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Abstract
Objectives
The aims of this feasibility study were to (1) examine the implementation of a community-based health advocate (CHA) training programme to develop the clinical skills needed to support a diabetes remission protocol based on a low-calorie diet (LCD) and (2) investigate if participant weight loss can be achieved and diabetes remission induced under these conditions.

Methods
This tripartite study followed a type 2 implementation-effectiveness design. Three faith-based organisations (FBOs) were purposively selected as study sites. Implementation outcomes were guided by the Consolidated Framework for Implementation Research. During the pre-implementation phase, site ‘readiness’ to facilitate the intervention was determined from a site visit and an interview with the FBOs’ leadership. During the implementation phase, congregants could volunteer for the 10-week CHA training which included practical exercises in weight, glucose and blood pressure (BP) measurement, and a summative practical assessment. Acceptability and implementation effectiveness were assessed via survey. During the intervention phase, other congregants and community members with T2DM or pre-diabetes and overweight were invited to participate in the 12-week LCD. Anti-diabetic medication was discontinued on day 1 of the intervention. Clinical effectiveness was determined from the change in weight, fasting blood glucose (FBG) and BP which were monitored weekly at the FBO by the CHA. HbA1C was performed at weeks 1 and 12.

Results
The FBOs were found to be ready as determined by their adequate resources and engagement in health-related matters. Twenty-nine CHAs completed the training; all attained a passing grade at ≥1 clinical station, indicating implementation effectiveness. CHA feedback indicated that the programme structure was acceptable and provided sufficient access to intervention-related material. Thirty-one persons participated in the LCD (11 T2DM:20 pre-diabetes). Mean (95%CI) weight loss was 6.0 kg (3.7 to 8.2), 7.9 kg in males vs 5.7 kg in females; A1C (%) decreased from 6.6 to 6.1, with a greater reduction in those with T2DM when compared to pre-diabetes. FBG decreased from 6.4 to 6.0mmol/L. T2DM remission rates were 60% and 90% by A1C<6.5% and FBG<7mmol/L respectively. Pre-diabetes remission was 18% and 40% by A1C<5.7% and FBG<5.6 respectively.

Conclusion
Implementation of a community-based diabetes remission protocol is both feasible and clinically effective. Its sustainability is to be determined. Adaptability to other disorders or other settings should be investigated.

Trial registration
NCT03536377 registered on 24 May 2018.
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Contributions to the literature

	Weight loss-induced T2DM remission due to a low-calorie diet is feasible in clinical settings; however, its feasibility in a community-based approach is not yet established.

	This study shows that faith-based organisations are equipped to successfully support a community health advocates training programme aimed at increasing the skills necessary for T2DM screening and the effective delivery of a weight loss and T2DM remission protocol; moreover, weight loss and T2DM and pre-diabetes remission can be achieved under these conditions.

	We recommend community-based screening for T2DM and pre-diabetes and propose investigating the adaptability of this intervention to other community sites and disease states.




