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Abstract of the Dissertation

Engagement, Adherence, and Clinical Benefit from mHealth Interventions for Latinos with

Poorly Controlled Type 2 Diabetes: What Are the Roles of Diabetes Distress and Other
Participant Characteristics?

by

Taylor L. Clark

Doctor of Philosophy in Clinical Psychology

University of California San Diego, 2024
San Diego State University, 2024

Professor Linda Gallo, Chair

Diabetes self-management and support (DSME/S) delivered by mobile health (mHealth)
technologies can circumvent access barriers experienced by Hispanic/Latino (hereafter, Latino)
individuals with type 2 diabetes (T2D), however, little is known about how participant characteristics and
diabetes distress (DD) levels shape engagement with, adherence to, and clinical benefit from these
interventions. This 3-paper dissertation aimed to elucidate these questions by examining: (1) the

moderating effect of baseline DD on glycosylated hemoglobin Alc (Alc) improvements; (2) associations

Xiii



of participant characteristics and baseline DD with engagement and adherence outcomes; (3) changes in
DD over time and relationships between baseline DD and changes in DD with changes in Alc, in the

context of two mHealth randomized trials.

Study 1 used data from the Dulce Digital study (N=126), which tested a 24-week long mHealth
DSME/S intervention (Dulce Digital) versus Usual Care among Latino adults with poorly managed T2D.
A statistically significant three-way interaction effect indicated that participants with moderate/high DD
at baseline achieved significantly larger six-month Alc decreases following the intervention than those
with no/low DD. Study 2 used data from the Dulce Digital-Me randomized comparative effectiveness
trial (N=310), which enrolled Latino adults with poorly managed T2D to static or adaptive (automated vs.
telephonic) versions of Dulce Digital. Older age, longer diabetes duration, limited health literacy, and
greater baseline DD were significantly associated with completion of fewer ecological momentary
assessments, while preference for Spanish over English language was associated with higher completion
rates of health coaching calls. Study 3 used data from the Dulce Digital-Me trial and found that DD
significantly decreased over the intervention period. Higher baseline DD was linearly associated with
higher Alc post-intervention. A lack of significant person-level variability in changes in DD over time

precluded examination of the association with changes in Alc.

Findings highlight the value of mHealth interventions for Latino adults with T2D and also clarify
for whom these mHealth approaches may be most appropriate. Directions for future research include
further elucidation of the role of DD in Alc change, and testing adaptions (e.g., added psychosocial
support) to current mHealth approaches to further enhance clinical, psychosocial, and engagement

outcomes.
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1. Introduction
Type 2 diabetes is a chronic metabolic disorder that affects nearly 27 million Americans
and is the 7t leading cause of death in the United States (1, 2). Experts predict that diabetes
cases will increase more than 50% and deaths attributable to diabetes will increase nearly 40%
by the year 2030 (3). Nearly 1 in 6 U.S. adults are expected to be diagnosed with this condition
by 2060 (4). The rapid increase in diabetes prevalence will not only affect the lives of patients
and their families but will continue to impose substantial economic burden on society, incurring

billions of dollars each year in direct medical costs and lost productivity in the U.S. (5, 6).

Importantly, the burden of diabetes is not evenly distributed among sociodemographic
groups in the U.S. and significant disparities have been observed. Racial and ethnic minority
communities (e.g., Hispanic/Latino/a/x/e; hereafter “Latino”) are disproportionately affected by
diabetes due to a variety of biological, clinical, social, and health system factors (7-10). The
multi-site Hispanic Community Health Study/Study of Latinos found an overall diabetes
prevalence of 16.9% in 16,145 adults from four metropolitan areas in the U.S., notably higher
than the diabetes prevalence rate of 10% among White adults (11). Not only do Latinos
experience diabetes at a higher rate than their White counterparts, but they also exhibit poorer
clinical management and worse outcomes once diagnosed (12, 13). Prior studies have observed
less engagement in diabetes self-management behaviors (e.g., healthy eating, physical activity),
poorer glucose control, and higher incidence of microvascular complications among this group
(8, 14-17). Thus, developing interventions tailored for Latinos and their unique sociocultural

context and understanding factors related to engagement in, adherence to, and benefit from these

interventions are urgent public health goals.



Characterizing Type 2 Diabetes

Type 2 diabetes (T2D) is characterized by insulin deficiency as a result of pancreatic
beta-cell dysfunction and insulin resistance, causing high levels of blood glucose, or
hyperglycemia. Chronic hyperglycemia and other metabolic aberrations in diabetes can lead to
the development of microvascular (e.g., retinopathy and blindness, neuropathy, nephropathy) and
macrovascular (e.g., heart disease, stroke, peripheral artery disease) complications. Achieving
and maintaining good glycemic control, along with reducing other risk factors like obesity,
hypertension, hyperlipidemia, and smoking, can delay the onset and progression of these

complications (18, 19).

Glycosylated hemoglobin Alc (Alc) is a blood test that measures average blood sugar
levels over the past three months and is used as a primary indicator of clinical control in diabetes.
Prior research has found that Alc levels <7% produce significant reductions in incidence of
diabetes-related complications and mortality (18-21). Thus, Alc <7% is recommended by the
American Diabetes Association as an ideal target for most adults with diabetes (22). Achieving
this target often involves the use of pharmacological interventions and lifestyle modification.
Suggested behavior changes include adopting a healthier diet low in sugar and unhealthy
carbohydrates, increasing physical activity levels, taking medications/insulin as prescribed,
monitoring blood sugar and blood pressure, reducing stress, and maintaining good emotional

health (23).

Characterizing Diabetes Distress
Research exploring the patient perspective of diabetes has identified that patients often
find these behavior changes to be very time-intensive, burdensome, expensive, and difficult to

initiate and maintain (24, 25). The concept of ‘diabetes distress’ was first introduced in 1995 and



encapsulates the feelings of frustration, guilt, defeat, and overwhelm that often arise for
individuals managing this complex, demanding disease (26). A 2017 systematic review and
meta-analysis of 55 studies (N=36,998) found that 1 in 3 adults with diabetes endorsed moderate
to high levels of diabetes distress (27). Limited evidence also suggests that diabetes distress is
more prevalent among Latino adults with diabetes compared to their non-Hispanic White
counterparts (28). Studies comparing diabetes distress and depression have found that not only is
diabetes distress more common among adults living with diabetes, but it is also more strongly

and consistently associated with poorer diabetes self-management and is moderately associated

suboptimal clinical control (29-33).

Diabetes Self-Management Education and Support (DSME/S)

The American Diabetes Association’s (ADA) position statement on psychosocial care for
diabetes recommends that care teams routinely monitor diabetes distress using validated
measures and refer patients exhibiting significant levels of distress to diabetes self-management
education and support (DSME/S) (34). DSME/S, which is traditionally delivered in a face-to-
face setting, is an accredited service that presents an evidence-based curriculum covering
medication adherence, healthy eating, physical activity, self-monitoring, risk reduction, and
healthy coping (35). According to the Centers for Disease Control and Prevention (CDC),
DSME/S classes often take place in hospital outpatient departments, independent clinics
(including Federally Qualified Health Centers), and even pharmacies (36). Per the ADA’s
psychosocial position statement, the purpose of the DSME/S referral is to provide patients
exhibiting significant diabetes distress with the opportunity to “address areas of diabetes self-
care that are most relevant to the patient and have the most impact on diabetes outcomes” (p.

213211, (34)). A systematic review exploring the biological, psychological, and social benefits



of DSME/S found that not only did DSME/S interventions improve diabetes outcomes (e.g.,
Alc), they also significantly reduced distress and anxiety (37). Another systematic review
examined whether DSME/S was effective at reducing health-related emotional distress among
Latino adults with diabetes (38). This review identified a lack of methodologically robust studies
that included predominantly Latino samples; however, of the studies that were identified, most
(70%) reported a significant reduction in diabetes distress after participating in DSME/S with

effect sizes ranging from -0.17 to -3.85 (38).

While there is some evidence that DSME/S can improve distress, utilization of
traditional, face-to-face DSME/S is low (<5% of adults with diagnosed diabetes; (39)). This is
especially true for Latino adults, who experience practical (work/caregiving conflict, lack of
transportation) and healthcare access barriers at a higher rate than White adults with diabetes (40,
41). In fact, prior research has found that most DSME/S attendees tend to be White and English-
speaking (40). Given the higher prevalence of diabetes, poor diabetes outcomes, and diabetes
distress among Latinos, developing interventions that address cultural factors that influence
diabetes management and are accessible to this high-risk group are paramount to reducing health

disparities.

One way in which interventions have become more accessible is by use of mobile health
technologies. Mobile health (mHealth) is a general term that encompasses use of mobile phones
and other wireless technologies in medical care and has been used to improve health outcomes in
a variety of diabetes (42) and other chronic disease interventions (43, 44). Despite the rapid
advancement of mHealth technologies, only a few mHealth diabetes interventions have been
conducted in predominantly Latino samples (45). Importantly, this is not due to lack of mobile

technology access among this group. Cell phone ownership is very high and roughly equivalent



between Latinos and non-Hispanic whites and Latinos are more likely than White adults (73%
vs. 58%) to use their mobile phone to seek out health information (46, 47). Results from
preliminary mHealth studies indicate that delivering DSME/S using mobile technologies can
extend the reach of care to Latinos and can be an effective way to improve Alc (48). However,
what remains unknown is if/how participant characteristics, including levels of emotional
distress like diabetes distress, impact how patients engage with, adhere to, and benefit from
mHealth DSME/S programs. This information could help elucidate if and when a mHealth

DSME/S treatment approach might be most appropriate for a patient with poorly controlled T2D.

Predictors of Engagement in and Benefit From mHealth DSME/S

User engagement and adherence are crucial to the success of any intervention, but
particularly those that utilize mHealth modalities. While a notable advantage of mHealth is the
ability of participants to receive intervention content remotely and in the context of their daily
lives, these benefits may be nullified if participants are not actively engaged and attending to this
content. There is greater potential for this to happen when content is passively delivered (e.g., by
text message) as opposed to delivered in the traditional, face-to-face setting. Despite the
importance of engagement in mHealth studies, a 2016 systematic review exploring patterns of
engagement in mobile and web-delivered self-management interventions among adults with T2D
found that engagement is not often reported (49). However, of the studies that did report user
engagement, older age, being non-White, and lower health literacy were identified as important
predictors of less engagement in digital interventions which in turn predicted poorer clinical
outcomes (49). To-date, only one study has examined participant characteristics and mHealth
engagement in a predominantly ethnic or racial minority sample and found that Black race was

significantly associated with less engagement while age, education, income, sex, health literacy,



and diabetes duration were not (50). The research examining diabetes distress as a predictor of
engagement, particularly among Latinos, is sparse, even though diabetes distress seems to be
related to behavior (31, 33, 51). Fonda et al. explored whether engagement in an internet-based
diabetes care management program, which included some elements of DSME/S but had a
primary focus on care management by a nurse practitioner, was predicted by diabetes distress at
baseline. Results indicated that higher distress predicted less engagement in the intervention
within this predominantly White sample (52). No other studies to-date have expanded these

findings to mHealth DSME/S or Latinos specifically. Overall, results have been mixed and gaps

in the literature remain.

Diabetes distress may also shape who benefits most from DSME/S interventions,
including mHealth approaches. Several studies have found that reductions in diabetes distress
were significantly related to improvements in Alc following a DSME/S intervention, including
among Hispanic and Black adults (30, 53-56). However, other studies that have reported
improvements in glycemic control post-DSME/S intervention did not observe significant
between-group changes in diabetes distress over time (57, 58). These findings suggest that the
nature of the relationship between diabetes distress and glycemic control following an
intervention may be particularly complex, and that intervention design and the population
studied might explain some of these discrepancies. Only one study to-date has specifically
examined diabetes distress in the context of a mHealth DSME/S intervention designed for Latino
adults (“Dulce Digital”; Study 1 in this dissertation) (58). This study reported that baseline levels
of diabetes distress moderated the effect of the Dulce Digital intervention, such that participants
with moderate to high levels of distress experienced relatively greater clinical benefit from the

intervention compared to participants with no or low levels of distress. This suggests that



baseline levels of diabetes distress might be an important predictor of benefit from mHealth
DSME/S and that individuals distressed by their diabetes may actually benefit more from such
interventions. A possible explanation for this could be that the low burden nature of mHealth
helps to circumvent stress that can be encountered, particularly by Latino adults, with traditional

face-to-face visits (e.g., finding transportation, time off work/away from caregiving).

