Hill, North Carolina, USA, 5School of Information &

Library Science, UNC, Chapel Hill, North Carolina, USA, 6Division of General Medicine & Clinical Epidemiology, Department of

Medicine, UNC School of Medicine, Chapel Hill, North Carolina, USA, 7Division of General Pediatrics & Adolescent Medicine, De-

partment of Pediatrics, UNC School of Medicine, Chapel Hill, North Carolina, USA, and 8Program on Health and Clinical Informat-

ics, UNC School of Medicine, Chapel Hill, North Carolina, USA

Corresponding Author: Ashley Griffin, MSPH, 335 S. Columbia Street, Campus Box 7585, Chapel Hill, NC 27599, USA;

acgriffi@live.unc.edu

Received 16 November 2020; Revised 25 January 2021; Editorial Decision 25 February 2021; Accepted 1 March 2021

ABSTRACT

Objective: Chatbots have potential to deliver interactive self-management interventions but have rarely been stud-

ied in the context of hypertension or medication adherence. The objective of this study was to better understand

patient information needs and perceptions of chatbots to support hypertension medication self-management.

Materials and Methods: Mixed methods were used to assess self-management needs and preferences for using

chatbots. We purposively sampled adults with hypertension who were prescribed at least one medication. Par-

ticipants completed questionnaires on sociodemographics, health literacy, self-efficacy, and technology use.

Semi-structured interviews were conducted, audio-recorded, and transcribed verbatim. Quantitative data were

analyzed using descriptive statistics, and qualitative data were analyzed using applied thematic analysis.

Results: Thematic saturation was met after interviewing 15 participants. Analysis revealed curiosity toward

chatbots, and most perceived them as humanlike. The majority were interested in using a chatbot to help man-

age medications, refills, communicate with care teams, and for accountability toward self-care tasks. Despite

general enthusiasm, there were concerns with chatbots providing too much information, making demands for

lifestyle changes, invading privacy, and usability issues with deployment on smartphones. Those with overall

positive perceptions toward chatbots were younger and taking fewer medications.

Discussion: Chatbot-related informational needs were consistent with existing self-management research, and many

felt chatbots would be valuable if customizable and compatible with patient portals, pharmacies, or health apps.

Conclusion: Although most were not familiar with chatbots, patients were interested in interacting with them,

but this varied. This research informs future design and functionalities of conversational interfaces to support

hypertension self-management.
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BACKGROUND AND SIGNIFICANCE

Nearly half (46%) of U.S. adults have hypertension,1 making it the

most common chronic disease and a leading risk factor for heart dis-

ease.1,2 While there are multidimensional health system and patient-

related factors associated with inadequate blood pressure control, a

main contributor is poor self-management related to diet, exercise,

sleep, and medication management.3 Medication self-management

is defined as the extent to which a medication is taken as prescribed,

including the appropriate dose, frequency, spacing, and safe use

over time.4 Although approximately 75% of U.S. adults take hyper-

tension medications, only half have blood pressures that are ade-

quately controlled.5 Hypertension is typically asymptomatic, and

patients may not perceive immediate benefits from taking medica-

tions or adhering to strategies that promote lifestyle changes.6 Digi-

tal health approaches to improve hypertension medication self-

management have been investigated using mobile applications

(apps), short message services (SMS), and devices that connect to

apps, such as Bluetooth pill boxes.7–9 Prior research has demon-

strated improvements in medication self-management primarily

through informational, behavioral, and motivational approaches,

such as education, tracking, reminders, and social support.7–12

However, many digital health approaches often fall short due to

suboptimal adherence toward the technologies and limited patient

engagement.9, 13 This may be due, in part, to limited personalization

of digital solutions or lack of user motivation to interact with the in-

tervention.13–15

Emerging digital health technologies, such as conversational

agents, have the potential to communicate with patients and serve as

effective self-management tools for chronic conditions.16–22 Conver-

sational agents, also known as chatbots, are systems that can com-

municate in natural language through text or voice.23 Chatbots have

unique characteristics that make them highly suitable for delivering

self-management interventions. For example, chatbots can mirror a

therapeutic process, such as cognitive behavioral therapy or brief

motivational interviewing.19 The first well-established chatbot,

ELIZA, was developed in 1966 and mimicked a Rogerian psycho-

therapist.24 ELIZA detected keywords and then used a series of de-

composition and reassembly rules to respond to users with open-

ended messages. ELIZA and other text-based systems have also been

used to engage users in sensitive or stigmatized topics such as mental

health concerns.25, 26 Affective chatbots, which show empathy, can

also help alleviate negative symptoms or emotions.27, 28 These social

and relational characteristics of chatbots may be valuable to actively

engage users in self-management tasks.

Related work
Within the last 20 years, an increasing body of evidence has demon-

strated the potential for health-related conversational agents.22 Re-

cent improvements in computing power and artificial intelligence

(AI) have spurred a number of more sophisticated dialogue systems

with natural language processing capabilities.16, 17, 20 Although the

evidence is limited, prior reviews of health-related conversational

agents have demonstrated high acceptability and positive health out-

comes, such as diet, physical activity, symptoms, and treatment ad-

herence.21, 22, 29–31 To date, the field has primary focused on mental

health conditions and most studies lack a comprehensive under-

standing of patients’ needs.21, 22, 29–31 Patients may also require

varying levels of support depending on sociodemographic character-

istics, health status, and cultural factors, and these needs largely re-

main implicit and unaddressed in the existing body of research.29, 30

These are important considerations for designing conversational

agents because they impact one’s ability to self-manage health and

use technologies.

Very few studies have assessed the use or perceptions toward

conversational agents for hypertension self-management.32, 33 Per-

sell et al evaluated the effectiveness of a home blood pressure moni-

tor plus text-based chatbot, which provided encouragement for

blood pressure tracking, medication adherence check-ins, and

coaching for barriers to adherence.32 Although no differences were

found between intervention vs control groups for mean blood pres-

sure or medication adherence at six months, self-confidence in con-

trolling blood pressure was significantly higher in the chatbot

intervention group.32 Migneault et al assessed the use of a culturally

adapted voice-based system, which provided coaching on medica-

tion adherence, physical activity, and diet in patients with hyperten-

sion. There were no differences in medication adherence or blood

pressure (intervention vs control) over the one-year study period,

but there were improvements in diet quality and energy expendi-

ture.33 These early findings suggest the optimal design, features, and

preferences of conversational agents for hypertension self-

management are not well known, and a deeper understanding of in-

formation needs and perceptions are necessary to inform design

improvements to facilitate blood pressure control. Our study seeks

to address these gaps and assess patients’ needs across health-related

and sociodemographic characteristics.