Background
The 2019 International Diabetes Federation report estimated that 463 million adults are living with diabetes [1]. As with other non-communicable diseases (NCDs), the prevalence is highest in high-income countries, with North America and the Caribbean (NAC) bearing the highest burden. The prevalence of pre-diabetes is also increasing, and the 5-year conversion rate to type 2 diabetes mellitus (T2DM) ranges from 26 to 50%, influenced by a complex interplay of factors such as weight, age, race and an obesogenic environment that compromises the lifestyle measures necessary for T2DM control [2–7]. Likewise, obesity prevalence has nearly tripled in the last 50 years [8]. Within NAC, the prevalence of obesity was 28%, increasing to 62.5% when overweight data were included [9, 10].
Historically, T2DM has been viewed as a life-long illness; however, recent interventions are shifting this perception. Weight loss as a result of bariatric surgery has led to the concept of ‘diabetes remission’ as defined by the restoration of β cell function and insulin sensitivity and the resultant normalisation of blood glucose; benefits that have been reportedly maintained for up to 10 years post-operatively [11, 12]. The widespread impact of bariatric surgery, however, is limited by its eligibility criteria which in the Swedish Bariatric cohort was restricted to men with at least class I and women with at least class II obesity [12]. The low-calorie dietary intervention (LCD) which is defined by a daily caloric intake of ≤ 1200 Kcal offers an alternative approach which increases the eligibility profile while producing similar improvements in metabolic outcome. The Counterpoint LCD trial employed a case-control study design where participants were monitored on a weekly basis at the clinic-based study site. At the end of the 8-week period, those on the calorie-restricted diet achieved significant improvements in glucose control as compared to the control arm [13]. We have reproduced this trial in our local, clinic-based Barbados Diabetes Reversal Study-1 (BDRS1), to confirm that the metabolic effects achieved in a predominantly Black population are comparable with those in the predominantly White population where the protocol was originally published [14]. The DiReCT trial expanded the intervention locations to include primary care practices. Participants remained on the 600Kcal diet for 12–20 weeks. At the 1-year follow-up, the percentage of participants who maintained diabetes remission was influenced by the percentage weight loss during the intervention period. This ranged from 7% still in remission amongst those who lost up to 5kg to 86% remission in those who lost ≥15kgs. The success of this trial confirmed the transferability of this intervention to a routine clinical practice [15]. Although the treatment options for overweight and T2DM are increasing, disparities in access still exist [1]. Empowering community health advocates (CHA), that is, non-medical members of a community, is a useful implementation strategy in the advancement of community-based clinical interventions such as those promoting health education, physical activity and other lifestyle changes [16, 17]. In addition, this strategy has been shown to increase accessibility while effectively achieving health outcomes comparable to physician-led efforts including improved medication adherence, blood pressure readings and decreased depression scores [18, 19]. The use of faith-based organisations (FBOs) as community sites is particularly common in ethnic minority and underserved people groups; however, the implementation of a community-based LCD intervention for diabetes remission has not been previously explored [20, 21].
The setting
Barbados is a 166-square mile Caribbean island with a population of approximately 280,000. Consistent with the epidemiologic profile of most small island developing states, non-communicable diseases (NCDs) are responsible for >80% of deaths and the risk of premature deaths from NCDs is approximately 16% [22]. While coronary heart disease is the number one cause of death, T2DM is the primary metabolic contributor to NCD deaths on the island.
The Barbados Health of the Nation 2012 study reported that 18.7% of the population had a diagnosis of T2DM; of these, 13.8% were unaware of their status and 66.7% were uncontrolled [23]. An additional 14.7% of the population had impaired fasting glucose and 66% were overweight inclusive of 33% who were obese. Understandably, diabetes-related complications consume a significant portion of healthcare expenditure [24]. The Barbados government, in adopting a whole-of-society approach to NCDs, has engaged faith-based organisations (FBOs), who now have representation on the island’s NCD commission [25]. This level of civil society engagement is in alignment with the Caribbean Community (CARICOM) strategy for combatting NCDs as articulated in the Port-of-Spain declaration [26]. Importantly, Barbados has a high density of FBOs, many of which are integrated into the surrounding communities, including functioning as community disaster shelters. Given this local context, FBOs may be viewed as being acceptable and accessible locations for the implementation of community-based interventions.
Aim
The overarching aim of the Barbados Diabetes Remission Study 2 (BDRS2) was to investigate the feasibility of implementing a community-based low calorie dietary intervention (LCD) for the induction of T2DM and pre-diabetes remission. The approach included two distinct objectives (1) to assess the implementation of a community-based health advocate (CHA) training programme to develop the clinical skills needed to support a diabetes remission protocol based on a LCD and (2) to investigate if participant weight loss can be achieved and diabetes remission induced under these conditions. The objectives were framed using a type 2 implementation-effectiveness hybrid design which focusses equally on both implementation outcome, e.g. acceptability, and intervention outcomes, e.g. change in clinical measures [27].
Methods
The protocol was carried out in three distinct steps: (1) the pre-implementation phase where the faith-based organisations (FBOs) were engaged, (2) the implementation phase which utilised an implementation strategy focused on increasing the knowledge and skills of community health advocates (CHA) to support the low-calorie diet (LCD) and (3) the intervention phase where eligible persons with T2DM or pre-diabetes and overweight participated in the LCD and were supported by the trained CHAs (Fig. 1) [28].
	(1)
Pre-implementation
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Fig. 1Pre-implementation, implementation and intervention phases of the BDRS2 study protocol


The pre-implementation process is presented in two steps: (i) purposive selection of FBOs and (ii) determination of readiness for implementation (Fig. 1).
	(i)
Purposive selection of the FBO: Three FBOs were purposively samples based on two main criteria: (a) the presence of a medical doctor as a part of the FBO membership who would be available to consult with the local study team and (b) an attendance of >100 persons at the FBO’s main worship service as this could provide a large enough sampling frame.

 

	(ii)
Determination of readiness for implementation: Readiness was defined as by the Consolidated Framework for Implementation Research (CFIR) [29]. It is an inner setting construct which encompasses three core elements: (1) leadership engagement, (2) the availability of resources and (3) access to intervention-related information.