It 1s also possible that an “optimal” level of diabetes distress exists, for engagement in,
adherence to, and benefit from DSME/S interventions. The Yerkes-Dodson law, which posits
that an optimal level of arousal or stress exists for performance in the shape of an inverted U-
curve, was initially discovered in a laboratory setting with mice, but has since been applied to a
variety of settings outside the laboratory in humans (59). Non-linear relationships following this
inverted U-shaped curve have been observed when examining optimal levels of noise arousal
and learning (60), as well as for anxiety levels and test performance (61). In the context of
health behavior change, studies have found that moderate levels of weight dissatisfaction, a
stress promoting factor, at baseline result in better weight loss outcomes when compared to low
or high levels of baseline weight dissatisfaction (62, 63). It is possible that low levels of arousal
or stress may not provide enough incentive to change, whereas extremely high levels of arousal
or stress may feel too overwhelming and thus, debilitating. While these examples suggest that
optimal levels of stress or arousal for performance exist in multiple areas, this has yet to be

formally explored in the context of diabetes distress.

As noted above, preliminary results from Clark et al. (2020) suggest that moderate levels
of distress may be optimal, however, further exploration of this was limited by the study’s small
sample and lack of variability in distress scores (particularly on the higher end of the continuum),

as 70% fell below 3 out of a possible 6 (58), indicating low levels of diabetes distress.



Additionally, this study did not investigate the role of diabetes distress as it pertains to
engagement in the study. Elucidating the role of diabetes distress, as it relates to engagement
with, adherence to, and benefit from an mHealth DSME/S intervention has important
implications for better understanding how and when to best intervene. If patients with no to low
levels of diabetes distress prior to intervention exhibit worse engagement/adherence and poorer
outcomes post-intervention, eliciting more motivation through techniques like motivational
interviewing may be an important first line of treatment before engaging them in DSME/S.
Additionally, patients with high (and debilitating) levels of distress may benefit from evidence-
based approaches like acceptance and commitment therapy or cognitive psychotherapy (64, 65)
to decrease distress to a more manageable level before participating in DSME/S. Again, better
understanding of these relationships is of particular importance in the Latino community, given

the higher prevalence rates of both diabetes and diabetes distress among this group.

Summary

Optimal health outcomes in diabetes are better achieved when patients can access
DSME/S. As reported, Latino adults with diabetes experience a number of barriers to accessing
traditional DSME/S, despite greater need for these services. mHealth provides an opportune
pathway for Latinos to get the diabetes education they need. However, engagement is paramount
to the success of mHealth interventions and little research has explored if/how various patient
characteristics are related to engagement with and adherence to mHealth DSME/S interventions,
particularly among Latinos. Diabetes distress may also play an important role in determining
how well participants will engage with, adhere to, and clinically benefit from an mHealth
intervention. As past models of stress and performance have suggested, there may be an

“optimal” level of distress for these outcomes.



Preliminary research from Study 1 in this dissertation suggests that moderate levels of
distress may be optimal, yet several limitations precluded further exploration. Thus, the purpose
of Studies 2 and 3 in this dissertation are to build upon the findings from Study 1 by examining
the relationships between participant characteristics, diabetes distress, engagement/adherence,
and improvements in glycemic control using a large dataset of Latino adults with poorly
controlled type 2 diabetes enrolled in a mHealth DSME/S intervention. A better understanding of
these relationships could have important clinical applications. If a moderate level of distress is
optimal for observing better outcomes (in terms of engagement, adherence, and clinical benefit),
then addressing distress (either by first increasing a sense of urgency/importance or by
decreasing debilitating levels of distress) before engaging participants in mHealth DSME/S
might be an important first line of treatment. This dissertation aimed to answer these questions

and address remaining gaps in the literature through three papers.



2. Does Diabetes Distress Influence Clinical Response to an mHealth Diabetes Self-
Management Education and Support Intervention?

Clark TL, Gallo LC, Euyoque JA, Philis-Tsimikas A, Fortmann AL.

Abstract
Purpose: The purpose of this study was to examine whether baseline levels of DD impacted

clinical benefit from a mobile health diabetes self-management education and support (DSME/S)

intervention (“Dulce Digital”).

Methods: This secondary analysis included the full sample of N = 126 Hispanic adults (M age =
48.43 years, SD = 9.80) with type 2 diabetes and glycosylated hemoglobin A1C > 7.5% enrolled
from a Federally Qualified Health Center in a randomized, non-blinded clinical trial that
compared Dulce Digital to Usual Care. Dulce Digital participants received
educational/motivational, medication reminders, and blood glucose monitoring prompt text

messages over six months.

Results: Baseline levels of DD prospectively moderated the effect of Dulce Digital (versus usual
care) on glycemic control over six months, such that Dulce Digital participants with higher DD
experienced relatively greater benefit from the intervention. The effect of the intervention on

A1C change was 178% larger among individuals experiencing moderate/high versus no/low DD.

Conclusions: Although research has found DD to be associated with poorer self-management
and clinical outcomes, individuals already distressed about their diabetes may benefit from a

lower burden mHealth DSME/S approach.

Introduction
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Diabetes is a chronic metabolic condition that affects 30.3 million people in the U.S., and
type 2 diabetes (T2DM) constitutes the vast majority (90-95%) of these cases (66). The
International Diabetes Federation projects an approximate 50% increase in diabetes rates by the
year 2045 (67). While the alarming increases in prevalence have been observed globally, the
U.S. has one of the highest diabetes prevalence rates among developed nations for individuals
20-79 years of age (67). Within the U.S., significant disparities in the prevalence of diabetes
have been observed in socioeconomically disadvantaged, racial/ethnic minority populations.
Further, Hispanics/Latinos (hereafter “Hispanics™) have a higher risk of developing diabetes (66)
and also exhibit poorer diabetes control (68) and outcomes (69) compared to non-Hispanic

whites.

Emotional distress, including depression and disease-specific distress, have been shown
to contribute to poorer outcomes in T2DM (70, 71). Diabetes distress (DD) is defined as the
negative emotional burden individuals with diabetes experience due to living with, and
managing, a demanding, chronic condition. A 2017 systematic review and meta-analysis of 55
studies (N = 36,998) demonstrated an overall DD prevalence of 36% among individuals with
T2DM (72). Although DD and depression are correlated, studies have identified important
distinctions between the two conditions. In addition to being more common (29), DD also
appears to have stronger and more consistent associations with poorer diabetes self-care and

suboptimal glycemic control than does depression (30, 39).

Due to the widespread prevalence of DD and its demonstrated impact on behavioral and
clinical diabetes outcomes, the American Diabetes Association (ADA) has recommended that
care teams routinely monitor DD using validated measures (34). Per ADA guidelines, patients

exhibiting DD should be referred to diabetes self-management education and support (DSME/S)
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to “address areas of diabetes self-care that are most relevant to the patient and have the most
impact on diabetes outcomes” (p. 2132 (34)). While DSME/S has been established as a critical
component of effective diabetes care, utilization is low (<5% of individuals with diagnosed
diabetes; (39)) and many at-risk individuals are unable to access face-to-face DSME/S services
due to practical (e.g., work, transportation, caregiving) and healthcare access barriers (41, 73-
75). Given the widespread and increasing use of mobile phones in the US (76), mobile health
[mHealth; e.g., telehealth, short messaging services (SMS), mobile applications] has the potential
to circumvent many practical barriers to in-person DSME/S and extend the reach of this
resource. A recent synthesis of systematic reviews found that mHealth DSME/S interventions
significantly improved glycosylated hemoglobin A1C (77) and preliminary research has reported

the same finding in underserved, minority populations, including Hispanics (78-80).

While evidence supporting the clinical effectiveness of DSME/S interventions is evident,
less is known about if and/or how DD influences the degree to which patients benefit from
DSME/S. Some preliminary qualitative research suggested that (mHealth) DSME/S increased
patient awareness of their condition, thereby intensifying feelings of distress and potentially
leading individuals to react negatively to an intervention (81). Given that DSME/S has been
recommended as the first line approach for individuals with DD, further research is warranted
and could hold important implications for practice. For instance, findings could suggest a need
to tailor DSME/S to DD level, or perhaps shed light on which “types” of DSME/S work best for
various emotional distress profiles. The current study aims to address this gap in the literature by

investigating how baseline levels of DD impact clinical responsiveness to a mHealth DSME/S

intervention (“Dulce Digital”) in Hispanic adults with T2DM.
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Dulce Digital is a culturally-tailored DSME/S intervention delivered via SMS that was
found to be effective in improving glycemic control over six months compared with usual care
(A1C A=-1.0% vs. 0.2%, p = .03) in underserved Hispanic individuals with poorly controlled
T2DM (78). The present study is a secondary analysis using data from the original randomized
controlled trial to examine whether baseline levels of DD prospectively moderated the effect of
the Dulce Digital DSME/S intervention on glycemic control (i.e., interaction effect). Given
research suggesting that higher DD relates to worse diabetes outcomes overall (30), we
hypothesized that individuals reporting relatively higher levels of DD at baseline would exhibit
significantly smaller clinical benefit (i.e., less A1C improvement) of Dulce Digital (versus usual
care) than those reporting lower levels of distress.

Method

Data were collected as part of a larger, randomized, non-blinded clinical trial (hereafter,
“parent study”) that compared Dulce Digital versus usual care. A brief overview of the parent
study methods is provided below. Additional information, including the CONSORT diagram,
and detailed information on study procedures, clinical effectiveness, and participant-reported
satisfaction with the Dulce Digital intervention are included in the primary outcomes paper (78).
The present analysis is distinct given that DD was not examined (as a moderator or an outcome)

in the primary outcomes paper (78).

Participants

A total of N=126 Hispanic adults (18-75 years of age) with T2DM and poor glycemic
control (A1C > 7.5%) were recruited for the Dulce Digital trial from clinic sites within
Neighborhood Healthcare, a network of federally-qualified health centers (FQHCs) in Southern

California that serves a predominantly low socioeconomic status, ethnic/racial minority (majority
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Hispanic) patient population. Individuals with plans to move outside the region, or a severe
physical or mental condition that would interfere with consent or intervention participation, were

excluded.

Procedure

Potential participants were identified through a variety of methods, including provider
referrals, electronic medical records review, and outreach flyers. Interested individuals were
screened by phone by a bilingual, bicultural research assistant, and if eligible and interested,
were scheduled for a baseline visit. At the initial visit, individuals received a detailed explanation
of the Dulce Digital study requirements, and once all questions were answered, provided written
informed consent. All procedures were approved by the Scripps Health Institutional Review
Board.

Following the consenting process, a baseline assessment was conducted, which included
blood draw with assay of A1C and a self-report survey with measures of sociodemographic
factors and DD. All participants then viewed a 15-minute diabetes educational video, and
received a blood glucose meter (OneTouch Verio® Meter, LifeScan Inc., Milpitas, CA) and
testing strips prior to randomization to Dulce Digital or usual care. Participants in the Dulce
Digital group received three variations of text messages—motivational, educational, and/or call-
to-action (i.e., prompts to take medication and check blood glucose) —over a six-month period.
The frequency of text messages was two-to-three per day, with tapering over the course of the
intervention. Blood glucose monitoring prompts encouraged participants to text message back
their next observed value; out-of-range values prompted a bilingual study coordinator to call the
participant and assess possible reasons for hyper/hypoglycemia, encouraging as-needed follow

up with a medical provider. Usual care services available to all patients included visits with a
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primary care physician, certified diabetes educator and group DSME/S; however, utilization of
the services was dependent on physician and patient initiative. Clinical and DD assessments

were repeated at three and six months following the baseline.
Measures

Diabetes Distress. DD was measured using the 17-item Diabetes Distress Scale (DDS
(25)) in each participant’s preferred language, English or Spanish. Respondents self-reported the
extent to which they had experienced distress across four domains (i.e., emotional burden [five
items], physician-related distress [four items], regimen distress [five items], and diabetes-related
interpersonal distress [three items]) over the last month using a six-point likert scale (1, “not a
problem” to 6, “a very serious problem”). Responses to all 17 items were averaged to create a
total DDS score for each participant, with higher scores indicating greater levels of distress. The
DDS has been translated to Spanish (82) and has been shown to have good psychometric
properties and to relate to self-care behaviors and glycemic control in prior research (83). In this
sample, both the Spanish (a0 = 0.94) and English (a = 0.96) forms of the DDS demonstrated high

internal consistency.

