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Abstract
Background: Chronic disease management and maintaining

healthy behaviors to prevent disease are important lifelong

considerations. Adherence to prescribed management and

behaviors often falls short of physician recommendations,

which can result in negative health outcomes. Information

communication technologies (ICTs) offer an approach to

combat this issue. However, uptake and sustainability of ICTs

have mixed results. One reason could be that technologies are

often created without an understanding of the complexities of

patient needs. Therefore, the intent of this study is to explore

the current landscape of patient-centered design and develop-

ment of health ICTs through a systematic review.

Materials and Methods: Systematic literature searches were

conducted in the databases EBSCO, PubMed, and Web of

Science between October 2016 and February 2017. Each

paper was critically evaluated for each data extraction clas-

sification, and was categorized based on the chronic disease

or health focus, method of patient-centered design, resulting

themes, and use of theory.

Results: The study search resulted in 3,748 articles total. After

duplicates and articles not meeting criteria were removed, 57

articles were selected for assessment. Four main themes emerged:

participant experience, technological requirements, behavioral

and knowledge components, and social components.

Conclusions: Adhering to chronic disease management and

healthy behaviors are both crucial to attain positive health out-

comes. ICTs can play an interesting role in aiding disease man-

agement and healthy behavior promotion, but involving end-

users and applying a theoretical foundation in the design and

development of these technologies should be considered.

Keywords: e-health, m-health, technology, telemedicine,

telecommunications

Introduction

A
n estimated 5.5 million individuals in the United

States live with one or more chronic disease(s),

which often have long-lasting impacts on individ-

uals throughout their life span.1,2 In addition to

chronic disease management, healthy behaviors to prevent

and manage disease are important lifelong considerations for

most adults.3 Adherence to prescribed disease management

and healthy behaviors tends to fall short of physician rec-

ommendations.4 Possible explanations include a lack of

knowledge, low efficacy, and cost of management.5 Increas-

ing knowledge and efficacy are important components in

improving health outcomes.6,7 Therefore, creating an enjoy-

able and cost-effective way to increase knowledge, efficacy,

and ultimately improve adherence is imperative to better

health outcomes.8,9 One cost-effective method to help combat

poor outcomes in these dimensions is through the use of in-

formation communication technologies (ICTs).10

ICTs are at the forefront of health care today and are nearly

ubiquitous in the United States, with*77% of adults having a

smartphone.11,12 Health care providers often recommend ICTs

for their patients’ chronic disease management.13,14 Studies

show that using technologies can positively impact treatment

adherence rates.15,16 However, uptake and long-term sus-

tainability of use have mixed results.17,18 One reason could be

that these technologies are often created by companies that

may not understand the complexities of health or patient

needs.17,19,20

Incorporating end-users throughout the design and devel-

opment process is not very common, but has great potential

for creating effective ICTs.21 Evaluating usability and satis-

faction of already developed health ICTs is more common, and

results are generally positive.22–24 However, involving pa-

tients earlier in the process and using their feedback in design

and development can ensure functionality, usability, en-

gagement, and ultimately increase the potential for impacting

health outcomes.21,25

In addition to the patient perspective, theory may play an

important role in the development of effective ICTs. Theory is

frequently incorporated into study design because it helps

provide explanations rather than solely predictions on the
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effectiveness of interventions.26 In the case of ICTs, the impact

of incorporating theory into the design and development re-

mains in question. However, integrating theory into the de-

sign and development of ICTs should have the potential to

offer explanations on outcomes in a similar manner to theory

use in study design. Therefore, authors also sought to uncover

the prevalence of theory use for design and development of

health-related ICTs to begin understanding the extent to

which theory can be beneficial in this context.

Methods
For the purpose of this review, the authors focused partic-

ularly on patient-centered, formative research methods used

to develop health ICTs for patients. Consequently, the majority

of the studies meeting criteria did not provide quantitative

health outcomes. Therefore, a meta-analysis was not con-

ducted and instead, descriptive themes were generated to

explore the current landscape of patient-centered design and

development of health ICTs.27 This review was conducted and

reported in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) statement

(see checklist in Supplementary Appendix A).