OBJECTIVE

The objective of this study was to better understand information

needs and perceptions toward using a chatbot to support hyperten-

sion medication self-management as the initial phase of the user-

centered design process toward developing a chatbot prototype. We

also examine other aspects of self-management skills as they relate

to hypertension and how these might be supported through the use

of a chatbot.

METHODS

Study design
We used a convergent mixed methods design,34 which combined

qualitative and quantitative data collected from in-depth semi-struc-

tured interviews and self-administered questionnaires. The qualita-

tive description research was conducted in accordance with the

Consolidated Criteria for Reporting Qualitative Research (COREQ)

checklist.35 Because several sociodemographic characteristics are as-

sociated with access and use of technology (eg age, education),36, 37

a mixed methods approach was used to generate a more comprehen-

sive understanding of perceptions across sociodemographics to opti-

mize the future design of the chatbot. This study was reviewed and

exempted by the University of North Carolina at Chapel Hill Office

of Human Research Ethics Institutional Review Board.

Study setting and participants
Participants were adults (18þ) who self-reported having a diagnosis

of hypertension, took at least one hypertension medication, spoke

English, took their medications without assistance, could attend an

in-person interview, and owned a smartphone or tablet. Purposive
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sampling was used to select 15 adults based on age, race, gender, ed-

ucation, and number of medications. The sample size of 15 individu-

als was chosen because prior research has shown thematic

saturation generally occurs within the first 12 interviews.38 From

this sample, interviews were conducted until data saturation was

reached, which was defined as when no new themes emerged from

the data.39

Recruitment
Participants were recruited using websites, e-mail list-servs, and

flyers posted in clinics, hospital waiting areas, and community loca-

tions in Chapel Hill, North Carolina and the surrounding areas. Re-

cruitment materials contained a link to an electronic screening

questionnaire to assess eligibility. Then participants were sampled to

vary representation among clinical and sociodemographic character-

istics. The aim was to have at least: five adults who were 65þ years,

five of minority race, five males, five with education less than col-

lege, and five who were taking at least three medications.

Interview guide and questionnaire development
The interview guide was developed by our study team and contained

questions related to medication management and hypertension self-

management as managing medications is often influenced by multi-

ple factors (eg blood pressure control, social support, patient-

provider communication).40 The interview guide was informed by

constructs from the Information–Motivation–Behavioral Skills

Model41 and the Unified Theory of Acceptance and Use of Technol-

ogy (UTAUT).42 For example, questions related to information

needs included “What types of information or resources would be

helpful for you to keep track of taking your medications?” Ques-

tions related to the UTAUT included “How do you think a chatbot

could help you take or refill your medications?” Follow-up ques-

tions to probe on these topics were asked as needed to generate addi-

tional insights (see Supplementary Material S1).

The study questionnaire contained questions about sociodemo-

graphics, medical history (conditions and medications), and experi-

ence with using technology. We also used several validated

questionnaires on the topics of health literacy,43 medication self-

efficacy,44 and barriers to medication adherence.45 The 3-item Brief

Health Literacy Screener by Chew et al was administered to assess

health literacy43. Total scores range from 3 to 15, and any response

>3 for any question indicates inadequate health literacy.46 The

Patient-Reported Outcomes Measurement Information System

(PROMIS) Self-efficacy for Managing Medications and Treatments

Short Form 8a (2016) was used to assess confidence in managing

medication schedules and treatments.44 This instrument was scored

using the PROMIS HealthMeasures Scoring Service, where raw

scores were converted into T-scores with a mean of 50 (SD¼10)

with higher scores representing greater self-efficacy. The Adherence

Starts with Knowledge 12 (ASK-12) by Matza et al assessed barriers

to medication and treatment adherence in domains of inconvenience

or forgetfulness, treatment beliefs, and behaviors.45 Total scores for

this instrument range from 12 to 60 with higher scores representing

greater barriers to adherence. Prior approval was obtained for the

use of 3-item health literacy measure and ASK-12.43, 45

Procedures
One female researcher (A.G.), who has been trained in qualitative

methods and interviewing, conducted the in-person, semi-structured

interviews using the interview guide. The interview guide and study

questionnaire were initially pilot tested with several members of the

study team. There were no established interviewer–participant rela-

tionships in the study sample, and the interviewer had no conflicts

of interest.

The interviews were conducted face-to-face in a private office

with only the participant and interviewer. First, participants were

consented and completed the study questionnaire, which took place

prior to the interview. Next, participants were asked about their cur-

rent self-management behaviors and information needs to manage

their blood pressure and to support their medication regimens. Since

many may not have had any exposure to chatbots, participants were

introduced to chatbots through a description and short video. The

interviewer described a chatbot as “a system that can communicate

with people; it is often called a virtual assistant or virtual coach even

though it is not an actual person.” The video showed a commer-

cially available text-based health chatbot, “Florence,” that focused

broadly on health and wellness such as receiving health information

or locating a doctor.47, 48 The video does not specify any particular

condition or focus on hypertension. This video was selected to illus-

trate how someone would interact with a general health-related

chatbot on a smartphone through text messaging. After watching

the video, participants were asked about their perceptions toward

using a chatbot to manage their blood pressure and medications.

Perceived barriers and facilitators for using a chatbot were also eli-

cited. Each interview lasted approximately 60 minutes, and partici-

pants were provided with a $25 gift card. Interviews were audio-

recorded, and the interviewer took brief notes during and after the

interview. All 15 participants completed the interview and no one

dropped out. There was no additional follow-up with participants.