Glycemic Control. Glycemic control was assessed via A1C, a standard measure that
reflects an individual’s average blood glucose level over the last two to three months. Higher
A1C values indicate worse glycemic control. All A1C tests were conducted by Quest
Diagnostics laboratories (West Hills, CA), which adheres to guidelines set forth by the College

of American Pathologists.

Statistical Analyses
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Data analysis was performed using IBM SPSS Statistics for Windows, Version 23.0
(Armonk, NY: IBM Corporation) and Hierarchical Linear and Nonlinear Modeling software
(HLM7; Scientific Software International, Lincolnwood, IL). Descriptive statistics were obtained
and distributions were examined for normality. No outcome variables exhibited significant

deviations from normality requiring transformation.

Mixed models tested a three-way interaction effect Distress (analyzed continuously) X
Group (Dulce Digital versus Usual Care) X Time (specified as months between assessments) to
determine whether baseline levels of DD prospectively moderated the effect of Dulce Digital
(versus usual care) on A1C over time. As a follow-up to this moderation analysis, sub-analyses
were conducted using the recommended cut-off for “moderate or high” (DDS >2; n=75) versus
“no or low” DD (DDS<2; n=51).(54) Specifically, within each of the two distress groups, a two-
way interaction effect (Group X Time) evaluated the effect of the Dulce Digital intervention
(versus usual care) on A1C separately for individuals who reported moderate/high versus no/low
levels of DD at baseline. Exploratory analyses tested a two-way interaction effect (Group X
Time) to examine the effect of Dulce Digital on DD over time. All analyses controlled for age

and sex.

Results

Descriptive Statistics

The average age of participants was 48.43 years (SD = 9.80); the majority were female
(75%), born in Mexico (91%), uninsured (75%), and reported less than a ninth-grade education
level (73%; See Table 1). At baseline, average A1C was 9.5% (80 mmol/mol), SD = 1.3, and

average fasting plasma glucose was 187.17 mg/dL, SD = 64.75. There were no statistically
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significant differences between moderate/high and no/low distress groups on demographic or

clinical variables at baseline (ps > .05).

Table 1. Baseline Characteristics for the Overall Sample (N = 126)

Characteristic n (%)
Age in years [mean (SD)] 48.5 (9.8)
Female 94 (75)
Born in Mexico 115 (91)
Spanish as preferred language 116 (92)
Uninsured 95 (75)
Household income <$2,000/month 109 (87)
Married or living with partner 89 (71)

Note. All statistics are n (%) unless otherwise specified.

Moderation Analyses

A statistically significant three-way interaction effect (Distress X Group X Time)
indicated that baseline levels of DD prospectively moderated the effect of Dulce Digital on
glycemic control over time (p =.001). Follow-up sub-group analyses revealed a significant
Group X Time interaction effect in the moderate/high DD group (B =-.17, p <.001), but not in
the no/low distress group (B = .04, p = 0.65). This finding suggests that the overall effect of the
Dulce Digital intervention (compared with usual care) on glycemic control was maintained in the
moderate/high DD group, but not in the no/low distress group. Within the Dulce Digital group,
individuals reporting moderate/high DD at baseline achieved larger six-month A1C decreases
(A-1.23%) in response to the intervention than those experiencing no/low distress (A-0.69%).

Sensitivity analyses showed no substantive differences in findings when sub-analyses were
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repeated using a median-split (as opposed to DDS <2 and > 2) to produce equivalent sub-sample

sizes.

Exploratory Analyses

A non-significant two-way interaction effect (Group X Time) indicated that the Dulce
Digital and usual care groups did not exhibit differential change over time in DD (p = .86). In
fact, within group analyses indicated that both groups achieved statistically significant (and
roughly equivalent) reductions in distress levels over the six-month intervention period (both ps

< .001; See Table 2).

Table 2. Change in Mean DD Scores Over Time in the Dulce Digital and Usual Care
Groups

Baseline Month 3 Month 6 p-value
n Mean (SD) n Mean (SD) n Mean (SD)
B;‘Jﬁzl 63 232(132) 50 193(092) 50 1.85(0.93) <.001

Usual Care 63 253(1.24) 58 239(126) 59 2.09(L17) <.001

Note. P-values reflect within-group change over time on DDS.

Discussion
Despite the pervasiveness of DD (72) and its known impact on diabetes self-management
(30), little is known about the impact of DD on the effectiveness of DSME/S programs -
especially in underserved, ethnic/racial minority groups. This study sought to address this gap in
the literature by examining whether the effect of an mHealth-based DSME/S intervention (Dulce
Digital) on glycemic control varied by baseline levels of DD in underserved, Hispanic adults

with poorly controlled T2DM. Findings indicated that DD moderated the effect of Dulce Digital
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(versus usual care) on changes in glycemic control over time. However, contrary to hypotheses,
increases in DD appeared to augment intervention effectiveness. Specifically, participants within
the Dulce Digital group who had moderate/high distress at baseline showed a 1.78 times larger

decrease in A1C over time compared to those with no/low distress.

This finding is surprising given that, overall, research has found DD to be associated with
poorer outcomes (30). It is also inconsistent with a study that found DD to predict reduced
engagement with an internet-based diabetes care management program (84). It is important to
note that the differential A1C improvements across distress groups cannot be explained by worse
glycemic control (i.e., “more room for improvement”) in the moderate/high distress group at
baseline; there was no significant difference in starting A1Cs between the moderate/high and
no/low distress groups (9.5% vs. 9.6%, respectively, p =.71). Clearly, further research is needed
to investigate the mechanism underlying the relationship observed in the present study. However,
one possibility is that an “optimal” level of distress exists; meaning, feelings of DD actually
increase motivation or engagement when DD levels fall within a certain range. DD levels that are
too high may hinder patient engagement while levels that are too low may not provide enough
incentive to change. We were unable to explore this concept directly due to the fact that the
majority (70%) of DDS scores fell below 3 (out of a possible 6). Future studies should consider
expanding the reach of interventions to patients with greater distress, perhaps by employing
targeted and/or more intensive recruitment efforts (e.g., stratified enroliment by DDS scores) to
ensure that the full continuum of DD is represented in the sample. Another possible explanation
for the observed findings is that the digital delivery of this DSME/S intervention helped to
circumvent the stress or burden that can be encountered with traditional face-to-face visits (e.g.,

travel, specified appointment times). For individuals who have difficulty accessing DSME/S
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services due to practical barriers, the burden of attending weekly education sessions may
increase DD and limit the effectiveness of those programs. Additionally, more distressed
individuals may find the ongoing delivery of self-management content in small doses, with
medical assistant contact as needed, to be more helpful than the traditional format of longer
classes delivered over a circumscribed period of time. While additional research is required to
confirm, it is possible that the ease of accessibility and feasibility inherent to a mHealth
intervention may allow individuals experiencing distress to engage more effectively. Future
research is needed to examine if the observed moderating effect of DD on program effectiveness

generalizes across DSME/S delivery modes (traditional vs. digital).

While the purpose of the parent paper (i.e., (78)) was to investigate the effectiveness of
Dulce Digital in improving glycemic control, the purpose of the current study was to examine
whether baseline levels of DD impacted clinical benefit from Dulce Digital. This secondary
analysis offers unique insight into how baseline levels of DD levels prospectively moderate
intervention effects on A1C; however, these results should be understood in the context of
several limitations. First, this study was not designed to evaluate the impact of DSME/S on DD
(e.g., participants were not required to have elevated DD) and was not statistically powered to
test mediation, or whether intervention effects on distress, in turn, led to changes in A1C. The
finding that DD mediates the effect of DSME/S on A1C has been observed in some (e.g., (55))
but not all prior studies (e.g., (85)). However, given that reductions in DD over time were
equivalent across Dulce Digital and usual care groups, it is unlikely that Dulce Digital’s impact
on distress would explain the differential reductions in A1C. Second, as reported in the primary
outcomes paper, while the overall attrition rate was similar to those observed in previous

research (86), attrition was slightly higher in the intervention (15.87%) versus usual care group
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(4.67%). Therefore, those who remained in the study through month 6 may have been more
motivated and engaged in the program. However, neither DD scores at baseline nor any
sociodemographic factor differed significantly between drop-outs and completers (ps>.05), and
all analyses were conducted using an intent-to-treat approach. A third limitation is that in order
to conduct the current sub analyses, the sample was divided into two groups, consequentially
reducing sample size. The significant findings related to clinical (78) and psychosocial outcomes
warrant the replication of similar programs with larger sample sizes in the future. Finally,
because the majority of participants in this study did not report extremely high levels of distress,
it is possible that patients with higher scores may not have been reached by recruitment staff,
and/or systematically opted out of the study. Because DD was not routinely captured as part of
study screening or routine clinic procedures, we are unable to investigate the distress scores

among those who enrolled versus opted out, did not qualify, or could not be reached.

Despite these lingering questions, the results of the current study have important
applications to the practice of diabetes education. The results support the ADA’s
recommendation to refer patients exhibiting symptoms of DD to DSME/S as a first step, given
the significant improvements in clinical outcomes achieved over the course of the intervention.
The results also suggest that a reduction in DD may not be linked to improvement in clinical
outcomes — i.e., both the Dulce Digital and Usual Care groups in this study achieved a similar
reduction in distress at 6 months, yet only the Dulce Digital group achieved a significant
reduction in A1C. As noted above, further research is needed to better understand the
relationship and various pathways between DD and glycemic control. However, the finding that
reductions in A1C did not appear to correspond to reductions in DD is encouraging for both

diabetes educators and patients given the often enduring nature of DD. Additionally, these
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findings suggest that on-going DSME/S content delivered remotely in smaller doses may be even
more effective for certain emotional distress profiles. Therefore, including DD as a consideration
when selecting treatment approach may be worthwhile. Future research is needed to fully
understand how and why individuals experiencing greater DD exhibited larger A1C
improvements than those with less distress — and in particular, if this relationship persists across
the distress continuum, in other sociodemographic groups, and across both mHealth and

live/traditional DSME/S programs.

Chapter 2, in full, is a reprint of the material as it appears in The Diabetes Educator.
Clark TL, Gallo L, Euyoque JA, Philis-Tsimikas A, Fortmann A. Does Diabetes Distress
Influence Clinical Response to an mHealth Diabetes Self-Management Education and Support
Intervention? Diabetes Educ. 2020 Jun;46(3):289-296. doi: 10.1177/0145721720913276. Epub
2020 Mar 31. PMID: 32228288; PMCID: PMC8344137. The dissertation author was the primary

investigator and author of this paper.
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3. Do Participant Characteristics and Diabetes Distress Levels Predict Participant
Engagement and Adherence in a mHealth DSME/S Intervention?

Clark TL, Philis-Tsimikas A, Fortmann AL, Roesch SC, Spierling-Bagsic SR, Schultz J, Godino

JG, Rutledge T, Afari N, Talavera GA, Horvath KJ, Gallo LC.

Abstract
Objective: This study aimed to investigate participant characteristics and baseline levels of
diabetes distress as predictors of engagement and adherence in a mHealth diabetes self-
management education and support (DSME/S) intervention among at-risk Latino adults with

type 2 diabetes (T2D).

Methods: Data were analyzed from a randomized comparative effectiveness trial (Dulce Digital-
Me). Participants (N=310) were Latino adults with T2D and poor clinical control recruited from
a Federally Qualified Health Center in San Diego, CA. Multiple linear regression models were
used to examine participant characteristics and baseline distress as predictors of engagement and

adherence in a mHealth intervention.

Results: Participants were 52.1 (+10.2) years old, 69.7% female, with a mean Alc 9.3% (+1.6)
at baseline. Older age, longer duration of diabetes diagnosis, limited health literacy, and higher
levels of baseline distress were significantly associated with completion of fewer ecological
momentary assessment items (all p’s <.05). Preference for Spanish over English language was
associated with higher completion rates of health coaching calls (p < .05). There were no
significant associations found between participant characteristics or baseline distress with blood

glucose monitoring or pillbox openings.
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Conclusions: This study highlights demographic and psychosocial factors influencing

engagement and adherence in mHealth DSME/S interventions among Latino adults with T2D.
Tailored approaches are needed to address barriers to engagement and adherence, particularly
among older adults, those with limited health literacy, and those experiencing higher levels of
distress. Addressing these barriers and leveraging cultural strengths may enhance engagement,

support, and potentially improve health outcomes in this medically vulnerable population.

