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Abstract

Aims.—A randomized control trial (RCT) of diabetes self-management education (DSME),
undertaken by a community-based participatory research (CBPR) partnership between the
University of Arkansas for Medical Sciences (UAMS) and the Marshallese community in
Arkansas. The RCT examined the effect of the hours of intervention exposure, with the hypothesis
that increased exposure is one reason the Adapted-Family DSME was found to be more effective
than the Standard DSME.

Methods.—221 Marshallese with type 2 diabetes were randomized to an Adapted-Family DSME
group (in-home setting) (#7=110) or a Standard DMSE group (community setting) (7=111).

The Adapted-Family DSME included 10 hours of education that covered the core self-care
elements recommended by the American Diabetes Association (ADA) and American Association
of Diabetes Educators’ (AADE) recommendations. The Standard DSME included 10 hours of
intervention with all ADA and AADE core elements.

Results.—The number of hours of intervention exposure in the Adapted-Family DSME arm
(Mean=8.0; Median=10.0) was significantly higher than the number of hours of intervention
received in the Standard DSME arm (Mean=1.5; Median=0.0). As hypothesized, higher exposure
was associated with a significant reduction in HbA4. in a model including only study arm and
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exposure (£=0.01), and in a model including study arm, exposure, and all demographic variables

(P=0.046).

Conclusions.—This finding is consistent with previous reviews that showed increased exposure
to DSME produced improved glycaemic control and 10 hours or more of DSME produces
clinically meaningful reductions in HbA.
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type 2 diabetes; diabetes self-management education; adapted-family model; randomized
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INTRODUCTION

The Pacific Islander population in the US is small but rapidly growing, with a 40% increase
between 2000 and 2010 across the country, and a more than 250% increase in the state

of Arkansas [1]. Most Pacific Islanders in Arkansas are Marshallese, and Arkansas has

the largest Marshallese population in the continental US with around 10,000 residents [2].
Marshallese experience high incidence of type 2 diabetes, with estimates among adults
living in the Republic of the Marshall Islands (RMI) and the US ranging from 20% to 40%
[3, 4]. Specifically in northwest Arkansas, screening data (/7=401) has documented high
incidence of type 2 diabetes (38.4%) and pre-diabetes (32.6%) among Marshallese [5].

To understand the diabetes epidemic among the Marshallese, it is important to understand
the historical relationship between the RMI and the US. Between 1946 and 1958, the US
tested nuclear weapons in the RMI. Tests exposed islanders to significant levels of nuclear
radiation [6]. The nuclear testing disrupted the food supply through the contamination of
fish and plants on the islands. The islanders who had previously consumed fresh fish and
local vegetables, transitioned to a diet of highly processed, canned foods high in refined
carbohydrates and fat that were shipped in by the US [7].

After the nuclear tests, US scientists set up Project 4.1 to study the effects of nuclear
radiation on humans [6]. The research was conducted without informed consent and without
language translation. Subsequent studies demonstrated health problems affecting those
exposed and changes in Marshallese health behaviours [6-8]. Like other cultures marked

by historical trauma, the Marshallese exhibit distrust in researchers [9]. The research team
overcame this trauma and distrust through the use of a community-based participatory
research (CBPR) approach. The present research is a follow up to a randomized control trial
(RCT) of diabetes self-management education (DSME), undertaken by a CBPR partnership
between the University of Arkansas for Medical Sciences (UAMS) and the Marshallese
community in Arkansas [10-13].

DSME has been shown to be effective at improving diabetes-related clinical outcomes,
including glycaemic control [14, 15]. There have been studies of DSME among Marshallese
in Hawaii and the RMI; however, the two prior studies did not demonstrate improved
glycaemic control [16, 17]. Other studies suggest that culturally appropriate DSME is

more effective in minority and immigrant communities [18, 19], and family models of
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DSME are effective in minority communities [20, 21]. However, prior to our study, no
known culturally-adapted or family models of DSME have been tested with Marshallese
participants. Our study compared the effectiveness of a Standard DSME curriculum to that
of our Adapted-Family DSME curriculum. The primary study outcomes paper presented
significantly greater declines in adjusted mean HbA . achieved in the Adapted-Family
DSME arm compared with the Standard DSME arm immediately after (Adj. Mean
Diff.=-0.61, P=0.04) [13].

