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Abstract

In rural communities, high rates of diabetes and its complications are compounded by limited 

access to health care and scarce community resources. We systematically reviewed the evidence 

for the impact of diabetes self-management education interventions designed for patients living in 

rural areas on glycemic control and other diabetes outcomes. Fifteen studies met inclusion criteria. 

Ten were randomized controlled trials. Intervention strategies included in-person diabetes (n=9) 

and telehealth (n=6) interventions. Four studies demonstrated between group differences for 

biologic outcomes, four studies demonstrated changes in behavior, and three studies demonstrated 

changes in knowledge. Intervention dose was associated with improved A1c or weight loss in two 

studies and session attendance in one study. Interventions that included collaborative goal-setting 

were associated with improved metabolic outcomes and self-efficacy. Telehealth and face-to-face 

diabetes interventions are both promising strategies for rural communities. Effective interventions 

included collaborative goal-setting. Intervention dose was linked to better outcomes and higher 

attendance.
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Introduction

Type 2 diabetes mellitus (T2DM) is an epidemic in the USA, with 21 million people 

diagnosed with the disease and another 8.1 million residents undiagnosed [1]. Levels of 

morbidity and mortality attributable to diabetes remain high; diabetes ranks seventh on the 

list of leading causes of death in the USA [2]. Costs related to diabetes are also high and 

continue to rise [3–5]. Though diabetes is a nationwide problem, its burden is 

heterogeneously distributed across the country [6]. Notably, diabetes is 17 % more prevalent 

in rural communities than in urban settings [7]. This statistic is particularly sobering since 

there are half as many physicians available to care for patients in rural areas of the USA 

compared to those in urban areas [8]. Individuals living with T2DM in rural areas face 

multiple challenges, including lack of access to diabetes education [8] and clinical services 

[9], limited cell phone coverage and internet access [10], limited transportation and long 

travel distances [5], as well as higher rates of poverty [11]. These challenges in turn 

contribute to suboptimal diabetes management and higher rates of diabetes-related 

complications [9, 12•].

Creative strategies are needed to promote diabetes self-management in rural communities. 

The effectiveness of diabetes self-management education (DSME) on improving diabetes 

care and glycemic control has been demonstrated previously [13–15]. In a review published 

by Norris et al. in 2002, DSME was associated with improvement in knowledge, frequency, 

and accuracy of self-monitoring of blood glucose, self-reported dietary habits, and glycemic 

control, particularly in the short term (<6 months) [14•]. However, due to the challenges 

referenced above, individuals in rural areas often fail to receive DSME [12•]. Studies have 

reported numerous challenges related to the availability and sustainability of DSME in rural 

areas [16–18]. More recently, guidelines from the American Diabetes Association (ADA) 

have proposed that in addition to education for diabetes self-management, individuals need 

ongoing support in order to sustain their efforts [19]. Thus, efforts to promote DSME in rural 

areas should also include a focus on provision of support for self-management.

Despite increased recognition of diabetes as a major problem in rural areas, research focused 

on diabetes care in rural areas is limited. A review by Massey et al., published in 2010 [18], 

identified several promising strategies to increase diabetes education and support in rural 

areas including telephone hotlines, telemedicine, web-based education, and community 

health worker interventions. However, the study identified a limited number of rigorous 

studies with comparable health outcomes [18]. We conducted a systematic review to 

examine the scientific evidence for interventions specifically designed to provide education 

and/or support for patients living with type 2 diabetes mellitus (T2DM) in rural areas and 

their impact on glycemic control and other diabetes-related outcomes.

Methods

Search Strategy

We searched PubMed and CINAHL using the term [rural population] combined with terms: 

[diabetes education, diabetes “self-management”, diabetes “self-management” education, 

OR diabetes “self-management” support] from January 2004 to June 24, 2014. We 
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supplemented this search by performing a backwards search of all the references of articles 

that met inclusion criteria.

Eligibility/Exclusion Criteria

Only rigorously designed studies that described interventions with measured outcomes, a 

control or comparison group, and a sample size greater than 50 (N>50) implemented to 

improve diabetes management among adult patients with T2DM in rural areas were 

included. Two authors reviewed the abstracts of identified articles, and studies were 

excluded if authors determined that eligibility criteria were not clearly met. If either 

reviewer could not exclude the study based on the abstract, the full article was reviewed by 

the two authors to assess eligibility.

Data Abstraction

Two authors abstracted the data from the articles using predetermined tables. Since selected 

outcomes differed notably between studies, data were not abstracted for meta-analysis. 