Introduction

Type 2 diabetes (T2D) is an escalating public health concern affecting nearly 29 million
adults in the United States (87-89). Minoritized racial and ethnic communities, including
Hispanic/Latino/Latinx (hereafter, “Latino”’) populations, bear a disproportionately high burden
of T2D compared to their non-Hispanic White counterparts (87, 89, 90). Latino populations
exhibit poorer clinical management and outcomes following diabetes diagnosis (68, 90-92), and
some evidence suggests they may also experience diabetes distress (i.e., the emotional toll of
diabetes) at a higher rate (28). Diabetes self-management education and support (DSME/S) is an
essential component of effective diabetes care and is the first-line recommendation for patients
experiencing significant levels of diabetes distress (34). A recent systematic review illustrated
that DSME/S has a positive impact on a variety of biological, psychological, and social
outcomes, including Alc and distress (37). Research efforts have been made to tailor DSME/S
content to Latino populations and have been met with success in achieving reduced hemoglobin
Alc (Alc) (48, 93). A systematic review exploring the effect of DSME/S on diabetes distress
among Latino adults specifically, found that 70% of studies observed a significant reduction in
diabetes distress, though there was a notable lack of methodologically rigorous studies tested in

this population (38).
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While DSME/S has been shown to be helpful for Latino populations, it can be difficult to
access in traditional, face-to-face formats due to transportation, caregiving, and insurance or
cost-related barriers (40, 41, 75). Mobile health (mHealth) approaches have transformed diabetes
education delivery for underserved communities by enabling widespread dissemination with
greater ease and accessibility (94). Preliminary evidence indicates that mHealth approaches can
extend the reach of care to Latino groups and improve glycemic management (48, 78). However,
user engagement in mHealth studies is critical, given the passive nature in which mHealth
content is often delivered (such as by text message), and the research exploring predictors of

engagement in these interventions, especially among Latinos, is limited (49).

A prior systematic review reported that in the few mHealth DSME/S studies that
examined predictors of engagement, older age, being non-White, and having lower health
literacy were predictors of lower engagement and in turn, poorer clinical outcomes (49). In a
study that examined mHealth engagement in a racially and ethnically diverse sample of adults
with T2D, Black race was significantly associated with less engagement, while age, education,
income, sex, health literacy, and diabetes duration were not (50). There is very limited research
examining diabetes distress as a predictor of engagement in mHealth DSME/S, even though
diabetes distress has been repeatedly linked to behavior in other studies (31, 33, 51). In a prior
study we found that contrary to initial hypotheses, Latino participants with higher levels of
diabetes distress at baseline exhibited greater improvements in Alc following a mHealth
DSME/S intervention relative to participants with no or low distress (58). We hypothesized that
there may be an “optimal” level of diabetes distress that facilitates better outcomes. Specifically,
drawing from the Yerkes-Dodson law’s U-shaped curve of optimal arousal/stress and

performance (59), studies across various domains, including health behavior change, suggest that
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moderate levels of stress-promoting factors at baseline (e.g., weight dissatisfaction) may promote
better outcomes (e.g., greater weight loss) following an intervention, compared to low or high
levels of the stress promoting factor (61-63). In the context of mHealth, this phenomenon is
potentially applicable to diabetes distress and engagement with mHealth components (e.g.,
completing text-message based assessments and coaching calls), as well as adherence to diabetes
self-management tasks (e.g., checking BG, taking medication). However, this has not yet been
explored in this context. Investigating how demographic characteristics and distress levels
impact engagement and adherence is important for advancing our understanding of the
populations for whom these programs are most effective. This insight can also inform future
research endeavors aimed at refining mHealth programs for those who have shown low

engagement and adherence.

The current study aimed to address these gaps by examining participant characteristics
(age, sex, education, income, language preference (English or Spanish), diabetes duration, and
health literacy; Aim One) and baseline levels of diabetes distress (Aim Two) as predictors of
engagement and adherence in interventions delivered in a randomized trial (“Dulce Digital-Me”),
which tested mHealth DSME/S interventions for Latinos with T2D. Given prior research
indicating that moderate levels of stress can be related to better outcomes, baseline diabetes
distress was examined as both a linear and quadratic term to assess the presence of a curvilinear
relationship. We hypothesized that older age and lower levels of health literacy would be related
to less engagement and adherence in the intervention based on prior research. We also
hypothesized a curvilinear relationship between baseline diabetes distress and our engagement
and adherence outcomes, such that low and high levels of distress, relative to moderate levels,

would be related to less engagement and adherence. Low, moderate, and high levels of distress
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were defined using predetermined scale cut-offs (54). Analyses were largely exploratory, given

the limited research to date.

Methods
The research protocol was approved by the Institutional Review Boards of Scripps Health
(reviewing IRB) and San Diego State University (reliant IRB). All participants provided written

informed consent. A full description of Dulce Digital-Me (“parent study’’) methods have been

previously published and is briefly summarized below (95).

Participants and Setting

Data from N=310 participants were collected as part of a randomized, parallel-groups,
comparative effectiveness trial (Dulce Digital-Me) conducted from October 2017 to February
2020. The target population for this study included Latino adults (ages 18 years or older) who
were registered patients of a Federally Qualified Health Center (FQHC) partner in San Diego,
California which serves a predominantly Latino, Mexican heritage, Spanish-speaking, immigrant
population. Eligibility criteria included a diagnosis of T2D and at least one of the following
within 90 days of enrollment: Alc > 8.0%; SBP > 140 mm/Hg; LDL-C > 100 mg/dL. Exclusion
criteria were severe illness precluding regular clinic visits (e.g., serious malignancy; end stage
liver or kidney disease; severe cognitive impairment); pregnant or lactating; type 1 or gestational
diabetes; lack of minimal literacy needed to participate in the text intervention; severe auditory
or visual problems; primary language other than Spanish or English; not willing to carry a
mobile phone; plans to relocate. The analytic sample for the current study included all
participants of the parent study, Dulce Digital-Me. In Aim Two analyses, our sample was
restricted to participants who completed the Diabetes Distress Scale-17 (DDS-17) at baseline

(n=307; (25)).
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Study Design and Procedures

Recruitment. Participants were identified using automated, electronic health record
(EHR)-derived patient identification reports that were generated in collaboration with the FQHC
system partner. Eligible and interested patients were invited to an initial visit, where the study
was fully described, written informed consent was obtained, and baseline assessments were

performed. During this visit, participants were also given their study-provided devices with

thorough instructions and training on how to use them during their 6 months in the study.

Study Devices. All participants received a wireless-enabled glucometer, medication
adherence pillbox, and a cell phone (unless they preferred to use their personal cell phone). The
glucometer automatically transmitted blood glucose (BG) values in real-time via cellular
connectivity to a secure and scalable platform that made participant device data available to
study staff for safety purposes. Participants were also provided with and instructed to use a
wireless-enabled pillbox to manage their anti-hyperglycemic agent(s) or cholesterol medications.

Each time the dispenser was opened, the pillbox transmitted a time-stamped event record to the

data aggregation platform.

Intervention Groups. Participants were randomized into one of three intervention
groups during the initial visit using 1:1:1 equal allocation: Dulce Digital (DD), Dulce Digital-
Me-Automated (DD-Me-Auto), or Dulce Digital-Me-Telephonic (DD-Me-Tel). All participants,
irrespective of group, continued to receive evidence-based diabetes care at the clinic for the

duration of the study.

Dulce Digital (DD). Participants in the DD group received core text messaging content

informed by the Association of Diabetes Education and Care’s seven essential self-care (AADE-
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7) behaviors for diabetes and current best practices in evidence-based behavior change
approaches (95, 96). An earlier version of DD was shown to be effective in reducing Alc relative
to Usual Care in a similar population (78). The culturally and health literacy-appropriate text
messages were adapted from this original pilot study and covered the following domains:
Medication adherence, clinical indicators, dietary behaviors, physical activity, and
stress/femotional distress. DD participants in the current study also received prompts to check
their BG levels using the glucometer, to manage medications using their pillbox, and to respond
to ecological momentary assessment queries delivered by text message. DD participants did not
receive tailored goal setting or feedback in response to their text messages, remote BG, and

remote medication adherence data.

Dulce Digital-Me-Automatic (DD-Me-Auto). The DD-Me-Auto group received all the

DD components described plus adaptive, automated behavioral feedback and goal setting in
response to their transmitted BG values, medication adherence, and ecological momentary
assessment (EMA) data, as well as the ability to select the order of core content domains. All
messages were tailored to reinforce participants’ unique, self-reported progress on each

behavioral domain.

DD-Me-Telephonic (DD-Me-Tel). Those in the DD-Me-Tel group received all DD

components described above plus adaptive feedback and goal setting from a health coach instead
of algorithm-driven automated messaging. These participants received weekly calls from the
health coach to discuss their study progress and receive support and feedback. This coach was a
bilingual, trained medical assistant with lived experience with T2D. Additional details about

qualifications and training are provided in the research protocol (95).
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Importantly, in the parent study, all three groups received active intervention and were
predicted to show clinical benefit; the adaptive groups (DD-Me-Auto and DD-Me-Tel) were
hypothesized to show greater benefit than the DD group, but all groups were predicted to show
clinically significant improvement in Alc levels (i.e., at least a 0.5% reduction; (95)). The
current study aimed to examine how participant characteristics and diabetes distress related to
engagement and adherence in Dulce Digital-Me, irrespective of group. Thus, intervention group
was included as a covariate in all models, as described below in the ‘Statistical Analyses’

sections.

The primary outcomes paper reporting group-based differences on primary and secondary
outcomes is currently under review and will be published elsewhere. In brief, we observed
statistically significant improvements in Alc from baseline to month 6 (meanA per month = -
0.17, 95% CI [-0.20, -0.14]; p < 0.001), with no significant group differences observed across
time. However, the adaptive groups (DD-Me-Auto and DD-Me-Tel) showed greater
improvements in some areas of self-management behaviors compared to the static DD group

(Philis-Tsimikas et al., 2024, under review).

Measures

Participant Characteristics. Demographic information including age, sex, education,
income, language, and duration of diabetes diagnosis was captured at the baseline visit during
survey administration. Health literacy was assessed at baseline using validated English and
Spanish versions of the Single Item Literacy Screener [SILS; (97)]. All assessment and

intervention activities were conducted in the patient’s preferred language (English or Spanish).
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Diabetes Distress. Diabetes distress was measured using the 17-item Diabetes Distress
Scale (DDS-17) in each participant’s preferred language, English or Spanish, during the baseline
recruitment visit and the 6-month follow-up assessment. Respondents self-reported the extent to
which they had experienced distress across four domains including emotional burden, physician-
related distress, regimen distress, and diabetes-related interpersonal distress over the past month
using a six-point Likert scale (1, “not a problem” to 6, “a very serious problem”). Responses to
all 17 items were averaged to create a DDS total score for each participant, with higher scores
indicating greater levels of distress (DDS total score possible range =1.0 - 6.0). The cut point for
clinically meaningful distress has been previously established as >2.0 (54), with scores from 2.0-
2.9 indicating moderate distress, and scores >3.0 indicating high distress. The DDS-17 has been
translated into Spanish (98) and has been shown to have good psychometric properties and to
relate to self-care behaviors and glycemic control in prior research (25). In this sample, the DDS-

17 demonstrated high levels of internal consistency (o = 0.93).

Intervention Engagement and Adherence. We assessed participants’ engagement and
adherence in the intervention by examining engagement with study-specific mHealth
components, including (1) The percentage of EMA items completed (EMA completion rate) and
(2) The percentage of scheduled health coach calls completed (for those in the DD-Me-Tel group
only; coaching call completion rate), as well as adherence to diabetes self-management
behaviors, including (3) The percentage of expected pillbox openings completed (pillbox
opening rate) and (4) The percentage of expected blood glucose readings completed (BG
completion rate). Participants from all groups were sent and asked to respond to a total of 72
EMA questions (3/week for 24 weeks). EMA formatting varied across the 6-month intervention

but sometimes required a numeric response (e.g., Likert scale from 1-6) and other times required
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a yes/no response. Participants in the DD-Me-Tel group were contacted once per week for 24
weeks and had the potential to complete up to 24 calls in total. Any missed calls were
rescheduled within the same week as often as possible. The number of pillbox openings expected
to be completed was 168 (at least 1 opening/day for 24 weeks). The number of BG readings
participants were expected to complete varied by participant based on their baseline Alc, thus
the denominator comprising BG completion rate was unique to each participant (see Table 3). A

full description of the intervention is available (95).