 




Readiness was determined via an interview with the leadership of the three FBO sites during the months of February to April 2018. This interview was guided by a questionnaire that was adapted from the CONTACT study in Guyana [30]. It included 6 questions which determined leadership engagement—these measured the FBO’s leaders’ involvement in health- and intervention-related activities (Table 1). Another 6 questions assessed the available resources including both the physical space dedicated for implementation activities and the human resources—namely congregants who were willing to volunteer and to be trained as CHAs to deliver the intervention. In addition to the leader’s report of the availability of physical resources and health personnel, site visits were made by the Principal Investigator of the study to all FBOs to identify and verify the availability of spaces, and the study was introduced to the general congregation at major services and any adult member of the FBO was eligible to volunteer for the CHA training course; no previous training or experience was required.
Table. 1The FBOs leaders’ estimation of the readiness of the FBOs to implement the intervention


	Domains of readiness
	Assessment question

	Leadership engagement
	1. Do you have teaching sessions on health-related issues?
2. Which health-related issues have been taught in the last year?
3. Does your place of worship have an ongoing programme for persons living with diabetes?
4. Does your place of worship have an ongoing programme to reduce risk factors for diabetes? E.g. health eating, active lifestyle (Emphasis here on prevention)
5. Does your congregation have any plans for implementing new, or improving on existing health-related activities?
6. Do you see a need for a diabetes health promotion and prevention programme within your congregation?

	Available resources
(physical space)
	1. Do you have a small, enclosed room where the CHA can see members in private?
2. Do you have resources and facilities for secure and organised record keeping?
3. Do you have resources and facilities for cooking classes?

	Available resources
(human resources)
	1. Does your congregation have someone who oversees health-related matters?
2. Does he/she have any formal qualifications for the position? E.g. health professional / work experience in the medical field
3. Are any (other) of your congregation members trained in health?




The 3rd element, access to intervention-related information, was assessed during the implementation phase and will be expanded on in that section.
	(2)
Implementation of the community health advocate (CHA) training programme

 




The implementation process is presented in two steps: (i) training and assessment of the CHAs and (ii) assessment of implementation determinants and outcomes (Fig. 1). Across the three sites, the process took place during the months of April to September 2018.
	(i)
Training and assessment of the CHAs: Once readiness of the faith-based organisation (FBO) was ascertained, all FBO members who volunteered were invited to the CHA training course. Volunteers indicated if they had any previous training in healthcare. The CHA course, which was taught by the study principal investigator with assistance from the medical doctor at the FBO, a dietician and an ethicist was carried out on the FBO compound and included didactic lectures and practical exercises in weight, blood pressure (BP) and blood glucose measurements, dietary history taking, electronic data entry, cooking and ethics (Table 2). This was followed by a simulation with volunteer ‘patients’ and a practical assessment by external examiners. Each skill was judged separately and CHAs had to show competence in order to be certified. The schedule required 2 h weekly for 10 weeks.

 

	(ii)
Assessment of implementation determinants and outcomes:Implementation effectiveness of the CHA training programme was determined from the success rates at the summative assessment. The odds of being successful at a particular station for persons with previous health care experience versus those without health care experience were also calculated. The statistical significance of the differences was explored using Fisher’s exact test.

 



Table. 2The CHA training programme


	Session
	Core topics
	Format
	Mode of delivery
	Resources

	1
	What I need to know about T2DMThe T2DM prevention, remission and referral protocolHow to measure waist & hip circumferences
	Lecture, discussionpractical
	Face to face, online resources
	ComputerMeasuring tape

	2
	The physiology of T2DM remissionHow to measure waist & hip circumferences (repeat)How to perform blood pressure measurements
	Lecture, discussionpractical
	Face to face, online resources
	Measuring tapeAutomated BP monitor

	3
	How to take a take a history including weekly food intake and medication adherenceHow to perform blood pressure measurements (repeat)How to perform a weight measurement
	Practical
	Face to face, online resources
	Automated BP monitor, scale

	4
	How to perform a blood sugar using the point-of-care machineHow to use the RedCap database
	Practical
	Face to face, Online resources
	Glucometer, computer

	5.
	How to perform a blood sugar using the point-of-care machine (repeat)How to perform a weight measurement (repeat)
	Practical
	Face to face, Online resources
	Glucometer, scale

