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ABSTRACT

Objective: Diabetes self-management (DSM) education, social support, and information technology interven-

tions can improve patient engagement and health. A major challenge is animating, integrating, and accessing

resources in under-resourced, rural communities. Set in an island community in Hawai‘i, this study piloted a

program that integrated friend-and-family support, community health services, telehealth-enabled DSM educa-

tion, and mobile technologies by activating the community’s social capital to support the program.

Materials and Methods: An action research approach informed the design and implementation of a

community-based DSM program that included: friends and family support, telehealth classes, personalized con-

sultations, Bluetooth-enabled blood glucose monitors, and text messaging support. Outcomes were evaluated

using biometric data, surveys, interviews, and participant observations.

Results: The study spanned 9 months with 7 dyads, each with 1 individual with type 2 diabetes and a friend or

family member. Six of the 7 participants with diabetes experienced reduced hemoglobin A1c percentages, with

3 reducing by more than 1%. The seventh participant maintained a hemoglobin A1c level within American Dia-

betes Association recommended ranges. DSM knowledge and self-care behaviors improved overall. Interviews

and participant observations highlighted program strengths and social challenges associated with the interper-

sonal relationships between the members of the dyads.

Conclusions: A community-centric diabetes program can enhance understanding of diabetes etiology, DSM ac-

tivities, and communication skills for effective disease management support in under-resourced rural communi-

ties. Social capital among community members, leveraged with health information technology, can catalyze

and integrate limited health system resources for DSM and social support as a cost-effective strategy to develop

community-centric chronic healthcare management initiatives.
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INTRODUCTION

Diabetes self-management (DSM) involves understanding, monitor-

ing, and balancing interrelated effects such as blood glucose (BG)

levels, nutrition, exercise, and medication. Support resources include

education from healthcare providers with knowledge of the etiology

and treatment of diabetes, family and friends (F&F) who can

encourage and assist the person with diabetes (the patient), and
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information technologies (ITs) that assist in self-monitoring, on-go-

ing support, and education. These resources are limited in rural and

low socioeconomic status communities,1–3 which tend to have high

incidences of diabetes.4 This study looked beyond what such com-

munities lack to consider whether social capital, which often charac-

terizes these communities, might catalyze and integrate limited

health system and health IT resources (HITs) to better support DSM

behaviors and improve health outcomes.

DSM education and health IT
Education on the etiology of diabetes is essential for understanding

why DSM activities are helpful and also contributes to patient self-

efficacy and the belief that diabetes can be managed.5–7 DSM educa-

tion programs can help patients improve clinical outcomes and

behaviors.5,6 However, sustaining patient engagement and reducing

dropout rates due to cost, inconvenience, and dwindling interest are

persistent barriers to effective deployment.1–3 Moreover, access to

specialized healthcare services that can improve patient understand-

ing is limited in rural or remote communities.2,4 Previous research

supports the use of telehealth for medically underserved patients to

address these issues.6 Through video teleconferencing, patients and

families can gain access to certified diabetes educators, dieticians,

endocrinologists, and psychologists who may not be available in

their communities. In these ways, telehealth technologies can be key

resources to improve chronic care management,8,9 reduce healthcare

spending, and improve clinical outcomes.9

Health organizations, such as the U.S. Health and Medicine Di-

vision and the Agency for Healthcare Research and Quality, recom-

mend the use of HITs to support self-management of chronic

conditions.10 The American Diabetes Association’s recommenda-

tions for self-care include medication adherence, foot care, and BG

monitoring. Bluetooth-enabled BG monitors (glucometers) enable

patients to check blood levels and transmit results to an online data-

base accessible by patients and supporting stakeholders. Automatic

data transfer from glucometers to clinical databases are easier to use

and more accurate than traditional paper logging and self-reports

based on recall.11 Such remote monitoring can enable more efficient

support, such as reminders to take BG readings or to check in with

patients with high or low BG reports.12

Text messaging is another channel for communicating with

patients between visits by allowing for more frequent and targeted

communication. Text messaging systems have been associated with

increased self-efficacy in DSM,13–15 improved clinical measures,15,16

significantly reduced hemoglobin A1c (A1c) levels,6,12,17–20 and

improvements in self-health behaviors such as increasing medication

adherence and foot care.6,13,18 Text messaging interventions may

also increase self-awareness and control of diabetes, reinforce feel-

ings of success for staying on track with DSM activities, enhance

awareness and acceptance of the seriousness of diabetes, and foster

a feeling that someone cares.7,13,21

F&F support
Because F&F play critical social-support roles, scholars have argued

that diabetes should be considered a family, rather than an individ-

ual, disease.22 F&F participate in patient routines and may assist

with medication adherence, BG monitoring, and meal planning.22–

28 Diabetes is a generational disease, and someone who observes

family member complications may incorrectly believe that amputa-

tions, blindness, and renal failure are unavoidable outcomes.29 With

proper education and training, F&F can contribute to improvements

in patient self-efficacy, perceived social support, diabetes knowl-

edge, and self-care activities.23,28,30 Integrating F&F into DSM edu-

cation has been associated with reductions of A1c and

improvements in DSM activities.31–34 However, it is not yet fully

understood how to involve F&F in opportunities for engagement via

HIT, particularly in the specific roles, activities, quality and extent

of support, and interaction styles, which may contribute to positive

outcomes.20,23,27,28,31

Social capital
Though under-resourced and rural communities have limited access

to DSM-enhancing services and resources that can improve health

outcomes, they may have high levels of social capital.35,36 Lin37 de-

fined social capital in terms of “resources embedded in a social

structure which are accessed and/or mobilized in purposive actions”