Table 3. Expected Counts for Engagement/Adherence Outcomes

Number of expected EMA responses

72 (3x/week for 24 weeks)

Number of expected coaching calls (DD-Me-Tel
only)

24 (1x/week for 24 weeks)

Number of expected Wisepill openings

168 (7x/week for 24 weeks)

Baseline Alc
Number of expected BG readings (by Alc)
<7% 7-8.4% 8.5-10% >10%
Per week 6 9 12 14
Across all 24 weeks 144 216 288 336

Covariates. All analyses controlled for intervention group and baseline Alc. Alc was
collected at FQHC laboratory visits following an 8-12 hour fast at baseline. Labs were processed
by Quest Diagnostics Inc., which adheres to all guidelines set forth by the College of American
Pathologists and National Glycohemoglobin Standardization Program; Alc is assayed by

Immunoturbidimetry [Integra 800 Roche; (95)].
Statistical Analysis
All analyses were performed using SPSS (IBM Corporation 1989, 2016). To determine

statistical significance, an alpha level of p < .05 (two-tailed) was used for all models. Betas were
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used as an indicator of effect size, with B = 0.1 indicative of a small effect size, 0.3 = medium,
and 0.5 = large (99).

To assess Aim One, separate multiple linear regression models were used to regress each
indicator of engagement and adherence (EMA completion rate, coaching call completion rate,
pillbox opening rate, BG completion rate; tested as outcomes in separate models), on participant
characteristics entered simultaneously (age, sex, education, income, language, diabetes duration,
health literacy), while controlling for intervention group and baseline Alc. All four outcomes
were modeled continuously, as well as age, diabetes duration, health literacy, and baseline Alc.
Categorical variables were coded as follows: Sex (reference category=female), education
(reference category=less than high school), income (reference category=$20,000 annually or
less), language preference (reference category=English), and intervention group (reference
category=DD).

To assess Aim Two, hierarchical comparisons of multiple linear regression models that
added the linear effect of diabetes distress, followed by models that added both linear and
quadratic effects of diabetes distress were examined. This process was repeated for each of the
four outcomes of interest. All analyses controlled for intervention group, and baseline Alc.
Models were compared using likelihood ratio tests and effect sizes were quantified in terms of
incremental variance (R2) accounted for between models. For Aim One and Two analyses, cases
were excluded using a listwise approach for missing data. Approximately 9% (n=28) of cases
were excluded due to non-response to the question assessing income. Income was included as a

covariate for all analyses. Missing data rates across all other variables were low (i.e., <5%).

Results

Descriptive Statistics
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Baseline characteristics are shown in Table 4. Participants were 52.1+10.2 years old and
predominantly female (n=216; 69.7%). All participants self-identified as Latino, 90.6% (n=281)
were born in Mexico, and 93.2% (n=289) endorsed Spanish as their preferred language. The
majority of participants had less than a high school education (n=230; 74.9%), annual household
income <= $20,000 (n=189; 66.5%) and were unemployed (n=168; 54.5%). Health literacy was
limited for about half the sample (46.1%; n=143). The average duration of diabetes diagnosis
was 10.4 (£8.2) years and mean Alc at baseline was 9.3% (£1.6). Across all intervention groups,
participants completed an average of 52.1% (+32.8) EMA items, 81.3% (+58.5) pillbox
openings, and 49.3% (+38.2) BG readings. Those in the DD-Me-Tel group completed an average
of 77.1% (x28.1) of coaching calls. The mean total DDS-17 score for the sample was 2.4 (£0.9)
out of a possible 6.0, indicating a clinically meaningful level of diabetes distress at baseline
overall. Approximately 58% of the sample had a DDS total score above the cut-off for moderate

distress (> 2.0), which is significantly higher than the prevalence rate of 36% reported in a prior

meta-analysis (27).

Table 4. Descriptive Statistics for Total Sample (N=310)

Variable n (%)

Demographic Variables @

Age (years), M (SD) 52.1(10.2)
Female 216 (69.7%)
Hispanic/Latino ethnicity 310 (100.0%)
Less than high school education/GED 230 (74.9%)

Yearly household income

<= $20,000 189 (66.5%)
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Table 4 Continued.

Variable n (%)
>$20,000-$30,000 49 (17.4%)
>$30,000 46 (16.2%)

Employment
Not employed 168 (54.4%)

Employed (Either part-time or full-time)
Marital status
Not married or living with partner
Married/Living with partner
Place of birth
United States
Mexico
Other
Preferred Language
English
Spanish
Insurance
Uninsured
Insured (Any)
Health Literacy ?
Adequate

Limited

35

141 (45.6%)

107 (34.5%)

203 (65.5%)

20 (6.5%)
281 (90.6%)

9 (2.9%)

21 (6.8%)

289 (93.2%)

158 (51.0%)

152 (49.0%)

167 (53.9%)

143 (46.1%)



Table 4 Continued.

Variable n (%)

Clinical Variables

Duration of diabetes diagnosis, years, M (SD) 10.4 (8.2)
BMI, kg/m2, M (SD) 32.3 (6.6)
Alc, % M (SD) 9.3% (1.6)
SBP, mm/Hg, M (SD) 122.5 (18.4)
LDL-C, mg/DI, M (SD) 94.6 (38.3)
Diabetes distress, M (SD) ¢ 2.4 (0.9)

Engagement and Adherence Variables

% Ecological momentary assessments completed, M (SD) 52.1% (32.8)
% Coaching calls completed, M (SD) 77.1% (28.1)
% Pillbox openings completed, M (SD) 81.3% (58.5)
% BG readings completed, M (SD) 49.3% (38.2)

Abbreviations: GED= General Education Development Test; BMI=Body Mass Index.
aSample sizes differ due to missing data for individual variables.
b Health literacy was assessed using the Single Item Literacy Scale (SILS; adequate or limited).

¢Diabetes distress was assessed using the Diabetes Distress Scale-17 (total score). Total scores can range from
1.0 to 6.0, and >2.0 has been established as a clinically meaningful cut point for the DDS-17.

Engagement Outcomes

EMA Completion Rate. In Model 1, participant characteristics collectively accounted
for a significant proportion of the variance in EMA completion rate (R?=.23, adjusted R?=.20,
F(11, 251) =6.90, p <.001). Upon adding baseline diabetes distress as a predictor (Model 2),

the variance explained increased to 26.7% (R? change=.03) and the model demonstrated a
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significant improvement in fit (F(1, 250)=11.69, p < .001). A one unit increase in diabetes
distress at baseline was associated with a 6.4% reduction in EMA completion rate (B=-6.43, 95%
CI [-10.14, -2.73]). Older age (B=-0.66, 95% CI [-1.09, -0.23]), longer duration of diabetes
diagnosis (B=-0.66, 95% CI [-1.19, -.13]), and limited health literacy (B=-12.12, 95% ClI [-
19.69, -4.56]) were significantly related to EMA completion. All effect sizes were of small
magnitude ranging from -0.16 to -0.20 (see Bs in Table 5). The addition of the diabetes distress
quadratic term in Model 3 did not increase the variance explained, improve model fit, or display
a statistically significant association with EMA completion rate (all ps > .05), suggesting a

linear, rather than quadratic, relationship (see Tables 5 and 6).

Coaching Call Completion Rate. Model 1 did not account for a significant proportion of
the variance in coaching call completion rate among participants who had been randomized to
the DD-Me-Tel group (p > .05). However, language was statistically significantly related to
coaching call completion rate, such that those who preferred Spanish completed 33.2% more
calls than those who preferred English (B=33.20, 95% CI [3.80, 62.60]; Table 5). This
association was of medium effect size (f = 0.28). Neither baseline diabetes distress nor its
quadratic effect was shown to be significantly related to coaching call completion rate and

neither improved variance explained or model fit (all ps > .05; Table 6).

Adherence Outcomes

Pillbox Opening Rate. Participant characteristics did not demonstrate statistically
significant associations with pillbox opening rate (all ps > .05; see Table 5). Moreover, neither
baseline diabetes distress nor the quadratic effect of diabetes distress significantly predicted

pillbox opening rate or enhanced the model’s fit (ps > .05; see Table 6).
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BG Completion Rate. No participant characteristic showed a statistically significant
association with BG completion rate (all ps > .05, see Table 5). Baseline diabetes distress did not
significantly predict BG completion rate and did not enhance the model’s fit (p > .05).
Additionally, the inclusion of the quadratic term for diabetes distress was also not statistically

significant and did not improve the model as shown in Table 6 (ps > .05).

Table 5. Results of Linear Regression Analysis by Engagement/Adherence Outcome ?

95% ClI

Variable B SE LL UL B p
EMA Completion Rate P
Age -0.66** 0.22 -1.09 -0.23 -0.20 0.00
Gender -3.16 4.06 -11.15 4.83 -0.04 0.44
Education 0.69 4.88 -8.93 10.30 0.01 0.89
(>High School)
Income -0.90 5.01 -10.76 8.96 -0.01 0.86
($20,001-$30,000)
Income 5.17 5.30 -5.26 15.60 0.06 0.33
(>$30,000)
Language Preference 3.47 8.66 -13.58 20.52 0.02 0.69
(English)
Diabetes Duration -0.66* 0.27 -1.19 -0.13 -0.16 0.02
Health Literacy -12.12** 3.84 -19.69 -4.56 -0.18 0.00
Intervention Group (DD- 1.04 441 -7.65 9.73 0.02 0.81
Me-Auto)
Intervention Group (DD- 13.93 4.40 5.26 22.61 0.20 0.00
Me-Tel)
Baseline Alc -4.07 1.19 -6.41 -1.72 -0.20 <.001
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Table 5 Continued.

95% CI

Variable B SE LL UL B p
Baseline DDS-17 Total -6.43*** 1.88 -10.14 -2.73 -0.19 <.001
Score
Coaching Call Completion Rate
Age -0.28 0.43 -1.14 0.58 -0.09 0.52
Gender 3.90 6.80 -9.67 17.46 0.07 0.57
Education 3.72 8.50 -13.23 20.66 0.05 0.66
(>High School)
Income 541 8.17 -21.69 10.87 -0.08 0.51
($20,001-$30,000)
Income 9.41 10.01 -10.55 29.36 0.11 0.35
(>$30,000)
Language Preference 33.20* 14.75 3.80 62.60 0.28 0.03
(English)
Diabetes Duration 0.08 0.52 -0.95 1.11 0.02 0.88
Health Literacy 2.49 6.35 -10.16 15.15 0.04 0.70
Baseline Alc -5.83 2.06 -9.95 -1.72 -0.34 0.01
Pillbox Opening Rate
Age 0.19 0.43 -0.67 1.04 0.03 0.67
Gender -15.85 8.01 -31.62 -0.09 -0.13 0.05
Education -8.06 9.64 -27.04 10.93 -0.06 0.40
(>High School)
Income -1.09 9.84 -20.46 18.29 -0.01 0.91
($20,001-$30,000)
Income 16.02 10.46 -4.59 36.63 0.10 0.13
(>$30,000)
Language Preference -5.51 17.11 -39.20 28.19 -0.02 0.75
(English)
Diabetes Duration -0.57 0.54 -1.63 0.49 -0.08 0.29
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Table 5 Continued.