	6.
	Review of all practical demonstrations
	Practical
	Face to face, Online resources
	All the above

	7.
	Simulation
	Practical
	Face to face
	All the aboveVolunteer ‘patients’

	8
	Assessment
	OSCE format
	Face to face
	All the aboveVolunteer ‘patients’

	9.
	Cookery
	Practical
	Face to faceOnline resources
	Equipped kitchen, food

	10.
	Ethics
	Case discussions
	Face to face
	 



Four to 6 weeks after the completion of the CHA training, a survey was created in RedCap and distributed online via email to the CHAs. The survey consisted of 11 questions, formatted on a 5-point Likert scale, from strongly disagree to strongly agree. Seven questions assessed access to intervention-related information—the 3rd element in the assessment of readiness—by asking their perceptions of the content and delivery of the course material. Another four questions assessed their views of the attitude that potential clients might have towards the programme; this was mapped to the ‘Knowledge and beliefs about the intervention’ domain of the CFIR [29]. These scales demonstrated good measures of reliability with Cronbach’s alpha of 0.80 for the 7-point scale assessing intervention characteristics and 0.89 for the 4-point scale assessing attitude to the programme.
	(3)
Intervention: low-calorie diet (LCD) for eligible participants

 




Once the community health advocates (CHAs) were trained, a health event was held on the faith-based organisation (FBO) compound where interested persons could be screened for intervention eligibility. The invitation was initially extended to congregants and then a snowball effect was added. The intervention was a longitudinal study design with measurements recorded pre, during and post the low-calorie diet (LCD). The inclusion criteria were age 20–69 years, body mass index (BMI) ≥27 kg/m2 and a diagnosis of T2DM for <6 years or a diagnosis of pre-diabetes. The exclusion criteria were similar to those of the BDRS1 protocol, including those on insulin, pregnant or considering pregnancy, known serious illness or an HbA1c ≥12% [14]. Eligible persons went through the informed consent process. Potential participants who were eligible based on age and BMI but were unsure of their glucose status were also consented and then screened for glucose status using the fasting blood glucose (FBG), 2-h post prandial glucose and haemoglobin A1C (HbA1C). The American Diabetes Association (ADA) guidelines were used to determine eligibility that is those with 2 of the following results—FBG >7mmol/l, 2-h post prandial glucose > 11.1mmol/l and/or HbA1C >6.5%—would be diagnosed as T2DM [31]. Persons with 2 abnormal results including a FBG 5.6–6.9 mmol/L, 2-h post prandial glucose of 7.8–11 mmol/L and/or HbA1C of 5.7–6.4% would be diagnosed as pre-diabetes.
The daily dietary allowance was restricted to 840cal consisting of 4 bottles of Glucerna® (180cal per bottle (8oz))—which were provided free of cost to participants, 4 portions of non-starchy vegetables (30cal each) and at least 3L of non-calorie beverages. The intervention period was 12 weeks, with the FBO sites beginning in April, May and August 2019 consecutively. On the first day of the intervention all participants discontinued all anti-diabetic medication. Baseline blood pressure (BP), FBG and weights were done by their attending CHAs at the FBO and repeated weekly for the 12-week duration. HbA1C was done at week 12. A dietary history was also taken on a weekly basis to monitor compliance. Induction of remission was defined by the week 12 glucose measurements; for persons with T2DM, this was represented as an HbA1C <6.5% or a FBG of <7mmol/l while off of their anti-diabetes medication for the 12-week study duration [13]. For persons with pre-diabetes participants, remission was defined as normalisation of blood glucose, i.e. an HbA1C of <5.7% or a FBG of <5.6%.
The continuous variables of weight, HbA1C, FBG, systolic BP (SBP) and diastolic BP (DBP) and the change in these measurement at post intervention was analysed in Stata and presented as the mean (95% confidence interval). Individual level of analysis of these variables was performed and adjusted for clustering by church group. Differences by sex and by glucose status were also explored.
Ethical considerations
The study was approved by the joint Ministry of Health/The University of the West Indies Institutional Review Board.
Results
Pre-implementation
Of the 3 faith-based organisations (FBOs) selected, 2 were located on the outskirts of Bridgetown—the capital of Barbados, while the third was located in a rural community. The average weekly attendance at the major weekly service was 240; women accounted for approximately 70% of the membership across the 3 sites.
Readiness

	1)
An engaged leadership

 




All 3 FBOs have taught on health-related issues at some time in the past; 2 sites had sessions in the last year—both had talks on cancer. In addition, one site organised a series of non-communicable disease (NCD)-related talks on diabetes, obesity, exercise and nutrition. The same site has an ongoing programme for prevention of NCDs in the form of a bi-weekly fitness group. All 3 sites indicated intentions of improving or implementing new health programmes but no strategic policies had been documented or enacted. Leaders at all sites were receptive to the idea of a diabetes prevention programme and reported perceptions that there was a high burden of NCDs in their community. Leaders also expressed feeling a responsibility to the congregation and communities to not only offer spiritual guidance but support towards physical health as well. They described this intervention as ‘timely’ and ‘necessary’.
	2)
Adequate resources