and highlighted the community structures of the embedded resour-

ces, the opportunities for access through individuals’ purposive

actions, and the action-oriented mobilization by individuals.37 So-

cial capital includes a sense of community, formal and informal rela-

tionships, trust, and reciprocity.38–41 It influences the information

flow and community members’ social credentials and reinforces

relationships through common value perspectives and social

support.37,40,41

The World Health Organization identifies social capital as a key

element for creating health equity and well-being of individuals and

communities, while studies suggest social capital can be an impor-

tant factor in improved health outcomes.42 Of note, a culturally

adapted family-model DSM education intervention in a Marshallese

community resulted in significant reductions in A1c levels up to 1

year after the study.43 The family approach in may have been effec-

tive because of the collectivist nature of the Marshallese culture.44

However, research is needed to assess in what circumstances and in

what ways social capital in under-resourced, rural communities

might mobilize limited resources to promote DSM.

MATERIALS AND METHODS

Although research findings on HIT interventions for DSM support

are promising, access to formal DSM education and support resour-

ces remains low in rural and underserved communities, while gain-

ing and sustaining patient engagement with interventions can be

problematic.1–3,6 Focusing on these challenges, this study developed

a community-centric DSM approach utilizing F&F support, tele-

health, remote glucose monitoring, and text messaging that drew on

social capital to activate and integrate DSM resources and evaluated

the approach in a pilot program in an under-resourced rural

community.

Research setting
The Moloka‘i ‘Ohana Diabetes Program (MOD-P) was conducted

on the island of Moloka‘i in the state of Hawai‘i. Moloka‘i has a

population of approximately 7,400, with 21% of families falling be-

low the poverty line, compared with 11% statewide.45,46 Moloka‘i

also has a high prevalence of residents with diabetes (17.5% of its

population, compared with 10.9% in the state and 10.5% nation-

wide), and adults suffer disproportionately from other chronic con-

ditions, such as kidney disease, cancers, asthma, obesity, and heart

disease.47 Health services on the island are limited due to population

size and the remote location. Many patients must fly to Honolulu

for specialty health care. A community strength is the shared sense
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of ohana (family) among residents, who support one another as an

extended family: “[Social] capital is rooted in traditional Hawaiian

values, which stress cooperation and unity (l�okahi), a family sense

of belonging (‘ohana), and love and care for the land (malama ‘aina,

aloha ‘aina).”48

Research design and methodology
The research aimed to assess how community members’ social capi-

tal resources might activate and integrate scarce health service

resources to better support community members’ DSM practices.

Research questions included (1) Did the MOD-P impact partici-

pants’ understanding of diabetes, patient self-management activities,

and health outcomes? (2) In what ways did MOD-P influence partic-

ipants’ access to and engagement with DSM support resources? and

(3) In what ways did social capital in the community influence ob-

served outcomes of the MOD-P?

Action research (AR) methodologies are appropriate when re-

search goals include acting to improve a problematic situation and

generating general knowledge.49,50 Our research interest in how so-

cial capital resources in the community might mobilize DSM resour-

ces required stakeholder participation and learning, which are

hallmarks of AR.50–52 Thus, this study utilized an AR methodol-

ogy49–55 to design the MOD-P, guided by social capital theory37 and

empirical research on DSM interventions, to develop action plans

along with key stakeholders in the community, to implement and

monitor the program over 9 months, and to evaluate outcomes to

generate new knowledge and insights.49,56 See Supplementary Ap-

pendix SA for an extended discussion of AR in this project. Figure 1

depicts the MOD-P’s AR cycles. Table 1 outlines each step of the

MOD-P.

Problem identification and planning (MOD-P phase I)
The MOD-P design resulted from discussions among a long-term

healthcare provider in the community (who became the program

manager), researchers from one of the state’s universities, and expert

health services providers (diabetes educator, pharmacist, primary

care physician, nephrologist). The University’s Office of Research

Compliance Human Studies Program authorized study protocols

and qualified it for expedited review under CRF 46.110 and 21 CRF

56.110, Category 5, 6, 7a, and 7b. Study participants (dyads of per-

sons with type 2 diabetes plus 1 F&F supporter) and health services

experts contributed to refinements and adjustments in the program.