95% ClI

Variable B SE LL UL B p
Health Literacy 1.56 7.53 -13.27 16.39 0.01 0.84
Intervention Group (DD- 11.05 8.74 -6.15 28.25 0.09 0.21
Me-Auto)
Intervention Group (DD- 16.96 8.70 -0.18 34.10 0.14 0.05
Me-Tel)
Baseline Alc -3.63 2.35 -8.26 0.99 -0.10 0.12
BG Completion Rate
Age 0.01 0.25 -0.49 0.51 0.00 0.97
Gender -0.88 4.69 -10.12 8.35 -0.01 0.85
Education -7.00 5.65 -18.13 413 -0.08 0.22
(>High School)
Income -6.88 5.77 -18.24 4.48 -0.07 0.23
($20,001-%$30,000)
Income 1.47 6.14 -10.62 13.56 0.01 0.81
(>$30,000)
Language Preference -12.57 10.04 -32.34 7.19 -0.08 0.21
(English)
Diabetes Duration 0.03 0.31 -0.59 0.65 0.01 0.92
Health Literacy -4.49 441 -13.18 4.20 -0.06 0.31
Intervention Group (DD- -041 5.11 -10.47 9.66 -0.01 0.94
Me-Auto)
Intervention Group (DD- 1091 5.11 0.85 20.96 0.14 0.03
Me-Tel)
Baseline Alc -8.68 1.38 -11.39 -5.97 -0.39 <.001

aCovariates for all analyses included Intervention Group (DD=reference category) and Baseline Alc

®Model 2 results are presented, as this model illustrated better fit than Model 1

*p < 0.05, **p < 0.01, ***p < 0.001
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Table 6. Change Statistics for Models 1-3 by Engagement/Adherence Outcome

Model R R? Adj R? R2Change F Change Sig. F
Change
EMA Completion Rate
1 A48 .23 .20 - - -
2 52 27 23 .03 11.70 <.001
3 52 27 23 .00 A1 74

Coaching Call Completion Rate

1 44 .20 .10 - - -
2 45 .20 .09 .00 .33 57
3 46 21 .09 01 1.07 .30

Pillbox Opening Rate

1 23 .05 01 - - -
2 24 .06 01 .00 .96 .33
3 25 .07 .02 01 2.07 15

BG Completion Rate

1 43 19 15 - - -

2 44 19 15 .00 25 62

3 44 19 15 .00 01 91
Discussion

The results of the current study elucidate how demographic characteristics and diabetes
distress are related to engagement and adherence in a mHealth DSME/S intervention among
Latino adults with T2D, a group at higher risk for adverse diabetes outcomes. Notably, we
observed that older age, longer duration of diabetes diagnosis, limited health literacy, and higher
levels of baseline diabetes distress were significantly associated with lower EMA completion
rates, with small effect sizes. Lower EMA completion rates might indicate that people were

reading texts less often and potentially receiving less of the DSME/S education and tailored
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feedback (for those in the adaptive groups) as a result. While age and duration of diabetes
diagnosis emerged as distinct predictors in these regression models, additional analyses indicated
a significant, moderate correlation between the two variables, suggesting potential overlap in
their influence on EMA completion rates. Overall, these results are in line with prior research
indicating that older age and limited health literacy are often associated with reduced
engagement in technology-based interventions (49, 100, 101). The relationship between older
age and lower engagement levels in mHealth could be attributed to various factors unique to
older adults, including potential limitations in visual, hearing, and/or mobility capabilities, more
limited experience/comfortability with technology, and/or less desire or motivation to use
mHealth modalities (100, 101). Moreover, while significant efforts were made to tailor DD-Me
intervention content to lower education and health literacy levels, our results underscore the
persistent influence of health literacy on mHealth engagement. In line with recommendations
made previously, future research might consider addressing age and literacy barriers by utilizing
platforms more suitable to varying levels of physical abilities (e.g., tablets with larger screens
and keyboards), providing more hands-on training and ongoing technological support, leveraging
patients’ support networks to encourage mHealth utilization (e.g., kids, grandkids), and

incorporating use of plain language and visual content (100, 102, 103).

Additionally, while DSME/S has been shown to help reduce diabetes distress, higher
levels of distress at baseline may serve as a barrier to engaging with mHealth DSME/S content.
This may be particularly relevant in Latino adults with T2D, who have exhibited higher rates of
distress in previous research (28). We also observed this in the current sample, where the
proportion of participants with clinically meaningful levels of distress (i.e., DDS-17 > 2.0) was

substantially higher what has been reported in a prior meta-analysis (58% vs. 36%; (27)). This
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difference could be attributed to socioeconomic and cultural factors that uniquely affect Latinos
with low-income living in the U.S. and are assessed as part of the DDS-17 (e.g., questions about
financial concerns, social stigma, and interpersonal challenges affecting T2D management).
Importantly though, preliminary evidence suggests that higher rates of baseline distress do not
necessarily translate to reduced clinical benefit following a mHealth DSME/S intervention (58).
At this time, it is unclear whether diabetes distress must be reduced prior to engaging in mHealth
DSME/S, or whether confounding factors, like lack of perceived time, underlie both low EMA
completion rates and greater diabetes distress. Regardless, given the high rate of clinically
meaningful distress observed in this sample, future research should consider testing brief,
evidence-based interventions targeting diabetes distress, such as Acceptance and Commitment
Therapy (65, 104) or Problem Solving Therapy (105), prior to or simultaneously with DSME/S

to see if this enhances engagement, psychosocial well-being, and clinical outcomes in this group.

Results from the current study also revealed an association of medium effect size within
the DD-Me-Tel group, such that individuals who preferred Spanish language over English
exhibited significantly higher coaching call completion rates. Language has often been used as a
proxy for acculturation, suggesting that preference for Spanish over English may reflect stronger
connection to Hispanic/Latino culture and values (106, 107). As highlighted within the
literature, personalismo is a core Latino cultural value that emphasizes the importance of warm,
caring, and trusting interpersonal relationships and is associated with better outcomes in the
healthcare setting (108-110). While speculative, cultural and linguistic concordance between
Spanish-speaking participants and the health coach may have fostered a sense of personalismo,
thereby motivating these participants to actively engage and complete more calls. This emphasis

on interpersonal relationships may also explain why the DD-Me-Tel group had generally better
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engagement than the DD and DD-Me-Auto groups, as described in the DD-Me process
evaluation paper (111). Leveraging this cultural value to increase study engagement is an

important consideration for future work in this area.

Surprisingly, we did not observe significant associations between demographic variables,
diabetes distress, and other outcome measures like BG completion rate and pilloox opening rate.
These particular outcomes capture more objective measures of self-management behaviors,
suggesting that while certain demographic characteristics and diabetes distress may influence
how people engage with the study (i.e., completing EMA items, answering coaching calls), they
had no significant effect on concrete tasks of diabetes self-management. It is also possible that
prior experiences with more familiar devices like glucometers and pillboxes minimized the
impact of demographic characteristics and diabetes distress on usage frequency. This may have
been particularly relevant in the current sample where participants had diabetes for an average of
ten years before enrollment in the study. Overall, these findings are contrary to prior literature,
which has often concluded that diabetes distress negatively affects engagement in these self-
management behaviors (31, 33, 51). Future research could explore potential mediators or

moderators to better understand the underlying mechanisms.

The results of the current study should be understood in the context of several limitations.
First, this study focused on a specific population of Latinos with T2D living in Southern
California, thereby limiting the generalizability of these findings to other Latino populations in
different demographic regions or healthcare settings. This study also focused on engagement and
adherence within the context of a specific mHealth DSME/S intervention (Dulce Digital-Me).
Other mHealth interventions may have unique features or delivery methods that influence these

outcomes differently. Second, engagement and adherence in the intervention were
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operationalized based on completion rates of various intervention components (EMA, coaching
call, pillbox, and BG completion). While these outcomes provide insight into participants’
interactions with the intervention and are our best way to quantify engagement and adherence,
they may not fully capture the quality or depth of these outcomes. Third, the coaching call
outcome was limited to those in the DD-Me-Tel group only (about one third of the total sample),
which may have impacted power and ability to detect significant associations. Fourth, this study
utilized a cross-sectional design, which limits the ability to establish causal relationships between

predictor variables and outcomes. Longitudinal research is recommended to better understand the

temporal relationships between these variables.
Conclusions

Overall, our study provides valuable insights into the demographic and psychosocial
factors influencing engagement and adherence in this understudied population. Notably, these
factors primarily influenced participants’ engagement with intervention components rather than
their adherence to specific diabetes self-management behaviors like checking BG and taking
medications, which may be more complex and nuanced in nature. Our study underscores the
need for tailored approaches to address identified barriers to engagement, particularly among
older adults, those with limited health literacy, and those experiencing higher levels of distress at
baseline. By addressing these barriers and leveraging cultural strengths, future mHealth

interventions can better support Latinos with T2D and improve health outcomes in this

vulnerable population.
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Chapters 3, in full, is currently being prepared for submission for publication of the
material. Clark TL, Philis-Tsimikas A, Fortmann AL, Roesch SC, Spierling-Bagsic SR, Schultz
J, Godino JG, Rutledge T, Afari N, Talavera GA, Horvath KJ, Gallo LC. Do Participant
Characteristics and Diabetes Distress Levels Predict Participant Engagement and Adherence in a
mHealth DSME/S Intervention? The dissertation author was the primary investigator and author

of this paper.
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4. Improved Glycemic Management Following a mHealth DSME/S Intervention: What is
the Role of Diabetes Distress?

Clark TL, Philis-Tsimikas A, Fortmann AL, Roesch SC, Spierling-Bagsic SR, Schultz J, Godino

JG, Rutledge T, Afari N, Talavera GA, Horvath KJ, Gallo LC.

Abstract
Purpose: This study investigated the relationship between diabetes distress and glycemic control
in Latino adults with type 2 diabetes (T2D), enrolled in mobile health (mHealth) diabetes self -

management education and support (DSME/S) interventions.

Methods: Participants were from the Dulce Digital-Me parent trial, a randomized comparative
effectiveness trial testing three mHealth DSME/S interventions: Dulce Digital (DD), a static
intervention with no personalized feedback; DD-Me-Auto, an individualized intervention with
automated, text message-based feedback; and DD-Me-Tel, an individualized intervention with
telephonic feedback. Participants in the current study included those who completed baseline and
6-month assessments of diabetes distress and hemoglobin Alc (Alc), which was approximately
75% of the total Dulce Digital-Me sample (n=232). Multilevel modeling and linear regression
analyses were conducted to examine changes in distress and associations with Alc, controlling
for age, sex, and intervention group. Group stratified sensitivity analyses were conducted for

descriptive and exploratory purposes only.

Results: Participants were 52.1 (+10.2) years old, 69.7% female, with Alc 9.3% (£1.6) at
baseline. Diabetes distress significantly decreased over the intervention period (p < .001) with
comparable reductions observed across intervention groups. Higher baseline distress was linearly
associated with higher Alc post-intervention (p < .05), particularly in the DD-Me-Auto group,

after control for baseline Alc and other covariates.
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Conclusions: mHealth interventions in this study showed promise for improving psychosocial
well-being and glycemic control in Latino adults with T2D. This study underscores the need for

further research to optimize mHealth interventions for diverse populations with T2D and

concomitant distress, given the high prevalence rate observed.

Introduction
Type 2 diabetes (T2D) is a growing public health concern in the United States, with
particular impact on Hispanic/Latino/Latinx (hereafter, Latino) adults who experience
disproportionately higher rates of the disease and its associated complications (68, 87-91).
Despite advancements in diabetes management, this population continues to face barriers to
accessing quality healthcare (40, 41, 75), which contributes to poorer health outcomes and

elevated levels of diabetes distress (28, 68, 90-92).

Mobile health (mHealth) interventions offer a promising means to expand care to
medically underserved groups. While numerous studies have explored the effectiveness of
mHealth diabetes self-management education and support (DSME/S) interventions among
Latino adults (48, 78), the relationship between diabetes distress and intervention effectiveness
remains complex and not fully understood. Several studies have reported reductions in distress
following DSME/S (37, 38) and an association between reduced distress with improved diabetes
management (indicated by lower Hemoglobin Alc (Alc) levels) (30, 53, 55, 56), while other
studies have not illustrated this (57, 58). In fact, in a prior mHealth DSME/S study for Latino
adults with T2D, we found that participants with higher levels of distress at baseline exhibited
greater improvements in Alc following the intervention relative to those with less distress (58).
Participants receiving the mHealth DSME/S intervention had similar reductions in distress to

those who received care as usual, though only the intervention group illustrated significant
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improvements in Alc (58). One potential explanation for this finding was that an “optimal” level
of baseline distress exists for observing clinical improvements, such that distress that is too high
hinders motivation and engagement, while distress that is low (or non-existent) does not provide
enough incentive to change. A “moderate” level of stress has been associated with more optimal
outcomes and performance in other studies of health behavior change and could be potentially
applicable to distress and diabetes outcomes (62, 63). However, we were unable to explore this
in the pilot study due to a small sample size and truncated range of distress scores, with 70% of

scores falling below the cut-off for “high” distress (i.e., <3 out of a possible 6).

Thus, to better understand the relationship between distress and clinical responsiveness,
the current study examined changes in diabetes distress (Aim One) and whether baseline distress
(both the linear and quadratic effects; Aim Two) or changes in distress (Aim Three) were
associated with improvements in Alc in the context of a larger mHealth DSME/S intervention
(Dulce Digital-Me). The quadratic effect of distress was tested to assess the presence of a
nonlinear, inverted U-shaped relationship between distress and Alc to determine whether
moderate levels of distress were more optimal than low or high levels. Consistent with the
patterns observed in Clark et al. 2020, we hypothesized that diabetes distress scores would
decrease significantly over time. We also hypothesized the quadratic effect of baseline distress
would be significantly related to Alc at month-6, such that moderate levels of baseline distress
would result in better clinical outcomes. We did not anticipate that change in distress would be

significantly associated with change in Alc.