Analysis
Audio files from interviews were transcribed verbatim and imported

into NVivo qualitative data analysis software.49 Participant narra-

tives within the transcriptions were then analyzed using an iterative

applied thematic analysis.50 First, a codebook of structural codes

was developed based on the initial topics from the interview guide

prior to analysis. Two independent reviewers (A.G. and Z.X.) ap-

plied these structural codes to segment participant narratives by

topic. Discrepancies in coding were adjudicated by a third reviewer

(S.M.) when necessary. Transcripts were initially double-coded until

Cohen’s kappa51 of 0.8 was reached, which was after three tran-

scripts. After double-coding, the rest of the transcripts were equally

distributed and single-coded by the reviewers, and discussion oc-

curred after each batch of 2–3 transcripts. Next, each reviewer in-

ductively identified and applied thematic content codes in each

structural coding report with each report containing a topical area

across all participant narratives (eg perceptions, barriers, facilita-

tors, etc.). Structural coding reports were also initially double-coded

and Cohen’s kappa was assessed again as above, which was

achieved after coding three reports. The remaining reports were

then equally distributed and single-coded among reviewers (A.G.

and Z.X.), and reviewers discussed whether new or additional con-

tent codes should be added after each report. Lastly, reviewers met

to organize the content codes thematically to describe the major

themes, subthemes, and illustrative quotes within the themes. Quan-

titative data collected from the study questionnaire were summa-

rized using descriptive statistics. Sociodemographic data were also

integrated with the perceptions and perceived usage themes to better

understand attitudes toward using a chatbot.
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RESULTS

Sample characteristics
Thematic saturation was met after interviewing 15 participants. The

average age of participants was 59 years, 8 (53%) were female, 10

(66%) were White, and 9 (60%) had at least a college education

(Table 1). Nine individuals (60%) had hypertension for at least 5

years, and nine (60%) were “very or completely confident” their

blood pressure was under control. On average, participants had

three comorbidities and were taking six prescription medications (ie

medications for hypertension plus those for other conditions). The

majority (87%) had adequate health literacy, had scores above the

U.S. population average for medication self-efficacy (52.3), and felt

that the greatest barrier to adherence was behavior (ie “not had a

medication with you when it was time to take it”). Only 20% of

participants reported using a chatbot before, which were focused on

financial, cable TV/Internet support, or to control home appliances.

None reported using a chatbot for health-related purposes.

Information needs for a hypertension medication self-

management chatbot
Qualitative analysis identified four key domains (medications,

refills, communication with the care team, and healthy lifestyles),

which comprised 10 themes for information and support needs for

hypertension medication self-management (see Table 2). Medication

information needs included: having a list of current and past medica-

tions, the ability to set medication reminders, and information about

the medications and side effects. For managing refills, participants

were interested in reminders to order or pick-up medications and

the ability to view the number of refills left, date of next available re-

fill, and expiration date. Some wanted a chatbot to integrate with

their pharmacy to automatically order refills. Most desired to com-

municate with their care team by sharing their health data (eg, blood

pressure, weight, physical activity) and to be able to schedule

appointments. For healthy lifestyles, the majority were interested in

tracking health-related metrics and receiving encouragement based

on these data from the chatbot. Several described how a chatbot

could provide feedback on results after a clinic visit, and many felt it

would be necessary to integrate the chatbot with existing apps, spe-

cifically MyChart patient portal and Fitbit. Several expressed the

need for accountability to keep their blood pressure under control.

Perceptions and perceived use of a chatbot
Perceptions for using chatbots were categorized into three key

themes: similarities to existing apps, curiosity about chatbots, and

chatbots being humanlike (see Table 3). The majority of participants

compared chatbots with smartphone apps they currently use to track

or manage their health such as MyChart, Fitbit, Apple Health, and

health insurance apps. Many were curious to know if a hypertension

medication self-management chatbot already existed, and those who

expressed curiosity were slightly younger on average than those who

did not (56 vs 63 years). However, some older adults conveyed inter-

est in using new technologies specifically because they were “older”

and wanted to keep up with emerging technologies. Most of the par-

ticipants who were curious about using a chatbot were taking fewer

medications on average compared with those who did not (4 vs 7

medications). Many who were taking several medications felt they

had already established a routine and would not be likely to rely on

a chatbot for a reminder. Several also felt chatbots seemed human-

like and compared them with talking with a friend or health coach.

Those who perceived them as humanlike were younger on average

(51 vs 64 years) and taking fewer medications (3 vs 6 medications)

compared with those who did not. Based on this analysis, percep-

tions of chatbots may vary based on age and number of prescribed

medications taken.

Preferred frequency of use of a chatbot was grouped into three

categories based on analysis: daily, weekly to monthly, and rarely to

Table 1. Sample characteristics

Characteristics n (%)

Age (mean¼ 59, SD¼ 11) (years)

45–54 6 (40)

55–64 4 (27)

65þ 5 (33)

Gender

Female 8 (53)

Male 7 (47)

Race

White or Caucasian 10 (66)

Black or African American 4 (27)

Other 1 (7)

Ethnicity

Not Latino/Latina 14 (93)

Latino/Latina 1 (7)

Education

Less than college 6 (40)

College graduate or more 9 (60)

Household income

$20 000–$34 999 2 (13)

$35 000–$49 999 4 (27)

$50 000–$74 999 5 (33)

�$75 000 4 (27)

Comorbidities, mean (SD) 3 (1)

Number of years with hypertension

<1 1 (7)

1–2 3 (20)

3–5 2 (13)

�5 9 (60)

Confidence blood pressure is under control

Somewhat confident 6 (40)

Very confident 5 (33)

Completely confident 4 (27)

Number of prescription medications (mean¼ 6, SD¼ 4)

1–3 6 (40)

4–6 4 (27)

7þ 5 (33)

Internet use

Once a day 1 (7)

More than once a day 14 (93)

Device use

Smartphone 15 (100)

Tablet 10 (66)

Computer 13 (87)

Ever used a chatbot

Yes 3 (20)

No/Do not Know 12 (80)

Health literacy level (38)

Adequate 13 (87)

Inadequate 2 (13)

Medication self-efficacy (39), mean (SE) 52.3 (4.0)

Barriers to adherence (40), mean (SD)

Behaviors 8.0 (3.9)

Treatment beliefs 7.7 (2.0)

Inconvenience/forgetfulness 6.1 (2.8)

Total score 21.8 (6.1)
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Table 2. Self-management needs and desired features of a chatbot for hypertension medication self-management

Themes for user needs Representative selected quotes

Medications

List of current and past medications “I can never remember the name [of the medication]. . .I wonder if that