Abstraction forms included author, year of publication, study design, program duration, 

length to follow-up, program description, intervention strategy, description of study 

population, study setting, behavioral theory, measured outcomes, retention rate, and 

significant results. Intervention strategies were categorized as “in-person diabetes self-

management education (DSME)” or “telehealth,” defined by the Health Resources and 

Services Administration as “the use of electronic information and telecommunication 

technologies to support long-distance clinical health care, patient and professional health-

related education, public health and health administration [using] technologies [which] 

include videoconferencing, the internet…and terrestrial and wireless communications.” 

Studies were further categorized according to the type of individual delivering the 

intervention and whether or not the intervention was group based.

Results

An electronic literature search was conducted using both PubMed and CINAHL databases 

which yielded a total of 3151 articles. The PubMed search identified 1512 articles and the 

remaining 1639 from the CINAHL search. Two additional articles were identified through 

backward searches. After review of the abstracts, 177 articles were selected and read in 

totality. Of these articles, fifteen met inclusion criteria and were included in the analysis 

(Fig. 1). Two studies evaluated the same intervention; Shea et al. reported outcomes for the 

entire sample (rural and urban) at 12 months [20], Izquierdo et al. reported outcomes on the 

rural subset of participants at 12 and 24 months [21]. Because outcomes and length of 

follow-up differed between the two, the studies are described separately for purposes of 

clarity in the current review. Intervention designs are described in Table 1; outcome 

measures and results are described in Table 2.

Intervention Design and Delivery

Studies differed in the design of their interventions including the strategies used, the 

duration, and the delivery format (Table 1). The application of behavioral theories varied 

across studies for intervention design, implementation, and evaluation.
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Interventions were categorized as telehealth (n=6) [22–24, 21, 25, 20] or in-person DSME 

(n=9) [26–34]. Telehealth interventions used technology, such as videoconferencing, 

telephone calls, or the Internet, to deliver an intervention from a remote site. In-person 

DSME programs included group or individual sessions. The average retention for 

interventions which required participants to travel to the intervention site was 72 % in 

contrast to the average retention rate of 80 % for interventions which were delivered in the 

participant’s home, whether by phone or in-person.

The length of interventions varied from 8 weeks to 2 years; however, all programs followed 

patients for at least 6 months to assess the impact of the intervention. Interventions that 

included more patient contact hours tended to show improved outcomes, supporting a 

“dosage effect” for diabetes education [31, 32].

An interdisciplinary team of healthcare professionals delivered most interventions. Nine 

interventions included registered dieticians (RD) and nutritionists as part of the healthcare 

team, and nine interventions included nurses, acting as nurse educators or nurse case 

managers. Certified diabetes educators (CDE) were part of the healthcare delivery team in 

three interventions [26, 22, 23]. Two studies included nurse practitioners [22, 24]; one 

intervention was led by nurse practitioners assisted by a team of CDEs and RDs [22]. All 

four interventions that involved community health workers (CHWs) or peer advisors were 

designed specifically for African American or Latino study populations [28, 29, 32, 33]. The 

roles of these individuals varied greatly. In a study by Samuel-Hodge and colleagues, church 

diabetes advisors, individuals who either had T2DM or had lived with someone diagnosed 

with the disease for over 2 years, provided social and practical support in an intervention 

designed for African Americans living in rural North Carolina [32]. The role of the church 

diabetes advisor was to assist the RD in facilitating educational sessions and to provide 

support to the participants through regular phone calls during which the church diabetes 

advisors followed up on the participant’s progress toward behavioral goals. Two studies 

recruiting Latinos residing on the Mexican American border in Starr County, Texas, 

implemented a community health worker model [28, 29]. Community health workers 

(CHWs) assisted nurse case managers and RDs by establishing weekly phone contact with 

participants, arranging DSME meeting locations, organizing supplies, providing 

transportation if needed, recording attendance at DSME meetings, and assisting RDs with 

food preparation. Another study recruiting Latinos in Webb County, Texas, implemented an 

intervention where CHWs delivered weekly DSME classes assisted by CDEs [33]. Of the 

four studies that included CHWs, one demonstrated between group differences in HbA1c 

and quality of life [32], two reported improvements in fasting blood sugar or HbA1c in both 

intervention and control groups [28, 29], and one reported no biologic improvements in 

either group [33].