Methods
The research protocol was approved by the Institutional Review Boards of the

participating institutions and all participants provided informed consent. The trial protocol for

49



the Dulce Digital-Me randomized trial has been published (95) and the report of the primary
outcomes is currently under review. The current study’s analytic sample included participants
recruited as part of the Dulce Digital-Me trial (parent study) who had valid Alc and diabetes
distress data at baseline and month 6 (n=232; 75% of the total sample). Primary reasons for non-
completion at month 6 included 1) unable to reach participant for follow-up and 2) reached
participant, but unable to schedule a follow-up visit within the appropriate timeframe. The
CONSORT diagram is available in the primary outcomes paper (Philis-Tsimikas et al., 2024,

under review).

Participants and Setting

The parent study, Dulce Digital-Me, recruited N=310 Latino adults aged 18 years or
older who were registered patients at a Federally Qualified Health Center (FQHC) in San Diego,
California. Eligibility criteria included a diagnosis of T2D and Alc > 8.0%, and/or SBP > 140,
and/or LDL-C > 100 mg/dL. Exclusion criteria were severe illness precluding regular clinic
visits; pregnant or lactating; type 1 or gestational diabetes; lack of minimal literacy; severe
auditory or visual problems; primary language other than Spanish or English; not willing to carry

a mobile phone; and plans to relocate.

Study Design and Procedures

Recruitment and Initial Visit. Automated electronic health record (EHR)-derived
reports were used to identify eligible patients in collaboration with the FQHC partner. From
October 2017 to February 2020, eligible patients were invited to an initial visit where the study
was explained, written consent obtained, and baseline assessments conducted. This assessment

included a lab draw to obtain baseline Alc and a patient-reported outcomes survey. Participants
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were asked to return 6 months later to repeat both the lab draw and surveys. A COVID-19
protocol was developed to conduct follow-up surveys by phone instead of in person and was in

effect from March 2020 until the end of the study. All completers were given a small gift card

for their participation (95).

Measures. Diabetes distress was assessed using the Diabetes Distress Scale-17 (DDS-17)
at both the baseline visit and 6-month follow-up assessment, in either English or Spanish (25,
98). Participants rated their distress levels across four domains (emotional burden, physical-
related, regimen, and interpersonal) over the past month using a 6-point Likert scale. Total scores
(item averages) were used in analyses and established cut-offs were used for descriptive
purposes (<2.0=no or low distress, 2.0-2.9=moderate distress, >3.0=high distress). The DDS-17
exhibited strong internal consistency in the current sample (o = 0.93). Alc at baseline and
month-6 were obtained following an 8-12 hour fast and were processed by Quest Diagnostics

Inc. using Immunoturbidimetry (Integra 800 Roche; (95)).

Study Devices. All participants were given a wireless-enabled glucometer, pillbox, and
cell phone at the initial visit (unless they preferred to use their personal cell phone). The
glucometer transmitted blood glucose data to a secure platform in real time. Participants were
asked to use the pillbox for their diabetes medications, which then transmitted medication
adherence data to the secure platform each time opened. Participants used cell phones to 1)

receive core educational content and 2) respond to ecological momentary assessments (EMAS) of

health behaviors and well-being.

Intervention Groups. Participants were randomly assigned to one of three intervention
groups using a 1:1:1 equal allocation ratio: Dulce Digital (DD), Dulce Digital-Me Automated

(DD-Me-Auto), and Dulce Digital-Me Telephonic (DD-Me-Tel). DD participants received

51



standardized text messages covering various self-care domains without any tailored goal setting
or feedback. DD-Me-Auto participants received the DD intervention, plus adaptive goal setting
and feedback based on their data from the secure platform, delivered via text message using a
computer-driven algorithm. DD-Me-Tel participants received the DD intervention plus adaptive
goal setting and feedback delivered via once-weekly calls with a health coach. All three
interventions lasted for 6 months, and all participants received routine diabetes care throughout

the study (95).

A manuscript reporting analyses examining group-based differences in primary and
secondary outcomes is currently under review. In summary, we observed a statistically
significant reduction in A lc across groups from baseline to month 6 (meanA per month = -0.17,
95% CI [-0.20,-0.14]; p < 0.001), with no significant Group x Time effect (p > .05). Group
stratified analyses showed similar and statistically significant changes within each intervention

group (Philis-Tsimikas et al., 2024, under review).

Statistical Analysis

All analyses were performed using SPSS (IBM Corporation 1989, 2016) and MPlus

V8.9. A significance level of p < .05 (two-tailed) was used to determine statistical significance.
To assess Aim One, multilevel modeling was used with Distress (modeled continuously) as the
specified outcome of interest and Time (months between assessments) as the effect of interest,
controlling for age, sex, and intervention group. Full-information maximum likelihood (FIML),
an approach that uses all available data to estimate parameters and generates unbiased parameter
estimates and standard errors, was used to account for missing data. To assess Aim Two,
multivariable linear regression was used to examine whether baseline distress predicted Alc at

month 6, controlling for age, sex, intervention group, time between Alc assessments, and
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baseline Alc. To assess the presence of a nonlinear relationship between distress and Alc, we
also hierarchically examined a second model that tested the quadratic effect of baseline distress.
The two models were compared by examining change in R? to determine better fit. All variables
were modeled continuously, except sex (male=reference category) and intervention group
(DD-=reference category). Valid cases for Aim Two analyses were limited to those who
completed the month-6 Alc lab draw, which was approximately 73% (n=226) of the total
sample. For descriptive purposes, group stratified sensitivity analyses were conducted for Aims
One and Two to see if effects differed in magnitude based on intervention received. P-values are
included for informational purposes only, and effect magnitude and patterns of associations are

emphasized.

To assess Aim Three, we first used multilevel modeling to examine whether there was a
statistically significant degree of person-level variability in change in distress over time (baseline
to month 6). However, the initial model showed a lack of significant person-level variability,
which precluded further exploration of the relationship between change in distress and change in

Alc using multilevel modeling.

Results

Descriptive Statistics

Table 7 presents baseline characteristics of all participants. On average, participants were
52.1 years old (£10.2) and predominantly female (n=216; 69.7%). All identified as Latino per
study criteria, with 90.6% (n=281) born in Mexico and 93.2% (n=289) preferring Spanish. Most
had less than a high school education (=230, 74.9%), annual household income <=$20,000
(n=189; 66.5%), and were unemployed (n=168; 54.5%). The average duration of diabetes was

10.4 years (£8.2) with a mean Alc of 9.3% (+1.6) at baseline. Across groups, the mean total
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DDS-17 score at baseline was 2.4 (£0.9), suggesting a clinically meaningful level of distress.

Approximately 60% of the sample had a DDS-17 baseline score in the moderate or high range

(DDS-17 > 2.0).

Table 7. Participant Characteristics in Total Sample (N=310)

Variable n (%)
Demographic Variables 2
Age (years), M (SD) 52.1(10.2)

Female
Hispanic/Latino ethnicity
Less than high school education/GED
Yearly household income
<= $20,000
>$20,000-$30,000
>$30,000
Employment
Not employed
Employed (Either part-time or full-time)
Marital status
Not married or living with partner
Married/Living with partner
Place of birth
United States
Mexico
Other
Preferred Language
English

Spanish

54

216 (69.7%)
310 (100.0%)

230 (74.9%)

189 (66.5%)
49 (17.4%)

46 (16.2%)

168 (54.4%)

141 (45.6%)

107 (34.5%)

203 (65.5%)

20 (6.5%)
281 (90.6%)

9 (2.9%)

21 (6.8%)

289 (93.2%)



Table 7 Continued.

Variable n (%)
Insurance
Uninsured 158 (51.0%)
Insured (Any) 152 (49.0%)

Health Literacy P

Adequate 167 (53.9%)

Limited 143 (46.1%)

Clinical Variables

Duration of diabetes diagnosis, years, M (SD) 104 (8.2)
BMI, kg/m2, M (SD) 32.3 (6.6)
Alc, % M (SD) 9.3% (1.6)
SBP, mm/Hg, M (SD) 1225 (18.4)
LDL-C, mg/Dl, M (SD) 94.6 (38.3)
Diabetes distress, M (SD) ¢ 24(09)

Abbreviations: GED= General Education Development Test; BMI=Body Mass Index.

aSample sizes differ due to missing data for individual variables.

b Health literacy was assessed using the Single Item Literacy Scale (SILS; adequate or limited).

¢ Diabetes distress was assessed using the Diabetes Distress Scale-17 (total score). Total scores can range
from 1.0 to 6.0, and >2.0 has been established as a clinically meaningful cut point for the DDS-17.

Inferential Statistics

Table 8 presents results from Aim One analyses, which revealed that diabetes distress
decreased significantly from baseline to month 6, after controlling for age, sex, baseline Alc, and
intervention group (B=-.02, 95% CI [-0.03, -0.01], p <.001). Unadjusted mean change in DDS-
17 total score for the entire sample from baseline to month-6 was -0.23, which approached the
previously established minimal clinically important difference for the DDS-17 of -0.25 (112).
Group stratified sensitivity analyses revealed that the degree of change was comparable across

groups, though reductions in distress were slightly larger in magnitude (and statistically
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significant) in the DD (B=-.03, 95% CI [-0.05, -.005]) and DD-Me-Tel groups (B=-.03, 95% CI
[-0.06, -0.01]) relative to DD-Me-Auto (B=.00, 95% CI [-0.03, 0.02]). Aim Two analyses
illustrated a statistically significant linear relationship between baseline distress and month-6
Algc, such that a 1 unit increase in DDS-17 total score at baseline was associated with a 0.20%
higher Alc at month-6 (B=.20, 95% CI [.01, .40], p < .05), after controlling for age, sex,
intervention group, and baseline Alc (Table 8). The quadratic effect of baseline distress was not
significant and the addition of it to the model did not improve variance explained or model fit,
suggesting a linear, rather than curvilinear relationship (all ps > .05). Group stratified sensitivity
analyses revealed that the positive, linear association between baseline distress and month-6 Alc
was of larger magnitude and statistically significant in the DD-Me-Auto group (B=.45, 95% CI
[.07,.82], p <.05), relative to the DD (B=.07, 95% CI [-.28, .43], p=.53) and DD-Me-Tel groups
(B=.10, 95% CI [-.22, .42], p=.69). As noted, Aim Three analyses were not conducted due to a
lack of person-level difference in changes in distress.

Table 8. Descriptive, Aim One, and Aim Two Results for Total Sample and Group Stratified
Sensitivity Analyses

Descriptive Results Aim One Results Aim Two
Results
Group Baseline Month-6 Baseline Month-6 aWithin b Baseline
Alc, Alc, Diabetes Diabetes Group Slope Distress
M % (SD) | M % (SD) Distress, Distress, for Diabetes B (95% CI),
M (SD) M (SD) Distress p
B (95% CI), p
Total 9.31(1.59) | 8.20(1.54) | 2.39(0.99) 2.16 (0.91) -0.02 0.20
Sample (-0.03,-0.01) | (0.01,0.40)
(N=310) p =0.001 p <.05
DD 9.25(1.64) | 8.17(1.51)| 2.37(1.00) 2.14 (0.83) -0.03 0.07
(n=107) (-0.05, -.005) | (-0.28, 0.43)
p=0.03 p=.53
DD-Me- 9.31(1.58) | 7.99(1.61) | 2.38(1.00) 2.15 (1.00) 0.00 0.45
Auto (-0.03,0.02) | (0.07,0.82)
(n=106) p=0.67 p<.05
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DD-Me-Tel 9.37 (1.56) | 8.44(1.48) | 2.40(0.97) 2.18 (0.90) -0.03 =0.10
(n=97) (-0.06, -0.01) (-0.22, .42)
p =0.007 p=.69

@ Results from multilevel models examining Distress (modeled continuously) as the specified outcome of
interest and Time (months between assessments) as the effect of interest, controlling for age, sex, and
intervention group. Intervention group was included as a covariate in the total sample row only.

b Results from multivariable linear regression models examining whether baseline distress predicted Alc at
month 6, controlling for age, sex, time between Alc assessments, and baseline Alc. Intervention group
was included as a covariate in the total sample row only.