[chatbot] may be able to hold a history on your medications.” (P7)

“It would be lovely to load in my medications because I have an exten-

sive list.” (P8)

Reminders “If it could prompt me only on days where there’s a high probability that

I forgot [to take the medications], like weekends and holidays. . .” (P9)

“I might only need my reminder once every three or four days to make

sure that I’m where I need to be with my medications. . .” (P5)

Information about medications and side effects “I’ll use various websites, sometimes WebMD or Mayo Clinic, to see

what they’re giving me and what side effects I can look for. . .I always

ask how it interacts with my other medicine, and if I’m allowed to ad-

just the times according to what works best for me.” (P2)

Refills

Reminders to order and pick-up medications “If that system worked the way you really wanted, you would put in

your medication, milligrams, frequency, and how often it refills. Then,

it’ll prompt you and say, ‘It’s time to refill your medicine.’” (P6)

“When [the chatbot] says, ‘Okay, it’s time for a refill,’ [I’d say] ‘Can you

request the refill without me going through the extra steps?’” (P3)

Number of refills left and dates of next refill and expiration “It might be useful to see the refill date so I would know without having

to count how many I have left.” (P11)

“It’d be nice for my health professionals to help keep up when the pre-

scriptions expire because I run into that a lot. . .Send a reminder or set

it up so that it lets me know, ‘You have one month of it left.’” (P8)

Communication with care team

Sharing health information “It’d be really cool if there was some way when I take my blood pressure

I could get it into my medical records. . .If the chatbot was something

where I could put in my readings, when I go to my doctor, [I could]

bring it in or go through it with the nurse during our quarterly call.”

(P4)

“I got one doctor that’s my primary doctor, and I’ve got two more doc-

tors which are my cancer doctors. They ask me about each other. That

right there’d be able to help me communicate; get them on the same

level.” (P7)

Appointment scheduling and reminders “It would be helpful if the chatbot could remind me a month before,

‘You need to schedule your appointment.’ Or, ‘It’s time for your phys-

ical.’” (P10)

“I would much rather schedule my appointments through [the chatbot]

than having to call. I don’t like calling because they want me to repeat

my entire life story and give all my information to a person I don’t

know.” (P14)

Healthy lifestyles

Health tracking and compatibility with apps “A lot of times my weight and blood pressure are tracked through my

MyChart app. . .If all of that can be fed into the chatbot, it would be a

better tracker because it would have a more rounded view.” (P8)

“MyFitnessPal has weight. Fitbit can do weight. . .An application like

this probably should tie into both. I’d be interested in letting them con-

nect.” (P9)

Feedback and encouragement “Apple has the Health app, and it tracks everything. . .it actually reads

from MyChart app now. It collects but, it doesn’t communicate. At

best, it tells you [that] you have new information in your chart. . .[The

chatbot is] a place where you can actually have almost a dialogue.”

(P12)

“If there was some type of way [the chatbot] was able to check what my

blood pressure was at the time it’s elevated, then it would [say], ‘It’s

time to take a break. Maybe you should go for a walk.’” (P10)

Accountability “I think it would be great because it’s telling you, ‘Do it’. . .With MyFit-

nessPal, I’m just looking to see how many steps I did. With that one,

it’s going to probably prompt you for more things.” (P6)

“It can probably track my last time taking my weight. . .It’s on you at all

times, so that’s what I like about that.” (P7)
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never (see Table 3). Several described how the amount of interaction

would depend on utility of information provided. Similar to afore-

mentioned patient perceptions, those taking fewer medications were

interested in more frequent interactions, especially for non-

medication purposes such as blood pressure tracking. Many who

were diagnosed with hypertension within the past five years did not

feel very confident that their blood pressure was adequately con-

trolled. Several of these participants described being open to

approaches that might help, such as using a chatbot. Overall, per-

ceived frequency of interaction differed across characteristics includ-

ing number of medications, time since diagnosis, and the level of

confidence that blood pressure was under control.

Barriers and facilitators of using a chatbot
Four main themes were identified for barriers and three themes were

identified for facilitators of using a chatbot to help manage medica-

tion regimens and blood pressure (see Table 4). Barriers included

smartphone usability issues, fears that the chatbot would provide

excessive or unhelpful information, make demands, or invade one’s

privacy. Several participants were concerned that a smartphone

screen would be too small or that keeping track of their phone regu-

larly to use the chatbot would be difficult. Although some felt their

blood pressure and medication routine were already under control,

a few mentioned non-blood pressure use cases, such as cancer self-

management or monitoring a family member’s health. Several stated

they specifically did not want a chatbot to tell them what to eat or

to lose weight. In regards to privacy issues, some participants refer-

enced Amazon Alexa and Google Assistant and were worried about

a chatbot listening to their conversations or sharing their informa-

tion with other companies.

Key facilitators for using a chatbot for medication self-

management included customizability, convenience, and being un-

obtrusive. Nearly all wanted to personalize the chatbot, especially

the frequency of reminders and tips. Among those who reported us-

ing a chatbot before, all of them discussed the importance of tailor-

ing the amount and type of information to make the interactions

useful. Most liked the convenience of a chatbot being accessible on

their phone or having all of their health information in one location.

However, many also did not want the chatbot to interrupt day-to-

day activities.

DISCUSSION

Chatbot-related needs for medication self-management in patients

with hypertension were consistent with needs identified in prior re-

search on medication adherence and self-management.7–12 Our re-

search extends these perspectives by providing additional

understanding and nuance around leveraging chatbots specifically

for hypertension self-management as the user experience is different

for this technology compared with mobile apps and text messaging

interventions. Overall, participants had generally positive attitudes

toward medication self-management interventions delivered via

chatbots. While most had not previously used chatbots, almost all

perceived the conversational nature to be potentially helpful for var-

ious self-management tasks such as tracking medications, refills,

blood pressures, or communicating with care team members. Many

believed chatbots would be valuable if tailored and compatible with

patient portals, pharmacy apps, or health tracking apps. However,

participants expressed several concerns with chatbots providing too

much information, messages about lifestyle modifications being de-

manding, invading their privacy, and usability issues with interact-

ing with chatbots on smartphone screens which are typically smaller

than tablets or personal computers.