The number of hours of DSME intervention patients receive has been shown to be

an important factor in reduction of HbA1.. In a meta-analysis of RCTSs, total contact
hours was positively associated with the effect of DSME on improved glycaemic control
[22]. Similarly, a systematic review showed that receiving 10 hours or more of DSME
intervention increased the likelihood of a significant reduction in HbA1. [23].

The objective of this article is to present results of a post-trial analysis to evaluate the DSME
exposure (hours of attendance) participants received, with the hypothesis that increased
exposure is one of the possible reasons the Adapted-Family model of DSME was found to
be more effective than the Standard DSME.

RESEARCH DESIGN AND METHODS

Bilingual Marshallese staff recruited potential participants through community/church health
screenings [5], self-referrals from members of the community who had heard about the
study, local community health worker referrals, community partners, and local clinics which
serve Marshallese patients [13, 24]. Participants were Marshallese adults (aged 18 and older)
who had type 2 diabetes. Those meeting the inclusion criteria were provided information
about the study in English or Marshallese and were given the opportunity to discuss the
study with bilingual Marshallese research staff. The study was approved by the UAMS
Institutional Review Board (#203482) and registered at clinicaltrials.gov (#NCT02407132)
and HSRProj (#HSRP20152031). The study design utilized was a community-based
participatory research approach. A detailed protocol has been published elsewhere [24, 25].

The study took place in Washington and Benton Counties, located in northwest Arkansas,
where 240 participants agreed to participate in the study and provided consent. Each
participants’ type 2 diabetes status was confirmed using baseline HbA 1, occurring after
enrolment but before implementation of the two interventions. Participants not on glucose-
lowering medications who did not have HbA 1 results indicating diabetes (6.5% or above)
were unenrolled from the study at baseline data collection. Eligible participants were
randomly assigned to either the Adapted-Family DSME arm or the Standard DSME arm.
Randomization was conducted at the family level. Prior to this, consented participants were
grouped by family, preventing members from the same family from being assigned to
different arms (i.e., to minimize cross-contamination). Each family was randomly assigned
to one of the two study arms. Randomization was conducted using a random number
generation function, which concealed the families’ identities from the person who made
the assignment. The investigator who conducted randomization had no interactions with
potential participants and no supervisory role with program staff responsible for recruitment,
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consent, or intervention delivery. The target sample size of 240 allowed us to achieve 80%
power to detect an effect size of ¢=0.3 in a design with four time points of measurement and
a compound symmetry covariance structure, with a correlation of 0.5 between observations
on the same subject and an alpha level of 0.05 assumed [26]. Consistent across both arms

of the study, retention efforts included bi-weekly participant contact via e-mail and phone. A
$20 gift card was provided as an incentive at each of the four data collection events.

Intervention Description

The Standard DSME provided a total of 10 hours of education, covering eight core
elements across sessions: healthy eating, being active, glucose monitoring, understanding
blood glucose and taking medications, problem solving, reducing risks and healthy coping,
mitigating complications of diabetes, and goal setting. The core elements were consistent
with the American Diabetes Association (ADA) and American Association of Diabetes
Educators’ (AADE) recommendations regarding self-care behaviours [27]. Family members
of participants in the Standard DSME arm were not invited to the education sessions.

The Adapted-Family DSME also provided 10 total hours and covered the same eight core
elements of the Standard DSME. The curriculum, however, was culturally adapted using

a CBPR approach. Curriculum changes included: culturally appropriate nature analogies
(e.g., tide changes) to assist in the explanation of changes in glucose numbers; discussions
of the importance of medication adherence, focusing on natural plant-based properties of
metformin; and emphasizing engagement of participants’ family orientation as a means

of self-management. Specifically, the curriculum focused heavily on the importance of
engaging all family members in desired behavioural changes and incorporated goal setting
and motivational interviewing at the family level. Participants were encouraged to invite
family members to each session, and the Adapted-Family DSME curriculum was based on
active engagement of family members in each educational intervention.

The Adapted-Family DSME was conducted in participants’ homes. The Standard DSME
was conducted at a local non-profit that was well-known to participants and was located in
close proximity to the Marshallese community. The intervention was implemented between
2015 and 2018. A detailed description of each intervention is published elsewhere [13].