The 6 phases were identified in the initial MOD-P collaboration cy-

cle. Following evaluation and reflection of phase III, phase IV was

redesigned and refocused to address emerging issues with F&F par-

ticipation and support.

Actions and interventions (MOD-P phases II-V)
The first 6 months of the project focused on scheduling and tele-

health sessions and the last 3 months focused on text messaging and

support. DSM education and support sessions were given by subject

matter experts (SMEs) located in Honolulu and delivered via video

teleconference. SMEs included a diabetes educator and pharmacist,

a dietitian/nutritionist, a nephrologist, a psychologist, and a peer lec-

turer. Three DSM classes were held in phase II. Phase III included 2

individual consultations, one in-person with the patient, F&F, and

Figure 1. Action research cycles in the Moloka‘i ‘Ohana Diabetes Program (MOD-P). A1c: hemoglobin A1c; DSM: diabetes self-management; F&F: family and

friends; IT: information technology.
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the diabetes educator; and one through video teleconference with

the patient, F&F, and a dietician/nutritionist. The purpose was to

tailor general information from group classes to individual patients.

In phase IV, participants were given Bluetooth-enabled glucometers

with access to the system’s database and training on use. A mid-

program adjustment cycle added teleconferencing classes focused on

general life goals and motivational interview techniques to assist

F&F in developing effective support skills and patients’ and commu-

nity members’ testimonies about their challenges and successes with

managing diabetes and chronic kidney disease as it relates to uncon-

trolled diabetes. Phase V included a 3-month period of text message

support in which participants received 2 texts per week: one check-

ing in and one with health-related information.

Observations, evaluation, and reflection (MOD-P

phases II-VI)
We collected data and evaluated progress throughout phases I-V.

The focus in phase VI was to gather post–MOD-P observational

data and participants’ reflections. Patients provided A1c lab results

at the start and completion of the program (9 months’ duration).

We received the BG levels, frequency, date, and time of patients’

blood tests from the glucometer’s Diabetes Management Web-Based

System, which provided summary reports that calculated averages

and a comparison of results to patients’ stated goals. We used stan-

dard American Diabetes Association measures and scales to collect

DSM outcome data. Patients were given pre- and postprogram

health surveys. Dyads were given diabetes knowledge assessment

and diabetic support surveys pre- and postinterventions (at 4 time

periods). All participants completed questionnaires asking for feed-

back about the program, telehealth technology, and telehealth

sessions.

To understand participants’ experiences with the MOD-P and to

assess the influence of social capital in integrating resources through

this program, we collected qualitative data from audio-recorded

interviews with participants (patients, F&F, program manager),

open-ended survey questions, the lead researcher’s participant obser-

vations, and field notes from group meetings, telehealth sessions,

and informal interactions with participants, text messages, emails,

and other field notes. The qualitative data were analyzed using

Table 1. MOD-P design

Program phase Actions and interventions Data collected

Phase I: Recruitment and orientation Recruit participants Baseline health surveya

A1c levelb

Orientation Baseline support surveyc

Baseline diabetes knowledged

Phase II: Telehealth classes—DSM education

(funded through participant health insur-

ance)

Telehealth class #1: DSM education Video teleconference evaluatione

Telehealth class #2: DSM education Participant observation of sessions

Telehealth class #3: DSM education Telehealth class evaluatione

Participant observation of sessions

Second diabetes knowledge checkd

Phase III: Consultation with health care pro-

viders—goal setting (funded through partici-

pant health insurance)

In-person diabetes educator consultations (goal

setting)

DSM general goalsf

Online telehealth consultations: dietician/nutri-

tionist

DSM nutrition goalsf

Phase IV: Telehealth session—motivation and

support (modified and refocused in second

AR cycle)

Telehealth session #4:

Patient-to-patient talk story and motivational

interview training

Technology overview: BG monitors

Participants’ reflections about session

Participation observation by researchers

Telehealth session #5:

Chronic kidney disease/motivational patient-to-

patient talk story

Patient and F&F life goals

DSM support evaluationc

Third diabetes knowledge checkg

Phase V: Text message support over 3 mo Text message support 2� week: (1) check-in,

(2) informational

Qualitative data from text messages; BG levelsh

and frequency of blood testsh

Participant observation by researcher

Phase VI: Participant reflection and learning Final interviews and surveys Post health surveya

A1c levelb

Post support surveyc

Fourth diabetes knowledge checkg

Qualitative data from interviews

A1c: hemoglobin A1c; BG: blood glucose; CHW: community health worker; DSM: diabetes self-management; F&F: family and friends; MOD-P: Moloka‘i

‘Ohana Diabetes Program; PHQ-9: Patient Health Questionnaire; SKILLD: Spoken Knowledge in Low Literacy in Diabetes; SME: subject matter expert.
aPHQ-957 and Perceived Competence for Diabetes Scale.58

bLab results provided by participant.
cDiabetes Social Support Questionnaire.59

dSKILLD Knowledge Assessment Scale.60

eResearcher-provided feedback surveys.
fPatient logs from diabetes management system database.
gModified SKILLD Knowledge Assessment Scale.
hReadings from BG monitor’s diabetes management system and database.
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applied thematic analysis methods, with categories derived from the

research questions, social capital theory concepts, and emerging

themes related to F&F support dynamics.61,62Table 2 provides a

summary of key themes and categories. See Supplementary Appen-

dix SB for an extended discussion of data analysis methods.