Our study revealed several design recommendations and implica-

tions for hypertension medication self-management conversational

interfaces and user experiences. Patient perspectives varied across

health-related and sociodemographic characteristics. Patients who

were younger and taking fewer medications seemed more curious

and interested in using a chatbot for hypertension self-management.

Table 3. Perceptions and perceived frequency of use of a chatbot

Representative selected quotes

Themes for perceptions

Similarities to existing apps “I go through MyChart now to do most of [the appointment scheduling], and I guess that’s kind of

like a chatbot.” (P1)

“It reminded me of the United Health app. That’s pretty neat.” (P6)

Curiosity about chatbots “Is this being used at all, or are we totally in testing mode for this thing?. . .It’s pretty fascinating

stuff.” (P5)

“I like that—do they have it already?. . .I don’t want to miss it, and not be able to have something

like that.” (P7)

Humanlike “It was like you were just texting a friend, so it looked friendly and inviting.” (P3)

“You would think really that you were talking to a person in a lot of ways.” (P14)

Themes for perceived frequency of use

Daily “I would probably use it on a daily basis, almost. It’s right there on the phone. . .I’d love to try it.”

(P7)

“I wouldn’t mind [using it] every day. I have a lot of apps that I interact with every day.” (P15)

Weekly to monthly “It would be useful if I could decide how much stuff I’m getting. . .For the health tips, maybe once or

twice a week. . .” (P11)

“Every few weeks would be fine unless I really had some follow-up stuff to do or if I was having a

problem” (P10)

Rarely to never “I probably wouldn’t use it. . .I would find it unnecessary because I think I have under control what I

can control.” (P13)

“I’m sure there are folks who take advantage of things like that. Maybe at some point I would, but

right now, no. . .If things start getting too hectic, [I need to] slow down. . .” (P2)
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These findings are in accordance with the Unified Theory of Accep-

tance and Use of Technology, which demonstrates that age is a mod-

erator of one’s acceptance and behavioral intention to use a

technology.42 Some older adults described limited use of their smart-

phone given the small screen or inability to keep track of it, which

suggests the need to explore interfaces for these populations that

better fit their needs (ie multimodal or voice-based). A few older

adults desired to use new technologies, such as Amazon Alexa, and

reported that younger relatives taught them how to use it. Providing

technical assistance for older adults has demonstrated improvements

in health technology adoption,52 and should be considered in the de-

sign and implementation of systems targeted toward older popula-

tions.

Similar to prior research, the ability for individuals to personal-

ize nearly all aspects of the chatbot was important to patients, in-

cluding content, frequency of receipt information and reminders,

tone of language, and type of feedback.53 Several participants in our

study discussed the type of feedback and conversation they would

have with the chatbot, which differed across participants. Some pre-

ferred to have a more active coaching style based on their estab-

lished routines, self-efficacy, confidence, or duration of

hypertension, while others felt it might be too intrusive. Since hyper-

tension requires continual self-management, effective conversational

agents must be able to store extensive information about user prefer-

ences and routines, and potentially evolve conversations based on

goals, self-efficacy, and health status. Several participants personi-

fied the chatbot and described it as “friendly” or “like talking with a

friend.” Human-sentiment norms are present in human–agent inter-

actions, and people have a natural propensity for interacting with

computers as if they were people.54, 55 For example, people perceive

computers as more likeable when flattered or humored by them.55

This suggests that conversational agents should not only provide tai-

lored self-management content, but also employ appropriate rela-

tional social dialogues.27

To maximize utility, it is important to consider whether tethering

chatbots to other applications to integrate health information from

portals, pharmacies, or other health apps may improve the user ex-

perience or self-care tasks. For example, chatbots could provide en-

hanced interactions by contextualizing data, such as number of daily

steps taken from a physical activity tracker or a lab result from the

patient portal, into actionable lifestyle changes to improve hyperten-

sion control. A survey of physicians found overall positive percep-

tions toward chatbots being able to support and motivate patients,56

though barriers and facilitators of integration within clinical settings

has not been well-studied to date. Safety and the quality of informa-

tion provided in chatbots should also be assessed before deploy-

ment.57, 58 Incorporating linguistic data from chatbots, mapping

these data to existing terminologies, and interoperability within

other technologies are also needed if chatbots are integrated into

clinical workflows. As with incorporating any type of patient-

Table 4. Barriers and facilitators of a chatbot for hypertension medication self-management

Representative selected quotes

Themes for barriers

Cell phone issues “I can go to MyChart, but I normally do that on the big computer. It’s just kind of aggravating

on my smartphone. I don’t know how that [chatbot] might be.” (P7)

Too much information or not useful information “It just felt like it was annoying, had too much information, and I didn’t want look at it cause

it’s too many things to go through. . .” (P11)

“To open the computer or iPad to get additional health information would be unnecessary be-

cause I’m pretty conscientious with my medicine.” (P13)

Making demands “It’s either going to be a good conversation with the chatbot or it could get a little lippy if I put

some weight on, in which we would reduce the chatbot usage to once a week.” (P4)

“Telling me, ‘Don’t eat that burrito. There’s too much salt.’. . .I don’t want to go to my iPhone

to ask if I can eat my burrito.” (P1)

Invasion of privacy “I’m not going see a message on my TV that [says] ‘Did you take your medicine?’ or Alexa’s

not going to tell me, ‘You better check your phone.’ I get creeped out when technology is

intrusive.” (P10)

“I have one of those Google speakers at home. I unplug it when I’m home because sometimes

I’ve had a conversation and it picks it up. The next thing you know I’m getting

advertisements. . .as long as it wasn’t intrusive like that.” (P14)

Themes for facilitators

Customizability “If you could check some boxes of things you like and don’t want. . .You could check: I want

tips daily, weekly, monthly, no tips, or I want reminders every day for checking my blood

pressure.” (P11)

“I imagine she will pop up on my phone and say ‘Take your meds,’ ‘It’s time for a refill,’ or

‘You don’t have refills left’. . .There should be some flexibility in scheduling it like there is

with your calendar.” (P8)

Convenience “I think it’d be helpful with managing my health. . .It’d be nice to have it all in one place on my

phone to use it whenever needed.” (P10)

“It’s more like a health coach instead of me waiting for somebody to call me. . .I miss the call,

call back, and then I have to go through many things to get to the person. I think that would

be a little bit more helpful because I’m not trying to run someone down.” (P6)

Unobtrusiveness “I prefer things to be as minimal and as automatic as possible. . .That’d be great if it’s stream-

lined and invisible.” (P1)

“I would be interested in some kind of way of recording stuff as long as it wasn’t so time con-

suming.” (P9)
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generated health data into care settings,59, 60 the relevancy and inter-

pretability of health professionals should also be assessed.

