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Abstract

Aim

To examine the characteristics of community health workers (CHWs) involved in diabetes

prevention programmes (DPPs) and their contributions to expected outcomes.

Methods

Electronic databases including PubMed-MEDLINE, EBSCOHost, and SCOPUS/EMBASE

were searched for studies published between January 2000 and March 2016. All studies

that used CHWs to implement DPP in�18-year-old participants without diabetes but at high

risk for developing the condition, irrespective of the study design, setting or outcomes mea-

sured, were included. Results were synthesized narratively.

Results

Forty papers of 30 studies were identified. Studies were mainly community-based and con-

ducted in minority populations in USA. Sample sizes ranged from 20 participants in a single

community to 2369 participants in 46 communities. Although CHWs were generally from the

local community, their qualifications, work experience and training received differed across

studies. Overall the training was culturally sensitive and/or appropriate, covering topics such

as the importance of good nutrition and the benefits of increased physical activity, communi-

cation and leadership. CHWs delivered a variety of interventions and also screened or

recruited participants. The shared culture and language between CHWs and participants

likely contributed to better programme implementation and successful outcomes.

Conclusions

The complexity of DPPs and the diverse CHW roles preclude attributing specific outcomes

to CHW involvement. Nevertheless, documenting potential CHW roles and the relevant
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training required may optimise CHW contributions and facilitate their involvement in DPPs in

the future.

Introduction

The rapid worldwide increase in type 2 diabetes (henceforth referred to as diabetes) has led to

the development of a variety of different delivery models to prevent the development of this

condition. To this end, a number of large randomised controlled trials (RCT) have demon-

strated that lifestyle interventions reduce the incidence of diabetes between 29% and 58% in

high-risk populations, and this can be maintained for well over 10 years [1]. However, these

programmes when conducted under research conditions are usually resource intensive and

thus, not practical or feasible to conduct in primary healthcare (PHC) or community-based

settings. Particularly costly is employing professional healthcare workers to implement such

interventions, it is not the best use of this resource, especially in developing regions with short-

ages of skilled healthcare workers.

The global need for efficient and cost-effective use of healthcare resources, particularly in

low-income countries has led to the introduction of lay health workers or non-professional

community health workers (CHWs) to fulfil a variety of tasks and roles such as patient care,

education, support for care delivery, care coordination and social support, especially in remote

areas or among minority groups [2, 3]. CHWs have become involved with supporting and fill-

ing a variety of capacities in healthcare programmes [4], including in relation to diabetes pre-

vention programmes (DPPs). CHW-led support services to improve health outcomes range

from small community-based initiatives to large national programmes. CHWs can be an

important link between the community and healthcare, an intervention programme or service

delivery by providing context-specific support [2, 5], which can lead to better long-term out-

comes for the participants. Such individuals usually have commonality with the community

they serve in terms of ethnicity, language, socioeconomic status and life experiences [6].

Rosenthal et al. [7] refers to CHWs as an umbrella term which includes “outreach workers,

promotores (as) de salud, community health representatives, and patient navigators”. In a sys-

tematic review and meta-analysis of 28 United States (US)-based DPPs, Ali and colleagues [8]

described the successes of CHW implemented DPPs. Most significantly, they reported that

CHW-delivered interventions were associated with a similar change in weight at follow-up

compared with health professional implemented programs [8].

To improve the delivery and outcomes of DPPs that CHW’s are involved with, it is impor-

tant to identify the key characteristics of CHWs as well as the required training and level of

support that are required. However, there is a shortage of such comprehensive assessments in

the literature. Therefore, this systematic review aims to examine CHW implemented DPPs

and describe the key characteristics that contributed to positive outcomes.

Methods

Data sources

We developed a systematic review protocol using guidelines described by the Preferred

Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) [9], which

was registered on the PROSPERO Register (CRD42016043237). The electronic databases

searches were done on MEDLINE via PubMed Central, EBSCOHost, and SCOPUS/EMBASE.

Free text as well as Medical Subject Headings (MESH) were used, including community health
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workers, lay health workers, non-professional health workers, Promotores de Salud, commu-

nity health aids, peer advisors, community health advisors, village aids, community aids, lay

counsellors, health promotores, community health promotores, village health volunteers, lay

health educators diabetes, diabetes mellitus, type 2 diabetes, and prevention. Boolean opera-

tors, such as AND/OR/NOT were used to string terms together. Searches were limited to pub-

lications in English. For example in PubMed Central the search strategy was the following:

("community health workers"[MeSH Terms] OR ("community"[All Fields] AND "health"[All

Fields] AND "workers"[All Fields]) OR "community health workers"[All Fields]) AND ("diabe-

tes mellitus"[MeSH Terms] OR ("diabetes"[All Fields] AND "mellitus"[All Fields]) OR "diabetes

mellitus"[All Fields] OR "diabetes"[All Fields] OR "diabetes insipidus"[MeSH Terms] OR ("dia-

betes"[All Fields] AND "insipidus"[All Fields]) OR "diabetes insipidus"[All Fields]) AND ("pre-

vention and control"[Subheading] OR ("prevention"[All Fields] AND "control"[All Fields]) OR

"prevention and control"[All Fields] OR "prevention"[All Fields])

Additional methods to identify studies included manually searching journals and confer-

ence proceedings, checking reference lists, and identifying unpublished data. One author and

an independent assessor (JH, LM) independently identified potentially relevant studies by

reviewing titles and abstracts retrieved from the aforementioned databases. The full texts of

studies identified as potentially relevant were retrieved and screened in duplicate for inclusion.

Consensus was achieved through discussion and, when needed, consultation with a senior

author (APK).

Definition of community health workers

For the purpose of this review, a CHW is any lay or non-professional health worker involved

with the delivery of a diabetes prevention programme, either as a volunteer or for a stipend.

This accords with Norris’s description of a CHW as an individual without formal healthcare

training but trained to deliver context-specific healthcare to a community with whom s/he has

a relationship [2].

Study inclusion criteria

All studies that used CHWs to implement DPP in�18-year-old participants without diabetes

but at high risk for developing the condition, irrespective of the study design, setting or out-

comes measured, were included. Studies that examined outcomes only among the CHWs, e.g.

reports of CHW training interventions were also included because the aim of this systematic

review is to establish the key characteristics of CHWs who contribute to successful DPP.

Eligible studies included those published in peer-reviewed journals from January 2000 until

March 2016. Studies were excluded if they: 1) focused on diabetes management, 2) did not

make use of CHWs, 3) comprised interventions of less than three months’ duration, or 4) were

narrative reviews, opinion pieces, letters to the editor or any other form of publication without

primary data.

Data extraction and synthesis

Two data extraction tables summarise the data from the included studies. Table 1 shows the

study-specific details such as the authors’ names, demographic data, methodology and out-

comes. Table 2 describes the CHW-specific characteristics including gender, age, education

level, the training and support they received, and their role in the intervention. JH entered the

summary data in the tables and LM then checked these. Given that the studies included in this

systematic review were not sufficiently similar for a meta-analysis, data were synthesised
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narratively. We compiled thematic summaries relevant to the review objective and research

questions stated in the systematic review protocol (unpublished).