RESULTS

Participants were recruited via word-of-mouth and flyers posted in a

local pharmacy and physician offices. Screening criteria included be-

ing 18 years of age or older, having a diagnosis of type 2 diabetes,

having accompanying adult friend/family member to participate

with the patient, owning a smartphone and agreeing to receive text

messages, and having health insurance to cover cost of glucometer

and DSM education sessions. All participants received a detailed de-

scription of the study and data management plan as part the in-

formed consent protocol in phase I. Seven participants with

diabetes, each accompanied by an F&F, agreed to join the project.

This small pilot group was not statistically representative of the

community in terms of demographic characteristics. However, all

participants were longtime community members, and the cohort

was similar in ethnic diversity to Moloka‘i’s population. Figure 2

highlights relevant demographic characteristics.

Health and behavioral outcomes
Descriptive, quantitative data collected throughout the course of the

project pre- and postinterventions (Table 1) pointed to positive

changes in diabetes knowledge, DSM behavior, and health outcomes

over the 9-month program. Figure 3 displays results from the diabe-

tes knowledge check scores before and after the DSM classes (phases

I/II) and before and after the text message support (phases IV/VI) for

patients and F&F. In instances in which participants responded to

pretest and posttest questionnaires, scores improved. Improvements

were most evident among F&F who had not participated in formal

DSM education prior to this project.

Figure 4 displays changes in pre- and postintervention DSM

behaviors among patients. Increased BG monitoring frequency was

the most consistent DSM behavior change for patients. Four of 7

also reported increased exercise or increases in daily foot exams,

while 2 of 7 increased daily medication adherence and others

maintained high adherence levels.

Health status outcomes were assessed based on A1c levels pre–

and post–MOD-P (9 months’ duration). Figure 5 displays changes in

A1c. Six of the 7 patient participants had improved A1c scores, and

1 had no change (mean decrease of -0.804 6 0.809).

Enhancing access and engagement with DSM support
Qualitative analysis highlighted 3 themes related to integration of for-

mal and informal health services, HIT resources, and F&F support.

Theme 1: Integrating formal and informal health services within the

community

The patients’ primary care physician (PCP) initially referred patients

to DSM education. The diabetes resource center partner in Hono-

lulu provided formal educational services funded through patients’

health insurance. The resource center provided group DSM classes

via video teleconference and individual consultations with the pa-

tient and F&F in-person (one-time) and through telehealth sessions

in the home. By agreement with the resource center, F&F could

attend without additional charges. Receiving this DSM education

was a novel situation on Moloka‘i, as one F&F participant com-

mented: “We never had classes together. So, once we found he

[spouse] was diabetic we never had this kind education. . . The doc-

tor would just say you take this kind of medication, but we never

had classes to go to.”

A community health champion, community SMEs, and organiza-

tions with meeting facilities on Moloka‘i provided informal health

services and resources. The community health champion, a retired

community health provider living on the island, volunteered as the

program manager. She drew on her social network among other pro-

fessionals on Moloka‘i and in Honolulu to secure additional resources

for the MOD-P at little or no cost, for instance, engaging the nephrol-

ogist and psychologist to volunteer telehealth sessions with the partici-

pants. Integrating informal community resources as customized

sessions in phases III and IV with formal resources from the diabetes

resource center (reimbursed via patients’ health insurance) in phases II

and III amplified standard DSM education. Participants reflected that

blending these services and in-person and video-conferencing delivery

channels reinforced the DSM information, allowing better informa-

tion absorption into self-care practices. This was valuable even for

long-term patients. One participant noted, “I thought I knew every-

thing, but I don’t. I learned new stuff.” However, questions about

patient’s own medication or about how the classes aligned with the

PCP’s goals for them could not be addressed, indicating integration of

formal clinical care support would be valuable.

Theme 2: Integrating HIT resources with DSM services and support

The MOD-P used HITs to increase access to and patient engagement

with DSM support by integrating HITs and social support interven-

tions. Table 3 summarizes HIT resources and participants’ experien-

ces with them.

Video teleconferencing (zoom.us) in phases II-IV allowed partici-

pants to attend classes on island and in some instances, from their

homes. This enabled one participant to attend sessions despite child-

care responsibilities. It also allowed the dietician to help participants

assess food in their homes.