Study Outcomes

Change in mean HbA 1. from baseline to immediate post-intervention (9 weeks) was the
primary outcome of interest. Hb A1 was assessed through finger prick blood collection using
a Rapid A, test kit and Siemens DCA Vantage Analyzer. Control for use of medication
prescribed to lower blood glucose was incorporated into each analysis of the study. These
medications were coded as Yes/No based upon participant’s self-reported use.

Analytical and Statistical Approaches

The study design was a two-arm comparative effectiveness RCT. We fitted three, progressive
linear mixed effects regression models for repeated measures to analyse the impact of
DSME exposure (hours of classes attended) on the difference in the change in HbA;¢
from baseline to immediate post-intervention between Adapted-Family DSME and Standard
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DSME participants. Each model was adjusted for baseline HbA . before entering additional
variables. Any familial correlation was incorporated as a random effect in the models, with
the assumption of compound symmetry as the underlying covariance structure.

The initial model included only study arm assignment. The second model added exposure
(hours of attendance) to model 1. The final model included the variables from models 1 and
2, adjusting for sex, age, education, marital status, employment status, and use of diabetes
medication. All analyses were carried out using SAS/STATv14.2. Statistical significance
was set at the a priorialpha level of 0.05.

The intent-to-treat principal was the foundation of the analyses of our primary outcome
variable (change in mean HbA.). This ensured that regardless of the compliance with the
protocol of the study or non-completion of the study, data from all randomized participants
were analysed.

Participant Flow

RESULTS

Of the 240 participants consented to be screened, 221 were eligible and randomized to one
of the two study arms. The study’s CONSORT Flow Diagram is presented in Fig. 1.

Characteristics of Participants

The baseline characteristics of study participants by arm are shown in Table 1. Across

all 221 participants, the median age was 52 years (range=31 to 80 years), and less than

half were men (42.2%). Retention of participants was not significantly different between
arms. At immediate post-intervention, 91.0% of Standard DSME participants and 97.3% of
Adapted-Family DSME participants provided outcome data (~=0.150).

Changes in Outcome

Table 2 provides the summary statistics for attendance hours of the total sample and the two
study arms. The hours of intervention received varied by study arm, with Standard DSME
participants receiving a mean of 1.5 hours of intervention, and Adapted-Family DSME
participants receiving a mean of 8.0 hours of intervention.

The distribution of intervention hours by study arm (Fig. 2) shows 70.3% of Standard
DSME arm participants were exposed to 0 hours of DSME, while 54.6% of Adapted-Family
DSME arm participants were exposed to 10 hours. A Wilcoxon Rank Sum test revealed
significant distributional differences for the hours of intervention between the Adapted-
Family arm and Standard arm participants (A<0.01).

In Table 3, the first mixed effects model shows a significant effect of study arm on reduction
of HbA;, where Adapted-Family DSME was associated with greater reductions than the
Standard DSME (P=0.029). In the second model, incorporation of exposure (hours of
attendance) confounds the effect of study arm on reduction of HbA;, which becomes
statistically non-significant (P=0.633); however, exposure is significant (£=0.013). The final
model incorporated adjustments for sex, age, education, marital status, employment status,
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and use of diabetes medication, which did not affect the previous study arm difference
(P=0.655), and the effect of exposure remained significant (P=0.046).

DISCUSSION

Limitations

This article evaluated the effect of participants’ intervention exposure (hours of attendance)
in an RCT comparing an Adapted-Family DSME with a Standard DSME. We hypothesized
that increased exposure is one of the possible reasons Adapted-Family DSME was found

to be more effective in reducing HbA than Standard DSME. While both arms included

a 10-hour intervention, participants’ attendance varied greatly between the study arms: the
number of hours of intervention exposure in the Adapted-Family DSME arm (Mean=8.0;
Median=10.0) was significantly higher than the number of hours of intervention received in
the Standard DSME arm (Mean=1.5; Median=0.0). As hypothesized, the higher exposure
was associated with a significant reduction in HbA4. This finding is consistent with
previous reviews that showed increased exposure to DSME produced improved glycaemic
control [22, 23], and 10 hours or more of DSME produces clinically meaningful reductions
in HbA 1 [28, 29].