The overall review questions are as follows: (1) What

methods are being used to engage end-users in development

of health-related ICTs (i.e., workshops, focus groups, etc.)? (2)

How involved are end-users in the stages of development (i.e.,

one phase or multiple phases of development)? (3) What types

of feedback are users providing (i.e., usability, health-related

suggestions, communication-related suggestions)? (4) What

theories are being used in design and development of ICTs?

Supplementary Appendix B.I includes our research questions

and provides definitions of categories.

ELIGIBILITY CRITERIA

For inclusion in this systematic review, studies had to (1)

develop an ICT to test its impact on a chronic disease or

healthy behavior of patients; (2) use patient-centered methods

to develop the ICT; (3) have patients as end-users; and (4) be

published in English. For further description of inclusion

criteria, see Supplementary Appendix B.II.

We used a modified definition of ICTs for this review: the

application of organized knowledge and skills in the form of

personal technology devices that have been developed to

solve a health problem and improve quality of lives.28,29 In

addition, for this review, the health ICT must be developed for

patients and be used to test its impact on a chronic disease or

for the health of patients. Some examples of chronic disease

include, but are not limited to, asthma, diabetes, and cancer.

Finally, to be considered a patient-centered design method,

ICTs must be designed to incorporate features that matter to

patients,30 and that directly involve end-users during the

design and development stages to provide insight into ques-

tions of context and usefulness.31

SEARCH STRATEGY
Systematic literature searches were conducted in three da-

tabases, including EBSCO, PubMed, and Web of Science. In-

itial searches of these databases were conducted between

October 2016 and February 2017. Search terms included

combinations of key words using the Boolean operator AND

(see Supplementary Appendix C for full list of terms). There

was no exclusion parameter on the dates of publication. Re-

ferences of the articles found through the databases were hand

searched to extract all relevant articles. Two coders (K.M.M.,

A.M.) independently reviewed the full list of articles to iden-

tify which met the specific inclusion criteria. To know the

major variables assessed during data extraction, see Supple-

mentary Appendix B.III.

DATA EXTRACTION

Data extracted included (1) article title, author, and publi-

cation year; (2) number of participants; (3) participants’ age;

(4) the chronic disease of focus; (5) a description of the tech-

nology; (6) a description of the patient-centered methods used

to develop the technology; (7) the number of stages or itera-

tions of design and development; and (8) use of theory. During

the process of establishing reliability, the coding scheme was

refined and explicated as necessary. Once reliability was es-

tablished (Krippendorff’s alpha >0.8 for each coded item), any

discrepancies between the two reviewers were subject to

multiple reviews, and then settled by consensus.32

DATA ANALYSIS
A meta-analysis was not performed because of the variety

of chronic diseases, technologies, and themes assessed. In-

stead, researchers focused on generating descriptive themes

to evaluate the articles. Systematic methods were used to

summarize the findings, but the results of all of the studies

reviewed were not statistically combined.33 Rather, each

paper was critically evaluated for each data extraction

classification, and categorized based on chronic disease or

health focus, method of patient-centered design, resulting

themes, and use of theory.

Results
STUDY SELECTION

The study search resulted in 3,748 articles, with 1,350 un-

ique articles after duplicates were removed. An additional ‘‘by
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date’’ search of the databases was done to capture additional

articles that were published between March 2017 and July

2017, which provided an additional 126 unique articles, re-

sulting in 1,476 articles. Of those, 95 were full-text articles

with abstracts describing patient-centered design of a tech-

nology for patients. The 95 studies were narrowed further

during full article review as many did not meet criteria upon

detailed examination. Once study selection was complete, 57

articles were selected for assessment. See Figure 1 for the

study selection flow chart.

STUDY CHARACTERISTICS
Each study was evaluated using multiple criteria, including

number and age of participants, chronic disease or healthy

behavior of focus, description of technology, description of

patient-centered methods, number of iterations, and theory

use. Study characteristics are discussed below and can be

found in Supplementary Appendix D.

Participants. The number of participants in the studies ran-

ged from 3 to 59. Most studies (39%) included £15 partici-

pants.13,21,34–53 Fourteen studies had >15 but <25

participants,54–67 and 14 studies had between 26 and 59

participants.68–81 Three studies described the population but

did not include the number of participants.82–85 Forty-four

percent of participants from all studies combined identified as

female, and participants’ age ranged from 5 to 78 years

(M = 39.14, SD = 20.47). All participants had a chronic disease

or the need to focus on a healthy behavior for which the

technology was developed to impact. Each of the chronic

diseases and healthy behaviors are included in the following

section.