Results

Overview of the searches

Database searches identified 18906 entries; after removing duplicates and screening titles and

abstracts, 182 publications were selected for further full-text evaluation (Fig 1). Forty one

papers fulfilled the inclusion criteria and form the basis of this review. These 41 papers

reported on 30 studies with companion papers comprising protocol papers, pilot studies, cost

analyses and process evaluation papers.

Study designs and geographic locations

Most studies (24) were conducted in the US, while two studies each were conducted in India

[23, 33] and New Zealand [24, 45], and one each in Thailand [32] and Australia [44]. None of

the publications originated from Africa.

The 30 primary studies included 10 RCT [10, 13, 14, 19–24, 27], 14 quasi-experimental/

comparative observational studies [25, 28–39], three studies with a one-group pre- test/post-

test or post-test only design [41, 43, 44], two case studies [46, 47] and a study each with an

interrupted time-series prevalence survey design [45], and a mixed method embedded design

[50].

Study settings, participants and interventions

The sample sizes varied widely from 20 participants in a single community to 2369 participants

in 46 communities. Intervention settings varied but were mainly community-based such as

churches, homes and community centres. A study each was conducted at senior centres [10,

11] and worksites [25–27].

Studies were conducted mainly in minority populations such as Latinas/Hispanics [13, 20–

22, 28, 29, 34, 36–38, 42, 43, 47] and African Americans in the US [39, 40], the Maori in New

Zealand, and in people without “easy” access to healthcare services [24, 45]. Most studies

(n = 22) included 18–79 year old men and women, with a female preponderance. Two studies

included men only [31, 39], while six targeted women only [13, 22, 34, 36, 37, 43].

Fig 1. Flow diagram of retrieved studies.

https://doi.org/10.1371/journal.pone.0189069.g001
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The diabetes prevention interventions and methods of delivery were culturally adapted to

the target population. Most of the DPPs were lifestyle interventions; however, one study

focused on diabetes education only [40, 41] and another on diabetes risk screening [31].

Profile of community health workers

CHWs were generally from the local study community and shared the same race/ethnic and

language backgrounds as the participants. Two exceptions were a worksite-specific study

which made use of peer coaches [25–27] and a senior centre study of whom some of the lay

health educators or coaches were staff members [12]. Nevertheless, these CHWs were likely

very familiar with the communities under study. Language was a specified criteria for studies

conducted in Hispanic [13, 28, 31] and Korean- American [19] communities in the US,

Aborigines in Australia [44], and in Gujarat, India [33].

Most of the publications included in the review did not provide detailed information on

CHW characteristics. Gender, age and education level were reported in only eight [12, 17, 29,

40–44], six [12, 17, 40, 41, 43, 44] and seven [12, 17, 22, 33, 34, 40, 41] studies, respectively.

CHWs were mostly women aged between 20 and 65 years, but usually older than 35 years.

Education level varied from high school education to non-health related college degrees [12,

17, 22, 33, 34] with CHWs in Buffalo City, US even having post-graduate qualifications [40,

41].

The qualifications and work experience of CHWs varied widely across studies. Qualifica-

tions included: 1) completing only high-school [13, 22, 33, 34] or 2) a CHW-certification pro-

gramme [43] 3) previous training on measuring automated blood pressure (BP) [31] 4) and 5)

post-high school education and some undergraduate education in nutrition [28]. Instead of

qualifications, other studies focused on work experience as a CHW [22], prior or current expe-

rience in working in various areas of health [51], experience as a community organiser, per-

sonal trainer or caregiver [41, 46, 48], or having worked with the investigative team previously

[34], as well as being involved in developing and adapting programme curriculum [48]. A

qualification or experience in the education, social welfare or health sectors was a pre-requisite

in an Australian study [44].

A single study used CHWs with well-controlled diabetes and a history of healthy eating,

regular physical activity, weight loss and group leadership experience [14, 18]. In contrast, a

study in Thailand recruited CHWs who were simply interested in developing a DPP [32].

Many studies emphasised soft skills in the selection of their CHWs. These included possessing

leadership qualities [13, 33, 34, 40, 41], good communication skills and the ability to listen

[37], and a dedication to the community [13, 34, 37].

Community health worker training

The duration of the training varied considerably among studies, from a single one-hour ses-

sion [25, 27] to 40 hours [36], and even 100 hours or more [21, 22, 30]. Overall, the training

was culturally sensitive and/or appropriate (Table 2). Topics covered included the importance

of good nutrition [32, 43, 44] and the benefits of increased physical activity [14, 38, 43, 46].

Communication [23, 24] and leadership [38, 40, 41] skills to run group sessions, and motiva-

tional interviewing to facilitate behaviour change [19, 24, 28, 30, 36, 37] were also emphasised.

Most studies utilised interactive training and role-playing to impart skills during the training

sessions. Four studies did not describe CHW training [32, 45, 47, 50]. One study put specific

emphasis on intervention fidelity/following study protocol [12].

Post-training support ranged from daily supervision to monthly meetings. These included

ongoing supervision, monitoring and support [13, 14, 23, 38], weekly technical conference
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calls [10], weekly staff meeting [43], and monthly meetings with programme leaders and evalu-

ators [41].

Some studies also provided continuous or booster training. These included ongoing train-

ing with quarterly refresher training sessions as well as local and national conference atten-

dances [29, 42], biannual booster training sessions [21, 28] and a two-day refresher training

mid-way through the intervention programme [23].

Community health worker responsibilities

As summarised in Table 2, most CHWs in these studies delivered the intervention activities,

i.e. led or facilitated the group sessions. These included developing and organising activities

to promote healthy diets and physical activity such as a weekly senior citizen walking club, dia-

betes awareness and prevention events, cooking demonstrations, and a monthly fruit and veg-

etable market [10, 11, 13–24, 28–30, 32–39, 42, 43, 47, 51]. In Buffalo City (US), CHWs led

community “living diabetes well” conversations and established “diabetes resource libraries”,

which provided information on diabetes, healthy living, healthcare providers, and recipe cards

and cookbooks [40, 41]. CHWs linked African-American men with primary healthcare pro-

viders and other supportive community resources [39], and in migrant farmworkers screened

and referred those at high risk for diabetes and cardiovascular disease (CVD) [31].

Three of the included studies, however, used occupational [27], homecare [50] and rural

health nurses [45], instead of CHWs, to deliver the interventions. CHWs only recruited [45]

and maintained regular contact with participants providing ongoing support and information

[27], and set-up meeting venues and coordinated walking groups [50] in these studies.

CHWs also recruited programme participants in four of the studies where they led the

interventions [21, 32, 39, 49] and provided follow-up support between the intervention pro-

gramme/sessions in three studies [30, 35, 49]. Other CHW tasks included data collection [39]

and entry [14, 17], and recording attendance [18, 49] and interactions between participants

and project staff [23].

Diabetes prevention programme outcomes

Outcomes of the DPPs are reported in Table 1. Most studies (20) included a measure of adi-

posity such as weight or waist circumference with weight loss ranging from more than 7% of

body weight [38] to modest weight loss of 1.1kg [28]. Unexpectedly, a study reported a signifi-

cant difference between groups because of weight maintenance in the intervention group, but

weight gain in the control group [27].