Behavioral Theory

Five of the 15 studies mentioned a specific behavior theory or conceptual framework to 

guide their interventions, including health belief model, social cognitive theory, stages of 

change model, adult learning theory, symptom-focused model, and the chronic care model 

[27, 23, 24, 32, 34]. Two of these studies, using the chronic care model and a combination of 
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the health belief model with the trans-theoretical model, respectively, demonstrated 

statistically significant improvements in glycemic control in the intervention arm compared 

to control [27, 23]. Hawkins and colleagues used a combination of social cognitive theory 

with the trans-theoretical model and motivational interviewing and observed improved 

glycemic control for both study arms, with specific improvements in self-efficacy in the 

intervention group [24]. Samuel-Hodge and colleagues used a combination of social 

cognitive theory, the trans-theoretical model, and adult learning theory and found a transient 

improvement in glycemic control for the “intensive” intervention that attenuated over time; 

however, improvements in quality of life were also observed and were sustained over the 

follow-up period of 12 months [32]. Skelly and colleagues used two separate theories, social 

cognitive theory versus a symptom-focused model [34] and observed improvements in both 

arms (skills-based vs. symptom-based interventions).

Cultural Context

Six studies specifically included culturally relevant strategies [26, 28–30, 32, 33]. For 

example, the intervention implemented by Anderson-Loftin, et al. was designed around 

cultural food preferences, ethnic beliefs, and learning methods that worked best for the local 

African American community [26]. Samuel-Hodge et al. used churches as locations for the 

intervention’s meetings and as a social support system for the participants [32]. For 

interventions implemented in Starr County by Brown et al. (2005, 2011), an entirely 

bilingual healthcare team was engaged, and part of the intervention involved educating 

family members of the Latino patients to provide social support [28, 29]. Of the six studies 

that incorporated culturally relevant strategies into their intervention, two demonstrated 

significant between group differences in biologic outcomes; Anderson-Loftin observed 

improvements in BMI while Samuel-Hodge observed improvement in HbA1c [26, 32]. 

Kattelmann observed within group improvements in weight and BMI for the intervention 

group [30]. Brown and colleagues observed improvements in biologic outcomes (HbA1c 

and FBG) in both intervention and control with no significant between group differences 

[28, 29].

Social Support

An element of social support for diabetes self-management, defined as supportive strategies 

that went beyond the provision of information only, was incorporated into ten interventions; 

the remaining five interventions were primarily educational. Five [23, 24, 21, 32, 20] of the 

ten interventions included collaborative goal-setting and individual motivation while five 

interventions [29, 28, 26, 27, 30] incorporated support group sessions. All five interventions 

that used a collaborative goal-setting model resulted in improved metabolic control, though 

Hawkins et al. [24] saw significant improvements for intervention and control conditions. In 

addition to improving metabolic control, the intervention also contributed significantly to 

improved patient self-efficacy in the intervention group compared to the control group [24]. 

Of the five interventions that included support groups, one [27] significantly improved 

HbA1c levels in intervention compared with control, and another saw improvements in diet 

and BMI for intervention group only, but improved A1c for both groups [26].
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Study Design and Outcomes

Ten of the 15 studies analyzed randomized controlled trials (RCTs) (Table 2) [28, 23, 24, 21, 

30–32, 20, 33, 34]. Five RCTs compared the intervention group to a control group receiving 

usual care [23, 21, 30, 20, 33]. Samuel-Hodge et al. [32] designed an RCT to assess the 

efficacy of a program with less contact hours compared to a previously tested, time-intensive 

intervention; the control group received the intensive intervention program rather than usual 

care. Brown et al. (2005) compared an extended intervention (52 contact hours) to a 

compressed intervention (22 contact hours) in a group-randomized trial [28]. Mayer-Davis et 

al. conducted a three-way comparison of and “intensive lifestyle” intervention, a 

“reimbursable lifestyle” intervention, and usual care [31]. Skelly et al. and Hawkins et al. 

each employed an attention control arm with specified health-related activities and education 

[24, 34]. A pre-posttest design with a comparison group was used in five studies [26, 27, 29, 

22, 25]. Four of these included control groups living in rural areas receiving usual care [26, 

27, 29, 25]. The fifth pre-posttest design study was designed to assess the feasibility and 

efficacy of a telehealth intervention delivered via videoconferencing; the intervention group 

was rural and received the telehealth program while participants in an urban, traditional 

face-to-face DSME course served as the control group [22].