Health technologies. Twenty-three chronic dis-

eases or healthy behaviors were the focus of the

designed technology in the assessed studies.

Healthy behaviors included weight man-

agement,62,71,72 medication adherence and

education,34,85 skin care,86 healthy behaviors

for geriatric patients,64,73,80,83 postoperative

health considerations,38,45,65 and sexual

health.39,47,79,84 Chronic diseases included

cancer,35,50,53,54,59,69,74,82 gout,36 lung disease,21,63

mental health,41,49,76,77 HIV,46,66 diabetes and

kidney disease,13,42,43,51,55–57,61,68,70,78,81 ar-

thritis,44 amblyopia,48 cardiovascular disease,52

lupus,58 autism,40 and chronic pain.37,60,67,75

The types of technologies that were created

varied among the studies, and included a mobile

app,13,21,34,35,37,42–44,46,57,58,60,63,65–72,74,77–80,82,84,86

computer or tablet software,36,45,50,54,59,73,76,83,84

website or web application,43,44,48,52,53,67 per-

sonal health assistant,38,55,56,81 and a video

game.61,85 A handful of studies (11%) sim-

ply indicated they were developing an e-

health tool but did not give further details

about the technology.40,47,49,51,62,64 The main

purpose of the technology was also assessed.

Self-management was the focus for many

studies (28%),13,35,36,43–46,52,55,56,63,64,67,68,72,73

followed closely by education (25%)34,39,42,

47,48,53,59,61,66,67,79,83,85,86 and self-monitoring

(23%).21,37,51,57,60,62,65,67,70,71,78,80,81 Addi-

tional purposes included increasing commu-

nication,54,59,65,75 remote monitoring,40,50,74,82Fig. 1. Study selection flowchart.
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social networking and social support,38,41,43,58,69,76,79,84 and

prevention.77

Patient-centered methods. Of the 57 studies reviewed, 15

(26%) included focus groups,13,36,37,52,55,56,59,60,67,69–72,83,86

13 (23%) interviews,21,39,40,42,43,45,48,50,54,62,74,81,82 11 (19%)

workshops,41,44,46,49,53,58,61,63,65,80,85 and 2 (3%) disseminated

surveys.43,77 Ten (18%) studies used a mixture of these

methods,38,47,51,57,64,66,75,76,78,79 and 5 (9%) studies were not

explicit with their definition of patient-centered methods, but

stated that end-users gave feedback on the design and de-

velopment of the ICT.34,35,68,73,84

Among the 15 studies that included focus groups, the ma-

jority used semistructured methodology to gather feedback on

health and technology. The groups varied in size and duration,

with many studies not disclosing the number of participants or

the duration. The interviews varied slightly among the 13

studies, and included both in-person and phone surveys. The

interviews varied in time, and many studies did not note the

length of the interview. The workshops were very different

among the studies assessed. One study used a think-aloud

protocol during the workshop,81 while other studies held group

discussions to generate ideas for content46,58 and general de-

sign.63 Another study held design sessions to specifically help

create the style of characters and the background.66

The majority of the studies had one to three phases of

patient-centered contribution to the design and development

of the technology.13,21,35–37,39,40,43–47,49–51,53,55–57,59–61,63–65,

67,68,70,72–77,82,84,86 Some (23%) studies had between four and

six phases,34,38,41,42,48,52,54,62,66,69,71,79,80 and three studies

had seven or more phases.58,83,85 Two studies included purely

concept and design generation, followed by an evalua-

tion,43,44 but all of the other studies were much more involved

and included multiple phases that built on the feedback from

the previous phase. For example, a mobile app for menopause

included an initial round of workshops, focus group inter-

views, storyboard prototyping, individual interviews, and

analysis.79

STUDY OUTCOMES
Four main themes emerged from the assessed studies, in-

cluding participant experience, technological requirements,

behavioral and knowledge components, and social compo-

nents. In addition, authors assessed if design and development

was guided by theory.