Patients, F&F, and MOD-P staff interacted using Bluetooth-

enabled glucometers and the monitor’s online database. Patients

found Bluetooth-enabled glucometers more convenient compared

with traditional paper logs and noted that color codes/graphs were

easy to use and informative. This encouraged more frequent BG

monitoring. One participant reflected, “During the study, I did

more blood testing than I ever did in my whole life.” Several partici-

pants noted more frequent testing helped them understand their

body’s response to different foods, which reinforced and personal-

ized DSM education. Contrary to expectations, patients and F&F

did not share test results via the database. Patients preferred viewing

data on their mobile phones vs the online database, as not all partici-

pants had easy access to a computer. F&F did not use the online

database but viewed the glucometer’s application on the patient’s

mobile phone or received results via text messages from the patient.

For the MOD-P staff, the online database enabled remote data

viewing, which allowed the community health worker (CHW) to

personalize check-ins, reinforce DSM education, and maintain com-

munication with participants via text messages over 3 months in

phase V. We monitored the glucometer database to view the

patients’ BG levels, frequency of tests, and notes on food, exercise,

and medication. We then tailored text messages and support for

each dyad. For example, when we saw a low BG result, we sent a

summary and web link to articles explaining the signs, dangers, tips

on how to increase glucose, and protocols for checking blood after a

low reading. Patients reported that text message check-ins improved

accountability, as they knew that CHWs were checking their num-
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Table 2. Examples of analytic coding categories

Analytic theme/category Examples from MOD-P data

Theme: Integrating formal and informal health services within the com-

munity

Ways in which resources were integrated to facilitate access and support

DSM, as well as issues or limitations encountered.

Formal structural resources:

Pre-existing in the healthcare system to support DSM programs; may

not be activated, utilized, or readily accessed.

Informal community resources:

Became available to support DSM programs through participants’

actions.

• (facilitator) Phase V session volunteered by nephrologist, who inte-

grated curriculum on kidney disease with MOD-P curriculum.
• (limitation) PCPs were not included in MOD-P beyond initial refer-

rals, making it harder for patients to relate program learning to PCP

advice.
• Patient’s insurance coverage to finance DSM sessions, BG monitors.
• DSM experts (certified diabetes educator and dietician/nutritionist).
• PCP referral to DSM sessions required to cover costs.
• DSM curriculum from American Diabetes Association and American

Association of Diabetes Educators.
• School library facilities used at no cost for telehealth sessions.
• Volunteer healthcare specialists to provide DSM-related sessions.

Theme: Integrating HIT resources with DSM services and support

Ways in which IT facilitated integrating support resources or maximizing

effects of resources.

Designed/intended HIT use:

Intended/observed ways that participants utilized project-supplied

HIT (ie, telehealth sessions, Bluetooth glucometers, DSM website,

mobile phone texting).

Issues/limits with HIT use:

Unexpected or unintended ways in which HIT was used/not used.

• Some participants printed their glucometer data to share with PCPs

and to review possible medication changes.
• MOD-P staff monitored BG readings online to customize information

in text message “check-ins.”
• Telehealth sessions allowed participants to share experiences and as-

similate DSM information.
• Zoom software allowed nutritionist to “meet” with participants in

their homes, view items in pantry, refrigerator for advice.
• Patients learned how to use glucometers and upload data to mobile

phone apps.
• Participants seldom used the glucometer data website due to lack of

computers or infrequent computer use.
• Participant shut off Bluetooth feature to withhold “bad numbers”

from support person and MOD-P facilitators.
• Group texting and replies led to overload/frustration for some.

Theme: Integrating F&F support

Intended/observed ways that F&F provided engage in DSM and support

partner with diabetes.

Dynamics of F&F support:

Unexpected or unintended outcomes of engaging F&F as DSM sup-

porter.

• Some F&F attended DSM sessions to learn about diabetes for their

own benefit as well as to provide support.
• Some F&F applied knowledge to meal prep and shopping.
• Some F&F researched and recommended exercise regimes.
• Some patients saw F&F advice as “nagging” or “diabetes police.”
• Two F&F dropped out of program due to relocation/extended

duration.
• Most F&F were uncertain and confused how to provide support.

Theme: Integrating social capital and F&F support resources

Ways in which social capital facilitated engagement, activation, integra-

tion, and leveraging of other resources.

Social capital resources:

Resources embedded in the social structure of the community accessed or

mobilized for purposeful actions.

Issues/limits of social capital:

Unexpected or unintended outcomes of relying on social capital to acti-

vate and integrate resources.

• Program manager engages local PCP for patient referral and partici-

pation.
• Program manager and lead researcher work with nephrologist and

psychologist to develop additional education and goal setting ses-

sions; both clinicians volunteered sessions via telehealth.
• Program manager and lead researcher built trust-based relationships

with participants, reinforced in phase V via text messaging with per-

sonalized information and encouragement.
• Well-known and respected community member volunteers to share

his experiences with dialysis, a result of his diabetes; participants

found renewed motivation and also hope in his story.
• Coworkers began walking with participants to encourage them.
• Retirement of volunteer community health worker reduced commu-

nity knowledge and contacts available to MOD-P.
• Lead researcher’s family emergency delayed phase V but did extend

duration of overall support including BG monitoring.