Eleven studies reported on biochemical outcomes. Blood glucose and insulin levels were

measured in 10 studies; it was the primary outcome in six of these studies [14, 18, 22, 28–30,

33–35, 37, 39, 45]. Six studies reported significant improvements in glucose levels between

intervention and control groups or post- and pre-intervention periods [16, 18, 28–30, 33]. For

example, greater reductions were found in the intervention vs. the usual care groups (-4.3 mg/

dL vs. -0.4 mg/dL) [16]), in individuals with impaired fasting glycaemia vs. normoglycaemia

(-6.02 mg/dL vs. -1.3 mg/dL) [33], and at the study conclusion vs. during follow-up (-4.529mg/

dL vs. 0.686 mg/dL) [29]. Statistically significant reductions in insulin (6.5 uU/ml vs. 2.7uU/ml)

and insulin resistance (HOMA-IR) (1.9 vs. 0.8) in the intervention compared to the usual care

groups were reported in only a single study [16]. Glycated haemoglobin (HbA1c) was measured

in four studies [21, 28, 34, 36] with improvements noted in two studies on Hispanic communi-

ties [21]. One study reported a proportionate HbA1c reduction of 37.5% vs. 0.44% in the inter-

vention compared with the delayed intervention group [21], while the other described an
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absolute reduction of 0.10% vs. 0.04% in the intervention compared to the usual care group in

[28].

BP was measured in 13 studies [19, 22, 28–36, 39, 45] with improvements noted in eight.

Four studies reported significant improvement in both systolic BP (SBP) and diastolic BP

(DBP) with reductions of 3.2 mmHg to 13 mmHg for SBP and 2.3 mmHg to 5.1 mmHg for

DBP [29, 30, 33, 36]. A single study each reported a 23% decrease in overall BP level [39], a

2.61 mmHg drop in SBP [32] and a 6.2 mmHg reduction in DBP [34].

Lipid levels were measured in nine studies [22, 28–30, 34–37, 45] with improvements found

in five studies. Three studies each reported significant improvements in total cholesterol [29,

36, 37] and low-density lipoprotein cholesterol levels [34, 36, 37].

Nine studies reported on behavioural changes pertaining to greater physical activity levels

with different variables assessed [19, 21, 22, 30, 36, 37, 39, 42, 48]. Significant improvements in

physical activity were measured as 1) increases in physical activity between baseline and six

months [30], and in particular vigorous activity [37], 2) increases in moderate and vigorous

walking levels [42], 3) greater aerobic exercise, flexibility and strength [36], 4) increased fitness

levels [39], and 5) better social interaction and greater confidence in performing physical activ-

ities [19].

Of the nine studies that assessed various food and dietary behaviours, six reported signifi-

cant improvements. These dietary variables included general food behaviour [22, 42], con-

sumption of sweetened beverages [48], and fruit and vegetable [30]; dietary fat intake [36], and

caloric intake and proportion derived from protein sources [37].

Eight studies assessed knowledge on diabetes and/or CVD with all reporting significant

improvements [19, 22, 30, 39, 41, 43, 44, 48]. Improved mental health outcomes were noted in

two studies; the Personal Health Questionnaire (PHQ-2) and the Generalized Anxiety Disor-

der Scale (GAD-2) were used in a US Korean community [19] and the Patient Health Ques-

tionnaire (PHQ-8) in a US Hispanic population [37]. A single study that examined fatalistic

and cultural diabetes beliefs, measured by the Power Fatalism Inventory, showed significant

reductions in fatalistic beliefs about diabetes manageability and endorsement of culturally

driven diabetes beliefs [36]. Although two studies collected data on quality of life outcomes,

neither study reported these findings [14, 23].

Cost analyses of diabetes prevention programmes

Two studies, both from the US, conducted cost analyses for their DPPs [11, 18]. In the study

conducted in senior centres, total estimated cost for the CHW delivered lifestyle intervention

was $2731 per senior centre or $165 per participant or $45 per kilogram weight lost [11].

These costs were almost half those of a health professional delivered DPP which cost $300 per

participant or $88 per kilogram lost [52]. Direct medical costs per participant in the HELP-PD

lifestyle intervention programme conducted over two years were $850 compared to $2361 for

the first two years in the original DPP conducted in the US [18].

The effect of community health workers on programme outcome

Studies did not specifically compare the use of CHWs vs. health professionals on programme

outcomes, except for Thompson et al. [31] who found that CHWs perform as well as registered

nurses in the use of non-invasive risk screening tools. Therefore, it is difficult to quantify the

specific advantages of using CHWs to implement DPPs. However, DPPs that targeted vulnera-

ble/underserved communities highlighted the importance of CHWs in contributing to their

acceptability and appropriateness (Table 3) [21, 22, 24, 30, 35]. Additionally, studies have also

emphasised the importance of community participation per se as a major contributor to
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Table 3. Direct CHW effect/contribution as recognised by study authors.

Study CHW impact

West et al., 2011 [10] “Lay health workers offers a promising vehicle for translation of evidenced-

based obesity treatment in underserved areas”

Krukowski et al., 2013

[11]

Krukowski et al., 2013

[12]

“A LHE [lay health educator] DPP translation in senior centers is effective in

achieving weight loss at low cost and offers promise for the dissemination of this

evidenced-based intervention”

“Training LHE’s to disseminate evidenced-based interventions holds great

promise for improving public health and access to effective care, particularly in

medically underserved areas”

Katula et al., 2013 [17] “A DPP administered through an existing community-based system and

delivered by CHWs is effective at inducing significant long-term reductions in

metabolic indicators and adiposity”

Islam et al., 2013 [19] “. . .CHWs can facilitate support by serving as a bridge to the health care system

and proving culturally- and linguistically- tailored health education”.

. . .many participants felt connected to, and appreciative of the CHWs’ efforts,

suggesting that CHWs serve a unique role in health promotion effort”

Duggan et al., 2014 [21] “Bilingual CHWs removed linguistic barriers”

Koniak-Griffin et al.,

2014 [22]

“Findings of this RCT support the feasibility and positive outcomes of

implementing a promotora-facilitated Life Behaviour intervention in the

community with overweight/obese Latinas”

Simmons et al., 2008

[24]

“Intensively treated participants would have had one or more unrecorded

MCHW [Maori CHW] encounters and these may have had a significant effect”

“The MCHW intervention was seen as key to the downstream intervention

activities”

Staten et al., 2005 [42] “The Pasos Adelante Program has demonstrated that an educational curriculum

in conjunction with the support of promotoras can motivate people to healthy

lifestyle behaviors”

Islam et al., 2014 [30] “Participants reported positive feedback about the program and about the

CHWs, particularly regarding the cultural congruence of CHWs and the strong

connectedness of the intervention with community resources and cultural and

religious norms and values”

Oba et al., 2011 [32] “The research found that the health volunteers in each community were

important for conducting the health promotion activities in their own villages”

Balagopal et al., 2012

[33]

“. . .that CHWs can provide advice on lifestyle modification and improve

awareness of diabetes and CVD similar to allied health professionals in earlier

studies. . . The CHWs were able to successfully empower the women to speak

up at their meetings and instil them with confidence in their decision making

abilities as related to their health and well-being. Using CHWs strengthened the

links among project personnel, the community and existing community

networks”