Health Indicators

Biologic indicators of health assessed included HbA1c, blood pressure, weight/BMI, waist 

circumference, blood glucose, and lipids. The most common outcome, HbA1c, was reported 

in 14 studies. Of these, only three studies reported statistically significant improvements in 

HbA1c levels when comparing intervention to control [27, 23, 20]. Samuel-Hodge et al. 

found an improvement for the “intensive” intervention compared to the “minimal” 

intervention at 8 months, but the result attenuated at 12 months. Five studies demonstrated 

reductions in HbA1c among both control and intervention groups, but no differences 

between groups [26, 28, 22, 24, 34]. Brown, et al. (2005) found a dosage effect correlating 

reductions in HbA1c to the number of intervention meetings attended by the participant was 

observed [28]. No significant differences in HbA1c from baseline were observed in five 

studies [29–31, 25, 33]. Fasting blood glucose (FBG) was a measured outcome of four 

studies. Brown and colleagues observed decreases in blood glucose from baseline in both the 

extended and compressed intervention groups [29]. No study reported between group 

differences in FBG levels.

Lipid profiles were measured in seven studies; low-density lipoprotein cholesterol (LDL-C) 

was the most commonly measured lipid. Of the seven studies, two observed significant 

reductions in LDL-C at 12 months between the intervention and usual care [23, 20]. Ciemins 

et al. observed similar improvements in LDL-C for both groups [22] as did an additional two 

studies; however, results in the latter two failed to reach statistical significance [26, 24]. The 

four remaining studies reported no significant changes in lipids [29, 24, 26, 30].

Changes in weight or body mass index (BMI) were measured in eight studies [26, 27, 29, 

24, 21, 30, 31, 25]. Anderson-Loftin reported significant reductions in weight/ BMI between 

the intervention group and usual care groups [26]. Two studies observed significant decrease 

in weight from baseline for the intervention group but found no statistically significant 
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differences between groups [30, 31]. No significant changes in weight or BMI were 

observed in the other five studies [27, 29, 24, 21, 25].

Blood pressure was reported in five studies [27, 22, 24, 30, 20]. Of these, only Shea et al. 

reported significant improvements in BP for intervention compared to control [20]. Ciemins 

et al. reported improvements in blood pressure for both the telehealth and face-to-face 

DSME intervention groups [22]. The remaining three studies reported no significant changes 

in blood pressure [24, 27, 30].

In summary, intervention effects on biologic outcomes were mixed. There were few studies 

that demonstrated between group differences in HbA1c (3 of 13), lipids (2 of 7), BMI (1 of 

8), or BP (1 of 5).

Diabetes Knowledge

Seven studies reported on the effect of DSME interventions on diabetes or health behavior 

knowledge. Four studies demonstrated improvements in knowledge in the intervention group 

compared with control [21, 25, 32, 33]. Ciemins et al. reported improved diabetes-related 

knowledge for both the telehealth intervention group and face-to-face DSME control groups 

[22]. Hawkins et al. saw an increase in knowledge for the intervention group, but it was not 

significant. Another study reported no statistically significant differences between groups 

but did observe a dosage effect correlating the number of intervention sessions attended to 

greater diabetes knowledge [28].

Health Behaviors

Eight studies reported outcomes for diabetes-related behaviors [26, 27, 29, 22, 21, 30, 25, 

34]. Four of these demonstrated improved behavioral measures when comparing 

intervention to control [26, 27, 21, 25]. Izquierdo et al. reported improvements in both diet 

and exercise behaviors for the intervention group compared to control [21]. Anderson-Loftin 

et al. used the food habits questionnaire (FHQ) to assess fat intake and found significant a 

decrease in FHQ scores for intervention arm participants [26]. Bray et al. found an increase 

in the frequency of office visits (to recommended levels) for patients with high HbA1c in a 

randomly selected subset of the intervention group [27]. McIlhenny demonstrated an 

improvement in glucose-self monitoring but not in other behaviors for intervention 

compared to control [25]. Three studies demonstrated improvements in some measure of 

diabetes self-care for both intervention and control groups [29, 22, 34], and one did not 

observe behavioral improvements in either the intervention group or control group [30].

Discussion

In this systematic review of self-management interventions for adults with type 2 diabetes 

living in rural areas, we found examples of both telehealth interventions and face-to-face 

interventions that resulted in improved behavioral, biologic, and diabetes knowledge-related 

outcomes in adults with T2DM living in rural areas. The most frequently measured outcome 

to assess metabolic control was HbA1c; though few studies demonstrated significant 

differences between intervention and control groups. Several other studies tested different 

“interventions” against one another (rather than against usual care) and reported 
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improvements in both arms [22, 32, 34]. For example, Ciemins et al. observed similar 

improvements in HbA1c, LDL-C, and BP in a rural telehealth intervention group and in an 

urban in-person DSME control group [22]. These comparable improvements in HbA1c 

suggest that telehealth and in-person DSME strategies both have the potential to be effective 

in a rural population. Distances were associated with lower retention and greater number of 

contacts was associated with higher attendance and improved glycemic and/or weight loss 

control [28, 31]. Interventions based on theory, such as stages of change model and social 

cognitive theory, improved metabolic control, as did interventions that incorporated 

collaborative goal setting.