Lessons learned:

Situated, practical knowledge about designing and implementing com-

munity-based DSM programs developed through reflection and learn-

ing in AR cycles.

• Extended and ongoing nutritional advice can help personalize general

DSM information and reinforce new behaviors.
• Informational sessions on diabetes-related kidney disease should be

included regularly and earlier in the program.
• Explicitly addressing expectations, variation, communication style

and stress in F&F support roles is important to ensure resources are

beneficial.

AR: action research; BG: blood glucose; CHW: community health worker; DSM: diabetes self-management; F&F: family and friends; HIT: health information

technology; MOD-P: Moloka‘i ‘Ohana Diabetes Program; PCP: primary care physician; SME: subject matter expert.
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bers. Several commented this made them feel that CHWs “cared.”

Reflecting on these experiences, one participant said, “Thanks to

you guys, it (testing) is like a habit now.”

Although the texting phase helped maintain patients’ and F&F’s

engagement with MOD-P (only 2 F&F dropped out), some partici-

pants found the timing of scheduled texts inconvenient, and group text-

ing conversations burdensome. As one participant commented,

“Sometimes there were too many texts. . .and sometimes the time when

it comes. . .it’s towards the end of the day already, so I’m so tired!”

Some F&F felt that they could be more honest about their partner’s

status and behavior if their partner were not included on the text, for

instance, when seeking advice on motivating the patient to exercise.

Therefore, we adjusted how we sent text messages and used judgment

about when to send to the whole group, to a dyad, or to an individual.

Theme 3: Integrating F&F support resources

A key objective of the MOD-P was to build the capacity of F&F to

support partners by including them in the DSM education, providing

ongoing information (eg, diet and menu hints), and facilitating F&F

support from external resources (SMEs and CHWs) via HIT interven-

tions (Table 3). The MOD-P formalized the previously informal sup-

port role by adding structure to the relationship. Generally, the F&F

support role may include emotional, informational, or instrumental

(task-based) support, feedback, and appraisal. This structure helped

to define the support person’s responsibilities and expectations about

the patient’s DSM behaviors. For instance, one F&F member said, “I

came to support her. If I tried to find out what she learned from the

meetings it would have been hard, by being part of this I can learn

too. I can help prepare meals. I do most of the cooking.”

However, dyad relationships were varied and dynamic, requiring

fine-tuning and adjustment in MOD-P activities. The 7 dyads each had

different relationships, communication styles, interests in participating,

and goals for managing diabetes. For instance, although some partici-

pants found that there were merits to having a relative as their support

person, others reported that choosing a nonrelative might be preferable,

as friends could help with stress reduction when the source of that stress

was family related. Participants also noted that support comes from

individuals other than designated F&F, such as several participants

walking with one another or with fellow employees for exercise during

lunch breaks when friends learned about their participation in MOD-P.

All dyads found that discussing the type of support the F&F

should offer their partner, and specifically how to communicate sup-

Figure 2. Demographic characteristics of participants with diabetes. DM: diabetes mellitus.
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Figure 3. Diabetes Knowledge Test scores before, during, and after the Moloka‘i ‘Ohana Diabetes Program. Percent of correct answers from the Spoken Knowl-

edge in Low Literacy in Diabetes Knowledge Assessment Scale; administered to patients with diabetes and family and friends support P: participant with diabe-

tes; S: family and friends support.

Figure 4. Changes in diabetes self-management activities. P: participant with diabetes.
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port, was important to address stress and conflict that arose. For in-

stance, one participant reported that the F&F provided information,

exercise suggestions, and nutritional insights, but she felt that the

F&F’s communication tone came off as scolding. Conversely, the

F&F reported taking extra effort to provide information and then

felt frustrated because the partner seemed to ignore the advice. To

address communication issues and to reengage participants, we

added group telehealth sessions to phase IV to address life goal-

setting and dyad communication styles. One session (with a remote

SME) focused explicitly on the F&Fs’ goals for engaging in the pro-

gram and their own hopes for outcomes. Some patients found that

they benefited from strict, relentless communication, while others

preferred nurturing and encouraging suggestions. Overall, patients

reported that there is a fine line between caring and nagging. As one

F&F remarked, “Actually, (from) doing this class, well because they

talked about what the support person should be like . . . cause I

thought I was being caring. . .right? And then when he said some-

thing to me about nagging, I said - okay so I going just step back

little bit.”

Activating and amplifying DSM support via social

capital
The MOD-P relied on nominal funding for program staff and travel

and had no allocated budget or paid staff. The program instead re-

lied primarily on the social capital of stakeholders to activate latent

DSM support resources, both formal (insurance funding for DSM

education, glucose monitors) and informal (F&F, volunteer SMEs,

community members), which were not being actively employed in

the community prior to MOD-P. Table 4 summarizes sources of so-

cial capital critical to the development and implementation of the

program and contributions to program outcomes.