There could be several reasons for the difference in intervention exposure between the study
arms. The Adapted-Family DSME curriculum’s cultural resonance could have encouraged
participants to attend the intervention. The Adapted-Family model was developed using an
intensive CBPR process [11], and was adapted to include culturally appropriate components
throughout the DSME curriculum. The increased exposure could also be because the
intervention engaged the participants’ family, and the engagement of family members in
DSME improved participation. The higher exposure could also be because the Adapted-
Family DSME was delivered in participants’ homes which removed common barriers to
DSME attendance such as transportation, making it easier for participants to attend the
intervention and receive increased exposure.

We might speculate that it is the exposure to either intervention and not the differences in
intervention content that are responsible for differences in glycaemic control. However, we
cannot separate the two; exposure appears to be a function of intervention. The magnitude
of the effect of the Standard DSME intervention with more participation is unknown.

The lack of variation in attendance within arms suggests that the Adapted-Family DSME
may have improved attendance and, therefore, exposure to the intervention. The increased
exposure and effectiveness of the Adapted-Family DSME are consistent with prior literature
that shows culturally-adapted models of DSME are often more effective with minority

and immigrant populations [18, 19], and that DSME delivered in the home is effective

in improving glycaemic control [30]. Interestingly, retention in the study’s data collection
events were not significantly different, suggesting that retention efforts across arms were
consistent and differences in exposure were due to the characteristics of the interventions.

The study results should be examined in light of some limitations. All participants in this
study were Marshallese adults living in Arkansas, which limits the generalizability of the
results to other Pacific Islander populations or Marshallese living outside Arkansas. Despite
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this limitation, this study adds much to the literature. This study replicated the finding

that increased exposure to DSME is a mechanism significantly associated with improved
glycaemic control. However, the Adapted-Family DSME adapted multiple interventions
components specifically designed to overcome documented challenges faced by the
population (e.g., culturally relevant curriculum, delivered in the home, by a community
health worker) at one time [8, 24, 25]. We do not know if just one of the adaptations

or the simultaneous implementation of multiple adaptations were responsible for increased
exposure and the observed results.

Furthermore, delivering a home-based intervention was very time consuming, and a cost
analysis was not completed which limits are understanding of the cost-benefit of the
Adapted-Family DSME. Future studies should examine the effect of each of the components
individually and their influence on increasing exposure and on HbA .. Future studies

should also include cost-effectiveness analysis. These limitations notwithstanding, the
Adapted-Family DSME resulted in increased exposure, which is associated with increased
effectiveness. Future research should examine the extent to which the Adapted-Family
DSME may be effective in increasing exposure and effectiveness in other groups, including
other minority and immigrant populations.
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Novelty Statement

. Use of culturally adapted diabetes self-management education has been

shown to be effective in improving levels of glycated haemoglobin.

. The exposure to education explains differences in improvement of glycated

haemoglobin levels.

. Exposure to 10 hours or more of diabetes self-management education is

necessary to observe the desired improvement in glycated haemoglobin
levels.
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Baseline characteristics of participants by study arm

Adapted-Family DSME (N=110)

Standard DSME (N=111)

Baseline HbA;; mmol/mol (%) *

Age7L 51.5 (31-80)
Male 52 (47)
Married 82 (75)
Education

Less than HS 66 (60)

HS/IGED 30 (27)

Higher than HS 14 (13)
Employed 47 (43)
Any diabetes medication 48 (44)

91 + 26 (10.5 + 2.4)

90 + 24 (10.4 + 2.2)

52 (33-79)

39 (35)
78 (70)

69 (62)
34 (31)
8(7.3)
38 (34)
49 (44)

Values are given as 77 (%) unless otherwise indicated
*
mean + SD

7‘median (range).
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HbA1, glycated haemoglobin; DSME, diabetes self-management education; HS, high school; Any diabetes medication, participant was taking at

least one medication to regulate blood glucose.
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Table 2.

Summary statistics for exposure (hours of attendance) overall, by study arm

Study Arm Assignment N Mean SD Mdn Min Max

All Participants 221 48 45 38 0.0 10.0
Standard 111 15 30 00 00 100
Adapted-Family 110 8.0 32 100 00 100

SD=standard deviation; Mdn=Median; Min=Minimum; Max=Maximum
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