Feedback theme 1: participant experience. Participant experi-

ence was a reoccurring theme within many of the studies

(25%). Participant experience fell into two main categories

with associated subthemes: experiences with the particular

disease or healthy behavior, and experiences with different

types of technologies.

PARTICULAR DISEASE OR HEALTHY BEHAVIOR. This subtheme

included topics such as (1) the impact of the disease, (2) any

existing coping strategies, (3) current medical practices, (4)

barriers to care, and (5) existing communication with care-

givers or others.

The impact of the disease was assessed in two studies by

gathering participant feedback on daily life with a particular

disease. For example, the studies included qualitative inter-

views to explore different aspects of the individuals’ daily life

with type 1 diabetes.13,42 This information was used to es-

tablish a deeper understanding of users’ needs. Existing cop-

ing strategies and current medical practices were subthemes

that emerged from this review.37,42,43,55,69,75 Current planning

processes for care visits were assessed in one study, with

participant feedback helping to develop a tablet-based wait-

ing room tool that enables complex patients to identify and set

discussion topic priorities for their primary care visit.75 In

addition, feedback on current disease screening and chal-

lenges with screening processes fell into this subtheme. With

this information, an e-health tool was created.47 Three studies

mentioned gathering feedback regarding current practices,

including medication adherence and how they coped with

management.43,55,69 This information helped develop tech-

nologies with a goal to positively impact current practices and

increase adherence and coping. Barriers to care was another

subtheme mentioned in many of the studies.34,43,47,55,67,72,83

The information gathered related to barriers was considered to

create technologies aimed at reducing barriers to care. Finally,

participants’ existing communication with caregivers was

also assessed in three studies.13,69,75 This feedback helped

create an understanding of the communication landscape of

patients with others related to their disease management or

healthy behaviors.

PARTICIPANT EXPERIENCES WITH TECHNOLOGIES. One study

delved into participants’ experiences and usage of mobile and

computer technology, and how they have used different

health technologies since their diagnosis.42 Others asked basic

questions related to current electronic device use.13,43,69

Feedback theme 2: technological requirements. A majority of

the studies received feedback about end-users’ technological

requirements. Feedback included (1) customization, (2) sug-

gestions for content, (3) design and organization, (4) literacy,

(5) support for using the technology, (6) security concerns, and

(7) barriers to use.

PATIENT-CENTERED ICTS

ª M A R Y A N N L I E B E R T , I N C . � VOL. 25 NO. 11 � NOVEMBER 2019 TELEMEDICINE and e-HEALTH 1015

D
ow

nl
oa

de
d 

by
 M

ic
hi

ga
n 

St
at

e 
U

ni
v 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

7/
12

/2
1.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



The ability to tailor and customize the health technology to

the individual was the top noted technological request of the

participants, and was mentioned as a requirement across all

assessed studies. Customization included the following things:

editable blood glucose ranges,13 tailored reminder and man-

agement systems,21,57,62 access to personal health summary

data,59 and ability to set personal goals.51 Findings also

pointed to a need for several customized features to support

self-monitoring and management,21,62,67,74 including medica-

tion reminders and prescription renewals.37,50 Participant

suggestions for content, design, and organization were a focus

of nine studies, and included large buttons and letters,80 types

and quality of content,53,86 ability to share data,51 graphics,66

design preferences,36,76 and simplification of features.62 In one

study, children drew pictures of what features they wanted in-

cluded in an interactive computer-based communication tool.54

Four studies noted that including participant feedback in

design allowed for the creation of tools to positively impact

the health experiences of the users. This was encompassed as

the subtheme: support for using the technology. For example,

one study received positive feedback from their participants

that the app prototype would help with communication and

disease management.13 Participants in another study helped

researchers realize that technology has the potential to ad-

dress a wide range of issues, but that users must help in the

determination of the most important requirements.64 In ad-

dition, one study assessed the estimated usefulness of tech-

nology and general attitudes toward technology,76 and

another specifically on their interest in using the technolo-

gy.75 Although interest for using the technology by patients

was high in each of these cases, participants provided feed-

back on what would improve the technology.