Philis-Tsimikas et al.,

2014 [36]

“Participants appreciated the convenient community location, social support

received from other participants and the promotoras”

Cherrington et al., 2015

[37]

“. . .peer delivered interventions may be particularly well-suited to the needs of

immigrant women in newly emerging Latino communities”

Ruggiero et al., 2011 [38] “For this project, the training, quality, professionalism and commitment of the

CHWs that worked with program participants had an instrumental impact on

high rates of retention and engagement of participants with project activities”

Sosa et al., 2013 [43] “. . .evaluation results showed that promotoras were capable to deliver and

retain participants in a lifestyle intervention program”

Kousar et al., 2015 [44] “Here we confirm that CHV [community health volunteers] represent an effective

tool for health promotion within culturally and linguistically diverse communities

and have the capacity to incorporate evidence-based collection as part of their

health education”

Cadzow et al., 2013 [40] “Participants not only developed proficiency in discussing this important issue

with their neighbors and peers, they also made important lifestyle changes that

demonstrated their commitment to the cause and project”

“The Neighborhood Health Talkers’ commitment to the program and

embeddedness in their own communities resulted in an unpredicted reach to

community residence”

(Continued )
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programme effectiveness [32, 33, 38, 46–49]. The shared culture and language between CHWs

and participants likely contributed to better programme implementation and outcomes [19,

21, 30, 36, 44]. In essence, using CHWs in DPPs that target culturally and linguistically diverse

groups seem to be a credible strategy [44].

Discussion

The current review provides evidence from 33 studies of the increasing involvement of CHWs

in implementing DPPs. The majority of the studies, however, were undertaken in high income

countries, particularly the US. Only three studies were conducted in developing countries,

where the incorporation of CHWs in resource-limited settings is likely to have a greater

impact.

Most studies targeted the underserved minority such as African-American and Hispanic

communities in the US, Aborigines in Australia and the Maori people in New Zealand [24].

The same was true of developing regions where rural communities were the focus in India [23,

33] and Thailand [32]. DPPs that target minority and other vulnerable groups are likely suited

to use CHWs who share a common culture, belief system (tradition), and language with the

programme participants. This accords with The Centers for Disease Control and Prevention’s

Policy Brief (2015) which produce strong evidence for the use of trained lay people i.e. CHWs

as a best practice for reducing CVD risk and improving outcomes in high-risk minority popu-

lations [53]. Unfortunately, the existing evidence is unclear, inconsistent and insufficient to

inform the scaling up of DPPs in diverse settings using CHWs. The complexity of the pro-

grammes precluded attributing any specific benefit to the use of CHWs. Similar to these find-

ings, Shah and colleagues noted that despite the large body of literature on CHWs and diabetes

care, the wide range of CHW roles and differing outcomes made it difficult to draw conclu-

sions on their overall effectiveness [5].

The outcomes of interest in the included studies were mostly intermediate, such as changes in

behaviour or body weight, with no study reporting diabetes incidence. Nevertheless, CHWs are

regarded as adding value to programmes by fulfilling a gap/an unmet need [54]. CHW-led inter-

ventions are optimally suited to programmes where there is greater community involvement, as

shown by a number of studies in this review, which used community-based participatory

research approaches [19, 20, 22, 30, 32, 33, 35, 37, 38, 46–48].

The profile, scope of roles played, and training received by CHWs varied substantially across

programmes. Most DPPs provided information on the training/curriculum to varying degrees

[32, 45, 47, 50]. The duration of training varied significantly with shorter training sessions

Table 3. (Continued)

Study CHW impact

Thompson et al., 2014

[31]

“This quasi-experimental study supports the hypothesis that Latino CHWs can

use non-invasive diabetes and CVD screening tools with similar accuracy as a

registered nurse”

Coppell et al., 2009 [45] “A key factor underpinning the program was early involvement of CHWs,

community members and local organizations and the use of local resources and

talents so that the program would become embedded into everyday community

life and sustainable in the long term.

Cohen & Ingram, 2005

[47]

“The curriculum for the family component, for example, was developed

collaboratively between academics and promotoras who had never worked

together in the past”

Whittemore et al., 2014

[50]

“. . .better understanding of the role of the CHW in the delivery of health

programs is needed”

https://doi.org/10.1371/journal.pone.0189069.t003
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generally scheduled in programmes with fewer CHW responsibilities. While a systematic review

reported that the performance of CHWs might improve with regular supervision and continu-

ous training, an optimal model was not suggested [55]. Additionally, CHWs would benefit from

clearly defined roles and clear processes for communication [55]. Guidelines that describe the

potential roles of CHWs, the appropriate training required for each task/role and the type of

programmes that would benefit from CHW involvement may be useful. While such guidelines

may need to be adapted for different populations, they may encourage greater utilisation of

CHWs in in appropriate healthcare programmes, including DPPs, and lead to better outcomes.

The frequency and duration of the DPP interventions varied, with higher versus lower

intensity programmes having the greater impact. For example, CHWs in the HELP-PD pro-

gramme delivered the intervention sessions, which comprised weekly group sessions for six

months, and a monthly session for the following 18 months [16]. This study achieved signifi-

cant improvements in blood glucose and insulin levels, insulin resistance, weight and BMI

with the effects sustained over a two-year period [15–17]. Identifying the ideal programme

intensity and duration may be useful/of value for optimal outcomes; however, this may possi-

bly vary depending on the outcomes targeted. In addition, longer-term studies are required to

ascertain the need to provide intermittent support beyond the 2-year period, which was the

maximum duration of the studies included in this review.

The high concentration of studies from developed countries, especially the US, limits the

generalisability of our findings. However, most populations studied were underserved or

minority communities, which may be of relevance to developing region settings. The inclusion

of only published studies in English language in this review may have missed lessons being

learnt from potential ongoing CHW-led DPPs, particularly from developing regions, or stud-

ies published in other languages. Additional information was not obtained from the study

authors to provide greater insight on CHW education, training, experience and supervision

and attrition rates. Therefore, the potential for publication bias is evident in this review.

Conclusions

In view of the labour-intensive nature of community-based healthcare programmes, particu-

larly DPPs, and the high cost of professional healthcare staff, pragmatic cost-effective solutions

are required for optimal outcomes. The utilisation of adequately trained CHWs with ongoing

supervision to perform clearly defined tasks is likely to be most beneficial, as noted in a World

Health Organization report on the state of evidence of CHW programmes, “. . .they must be

carefully selected, appropriately trained and–very important–adequately and continuously

supported” [3]. In addition to the aforementioned, the success of CHW-led programmes lies

in the commonalities such as language, culture and tradition shared between the CHWs and

participants. These commonalities facilitate communication and dialogue, which is crucial,

and may play a key role in the success of such programmes. However, considering the com-

plexity of DPPs and the diverse roles played by CHWs, it is difficult to disentangle the specific

contribution of CHWs to these programmes. Nevertheless, developing guidelines for potential

CHW roles and determining the appropriate level of training required may help identify the

optimal CHW contribution to DPPs, which is currently lacking in the literature. Furthermore,

this may perhaps encourage the wider uptake of CHW-led DPPs and lead to the development

of better programmes.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOCX)

Community health workers involved in diabetes prevention programmes: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0189069 December 7, 2017 23 / 27

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189069.s001
https://doi.org/10.1371/journal.pone.0189069


Acknowledgments

The authors are pleased to acknowledge Ms Lorraine Moses (LM) for her contribution to this

review [checking the summary tables against the articles]. The electronic search was made pos-

sible by the South African Medical Research Council’s Online Library [databases].