 




The leaders reported that the physical plants were adequate with private space for interviews and secure storage facilities. All but one of the facilities had a designated area for cooking activities. A site visit performed by the lead investigator confirmed these reports.
During the interviews, the organisational leaders across the 3 FBOs identified several health professionals amongst the congregation: 20 nurses, 7 physicians, 2 physiotherapists, 1 paramedic and 6 community health aides with care of the elderly experience; however, the sites had neither structured health programmes nor designated health leaders.
In response to the request for volunteers, 40 persons volunteered for training: 20 with no previous health experience, 9 nurses, 4 doctors, 3 first aiders, 1 pharmacist, 1 social worker, 1 paramedic and 1 community health aide.
Implementation
Community health advocates
Forty persons volunteered for the CHA training programme (35 females: 5 males); of these, 32 (80%) attended at least 1 session. Four of the 32 discontinued the programme during the first 2 weeks; the reasons were work commitments, family commitments, change in church membership and the programme was not what was expected. The remaining 28 (70%) completed the training and 27 (68%) of these took the clinical assessment; 10 at 2 sites and 7 at the third site. Of those 27, 14 had previous health worker experience including paramedics, nurses and clinicians (Fig. 2).
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Fig. 2Flow diagram of community health advocates through the training process


Implementation effectiveness
Amongst those who took the competence examination, the success rate for each station was BP (100%), weight (93%) [2 persons were not assessed and hence failed by default; all who were assessed passed], hip circumference (89%), waist circumference (78%) and glucose (74%). All CHA passed at least 1 station. The odds of success were better in persons with previous clinical training only at the glucometer station (OR=8.3, 1–224; p=0.05) (Table 3).
Table. 3Percentage success rate at each clinical measurement station for community health advocates with previous health care experience vs those with no experience


	 	Experience (%)
	No experience (%)
	OR (95% CI)

	Waist
	85
	71
	2.1 (0.3, 19.8)

	Hip
	92
	93
	0.9 (0.02, 38.9)

	Weight
	100
	85*
	5.3 (0.4, 198.0)

	Glucose
	92
	57
	8.3 (1.0, 224)

	BP
	100
	100
	1


*2 (15%) persons did not take the test and hence failed by default



Easy access to intervention characteristics
Sixteen CHAs responded to the access to intervention-related information survey: 9 nurses, 2 of whom were retired and 2 in training; 3 persons with no health training, 2 with care of the elderly exposure, 1 paramedic and 1 first aider. Responses were condensed from the 5-point Likert scale (strongly agree, agree, neutral, disagree, strongly disagree) to a 3-point scale (agree, neutral, disagree) for easy reporting (Table 4). The majority of answers indicated that the content and delivery was adequate. One responder mentioned the need for additional dietary information including dietary allowances and menus. Another person thought that the time allotted to the course was inadequate especially for persons who had no previous health exposure; interestingly, all persons who had no previous exposure agreed that the time allotted to the course was adequate. One person disagreed that their knowledge and skills base was expanded while on this course; in each case, the person had previous health training.
Table. 4Responses of CHAs on the content, delivery and acceptability of the intervention


	Question
	Agree
n (%)
	Neutral
n (%)
	Disagree
n (%)

	1. The content of the course was of an acceptable standard
	15 (94)
	0
	1 (6)

	2. The information was delivered in such a way that it was difficult to understand
	1 (6)
	0
	15 (94)

	3. The time allotted to the course was adequate
	14 (88)
	1 (6)
	1 (6)

	4. My knowledge base was expanded while on this course
	14 (88)
	1 (6)
	1 (6)

	5. My skills base was expanded while on this course
	15 (94)
	0
	1 (6)

	6. The course is good enough to be offered for a fee
	13 (81)
	3 (19)
	0 (0)

	7. I am likely to recommend this course to a friend or colleague should it become publicly available
	16 (100)
	0
	0 (0)

	8. Seeing participants according to the intervention schedule will disrupt the church schedule
	0 (0)
	3 (19)
	13 (81)

	9. Seeing participants according to the intervention schedule fits into my schedule
	13 (81)
	3 (19)
	0 (0)

	10. Utilising the church as the intervention site is convenient for participants
	15 (94)
	1 (6)
	0 (0)

	11. Utilising the church as the intervention site hinder participants from freely sharing information
	0 (0)
	2 (12)
	14 (88)