Four studies mentioned barriers to technology use. Literacy

was mentioned as a potential barrier, and therefore, participants

recommended that development of the technologies should

consider computer, information, numerical, and visual litera-

cy.76,81 Another barrier mentioned is the violation of privacy,

with some participants citing their concerns with peers finding

out about their condition as a deterrent from utilization.38 Con-

cerns over security and the potential intrusiveness of personal

health information being displayed through technology were

cited by participants in two of the studies.38,55 Researchers noted

that these security concerns were considered when building the

technology. Although the other studies did not mention security

concerns, it is important to note because the development of any

technology should consider security ramifications.87

Feedback theme 3: behavioral and knowledge compo-

nents. Behavioral components included help with goal setting

and decision making. Knowledge components included edu-

cational information on (1) a particular disease or healthy

behavior, and/or (2) medication adherence.

Goal setting and help with decision making were mentioned

by participants in two of the studies as particularly important

to be included in the technology.51,70 For example, in one

study, participants requested a calendar for planning and goal

setting to track and manage their management tasks and

goals.44 Knowledge components in this theme included access

to information about a particular disease or healthy behavior

and/or medication. These components were cited by study

participants as crucial for inclusion in the health technology.

Treatment information was particularly important to partici-

pants in one study, who wanted to gather robust information

on treating lung cancer.50 In a second study, education

through a mobile app was requested to prepare for invasive

tests.35 In another study, educational materials and trusted

websites were wanted.37

Feedback theme 4: social components. Social components no-

ted by end-users as being important included forums for peer

support and creating a sense of community, communicating

with the medical care team, proper message development, and

advice and inspiration.

Contact with fellow patients or peers similar to the partic-

ipants was noted across studies as a necessary social compo-

nent to the technology.38,43,44,49,50,82 Participants wanted the

ability to discuss their health and participate in social support

among their peers. In addition, participants wanted to be held

accountable in a way that was nonjudgmental and not overly

time consuming.62 Communicating with the medical care

team and other caregivers is often highly important to pa-

tients. This review found that it was important to include

communication with doctors, medical staff, and other care-

givers in the technology.13,35,50,82 Participants did note,

however, that this communication platform should be

streamlined and easy to access. Message development was

also mentioned and included the types of messages appro-

priate for the system to deliver to the users.41 In addition,

customization of messages to be sent to certain individuals at

the appropriate time was noted by participants as being im-

portant, so that messages were most effective.

Participants were also interested in receiving advice regarding

their chronic disease from others who also have the disease and

from experts. For example, participants in one study wanted

expert recommendations included in a mobile app that provided

information on sun exposure and recommendations for sun

protection factor in sunscreen.86 Another study had participants

request advice and inspiration for eating vegetables.62
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THEORETICAL FOUNDATIONS
Thirteen articles assessed in this review used a theory di-

rectly in the design phase and to drive the focus of develop-

ment. Of the theories used, nine were social or behavioral

theories, including theories such as the health belief model,88

self-determination theory,89 and the transtheoretical model of

behavior change,90 and six were technological design or de-

velopment frameworks, including frameworks such as the ho-

listic framework for e-health technologies91 and the Center for

eHealth Research and Disease Management or CeHReS road-

map.92 See Supplementary Appendix E for the full list of the-

ories and a description of how the theory was used.

Discussion
Involving end-users throughout design and development

better ensures the development of an effective technology.19

Usability and satisfaction feedback from patients are critical in

evaluating and revising existing technologies93; however, it is

important that this feedback is not the first round of information

gathered from users. Going beyond usability and satisfaction,

researchers and developers should explore the wants and needs

of their target group through iterative, patient-centered feed-

back. Research has shown that to achieve optimal usability and

acceptance of the ICT, the patient perspective must be consid-

ered.17 In addition, evidence has shown that patient-centered

health care improves health outcomes, and therefore, there is

potential for patient-centered ICTs to have similar impacts.25

Utilizing a group that is representative of all users for a

particular technology is ideal to generalize the technology’s

effectiveness. The majority of the studies assessed in this re-

view used a small sample of patients. This is not unexpected,

as formative research methods are often time consuming and

expensive.94,95 However, it is important that researchers and

developers have an inclusive sample of perspectives, which

may mean larger feedback groups or more iterations of

feedback. In addition, researchers conducting and reporting

patient-centered studies should consider including specific

descriptions of their participants. As it was demonstrated in

this review, many studies have not included detailed partici-

pant demographics. This information can help other re-

searchers replicate and build from previous work and

therefore, should be included in future studies.