The program manager, a critical source of social capital, played

a key role in selecting Moloka‘i as the site of the pilot program by

enlisting the lead researcher to develop the program proposal.

Through her community network, she recruited participants who

knew her as a trusted community member, and she called on health

education specialists she had worked with to volunteer their time for

educational sessions. Her understanding of community needs and

her wide network of contacts from years of working in health care

on Moloka‘i and elsewhere in Hawai‘i catalyzed the integration of

formal and informal DSM resources, activating the use of scarce

resources and amplifying their effect.

The lead researcher was another key source of social capital to

integrate formal and informal health services with IT support be-

tween Honolulu and Moloka‘i. Her experience managing telehealth

services allowed her to orchestrate remote delivery of SME educa-

tion classes on Moloka‘i. As the MOD-P progressed, she developed

trusting relationships with the participants by participating in group

sessions and taking on CHW tasks, such as checking on participants’

BG levels and initiating check-in texts. With growing social capital

in this community, she motivated dyads’ continued active participa-

tion and engagement.

Importantly, social capital arising from the relationships among

participants themselves contributed to dyad engagement and recip-

rocal social support. The shared cultural values of ‘ohana helped

build cohesion in the cohort that facilitated information sharing and

encouraged ongoing engagement with DSM activities (eg, exercise).

The participants developed stronger peer-to-peer support through

the common framework and language to discuss DSM information.

This community awareness and commitment was evident in one

F&F’s reflection: “This kind of program can help our community in

general—because so many of the support people in the program

were high risk for diabetes, our kids have diabetes, we all know

someone with diabetes. The more we can get people to understand

this the better.”

DISCUSSION

MOD-P was designed and developed as a community-centric

initiative for under-resourced rural communities to facilitate com-

munity members’ access to and engagement with DSM support

resources. Research provides strong evidence that DSM education,5

regular social support interactions beyond clinical encounters

and settings,7,63 and a variety of HIT interventions that allow re-

mote support for individuals’ self-care behaviors can improve health

outcomes.6,12,15,16,18,19 Studies have also investigated how F&F

might be engaged more effectively in DSM support generally22–24

Figure 5. Pre and post hemoglobin A1c percentage levels. P: participant with diabetes.
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and via text message coaching.27,28,30 Building on this evidence in

an AR project, MOD-P integrated HIT interventions with social

support from F&F and other community members. Although pilot

data are descriptive because of the small sample size, the modest

improvements observed in DSM behaviors across the cohort (Fig-

ure 4) are generally consistent with earlier studies,6,12 and reduc-

tions in A1c over the duration of the program (Figure 5) are in line

with effects reported in meta-analyses of HIT interventions.6,18

The MOD-P thus provides encouraging evidence that this

community-centric model has potential to be an effective, low-cost

approach to increase access to and utilization of latent DSM support

resources in under-resourced rural communities. Our evaluation of

the project highlights key insights on how this may be accomplished.

First, integrating social support with HIT interventions rein-

forced DSM education for patients and F&F, and ongoing, subtle

customizations of HIT interventions, tailored to individual dyads,

were needed to maintain their engagement. Synergies between infor-

mation in formal DSM classes, the glucometer system along with

more frequent testing, and the CHWs’ check ins and educational

text messages connected and reinforced DSM information and

helped participants (all who had been living with diabetes for over 5

years) “learn new things” and improve some of their self-care behav-

iors. Customization is generally viewed as critical to reduce barriers

and enhance patient engagement, particularly in underserved and

minority populations.1,7,12 The small size of the MOD-P allowed

customization of number, length, and content of telehealth sessions

Table 4. Sources and uses of social capital by MOD-P participants

Stakeholder Sources of social capital in community Implications for project outcome

Patient Formal and informal relationships with F&F,

PCP, program manager, staff, and other par-

ticipants

� Shared information

� Asked for assistance and clarification

� Reserved meeting venues

� Supported other participants

F&F Sense of community, trust, and reciprocity with

patient, program manager, staff, and other

participants

� Emotional support

� Informational support

� Instrumental support

� Companionship

Program manager Reciprocal relationships with researcher, SMEs,

participants, and MOD-P staff; access to

pharmacy and staff; cultural and healthcare

system knowledge

� Design, implementation and modification of

program

� Researcher and SME coordination

� Participant support

� Informational support

� Instrumental support

Community health worker Trusting and reinforcing relationship with pro-

gram manager; sense of community with per-

sonal connections with participants

� Program operations (participant recruit-

ment, organization and coordination of tele-

health sessions, scheduling meeting venues)

� Dyad support

� Informational support

� Instrumental support

� Emotional support

� Educational follow-up

Lead researcher Reciprocal relationships with program manager

and SMEs

� Program development, coordination, and

implementation (with program manager)