Author Contributions

Conceptualization: Jillian Hill, Andre Pascale Kengne.

Data curation: Jillian Hill.

Formal analysis: Jillian Hill.

Funding acquisition: Jillian Hill.

Investigation: Jillian Hill.

Methodology: Jillian Hill.

Project administration: Jillian Hill.

Resources: Jillian Hill.

Software: Jillian Hill.

Validation: Jillian Hill.

Writing – original draft: Jillian Hill.

Writing – review & editing: Jillian Hill, Nasheeta Peer, Brian Oldenburg, Andre Pascale

Kengne.

References
1. Aziz Z, Absetz P, Oldroyd J, Pronk NP, Oldenburg B. A systematic review of real-world diabetes preven-

tion programs: learnings from the last 15 years. Implementation science: IS. 2015; 10:172. Epub 2015/

12/17. https://doi.org/10.1186/s13012-015-0354-6 PMID: 26670418; PubMed Central PMCID:

PMCPmc4681022.

2. Norris SL, Chowdhury FM, Van Le K, Horsley T, Brownstein JN, Zhang X, et al. Effectiveness of com-

munity health workers in the care of persons with diabetes. Diabetic medicine: a journal of the British

Diabetic Association. 2006; 23(5):544–56. Epub 2006/05/10. https://doi.org/10.1111/j.1464-5491.2006.

01845.x PMID: 16681564.

3. Lehmann U, Sanders D. Community health workers: What do we know about them? The state of the

evidence on programmes, activities, costs and impact on health outcomes of using community health

workers. Geneva: World Health Organization Evidence and Information for Policy DoHRfH; 2007.

4. Swider SM. Outcome effectiveness of community health workers: an integrative literature review. Public

health nursing (Boston, Mass). 2002; 19(1):11–20. Epub 2002/02/14. PMID: 11841678.

5. Shah M, Kaselitz E, Heisler M. The Role of Community Health Workers in Diabetes: Update on Current

Literature. Current diabetes reports. 2013; 13(2):163–71. https://doi.org/10.1007/s11892-012-0359-3

PMID: 23345198

6. Aponte J. Diabetes Training for Community Health Workers. Journal of community medicine & health

education. 2015; 5(6):378. https://doi.org/10.4172/2161-0711.1000378 PMID: 27110434

7. Rosenthal EL, Brownstein JN, Rush CH, Hirsch GR, Willaert AM, Scott JR, et al. Community health

workers: part of the solution. Health affairs (Project Hope). 2010; 29(7):1338–42. Epub 2010/07/08.

https://doi.org/10.1377/hlthaff.2010.0081 PMID: 20606185.

8. Ali MK, Echouffo-Tcheugui J, Williamson DF. How effective were lifestyle interventions in real-world set-

tings that were modeled on the Diabetes Prevention Program? Health affairs (Project Hope). 2012; 31

(1):67–75. Epub 2012/01/11. https://doi.org/10.1377/hlthaff.2011.1009 PMID: 22232096.

9. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ

Community health workers involved in diabetes prevention programmes: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0189069 December 7, 2017 24 / 27

https://doi.org/10.1186/s13012-015-0354-6
http://www.ncbi.nlm.nih.gov/pubmed/26670418
https://doi.org/10.1111/j.1464-5491.2006.01845.x
https://doi.org/10.1111/j.1464-5491.2006.01845.x
http://www.ncbi.nlm.nih.gov/pubmed/16681564
http://www.ncbi.nlm.nih.gov/pubmed/11841678
https://doi.org/10.1007/s11892-012-0359-3
http://www.ncbi.nlm.nih.gov/pubmed/23345198
https://doi.org/10.4172/2161-0711.1000378
http://www.ncbi.nlm.nih.gov/pubmed/27110434
https://doi.org/10.1377/hlthaff.2010.0081
http://www.ncbi.nlm.nih.gov/pubmed/20606185
https://doi.org/10.1377/hlthaff.2011.1009
http://www.ncbi.nlm.nih.gov/pubmed/22232096
https://doi.org/10.1371/journal.pone.0189069


(Clinical research ed). 2015; 349:g7647. Epub 2015/01/04. https://doi.org/10.1136/bmj.g7647 PMID:

25555855.

10. West DS, Bursac Z, Cornell CE, Felix HC, Fausett JK, Krukowski RA, et al. Lay health educators trans-

late a weight-loss intervention in senior centers: a randomized controlled trial. American journal of pre-

ventive medicine. 2011; 41(4):385–91. Epub 2011/10/04. https://doi.org/10.1016/j.amepre.2011.06.041

PMID: 21961465.

11. Krukowski RA, Pope RA, Love S, Lensing S, Felix HC, Prewitt TE, et al. Examination of costs for a lay

health educator-delivered translation of the Diabetes Prevention Program in senior centers. Preventive

medicine. 2013; 57(4):400–2. Epub 2013/07/09. https://doi.org/10.1016/j.ypmed.2013.06.027 PMID:

23831492.

12. Krukowski RA, Lensing S, Love S, Prewitt TE, Adams B, Cornell CE, et al. Training of Lay Health Edu-

cators to Implement an Evidence-based Behavioral Weight Loss Intervention in Rural Senior Centers.

The Gerontologist. 2013; 53(1):162–71. https://doi.org/10.1093/geront/gns094 PMID: 22936536

13. Perez A, Alos VA, Scanlan A, Maia CM, Davey A, Whitaker RC, et al. The rationale, design, and base-

line characteristics of PREVENT-DM: A community-based comparative effectiveness trial of lifestyle

intervention and metformin among Latinas with prediabetes. Contemporary clinical trials. 2015; 45(Pt

B):320–7. Epub 2015/11/26. https://doi.org/10.1016/j.cct.2015.10.011 PMID: 26597415; PubMed Cen-

tral PMCID: PMCPmc4674352.

14. Katula JA, Vitolins MZ, Rosenberger EL, Blackwell C, Espeland MA, Lawlor MS, et al. Healthy Living

Partnerships to Prevent Diabetes (HELP PD): design and methods. Contemporary clinical trials. 2010;

31(1):71–81. Epub 2009/09/18. https://doi.org/10.1016/j.cct.2009.09.002 PMID: 19758580; PubMed

Central PMCID: PMCPmc2818212.

15. Blackwell CS, Foster KA, Isom S, Katula JA, Vitolins MZ, Rosenberger EL, et al. Healthy Living Partner-

ships to Prevent Diabetes: recruitment and baseline characteristics. Contemporary clinical trials. 2011;

32(1):40–9. Epub 2010/10/27. https://doi.org/10.1016/j.cct.2010.10.006 PMID: 20974289; PubMed

Central PMCID: PMCPmc3005835.