While adherence may be difficult to maintain, reminders

and treatment support can positively enforce proper man-

agement. Previous research supports the findings from this

review, in that reminders have been shown to improve short-

term adherence to medication and treatment and are deemed

important to patients.96,97 With the rapid development of new

technology, long-term improvements in adherence may be

achieved by combining time-based reminders and content-

based reminders.98 Understanding these issues from the pa-

tient perspective should help developers create engaging

technologies that aim to improve health.

Many Americans, even those with strong literacy skills,

often struggle to obtain and understand health information

due to complex text.99 Increased health-related knowledge

has the potential to positively impact health outcomes, in-

cluding adherence.100,101 Comprehensive, clear treatment in-

formation was particularly important to participants in the

studies reviewed. Therefore, developers should consider

patient-centered feedback to understand what education their

target population needs to improve knowledge and how best

to present that information through the ICT.

In addition, ICTs offer a way for patients to more effectively

communicate with their health care team. Patient–provider

communication is essential in creating patient-centered

ICTs.25 Participants’ existing communication with caregivers

was assessed in some of the studies in this review and is an

area undergoing extensive research. Previous research has

indicated that multiple forms of patient–provider communi-

cation are crucial for stronger health literacy, and that patient

participation typically brings positive health outcomes.102,103

Patients and caregivers alike perceive communication tools

such as web portals beneficial due to the convenience and

sense of reassurance they have with direct communica-

tion.104–106 However, as noted in the findings of this review,

the development of ICTs should consider security ramifica-

tions particularly for communication surrounding personal,

identifying medical information.87,107,108

Research has shown benefits in health outcomes for people

who have participated in support groups or other forms of peer

support.109 Peer support enforces positive behavior due to

their unique sense of community, information, and accep-

tance.110 Effective communication with a support system can

positively influence a patient’s healthy behaviors as it pro-

motes medication adherence and improves comprehension of

medical care information.111–114 There are several methods of

support used to enhance self-management such as goal setting

and help with decision making.115 Goal setting and help with

decision making were noted as important components for

users in many of the assessed studies. Research has shown the

benefits of setting small, attainable health goals and having

support in this endeavor.116

Many of the studies indicated that participants requested

technologies to be tailored and customized to fit the needs of

individual users. Past research in this area has shown that

patients pay more attention to information that is personally

relevant to them, and that it is more useful in aiding self-
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management than nontailored information.117 Customization

can be achieved by displaying the patients’ own information

and accompanying it with suitable methods of care based on

their specific needs. Using patient-centered design can help

developers understand what customization is important.

This review assessed studies that used theory to drive ICT

design and development. Using theoretical underpinnings to

develop interventions better ensures that evaluation of the

technologies may offer explanations, rather than simply

predictions for if the intervention was effective.26 This review

found that theory is considered for some design and devel-

opment of ICTs, but not many. Future work should evaluate if

use of theory impacted study results, and if there is a rela-

tionship between incorporating theory and patient-centered

design on health outcomes in use of ICTs.118

As with any systematic review, this review has some limi-

tations. First, it is possible that relevant research articles were

missed as a result of the specific search criteria. In addition,

many studies did not report participant demographics and

therefore, reports of demographics in this review are not in-

clusive of all assessed studies. Future work should include

descriptive participant demographic information. Not con-

ducting a meta-analysis may be a limitation of this work;

however, it is important to reiterate that the purpose of this

review was to understand the current landscape of patient-

centered design and development of ICTs to provide sugges-

tions for the future development of ICTs. Future work should

evaluate the outcomes of health ICT studies with and without

patient-centered design to assess if impacts vary between the

studies.

Conclusion
Chronic disease management and healthy behaviors are

necessary for promoting positive health outcomes. ICTs can

play an interesting role in aiding disease management and

healthy behavior promotion, but involving end-users in the

design and development of these technologies should be a

consideration. The results of this systematic review indicate

that participant experience, technology requirements, be-

havioral and knowledge components, and social components

are important considerations from the perspective of patients,

and should be considered in the design and development of

future ICTs. In addition, using a theoretical foundation for

design and development may impact the evaluation and

predictability of outcomes for these technologies.
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