Individuals’ attitudes to the intervention
CHAs unanimously agreed that the faith-based organisation (FBO) was a convenient and acceptable location for clients and that the schedule was not disruptive to the FBO or to themselves. This was confirmed by that attendance register which showed that all clinical measurement stations were covered by CHAs over the intervention period, barring one visit at one site during a church convention when the facility was closed and CHA and participants were away from the site.
Intervention
One hundred and fifty-six persons were interviewed over a 6-month period; 15 were immediately eligible; of these, 13 participated; the other 2 migrated. An additional 77 persons were potentially eligible based on age and BMI; 64 attended their appointments for screening for glucose status, and of these, 18 were enrolled (Fig. 3).
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Fig. 3Flow diagram of participant recruitment


In all, 31 participants were enrolled across the 3 faith-based organisations (FBOs), the minimum enrolment per site was 6 participants, and one site enrolled 2 successive cohorts of 7 and 10 participants (Fig. 1). The age ranged from 36 to 66 years, all self-identified as being Black. Further recruitment was interrupted by the lockdown due to COVID19 pandemic. There were 28 (90%) females and 3 (10%) males, 11 (35%) with T2DM (10f: 1m), of whom 3 were diagnosed during screening for this study, all female. The 8 persons who were previously diagnosed were all on glucose-lowering medication; 7 on metformin; 3 of these in combination with a sulphonylurea and 2 with a dipeptidyl peptidase-4 (DPP-4) inhibitor; 1 person was on a sodium-glucose cotransporter-2 (SGLT-2) inhibitor alone. Twenty participants (65%) were enrolled with pre-diabetes, 13 were diagnosed during screening for this study (12f: 1m); 3 of the 7 who were previously diagnosed were on glucose-lowering medication; all 3 on metformin, 1 in combination with a DPP-4 inhibitor. Eleven participants had a history of hypertension (HTN); all were on anti-HTN medication. Nine participants had a history of high cholesterol, 4 were on HMG-CoA reductase inhibitors (Table 5).
Table. 5Participant demographics


	 	n=31

	Age on enrolment (years)

	 Minimum–maximum
	36–66

	Sex

	 Female
	28 (90%)

	 Male
	3 (10%)

	Ethnicity

	 Black
	31 (100%)

	Diabetes status

	 Pre-diabetic, unaware
	13 (42%)

	 Pre-diabetic, aware
	7 (23%)

	 Type 2 diabetic, unaware
	3 (10%)

	 Type 2 diabetic, aware
	8 (26%)

	Medication for diabetes (n=8)

	 Metformin only
	2

	 Metformin + sulphonylurea
	3

	 Metformin + DPP-4* inhibitor
	2

	 Sodium-glucose cotransporter-2 inhibitor
	1

	Medication for pre-diabetes (n=7)

	 Metformin only
	2

	 Metformin + DPP-4* inhibitor
	1

	 None
	4

	Hypertension
	11 (35%)

	Medication for Hypertension (n = 11)
	11

	Hypercholesterolaemia
	9 (29%)

	Medication for Hypercholesterolaemia (n=9)

	 HMG-CoA reductase inhibitors
	4

	 None
	5

	*DPP-4-dipeptidyl peptidase-4
	 



Average baseline measurements adjusted for clustering by church were as such mean (95%CI): weight (kg) 94.8 (68.5 to 121.1); 92.5 in females vs. 116.0 in males; fasting blood glucose (FBG) (mmol/l) was 6.4 (5.7 to 7.1); 6.6 in T2DM vs. 6.3 in pre-diabetes and HbA1C (%) was 6.6 (6.1 to 7.1); and 6.1 and 7.4 in pre-diabetes and T2DM respectively (Table 6).
Table. 6Change in weight, FBG and HbA1C post LCD interventions


	 	Pre-intervention
Mean (95%CI)
	Post-intervention
Mean (95%CI)
	Change (reduction)
Mean (95%CI),

	Weight (kg) [all]
	94.8 (68.5 to 121.1)
	88.8 (64.8 to 112.9)
	6.0 (3.7 to 8.2)

	Weight (kg) [male]
	116.0 (113.4 to 118.7)
	108.1 (102.6 to 113.7)
	7.9 (−0.3 to 16.1)

	Weight (kg) [female]
	92.5 (66.8 to 118.2)
	86.8 (63.7 to 109.9)
	5.7 (3.1 to 8.4)

	FBG (mmol/L) [all]
	6.4 (5.7 to 7.1)
	6.0 (5.3 to 6.7)
	0.4 (−0.2 to 0.9)

	FBG (mmol/L) male
	6.4 (6.2 to 6.6)
	6.6 (6.0 to 7.1)
	−0.2 (−1.0 to 0.7)