16. Katula JA, Vitolins MZ, Rosenberger EL, Blackwell CS, Morgan TM, Lawlor MS, et al. One-year results

of a community-based translation of the Diabetes Prevention Program: Healthy-Living Partnerships to

Prevent Diabetes (HELP PD) Project. Diabetes care. 2011; 34(7):1451–7. Epub 2011/05/20. https://doi.

org/10.2337/dc10-2115 PMID: 21593290; PubMed Central PMCID: PMCPmc3120203.

17. Katula JA, Vitolins MZ, Morgan TM, Lawlor MS, Blackwell CS, Isom SP, et al. The Healthy Living Part-

nerships to Prevent Diabetes study: 2-year outcomes of a randomized controlled trial. American journal

of preventive medicine. 2013; 44(4 Suppl 4):S324–32. Epub 2013/03/27. https://doi.org/10.1016/j.

amepre.2012.12.015 PMID: 23498294; PubMed Central PMCID: PMCPmc3731757.

18. Lawlor MS, Blackwell CS, Isom SP, Katula JA, Vitolins MZ, Morgan TM, et al. Cost of a group translation

of the Diabetes Prevention Program: Healthy Living Partnerships to Prevent Diabetes. American journal

of preventive medicine. 2013; 44(4 Suppl 4):S381–9. Epub 2013/03/27. https://doi.org/10.1016/j.

amepre.2012.12.016 PMID: 23498303; PubMed Central PMCID: PMCPmc3839056.

19. Islam NS, Zanowiak JM, Wyatt LC, Chun K, Lee L, Kwon SC, et al. A randomized-controlled, pilot inter-

vention on diabetes prevention and healthy lifestyles in the New York City Korean community. Journal

of community health. 2013; 38(6):1030–41. Epub 2013/07/03. https://doi.org/10.1007/s10900-013-

9711-z PMID: 23813322; PubMed Central PMCID: PMCPmc3964609.

20. Horowitz CR, Eckhardt S, Talavera S, Goytia C, Lorig K. Effectively translating diabetes prevention: a

successful model in a historically underserved community. Translational behavioral medicine. 2011; 1

(3):443–52. Epub 2011/12/23. https://doi.org/10.1007/s13142-011-0067-6 PMID: 22189897; PubMed

Central PMCID: PMCPmc3242468.

21. Duggan C, Carosso E, Mariscal N, Islas I, Ibarra G, Holte S, et al. Diabetes prevention in Hispanics:

report from a randomized controlled trial. Preventing chronic disease. 2014; 11:E28. Epub 2014/03/01.

https://doi.org/10.5888/pcd11.130119 PMID: 24576395; PubMed Central PMCID: PMCPmc3938962.

22. Koniak-Griffin D, Brecht ML, Takayanagi S, Villegas J, Melendrez M, Balcazar H. A community health

worker-led lifestyle behavior intervention for Latina (Hispanic) women: feasibility and outcomes of a ran-

domized controlled trial. International journal of nursing studies. 2015; 52(1):75–87. Epub 2014/10/14.

https://doi.org/10.1016/j.ijnurstu.2014.09.005 PMID: 25307195; PubMed Central PMCID:

PMCPmc4277872.

23. Sathish T, Williams ED, Pasricha N, Absetz P, Lorgelly P, Wolfe R, et al. Cluster randomised controlled

trial of a peer-led lifestyle intervention program: study protocol for the Kerala diabetes prevention pro-

gram. BMC public health. 2013; 13:1035. Epub 2013/11/05. https://doi.org/10.1186/1471-2458-13-

1035 PMID: 24180316; PubMed Central PMCID: PMCPmc3937241.

24. Simmons D, Rush E, Crook N. Development and piloting of a community health worker-based interven-

tion for the prevention of diabetes among New Zealand Maori in Te Wai o Rona: Diabetes Prevention

Community health workers involved in diabetes prevention programmes: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0189069 December 7, 2017 25 / 27

https://doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/pubmed/25555855
https://doi.org/10.1016/j.amepre.2011.06.041
http://www.ncbi.nlm.nih.gov/pubmed/21961465
https://doi.org/10.1016/j.ypmed.2013.06.027
http://www.ncbi.nlm.nih.gov/pubmed/23831492
https://doi.org/10.1093/geront/gns094
http://www.ncbi.nlm.nih.gov/pubmed/22936536
https://doi.org/10.1016/j.cct.2015.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26597415
https://doi.org/10.1016/j.cct.2009.09.002
http://www.ncbi.nlm.nih.gov/pubmed/19758580
https://doi.org/10.1016/j.cct.2010.10.006
http://www.ncbi.nlm.nih.gov/pubmed/20974289
https://doi.org/10.2337/dc10-2115
https://doi.org/10.2337/dc10-2115
http://www.ncbi.nlm.nih.gov/pubmed/21593290
https://doi.org/10.1016/j.amepre.2012.12.015
https://doi.org/10.1016/j.amepre.2012.12.015
http://www.ncbi.nlm.nih.gov/pubmed/23498294
https://doi.org/10.1016/j.amepre.2012.12.016
https://doi.org/10.1016/j.amepre.2012.12.016
http://www.ncbi.nlm.nih.gov/pubmed/23498303
https://doi.org/10.1007/s10900-013-9711-z
https://doi.org/10.1007/s10900-013-9711-z
http://www.ncbi.nlm.nih.gov/pubmed/23813322
https://doi.org/10.1007/s13142-011-0067-6
http://www.ncbi.nlm.nih.gov/pubmed/22189897
https://doi.org/10.5888/pcd11.130119
http://www.ncbi.nlm.nih.gov/pubmed/24576395
https://doi.org/10.1016/j.ijnurstu.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25307195
https://doi.org/10.1186/1471-2458-13-1035
https://doi.org/10.1186/1471-2458-13-1035
http://www.ncbi.nlm.nih.gov/pubmed/24180316
https://doi.org/10.1371/journal.pone.0189069


Strategy. Public health nutrition. 2008; 11(12):1318–25. Epub 2008/06/13. https://doi.org/10.1017/

S1368980008002711 PMID: 18547452

25. DeJoy DM, Padilla HM, Wilson MG, Vandenberg RJ, Davis MA. Worksite translation of the Diabetes

Prevention Program: formative research and pilot study results from FUEL Your Life. Health promotion

practice. 2013; 14(4):506–13. Epub 2012/10/24. https://doi.org/10.1177/1524839912461014 PMID:

23091301.

26. Brace AM, Padilla HM, DeJoy DM, Wilson MG, Vandenberg RJ, Davis M. Applying RE-AIM to the eval-

uation of FUEL Your Life: a worksite translation of DPP. Health promotion practice. 2015; 16(1):28–35.

Epub 2014/06/20. https://doi.org/10.1177/1524839914539329 PMID: 24942749.

27. Wilson MG, DeJoy DM, Vandenberg R, Padilla H, Davis M. FUEL Your Life: A Translation of the Diabe-

tes Prevention Program to Worksites. American journal of health promotion: AJHP. 2016; 30(3):188–

97. Epub 2015/01/24. https://doi.org/10.4278/ajhp.130411-QUAN-169 PMID: 25615707.

28. Ockene IS, Tellez TL, Rosal MC, Reed GW, Mordes J, Merriam PA, et al. Outcomes of a Latino commu-

nity-based intervention for the prevention of diabetes: the Lawrence Latino Diabetes Prevention Project.