� Dyad support

� Informational support

� Instrumental support

� Technical training and SME coordination

� Emotional support

Primary care provider Formal relationship with patients; trust; central

role in information diffusion

� Authorized patient clinical eligibility

� Provided patient referral to DSM education

classes for insurance coverage

� Oversaw patient clinical care

SMEs Credentials, specialized knowledge, reciprocal

relationship with program manager and re-

searcher

� Conducted telehealth classes

� Coordinated with MOD-P staff

� Provided input to MOD-P program design

and redesign

Pharmacy staff Credentials, specialized knowledge, formal

relationships with program manager and

health information technology vendors

� Facilitated access to blood glucose monitor

vendor and associated training

� Assisted with clarification on medical cover-

age for DSM supplies

Telehealth resource center staff Formal relationship with researcher Technical assistance for teleconference arrange-

ments and technical troubleshooting

Other community partners Reciprocal and trusting relationships with facil-

ities operators

Venues for meetings, interviews, and class ses-

sions

DSM: diabetes self-management; F&F: family and friends; MOD-P: Moloka‘i ‘Ohana Diabetes Program; PCP: primary care physician; SME: subject matter

expert.
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and the contents and style of text messages for dyads. Customization

was key to maintaining participants’ interest over the 9 months of

the program, with only 2 F&F dropping out. Our flexibility to cus-

tomize MOD-P may not scale as easily to larger programs, though

cafeteria-style customization may be beneficial. For instance, recent

projects, which used computerized text messaging for DSM support,

allowed participants to select topics of interest based on self-care

goals and frequency of text message and adjusted messages for de-

mographic characteristics (age, ethnicity, language); these studies

demonstrated improvements in health outcomes and some self-care

activities.7,12 However, such automated text messages may be less

effective when used with rural populations, particularly among eth-

nic minorities, compared with urban communities.12

Second, motivational communication techniques for engaging

F&F in DSM support should be addressed explicitly in program de-

sign and can be reinforced with text messaging. Effective social sup-

port does not come naturally and may even become a source of

additional stress,27 as we observed. Recognizing this and a decline in

F&F participation, we added group telehealth sessions to address

DSM goals, life goals, and communication styles for patients and

F&F. Recent research on F&F coaching suggests that text messages

may be a cost-efficient communication channel to complement and

reinforce F&F coaching for motivational communication.28,30 We

found text messaging addressed some of the dyads’ F&F support

issues, but the CHWs also had to adjust communication styles to at-

tend closely to the dynamics of dyad relationships in text messaging

interactions in phase V. Further research should examine how

computer-generated coaching interactions might stimulate this type

of situated, nuanced communication.

Finally, by focusing on community strengths, we found that

community-led actions could activate and amplify scarce DSM resour-

ces that were previously underutilized or latent. Researchers have cate-

gorized what such communities and their members lack (eg, education,

technology training, access to technology) as barriers to effective DSM

education and support.1–3 However, MOD-P focused on a key strength

of the Moloka‘i community: social capital that arises from close, sup-

portive and long-term ‘ohana relationships among community mem-

bers.37–42,48 The MOD-P demonstrated that community members

themselves, drawing on social capital, can increase access to and en-

gagement with DSM resources in a community-led program, with little

financial support, without burdening local clinics, and that positive

health and self-care behavioral outcomes can result. This approach

poses some risks. The community health champion’s network of

SMEs, and her experience, dedication, and trust with community

members, were all instrumental to engage stakeholders (eg, lead re-

searcher, SMEs, participants) and to activate underutilized formal

resources (eg, PCP referrals, insurance reimbursement for DSM educa-

tion and glucometers). Not all communities have individuals with this

level of social capital, and such individuals are subject to burnout over

time. An important first step with the community-centric model, there-

fore, is to assess social capital stocks and to identify champions who

can catalyze formal and informal resources before attempting a pilot

program. Program design and learning cycles should consider mecha-

nisms to support and reinforce key stakeholders.

CONCLUSION

Substantial socioeconomic and technological barriers limit rural

communities’ access to DSM programs vital to addressing the esca-

lating challenges of diabetes in these communities.64 Nonetheless,

leveraging community strengths is a viable strategy for creating

chronic disease management programs. This study demonstrated

how drawing on a community’s social capital to integrate formal

and informal resources, with social support from F&F and HIT

interventions that facilitate remote access to DSM resources, can

contribute to improved health outcomes. The MOD-P provides a

model for the design and implementation of community-led DSM

support efforts to complement and supplement clinical efforts.

The results of this pilot are promising, but they are based on one

community that exemplifies the social capital outlined here. The

community-centric model should be challenged in additional studies

across a diverse array of rural communities to refine its design, assess

its efficacy in different contexts, and develop and document processes

to implement multiple projects reliably. Future research can also as-

sess how customized computerization of text messaging support for

DSM education and F&F coaching7,20,28,30 influences patient engage-

ment and may increase the model’s scalability to larger cohorts.
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