Limitations
The study sample was limited to adults with a smartphone or tablet

from a single geographic location in the Southeast, so these findings

may not reflect the perceptions among all adults with hypertension.

Moreover, those who agreed to participate may have had stronger

inclinations toward using new technologies and may not be repre-

sentative of all patient perspectives. As purposeful sampling is a

non-probabilistic sampling method used in qualitative studies, we

were unable to control for the potential influence of confounding

variables or differences in perceptions based on individual sociode-

mographic characteristics. Three participants (20%) reported prior

experience with a chatbot which might affect their perceptions and

perceived use. Although all participants watched a video of the same

example of a chatbot, those with no prior experience may have

found it more challenging to envision interactions with a chatbot.

The study sample also comprised a relatively older population, had

high levels of adequate health literacy, and above average medica-

tion self-efficacy in comparison with the U.S. adult population,

which may somewhat limit generalizability.

CONCLUSION

Given the growing burden and national focus on hypertension con-

trol in the U.S., novel self-management and medication adherence

tools may help improve blood pressure control, which could be im-

pactful both for patients and health systems.61, 62 Although most

participants (80%) had never used a chatbot, the majority showed

interest in using a chatbot to help track their medications, refills,

blood pressures, or communicate with their care team. Our findings

contribute to a better understanding of user needs and perceptions

toward using a chatbot for hypertension self-management across in-

dividual characteristics, such as age, number of medications taken,

duration of diagnosis, and level of confidence about blood pressures

being under control. Being mindful of innate user differences and

preferences would help facilitate the design and development of

user-centered, personalized chatbot interventions. While the use of

chatbots for self-management is still an emerging research area,

chatbots have the potential to not only provide evidence-based

resources, but to also actively engage patients through longitudinal

conversations about their health information and goals. This re-

search can inform the future design and functionalities of conversa-

tional interventions to support hypertension medication self-

management. Additional investigation is needed to assess the usabil-

ity, optimal timing and type of support, appropriate dialogues and

interactions, effectiveness, and the privacy implications of chatbots.

FUNDING

Research reported in this publication was supported by the National

Institutes of Health’s National Center for Advancing Translational

Sciences through Grant Number UL1TR002489. The content is

solely the responsibility of the authors and does not necessarily rep-

resent the official views of the National Institutes of Health. AG

acknowledges funding support by National Institutes of Health Na-

tional Library of Medicine training grant 5T15LM012500-04.

AUTHOR CONTRIBUTIONS

AG and AC were responsible for overall study concept and design.

All authors contributed to the study design, interview guide, and

questionnaire development. AG was primarily responsible for data

collection. Qualitative analysis was conducted by AG, ZX, and SM.

Quantitative analysis was conducted by AG. AG was responsible for

the initial draft of the manuscript. All authors reviewed, edited, and

approved the final version.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Journal of the American

Medical Informatics Association online.

CONFLICT OF INTEREST

None declared.

DATA AVAILABILITY STATEMENT

The data underlying this article will be shared upon reasonable re-

quest to the corresponding author.

REFERENCES

1. Benjamin EJ, Muntner P, Alonso A, et al. American Heart Association

Council on Epidemiology and Prevention Statistics Committee and Stroke

Statistics Subcommittee. Heart disease and stroke statistics – 2019 update:

a report from the American Heart Association. Circulation 2019; 139

(10): e56–e528.

2. Kochanek KD, Murphy SL, Xu J, et al. Deaths: final data for 2017. Natl

Vital Stat Rep 2019; 68 (9): 1–77.

3. De Oliveira-Filho AD, Costa FA, Neves SJ, et al. Pseudoresistant hyper-

tension due to poor medication adherence. Int J Cardiol 2014; 172 (2):

e309–e310.

4. Bailey SC, Oramasionwu CU, Wolf MS. Rethinking adherence: a health

literacy–informed model of medication self-management. J Health Com-

mun 2013; 18 (suppl 1): 20–30.

5. Nwankwo T, Yoon SS, Burt V, et al. Hypertension among adults in the

United States: national health and nutrition examination survey, 2011–

2012. NCHS Data Brief 2013 (133): 1–8.

6. Burnier M, Egan BM. Adherence in hypertension. Circ Res 2019; 124 (7):

1124–40.

7. Rehman H, Kamal AK, Morris PB, et al. Mobile health (mHealth) tech-

nology for the management of hypertension and hyperlipidemia: slow

start but loads of potential. Curr Atheroscler Rep 2017; 19 (3): 12.

8. Thakkar J, Kurup R, Laba T, et al. Mobile telephone text messaging for

medication adherence in chronic disease: a meta-analysis. JAMA Intern

Med 2016; 176 (3): 340–9.

9. Xiong S, Berkhouse H, Schooler M, et al. Effectiveness of mHealth inter-

ventions in improving medication adherence among people with hyperten-

sion: a systematic review. Curr Hypertens Rep 2018; 20 (10): 86.

10. Dale LP, Dobson R, Whittaker R, et al. The effectiveness of mobile-health

behaviour change interventions for cardiovascular disease self-

management: a systematic review. Eur J Prev Cardiol 2016; 23 (8):

801–17.

11. Dayer LE, Shilling R, Van Valkenburg M, et al. Assessing the medication

adherence app marketplace from the health professional and consumer

vantage points. JMIR Mhealth Uhealth 2017; 5 (4): e45.

12. Ahmed I, Ahmad NS, Ali S, et al. Medication adherence apps: review and

content analysis. JMIR Mhealth Uhealth 2018; 6 (3): e62.

13. Beleigoli AM, Andrade AQ, Cancado AG, et al. Web-based digital health

interventions for weight loss and lifestyle habit changes in overweight and

8 JAMIA Open, 2021, Vol. 4, No. 2

D
ow

nloaded from
 https://academ

ic.oup.com
/jam

iaopen/article/4/2/ooab021/6236334 by guest on 17 April 2024



obese adults: systematic review and meta-analysis. J Med Internet Res

2019; 21 (1): e298.