American journal of public health. 2012; 102(2):336–42. Epub 2012/03/07. https://doi.org/10.2105/

AJPH.2011.300357 PMID: 22390448; PubMed Central PMCID: PMCPmc3483988.

29. Staten LK, Cutshaw CA, Davidson C, Reinschmidt K, Stewart R, Roe DJ. Effectiveness of the Pasos

Adelante chronic disease prevention and control program in a US-Mexico border community, 2005–

2008. Preventing chronic disease. 2012; 9:E08. Epub 2011/12/17. PMID: 22172175; PubMed Central

PMCID: PMCPmc3277389.

30. Islam NS, Zanowiak JM, Wyatt LC, Kavathe R, Singh H, Kwon SC, et al. Diabetes prevention in the

New York City Sikh Asian Indian community: a pilot study. International journal of environmental

research and public health. 2014; 11(5):5462–86. Epub 2014/05/24. https://doi.org/10.3390/

ijerph110505462 PMID: 24852392; PubMed Central PMCID: PMCPmc4053907.

31. Thompson RH, Snyder AE, Burt DR, Greiner DS, Luna MA. Risk screening for cardiovascular disease

and diabetes in Latino migrant farmworkers: a role for the community health worker. Journal of commu-

nity health. 2015; 40(1):131–7. Epub 2014/07/06. https://doi.org/10.1007/s10900-014-9910-2 PMID:

24993842.

32. Oba N, McCaffrey R, Choonhapran P, Chutug P, Rueangram S. Development of a community participa-

tion program for diabetes mellitus prevention in a primary care unit, Thailand. Nursing & health sci-

ences. 2011; 13(3):352–9. Epub 2011/08/05. https://doi.org/10.1111/j.1442-2018.2011.00627.x PMID:

21812881

33. Balagopal P, Kamalamma N, Patel TG, Misra R. A community-based participatory diabetes prevention

and management intervention in rural India using community health workers. The Diabetes educator.

2012; 38(6):822–34. Epub 2012/10/04. https://doi.org/10.1177/0145721712459890 PMID: 23033123.

34. O’Brien MJ, Perez A, Alos VA, Whitaker RC, Ciolino JD, Mohr DC, et al. The feasibility, acceptability,

and preliminary effectiveness of a Promotora-Led Diabetes Prevention Program (PL-DPP) in Latinas: a

pilot study. The Diabetes educator. 2015; 41(4):485–94. Epub 2015/05/30. https://doi.org/10.1177/

0145721715586576 PMID: 26023095; PubMed Central PMCID: PMCPmc4617318.

35. Benyshek DC, Chino M, Dodge-Francis C, Begay TO, Jin H, Giordano C. Prevention of type 2 diabetes

in urban American Indian/Alaskan Native communities: The Life in BALANCE pilot study. Journal of dia-

betes mellitus. 2013; 3(4):184–91. Epub 2014/03/19. https://doi.org/10.4236/jdm.2013.34028 PMID:

24634801; PubMed Central PMCID: PMCPmc3952556.

36. Philis-Tsimikas A, Fortmann AL, Dharkar-Surber S, Euyoque JA, Ruiz M, Schultz J, et al. Dulce Moth-

ers: an intervention to reduce diabetes and cardiovascular risk in Latinas after gestational diabetes.

Translational behavioral medicine. 2014; 4(1):18–25. Epub 2014/03/22. https://doi.org/10.1007/

s13142-014-0253-4 PMID: 24653773; PubMed Central PMCID: PMCPmc3958598.

37. Cherrington AL, Willig AL, Agne AA, Fowler MC, Dutton GR, Scarinci IC. Development of a theory-

based, peer support intervention to promote weight loss among Latina immigrants. BMC obesity. 2015;

2:17. Epub 2015/07/29. https://doi.org/10.1186/s40608-015-0047-3 PMID: 26217532; PubMed Central

PMCID: PMCPmc4511020.

38. Ruggiero L, Oros S, Choi YK. Community-based translation of the diabetes prevention program’s life-

style intervention in an underserved Latino population. The Diabetes educator. 2011; 37(4):564–72.

Epub 2011/06/22. https://doi.org/10.1177/0145721711411107 PMID: 21690435.

39. Treadwell H, Holden K, Hubbard R, Harper F, Wright F, Ferrer M, et al. Addressing obesity and diabetes

among African American men: examination of a community-based model of prevention. Journal of the

National Medical Association. 2010; 102(9):794–802. Epub 2010/10/07. PMID: 20922923.

40. Cadzow RB, Craig M, Rowe J, Kahn LS. Transforming community members into diabetes cultural

health brokers: the Neighborhood Health Talker project. The Diabetes educator. 2013; 39(1):100–8.

Epub 2012/11/15. https://doi.org/10.1177/0145721712465342 PMID: 23150528

Community health workers involved in diabetes prevention programmes: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0189069 December 7, 2017 26 / 27

https://doi.org/10.1017/S1368980008002711
https://doi.org/10.1017/S1368980008002711
http://www.ncbi.nlm.nih.gov/pubmed/18547452
https://doi.org/10.1177/1524839912461014
http://www.ncbi.nlm.nih.gov/pubmed/23091301
https://doi.org/10.1177/1524839914539329
http://www.ncbi.nlm.nih.gov/pubmed/24942749
https://doi.org/10.4278/ajhp.130411-QUAN-169
http://www.ncbi.nlm.nih.gov/pubmed/25615707
https://doi.org/10.2105/AJPH.2011.300357
https://doi.org/10.2105/AJPH.2011.300357
http://www.ncbi.nlm.nih.gov/pubmed/22390448
http://www.ncbi.nlm.nih.gov/pubmed/22172175
https://doi.org/10.3390/ijerph110505462
https://doi.org/10.3390/ijerph110505462
http://www.ncbi.nlm.nih.gov/pubmed/24852392
https://doi.org/10.1007/s10900-014-9910-2
http://www.ncbi.nlm.nih.gov/pubmed/24993842
https://doi.org/10.1111/j.1442-2018.2011.00627.x
http://www.ncbi.nlm.nih.gov/pubmed/21812881
https://doi.org/10.1177/0145721712459890
http://www.ncbi.nlm.nih.gov/pubmed/23033123
https://doi.org/10.1177/0145721715586576
https://doi.org/10.1177/0145721715586576
http://www.ncbi.nlm.nih.gov/pubmed/26023095
https://doi.org/10.4236/jdm.2013.34028
http://www.ncbi.nlm.nih.gov/pubmed/24634801
https://doi.org/10.1007/s13142-014-0253-4
https://doi.org/10.1007/s13142-014-0253-4
http://www.ncbi.nlm.nih.gov/pubmed/24653773
https://doi.org/10.1186/s40608-015-0047-3
http://www.ncbi.nlm.nih.gov/pubmed/26217532
https://doi.org/10.1177/0145721711411107
http://www.ncbi.nlm.nih.gov/pubmed/21690435
http://www.ncbi.nlm.nih.gov/pubmed/20922923
https://doi.org/10.1177/0145721712465342
http://www.ncbi.nlm.nih.gov/pubmed/23150528
https://doi.org/10.1371/journal.pone.0189069


41. Cadzow RB, Vest BM, Craig M, Rowe JS, Kahn LS. "Living well with diabetes": evaluation of a pilot pro-

gram to promote diabetes prevention and self-management in a medically underserved community.