In rural communities, where access to care is limited by a number of providers, distance to 

providers, and lack of transportation and community resources [35], telehealth presents a 

unique way to improve diabetes self-management using fewer resources. However, even 

among telehealth interventions, study designs varied. Some required patients to travel to 

their primary care clinic to access videoconferencing technologies [22, 23]. While these 

interventions were successful in improving metabolic control in the study population, 

traveling may not be feasible for some patients. We observed that requiring patients to travel 

to the intervention was associated with lower retention rates. In contrast, Hawkins et al. used 

a videophone technology that connects to a landline telephone jack [24]. This home-based 

intervention does not rely on Internet access that may be limited for some patients in rural 

areas [10], yet it provides the video and audio connections that provide a similar experience 

to videoconferencing. This may serve as a promising strategy moving forward, especially for 

patients who are not able to leave their homes or who lack access to a primary care clinic or 

the Internet.

We observed that interventions based on behavior theories uniformly produced significant 

improvements in metabolic control while interventions that did not mention use of behavior 

theories did not always yield positive results. Of the five studies that were theory based, two 

resulted in improved glycemic control for intervention compared to usual care. The other 

three studies saw improvements in both study arms [24, 32, 34]. It is well documented that 

programs designed to influence health behavior, in this case, diabetes self-management, are 

more likely to benefit participants when the intervention itself is grounded in theory [36]. 

The theory in turn helps identify targets for change, informs evaluation, and can provide a 

roadmap for future refinement and dissemination [36].

The Robert Wood Johnson Foundation reports collaborative goal-setting, motivation, social 

support, and regular access to primary care as resources needed for self-management [37]. 

We found that interventions incorporating collaborative goal-setting and motivational 

support were more likely to be associated with positive outcomes than purely educational 

interventions. However, interventions that included support groups did not meet with the 

same uniform level of success. One explanation for the varying success of interventions 

including support groups could be inconsistent attendance for participants required to travel 

to a support-group meeting location. Another possible explanation for this may be that these 

interventions relied primarily on educational sessions to impact participant behavior. A 2013 

systematic review of efforts to improve diabetes care for rural patients in Organization for 

Economic Cooperation and Development (OECD) countries found that though patient-

Lepard et al. Page 8

Curr Diab Rep. Author manuscript; available in PMC 2017 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



education interventions were frequently implemented, they were less effective at improving 

diabetes-related outcomes than interventions that targeted the healthcare delivery system or 

had multiple targets [38]. For interventions where peer social support was provided, it may 

have fallen short of helping patients identify goals and practice diabetes-related behaviors in 

real time. Hawkins et al. cite continuous access to supportive resources and emphasis on 

behavior-change theories as key elements that may be missing in the traditional DSME 

approach [24]. Thus, while patient knowledge is an important component of diabetes self-

management, the ongoing supportive role healthcare providers and peers can play in helping 

patients develop and maintain behavior-change goals is pivotal.

The limitations of this study include challenges comparing data from different studies, 

potential publication bias, and inability to ensure that all relevant literature was identified. 

The interventions reviewed were of varying lengths, focused on a variety of outcomes, and 

were designed for various cultural groups, making comparison across studies difficult. While 

we hope that the spectrum of studies included serves to inform the reader, it precluded meta-

analysis of this data. One possible reason for lack of significant improvement in HbA1c and 

BMI/weight in shorter interventions may be inadequate length to follow up for these long-

term measures of metabolic control.

Conclusions and Future Directions

Rural communities must contend with high rates of diabetes in the face of limited access to 

health services and diabetes education, long distances, and scarce community resources. 

Health systems often have the professional expertise necessary to provide diabetes self-

management education and are increasingly employing creative strategies to take that 

expertise into rural communities. This review identified examples of both in-person DSME 

and telehealth interventions that have the potential to be effective for patients with T2DM 

living in rural areas. Interventions delivered in a participant’s home may facilitate patient 

participation particularly in communities with long distances. Interventions that include 

motivational support and collaborative goal-setting informed by behavior theories may be 

more likely to improve metabolic control. Future studies are needed to examine the 

comparative effectiveness of implementing these strategies in real world settings, with 

attention to not only health outcomes but also patient-centered outcomes and cost 

effectiveness.
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Fig. 1. 
Summary of electronic search and details of excluded articles
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