14. Khan N, Marvel FA, Wang J, et al. Digital health technologies to promote

lifestyle change and adherence. Curr Treat Options Cardiovasc Med

2017; 19 (8): 60.

15. Parati G, Pellegrini D, Torlasco C. How digital health can be applied for

preventing and managing hypertension. Curr Hypertens Rep 2019; 21 (5):

40.

16. Ly KH, Ly A, Andersson G. A fully automated conversational agent for

promoting mental well-being: a pilot RCT using mixed methods. Internet

Interv 2017; 10: 39–46.

17. Fitzpatrick KK, Darcy A, Vierhile M. Delivering cognitive behavior ther-

apy to young adults with symptoms of depression and anxiety using a fully

automated conversational agent (Woebot): a randomized controlled trial.

JMIR Ment Health 2017; 4 (2): e19.

18. Schroeder J, Wilks C, Rowan K, et al. Pocket skills: a conversational mo-

bile web app to support dialectical behavioral therapy. In: proceedings of

the 2018 CHI Conference on Human Factors in Computing Systems;

Montreal QC, Canada. 2018; 398.1–15.

19. Bickmore T, Gruber A, Picard R. Establishing the computer-patient work-

ing alliance in automated health behavior change interventions. Patient

Educ Couns 2005; 59 (1): 21–30.

20. Chaix B, Bibault J, Pienkowski A, et al. When chatbots meet patients: one-

year prospective study of conversations between patients with breast can-

cer and a chatbot. JMIR Cancer 2019; 5 (1): e12856.

21. Schachner T, Keller R, Wangenheim F. Artificial intelligence-based con-

versational agents for chronic conditions: systematic literature review. J

Med Internet Res 2020; 22 (9): e20701.

22. Laranjo L, Dunn AG, Tong HL, et al. Conversational agents in healthcare:

a systematic review. J Am Med Inform Assoc 2018; 25 (9): 1248–58.

23. Jurafsky D, Martin J. Speech and Language Processing: An Introduction

to Natural Language Processing, Computational Linguistics, and Speech

Recognition. 2nd ed. Upper Saddle River, NJ: Pearson Prentice Hall;

2009.

24. Weizenbaum J. ELIZA—a computer program for the study of natural lan-

guage communication between man and machine. Commun ACM 1966;

9 (1): 36–45.

25. Lucas GM, Rizzo A, Gratch J, et al. Reporting mental health symptoms:

breaking down barriers to care with virtual human interviewers. Frontiers

in Robotics and AI. 2017; 4 (51): 256–64.

26. Guy I. Searching by talking: analysis of voice queries on mobile web

search. In: proceedings of the 39th International ACM SIGIR Conference

on Research and Development in Information Retrieval; July 17–21,

2016; Pisa, Italy.

27. Bickmore T, Giorgino R. Health dialog systems for patients and consum-

ers. J Biomed Inform 2006; 39 (5): 556–71.

28. Klein J, Moon Y, Picard RW. This computer responds to user frustration:

theory, design, and results. Interact Comput 2002; 14 (2): 119–40.

29. Scholten MR, Kelders SM, Gemert-Pijnen JEV. Self-guided web-based

interventions: scoping review on user needs and the potential of embodied

conversational agents to address them. J Med Internet Res 2017; 19 (11):

e383.

30. Provoost S, Lau HM, Ruwaard J, et al. Embodied conversational agents in

clinical psychology: a scoping review. J Med Internet Res 2017; 19 (5):

e151.

31. Hoermann S, McCabe KL, Milne DN, et al. Application of synchronous

text-based dialogue systems in mental health interventions: systematic re-

view. J Med Internet Res 2017; 19 (8): e267.

32. Persell SD, Peprah YA, Lipiszko D, et al. Effect of home blood pressure

monitoring via a smartphone hypertension coaching application or track-

ing application on adults with uncontrolled hypertension a randomized

clinical trial. JAMA Netw Open 2020; 3 (3): e200255.

33. Migneault JP, Dedier JJ, Wright JA, et al. A culturally adapted telecommu-

nication system to improve physical activity, diet quality, and medication

adherence among hypertensive African-Americans: a randomized con-

trolled trial. Ann Behav Med 2012; 43 (1): 62–73.

34. NIH Office of Behavioral and Social Sciences. Best practices for mixed

methods research in the health sciences. 2nd ed. Bethesda: National Insti-

tutes of Health; 2018.

35. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualita-

tive research (COREQ): a 32-item checklist for interviews and focus

groups. Int J Qual Health Care 2007; 19 (6): 349–57.

36. Arcaya MC, Figueroa JF. Emerging trends could exacerbate health inequi-

ties in the United States. Health Aff 2017; 36 (6): 992–8.

37. Pew Research Center. Demographics of internet and home broadband us-

age in the United States. 2019. https://www.pewresearch.org/internet/

fact-sheet/internet-broadband/. Accessed April 12, 2020.

38. Guest G, Bunce A, Johnson L. How many interviews are enough?: an ex-

periment with data saturation and variability. Field Methods 2006; 18 (1):

59–82.

39. Saunders B, Sim J, Kingstone T, et al. Saturation in qualitative research:

exploring its conceptualization and operationalization. Qual Quant

2018; 52 (4): 1893–907.

40. World Health Organization. Adherence to Long-Term Therapies: Evi-

dence for Action. 2003: 27–38.

41. Fisher WA, Fisher JD, Harman J. The information-motivation-behavioraI

skills model: a general social psychological approach to understanding

and promoting health behavior. In: Suls J, Wallston KA, eds. Blackwell Se-

ries in Health Psychology and Behavioral Medicine. Social Psychological

Foundations of Health and Illness. NJ, USA: Blackwell Publishing; 2003:

82–106.

42. Venkatesh V, Thong JYL, Xu X. Consumer acceptance and use of infor-

mation technology: extending the unified theory of acceptance and use of

technology. MIS Quarterly 2012; 36 (1): 157–78.

43. Chew LD, Bradley KA, Boyko EJ. Brief questions to identify patients with

inadequate health literacy. Fam Med 2004; 36 (8): 588–94.