Diabetes spectrum: a publication of the American Diabetes Association. 2014; 27(4):246–55. Epub

2015/02/04. https://doi.org/10.2337/diaspect.27.4.246 PMID: 25647046; PubMed Central PMCID:

PMCPmc4231932.

42. Staten LK, Scheu LL, Bronson D, Pena V, Elenes J. Pasos Adelante: the effectiveness of a community-

based chronic disease prevention program. Preventing chronic disease. 2005; 2(1):A18. Epub 2005/01/

27. PMID: 15670471; PubMed Central PMCID: PMCPmc1323321.

43. Sosa ET, Biediger-Friedman L, Zenong Y. Lessons Learned from Training of Promotores de Salud for

Obesity and Diabetes Prevention. Journal of Health Disparities Research & Practice. 2013; 6(1):1–13.

PMID: 91578668.

44. Kousar R, Apostolopoulos V, Stojanovska L, Mayhew M, Totikidis V, Skaria A, et al. An Effective Model

for Prevention and Management of Type 2 Diabetes. Qualitative health research. 2016; 26(5):603–12.

Epub 2015/03/25. https://doi.org/10.1177/1049732315578401 PMID: 25800717.

45. Coppell KJ, Tipene-Leach DC, Pahau HL, Williams SM, Abel S, Iles M, et al. Two-year results from a

community-wide diabetes prevention intervention in a high risk indigenous community: the Ngati and

Healthy project. Diabetes research and clinical practice. 2009; 85(2):220–7. Epub 2009/06/16. https://

doi.org/10.1016/j.diabres.2009.05.009 PMID: 19525026.

46. Schulz AJ, Zenk S, Odoms-Young A, Hollis-Neely T, Nwankwo R, Lockett M, et al. Healthy eating and

exercising to reduce diabetes: exploring the potential of social determinants of health frameworks within

the context of community-based participatory diabetes prevention. American journal of public health.

2005; 95(4):645–51. Epub 2005/03/31. https://doi.org/10.2105/AJPH.2004.048256 PMID: 15798125;

PubMed Central PMCID: PMCPmc1449236.

47. Cohen SJ, Ingram M. Border health strategic initiative: overview and introduction to a community-based

model for diabetes prevention and control. Preventing chronic disease. 2005; 2(1):A05. Epub 2005/01/

27. PMID: 15670458; PubMed Central PMCID: PMCPmc1323308.

48. Teufel-Shone NI, Drummond R, Rawiel U. Community Case Study: Developing and Adapting a Family-

based Diabetes Program at the U.S.-Mexico Border. Preventing chronic disease. 2005.

49. Reinschmidt KM, Teufel-Shone NI, Bradford G, Drummond RL, Torres E, Redondo F, et al. Taking a

Broad Approach to Public Health Program Adaptation: Adapting a Family-Based Diabetes Education

Program. The Journal of Primary Prevention. 2010; 31(1):69–83. https://doi.org/10.1007/s10935-010-

0208-6 PMID: 20140646

50. Whittemore R, Rosenberg A, Gilmore L, Withey M, Breault A. Implementation of a diabetes prevention

program in public housing communities. Public health nursing (Boston, Mass). 2014; 31(4):317–26.

Epub 2013/11/21. https://doi.org/10.1111/phn.12093 PMID: 24251677.

51. Cene CW, Haymore LB, Ellis D, Whitaker S, Henderson S, Lin FC, et al. Implementation of the power to

prevent diabetes prevention educational curriculum into rural African American communities: a feasibil-

ity study. The Diabetes educator. 2013; 39(6):776–85. Epub 2013/10/17. https://doi.org/10.1177/

0145721713507114 PMID: 24129595; PubMed Central PMCID: PMCPmc4429528.

52. Kramer MK, Kriska AM, Venditti EM, Miller RG, Brooks MM, Burke LE, et al. Translating the Diabetes

Prevention Program: a comprehensive model for prevention training and program delivery. American

journal of preventive medicine. 2009; 37(6):505–11. Epub 2009/12/01. https://doi.org/10.1016/j.

amepre.2009.07.020 PMID: 19944916.

53. Promotion NCfCDPaH. Addressing Chronic Disease through throughCommunity Health Workers: A

POLICY AND SYSTEMS-LEVEL APPROACHSecond. National Center for Chronic Disease Prevention

and Health Promotion, Prevention DfHDaS; 2015 April 2015. Report No.

54. Schneider H, Hlophe H, van Rensburg D. Community health workers and the response to HIV/AIDS in

South Africa: tensions and prospects. Health policy and planning. 2008; 23(3):179–87. Epub 2008/04/

05. https://doi.org/10.1093/heapol/czn006 PMID: 18388133.

55. Kok MC, Dieleman M, Taegtmeyer M, Broerse JE, Kane SS, Ormel H, et al. Which intervention design

factors influence performance of community health workers in low- and middle-income countries? A

systematic review. Health policy and planning. 2015; 30(9):1207–27. Epub 2014/12/17. https://doi.org/

10.1093/heapol/czu126 PMID: 25500559; PubMed Central PMCID: PMCPmc4597042.

Community health workers involved in diabetes prevention programmes: A systematic review

PLOS ONE | https://doi.org/10.1371/journal.pone.0189069 December 7, 2017 27 / 27

https://doi.org/10.2337/diaspect.27.4.246
http://www.ncbi.nlm.nih.gov/pubmed/25647046
http://www.ncbi.nlm.nih.gov/pubmed/15670471
http://www.ncbi.nlm.nih.gov/pubmed/91578668
https://doi.org/10.1177/1049732315578401
http://www.ncbi.nlm.nih.gov/pubmed/25800717
https://doi.org/10.1016/j.diabres.2009.05.009
https://doi.org/10.1016/j.diabres.2009.05.009
http://www.ncbi.nlm.nih.gov/pubmed/19525026
https://doi.org/10.2105/AJPH.2004.048256
http://www.ncbi.nlm.nih.gov/pubmed/15798125
http://www.ncbi.nlm.nih.gov/pubmed/15670458
https://doi.org/10.1007/s10935-010-0208-6
https://doi.org/10.1007/s10935-010-0208-6
http://www.ncbi.nlm.nih.gov/pubmed/20140646
https://doi.org/10.1111/phn.12093
http://www.ncbi.nlm.nih.gov/pubmed/24251677
https://doi.org/10.1177/0145721713507114
https://doi.org/10.1177/0145721713507114
http://www.ncbi.nlm.nih.gov/pubmed/24129595
https://doi.org/10.1016/j.amepre.2009.07.020
https://doi.org/10.1016/j.amepre.2009.07.020
http://www.ncbi.nlm.nih.gov/pubmed/19944916
https://doi.org/10.1093/heapol/czn006
http://www.ncbi.nlm.nih.gov/pubmed/18388133
https://doi.org/10.1093/heapol/czu126
https://doi.org/10.1093/heapol/czu126
http://www.ncbi.nlm.nih.gov/pubmed/25500559
https://doi.org/10.1371/journal.pone.0189069