	FBG (mmol/L) female
	6.4 (5.7 to 7.2)
	6.0 (5.1 to 6.8)
	0.4 (−0.0 to 0.9)

	FBG (mmol/L) T2DM
	6.6 (5.5 to 7.6)
	6.4 (4.9 to 7.9)
	0.2 (−0.5 to 0.8)

	FBG (mmol/L) Pre-diab
	6.3 (5.6 to 7.0)
	5.8 (5.2 to 6.4)
	0.5 (−0.1 to 1.2)

	HbA1C (%) [all]
	6.6 (6.1 to 7.1)
	6.1 (5.7 to 6.5)
	0.5 (0.1 to 0.8)

	HbA1C (%) male
	8.1 (3.0 to 13.1)
	6.6 (6.1 to 7.2)
	1.4 (−4.2 to 7.0)

	HbA1C (%) female
	6.4 (6.1 to 6.8)
	6.0 (5.7 to 6.4)
	0.4 (−0.4 to 1.1)

	HbA1C (%) T2DM
	7.4 (5.9 to 8.8)
	6.3 (6.1 to 6.5)
	1.2 (−0.7 to 3.0)

	HbA1C (%) Pre-diab
	6.1 (6.0 to 6.3)
	6.0 (5.5 to 6.5)
	0.1 (−0.1 to 0.4)