44. Patient-Reported Outcomes Measurement Information System. Self-

efficacy for managing medications and treatments—short form 8a. 2016.

http://www.healthmeasures.net/administrator/components/com_instru-

ments/uploads/PROMIS%20SF%20v1.0%20-%20Self-Effic-Manag-

Meds%208a_8-5-2016.pdf. Accessed August 5, 2019.

45. Matza LS, Park J, Coyne KS, et al. Derivation and validation of the

ASK-12 adherence barrier survey. Ann Pharmacother 2009; 43 (10):

1621–30.

46. University of Arkansas for Medical Sciences Center for Health Literacy.

Patient health literacy measures. 2017. https://afmc.org/wp-content/

uploads/2017/01/Literacy-Tools-UAMS-CHL-DHS-2017.pdf. Accessed

August 5, 2019.

47. Pact Care BV. Florence—Your health assistant. 2019. https://florence.

chat/. Accessed August 1, 2019.

48. Pact Care BV. Florence. 2018. https://www.youtube.com/watch?time_

continue¼60&v¼BtqJaHv53g0. Accessed August 1, 2019.

49. QSR International. NVivo. 2020. https://www.qsrinternational.com/

nvivo-qualitative-data-analysis-software/home. Accessed September 9,

2019.

50. Guest G, MacQueen KM, Namey EE. Applied Thematic Analysis. Thou-

sand Oaks, CA: Sage Publications, Inc; 2012.

51. Cohen J. A coefficient of agreement for nominal scales. Educ Psychol

Meas 1960; 20 (1): 37–46.

52. Hoque R, Sorwar G. Understanding factors influencing the adoption of

mHealth by the elderly: an extension of the UTAUT model. Int J Med In-

form 2017; 101: 75–84.

53. Kocaballi AB, Berkovsky S, Quiroz JC, et al. The personalization of con-

versational agents in health care: systematic review. J Med Internet Res

2019; 21 (11): e15360.

54. Reeves B, Nass C. The Media Equation: How People Treat Computers,

Television, and New Media Like Real People and Places. New York, NY:

Cambridge University Press; 1996.

55. Morkes J, Kernal HK, Nass C. Humor in task-oriented computer-medi-

ated communication and human-computer interaction. CHI 98 Confer-

ence Summary on Human Factors in Computing Systems; April 18–23,

1998; Los Angeles, CA.

JAMIA Open, 2021, Vol. 4, No. 2 9

D
ow

nloaded from
 https://academ

ic.oup.com
/jam

iaopen/article/4/2/ooab021/6236334 by guest on 17 April 2024

https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
http://www.healthmeasures.net/administrator/components/com_instruments/uploads/PROMIS&hx0025;20SF&hx0025;20v1.0&hx0025;20-&hx0025;20Self-Effic-ManagMeds&hx0025;208a_8-5-2016.pdf
https://afmc.org/wp-content/uploads/2017/01/Literacy-Tools-UAMS-CHL-DHS-2017.pdf
https://afmc.org/wp-content/uploads/2017/01/Literacy-Tools-UAMS-CHL-DHS-2017.pdf
https://florence.chat/
https://florence.chat/
https://www.youtube.com/watch?time_continue=60&hx0026;v=BtqJaHv53g0
https://www.youtube.com/watch?time_continue=60&hx0026;v=BtqJaHv53g0
https://www.youtube.com/watch?time_continue=60&hx0026;v=BtqJaHv53g0
https://www.youtube.com/watch?time_continue=60&hx0026;v=BtqJaHv53g0
https://www.youtube.com/watch?time_continue=60&hx0026;v=BtqJaHv53g0
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home


56. Palanica A, Flaschner P, Thommandram A, et al. Physicians’ perceptions

of chatbots in health care: cross-sectional web-based survey. J Med Inter-

net Res 2019; 21 (4): e12887.

57. Bickmore TW, Trinh H, Olafsson S, et al. Patient and consumer safety

risks when using conversational assistants for medical information: an ob-

servational study of Siri, Alexa, and Google Assistant. J Med Internet Res

2018; 20 (9): e11510.

58. McGreevey JD, Hanson CW, Koppel R. Clinical, legal, and ethical aspects

of artificial intelligence-assisted conversational agents in health care.

JAMA 2020; 324 (6): 552–3.

59. Office of the National Coordinator for Health Information Technology.

Conceptualizing a data infrastructure for the capture, use, and sharing of

patient-generated health data in care delivery and research through 2024.

2018. https://www.healthit.gov/sites/default/files/onc_pghd_final_white_

paper.pdf. Accessed August 1, 2019.

60. Abdolkhani R, Gray K, Borda A, et al. Patient-generated health data man-

agement and quality challenges in remote patient monitoring. JAMIA

Open 2019; 2 (4): 471–8.

61. National Committee for Quality Assurance. Controlling high blood pres-

sure. 2018. https://www.ncqa.org/hedis/measures/controlling-high-blood-

pressure. Accessed August 1, 2019.

62. Centers for Medicare and Medicaid Services. Medicare 2020 Part C &

D Star Ratings Technical Notes. 2019. https://www.cms.gov/Medi-

care/Prescription-Drug-Coverage/PrescriptionDrugCovGenIn/Down-

loads/Star-Ratings-Technical-Notes-Oct-10-2019.pdf. Accessed

October 1, 2020.

10 JAMIA Open, 2021, Vol. 4, No. 2

D
ow

nloaded from
 https://academ

ic.oup.com
/jam

iaopen/article/4/2/ooab021/6236334 by guest on 17 April 2024

https://www.healthit.gov/sites/default/files/onc_pghd_final_white_paper.pdf
https://www.healthit.gov/sites/default/files/onc_pghd_final_white_paper.pdf
https://www.ncqa.org/hedis/measures/controlling-high-blood-pressure
https://www.ncqa.org/hedis/measures/controlling-high-blood-pressure
https://www.cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDrugCovGenIn/Downloads/Star-Ratings-Technical-Notes-Oct-10-2019.pdf
https://www.cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDrugCovGenIn/Downloads/Star-Ratings-Technical-Notes-Oct-10-2019.pdf
https://www.cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDrugCovGenIn/Downloads/Star-Ratings-Technical-Notes-Oct-10-2019.pdf