Mean (95%CI) change post-intervention was as such: weight loss 6.0 kg (3.7 to 8.2); 7.9 kg (− 0.3 to16.1) in males vs 5.7 kg (3.1 to 8.4) in females. FBG (mmol/l) reduction was 0.4 (−0.2 to 0.9); 0.2 (−0.5 to 0.8) in persons with T2DM and 0.5mmol/l (−0.1 to 1.2) in persons with prediabetes. HbA1C decreased by 0.5% (0.1 to 0.8), with a greater reduction in persons with T2DM 1.2 (−0.7 to 3.0) compared to those with prediabetes 0.1 (−0.1 to 0.4). Systolic blood pressure (SBP) and diastolic BP decreased by 10mmHg, p=0.003, and 8mmHg, p=0.005, respectively.
Of the 11 persons with T2DM who completed the low-calorie diet (LCD), 10 persons were available for FBG and HbA1C testing at week 12. Based on an HbA1C threshold of <6.5%, 6 (60%) were in remission. Based on the FBG of <7mmol/l, 9 (90%) were in remission.
Of the 20 persons with pre-diabetes, 17 completed the study and were available for HbA1C testing at week 12; only 15 were fasted and hence had FBG done. Based on an HbA1C threshold of <5.7%, 3 (18%) reverted to normal glucose status. Based on FBG, 6 (40%) reverted to normal glucose status (<5.6 mmol/L). One person achieved normal glucose status by both FBG and HbA1C.
Five of the 11 participants that were anti-hypertensive medications either decreased or discontinued the medication.
Review of the participant register showed high attendance throughout the study. Three participants prematurely discontinued the intervention; 1 at week 3 and 1 at week 10, both due to travel and another 1 at week 6 who was no longer interested in continuing; all 3 had pre-diabetes. The lowest attendance of 82% occurred during the convention week; apart form that, the lowest attendance was 89% at weeks 8 and 11. There were 21 absences in all (out of 429 visits); 1 absence occurred in 5 people, 2 in 2 people, 3 in 1 person, 4 in 1 person and 5 in 1 person.
Discussion
Pre-implementation
When assessing readiness of the faith-based organisations (FBO), we found high levels of leadership engagement and adequate resources. The act of involving the FBO leaders afforded them the opportunity to progress from acknowledging a need for an intervention to a place where they facilitated the intervention. If mapped to the transtheoretical model of change (TTM), action can be promoted via educational activities, particularly on the burden of disease within the population and the impact the intervention can make to the improvement in outcome [32]. The next step, long-term maintenance, which is defined by the continuation of the community health advocate (CHA)-led intervention beyond 6 months, can be facilitated by the provision of an environment that is conducive to the continuation of the intervention. In this study, maintenance has been facilitated as the glucometers, blood pressure kits, dietary booklets and other material that were provided during training will be available to the CHA for use after the study is completed. The TTM has been used to expound on the changes in individual behaviours across a wide range of practices including lifestyle modification for the management of non-communicable disease (NCDs) [33–35]. Within the recent scientific literature, the TTM has also been proposed as a framework for organisational change and community coalitions [36, 37]. More emphasis should be placed on leadership engagement within the community not simply as a facilitator of the intervention but as an agent of change.
Implementation
The results suggest that the combination of trained CHAs within the context of a FBO is a useful implementation strategy in conducting a diabetes remission intervention. Theoretical barriers to implementation, such as human resources and infrastructural limitations, were not found to be present in the pre-implementation phase, where high levels of leadership engagement contributed to the state of readiness [38]. There was a high CHA retention rate, even in the face of a formal summative assessment prior to certification. The intervention-delivery training method was found to be acceptable and sufficiently thorough for 100% of trainees to achieve competence in ≥1 of the 5 clinical skills necessary to monitor the anthropometric and biochemical measures necessary. Extra attention, however, should be focused on glucometer competency in those with no previous healthcare experience. Despite reports of the effectiveness of CHA interventions in NCD management, there are concerns regarding unregulated CHA action and adverse patient outcome resulting from uncoordinated care [19, 39–41]. We were able to circumvent these critical issues by having a licensed medical practitioner as a member of the community to provide oversight to major clinical decisions.
The Chronic Care Model provides the evidence base for the growing recognition that NCD management requires integration of clinic-based and community-supported care. Whereas FBOs are being used increasingly as community hubs for health interventions, particularly in African descent populations, the results of the work are transferable on the theoretical level, where the FBOs represent “a safe space” to conduct the intervention and the CHAs are broadly categorised as “volunteers” who have the willingness and capacity to be trained [42, 43].
This transfer might necessitate some adaptation to the protocol. In framing the adaptation, one must decide what are the core elements that are necessary to maintain the fidelity of the intervention versus the peripheral components that can be adapted to increase the feasibility of the alternative design [44]. For e.g., to transfer the intervention from the FBO to a work site, it is decided that the 740-kcal diet for the 12-week duration are the core elements. However, congregants can be replaced by the safety officers as CHAs, clinical measurements can be assessed at the worksite instead of the FBO and participants can be offered a 740-kcal combination of solid and liquid meals instead of being restricted to the liquid formulation only.
Intervention
Being female is a social determinant for obesity and development of T2DM in the Caribbean; gender-specific interventions are therefore warranted. In this study, 90% of participants were females; hence, FBO may be an ideal location to engage those most at risk.
Eighty percent of participants with pre-diabetes were newly diagnosed. Mathematical models predict that pre-diabetes to T2DM conversion occurs at approximately 2.5%/year, with persons of African and Asian descent being at higher risk [3, 43]. Pre-diabetes management hinges on weight loss, and a substantial amount of work has investigated the effects of various diets [45, 46]. In this study, participants with pre-diabetes were on average, able to surpass the recommended 5% reduction in body weight needed for T2DM risk reduction. In the absence of a community-based intervention, diagnosis may have been delayed or remained undiagnosed until symptomatic. We therefore recommend community-based screening for pre-diabetes and intensive dietary intervention for T2DM risk reduction and pre-diabetes remission.
Of the 10 persons with T2DM in this study, 3 reverted to normo-glycaemia, whereas the other seven achieved a reduction of glucose to pre-diabetes levels. Follow-up measurements would be useful to investigate the maintenance of this effect. Remission rates as defined by HbA1C were lower at 60% than by FBG (90%); this is in keeping with previous studies in both the Barbadian and the African American population which showed that for any given level of FBG, HbA1Cs levels tend be higher [47, 48].
Maintenance of weight loss is necessary to accrue maximum cardiovascular benefits. At the end of the 12-week low-calorie phase, participants transition to balanced, healthy meals under the guidance of a dietician. The curriculum includes learning to read food labels, trips to the supermarket and cooking classes. Although useful, continuing community-based lifestyle management including intensive dietary advice is necessary. This can be approached via two mechanisms: (1) training the CHAs in nutrition and dietetics which could potentially increase capacity and accessibility to dietary advice and (2) formalising relationships with surrounding health centres; this would allow for referral to trained dietician and any additional services, e.g. podiatry and ophthalmology; however, this avenue is limited by the availability of appointments.
Conclusion
In conclusion, this feasibility study supports the proposal that weight loss due to a LCD can induce diabetes and pre-diabetes remission in a community context, as the FBO-based, CHA-supported implementation strategy was acceptable to all parties involved. A notable limitation of this study is that it was heavily subscribed by women; although gender-specific interventions are warranted, future studies could involve adaptation of this methodology to other community sites with the prospects of attracting a more balanced cohort. Although the small sample size may limit generalisability at the population level, the emerging themes are transferable on a theoretical level to other settings and may inform the scale up of community-based participatory research. Additional studies can consider how this protocol can be adapted to an online version to mitigate against interruptions due to social distancing and lockdown protocols.
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