Discussion

This study contributes to the growing body of literature examining diabetes distress and
its relationship to clinical outcomes, particularly in the context of mHealth interventions.
Consistent with previous DSME/S interventions (37, 38), this study found a significant and
clinically meaningful reduction in distress over the 6-month intervention period across groups,
underscoring the potential of mHealth DSME/S interventions to positively impact both clinical
(Philis-Tsimikas et al., 2024; under review) and psychosocial outcomes. This is promising
considering these interventions can be delivered entirely by cell phone, which is less
burdensome, resource-intensive, and more accessible than traditional, in-person DSME/S or
other psychosocial interventions. The current study also helped fill a gap identified by a previous
systematic review, which noted a lack of large-scale randomized controlled trials reporting

changes in distress following DSME/S interventions in Latino adults specifically (38).

While the current study was underpowered to formally test group-based interaction
effects, group stratified sensitivity analyses were conducted for descriptive purposes. Reductions
in distress across the study intervention period were similar across groups, though slightly
smaller in the DD-Me-Auto group. Additionally, the positive, linear relationship between
baseline distress and month-6 Alc was of larger magnitude (and statistically significant) in the

DD-Me-Auto group. A prior DD-Me process evaluation reported that the DD-Me-Auto group
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was also less engaged in the study, exhibiting a significantly lower EMA response rate than other
groups (111). However, all groups, including DD-Me-Auto, showed significant clinical
improvements following the intervention with no statistically significant between-group
differences in level of changes in Alc, as reported in the primary outcomes paper (Philis-
Tsimikas et al., 2024, under review). While the current results must be interpreted with caution,
there are several possible explanations for these findings. Unlike the DD group, both the DD -
Me-Auto and DD-Me-Tel groups received additional feedback about their engagement, or lack
thereof, in diabetes self-management behaviors based on electronically transmitted BG, EMA,
and medication adherence data. The DD-Me-Tel group received this feedback in the context of
1:1 coaching calls with a linguistically and culturally concordant health coach, whereas the DD-
Me-Auto group received this feedback in the form of algorithm-generated text messages. For
those in the DD-Me-Tel group, this interpersonal contact, which likely included emotional
support, validation, and more dynamic, personalized problem-solving, may have helped
participants interpret and utilize feedback in a more meaningful way. As noted, this feedback
was also delivered by a coach who shared a similar cultural background and had lived experience
with diabetes, which may have capitalized favorably on the Latino cultural value of
personalismo, or the appreciation for genuine interpersonal relationships, including in healthcare
(109, 110). Thus, the addition of feedback but lack of human touch and added experience of
“technology fatigue” (111) in this strictly technological intervention arm, might partially explain
why we observed trends suggesting less favorable psychosocial and study engagement outcomes
within DD-Me-Auto. A prior systematic review concluded that technology-based interventions
are effective in reducing diabetes distress, but individualized feedback appears to facilitate better

outcomes (113). The current study adds to this literature by suggesting that if individualized
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feedback is provided, the delivery mode of this feedback might make a meaningful difference,

particularly in Latino samples, where interpersonal connection is highly valued.

As mentioned, our previous mHealth pilot study, which tested a text-based intervention
similar to the DD condition in the current study (i.e., DSME/S content with no tailored goal
setting or feedback) versus a no treatment control condition, found that participants with higher
levels of distress at baseline exhibited greater improvements in Alc following the intervention
compared to those with less distress (58). The current study found that higher distress at baseline
was associated with higher post-intervention Alc, and this effect was stronger in the DD -Me-
Auto group compared to the DD and DD-Me-Tel groups. Additional research is needed to
understand this discrepancy, however, there was a truncated range of distress scores in the prior
study (70% of scores fell below 3 out of a possible 6) and in the current study, where 73% of
scores fell below 3, indicating predominantly low or moderate distress levels. A lack of
variability in distress scores across the entire distress continuum may partially explain mixed
findings. Additionally, we did not assess other sources of psychological distress (e.g., depression,
anxiety, general stress) in either study, which may confound the relationship between diabetes
distress and Alc, as these conditions have been shown to affect Alc and frequently co-occur
with diabetes distress (32, 114). Future research might consider assessing these factors and
testing whether integration of more targeted psychosocial content into the mHealth DSME/S
curriculum, using approaches that have been shown to be effective like the REDEEM program

(115) and Acceptance and Commitment Therapy (65, 104), further maximizes outcomes.

Despite the insights provided by this study, several limitations should be acknowledged.
First, because we did not have a “true” control group, we cannot determine whether reductions in

distress reflect true change or regression to the mean. Second, insufficient person-level
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variability in distress change prevented us from being able to examine the relationship between
change in distress and Alc. Third, we were underpowered to test group-based interaction effects
in the current study. Including a control group and recruiting a larger sample with more
variability in distress scores at baseline could help address these limitations in future research.
Additionally, mHealth DSME/S interventions vary widely in terms of delivery modes and
features used, and at this time, it is unclear whether associations observed in the current study
persist in other mHealth interventions. Future research that is powered to examine between group

and within group effects could help elucidate these relationships further.

In conclusion, this study adds to the existing literature by shedding light on the
relationship between distress and clinical outcomes in the context of a larger scale mHealth
intervention for Latinos with T2D. While mHealth DSME/S interventions hold promise for
improving both psychosocial well-being and glycemic control in this population, our findings
underscore the important roles of personalized feedback and interpersonal connection in
potentially shaping intervention effectiveness. This highlights the need for further research to
optimize the design and delivery of mHealth interventions for diverse, minority populations like

Latino adults.

Chapters 4, in full, is currently being prepared for submission for publication of the
material. Clark TL, Philis-Tsimikas A, Fortmann AL, Roesch SC, Spierling-Bagsic SR, Schultz
J, Godino JG, Rutledge T, Afari N, Talavera GA, Horvath KJ, Gallo LC. Improved Glycemic
Management Following a mHealth DSME/S Intervention: What is the Role of Diabetes Distress?

The dissertation author was the primary investigator and author of this paper.
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5. Discussion
Summary

Latino adults in the United States are disproportionately burdened by T2D and experience
more complications and greater rates of diabetes distress compared to non-Hispanic White adults
(87-89). While DSME/S is effective at improving clinical and psychosocial outcomes, there are a
number of practical and healthcare access barriers that complicate DSME/S utilization,
particularly among low-income, minority adults (40, 41, 75). mHealth can help bridge care to
patients who need DSME/S services, but there is little research exploring how participant
characteristics and diabetes distress influence engagement, adherence, and clinical
responsiveness to mHealth DSME/S interventions. The current research advanced the literature
by clarifying these relationships in the context of mHealth DSME/S interventions designed for

Latino adults with T2D, through a series of three studies.

mHealth Engagement and Adherence

Engagement and adherence are crucial to the success of mHealth interventions, yet these
metrics have often been underreported in prior diabetes mHealth research studies (49). There is a
paucity of research exploring participant characteristics and diabetes distress as predictors of
engagement and adherence in mHealth, especially among demographic groups facing barriers to
traditional care, such as adults from racial/ethnic minority groups with low-income. Via Study
Two, this dissertation contributes to the literature by describing engagement and adherence in a
sample of Latino adults with T2D enrolled in mHealth interventions and exploring associations

between participant characteristics and diabetes distress with engagement and adherence. Despite

insights gained, several gaps and questions remain.
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Overall, we observed that completion rates of expected pillbox openings and coaching
calls were high (81.3% and 77.1%, respectively), whereas only about half of expected EMA
items and BG readings were completed (52.1% and 49.3%, respectively). Participant
characteristics and diabetes distress were related to engagement with study-specific mHealth
components, such as EMA completion rate and coaching call completion rate, but not self-
management focused components like BG checking rate and WP opening rate. Specifically,
older age and longer diabetes duration, which were moderately correlated with each other, were
both associated with lower EMA completion. Understanding the underlying reasons for these
association requires further investigation, particularly regarding potential impact of visual,
hearing, and/or mobility limitations among older adults as described in other mHealth studies
(100, 101). Health literacy remained a significant predictor of EMA completion despite efforts to
develop intervention content suitable for individuals with low literacy and education levels. At
this time, it is unclear whether limited health literacy served as a barrier to participants
understanding EMAS, responding to EMAs, or both. While EMA items were specific to the
Dulce Digital-Me study design, completion of them informed the “individualized” aspect of the
intervention, and would have made for a more tailored, rich program if completed at a higher
rate. Qualitative research could provide valuable insights into the specific challenges faced by

individuals of older age and with lower health literacy in completing EMA items, which could be

used to inform adaptation of these interventions for future use.

Moreover, while higher levels of diabetes distress significantly predicted lower EMA
completion, distress was not related to other engagement and adherence outcomes, though prior
research has often linked it to less engagement in self-management tasks (e.g., checking BG,

taking medication) (31, 33, 51). Similar to other emotional states, it is possible that diabetes
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distress may fluctuate significantly throughout time. The current study assessed diabetes distress
at two discreet timepoints (baseline and post-intervention), however, more frequent assessment
of diabetes distress, perhaps using an abbreviated tool like the Diabetes Distress Scale-2
delivered via EMA, could allow us to see how distress in “real time” relates to engagement in
various behaviors (both study-specific and more general diabetes self-management behaviors).
Additionally, participants in Dulce Digital-Me had T2D for an average of ten years at the time of
study enrollment and were likely familiar with tasks of diabetes self-management and related
tools (e.g., glucometers and pillboxes), but not reading and responding to EMA items. It is also
possible that participants in this sample may have been experiencing diabetes distress for an
extended period of time already and had found ways to adapt to it in the context of self-
management tasks, given the long average duration of T2D diagnosis. These factors may
partially explain why distress was a barrier to completing EMA items, but not tasks of self-
management. Future research might explore how the relationship between distress and adherence
differs among those who are newly diagnosed versus those who have been diagnosed with T2D

longer.

Lastly, we observed that preference for Spanish over English language was related to
completion of significantly more coaching calls. While speculative, it is possible that linguistic
concordance between Spanish speaking participants and the coach may have been helpful in
creating a deeper interpersonal, cultural connection (i.e., personalismo), resulting in completion
of more calls (109, 110). Additional research is needed to see if this finding persists in other

studies, and how we might incorporate more cultural components to maximize engagement and

adherence in technology-based interventions.
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As noted, neither participant characteristics nor diabetes distress predicted completion of
BG readings or pillbox openings. While the average pillbox opening rate was high, only about
half of BG readings were completed as expected. Although Dulce Digital-Me DSME/S content
emphasized the importance of checking BG throughout the intervention, and sent reminders to
do so, there are many reported barriers inherent to checking BG including fear of needles, pain,
frustration about high blood glucose readings, and inconvenience (116). These factors were not
assessed as part of the current study but may explain why BG completion rate was particularly
low. Future research might consider integrating more content into the intervention that addresses
these barriers or incorporating technology like continuous glucose monitors to circumvent the

deterrents inherent to using a standard glucometer.

Clinical Responsiveness

Both Studies One and Three examined the role of diabetes distress in the context of
clinical responsiveness (i.e., Alc change) to mHealth DSME/S interventions for Latinos with
T2D. As described, Study One reported a significant reduction in Alc in the Dulce Digital group
relative to Usual Care, and baseline diabetes distress moderated this effect, such that higher
distress at baseline was associated with greater clinical responsiveness (i.e., lower Alc) over
time (58). In Study Three, we saw a significant reduction in Alc across all three groups (Dulce
Digital (DD), Dulce Digital Automatic (DD-Me-Auto), Dulce Digital Telephonic (DD-Me-Tel)),
with no significant between group differences. Higher distress at baseline was associated with
higher post-intervention Alc (rather than lower Alc) in this study, and when we examined this
further by group for exploratory purposes, this effect was stronger (and significant) in the DD-
Me-Auto group compared to the DD and DD-Me-Tel groups. Overall, this contradicted findings

in Study One suggesting that higher distress was associated with more optimal clinical outcomes.
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Regarding reductions in distress over the intervention period, in Study One, we saw comparable
reductions in distress for both the Dulce Digital and Usual Care groups, with no significant
between group differences. In Study Three, we saw significant, comparable reductions in distress
across groups (DD, DD-Me-Auto, DD-Me-Tel), though there was a slightly smaller reduction

observed in the DD-Me-Auto group.

Taken together, Studies One and Three results suggest that baseline diabetes distress and
changes in distress play a role in shaping clinical effectiveness, but the direction of these effects
remains unclear in this population. Evidence across other mHealth and non-mHealth DSME/S
interventions predominantly suggests that these interventions reduce distress, and that these
reductions are related to reductions in Alc (30, 37, 38, 53, 55, 56). Several limitations in Studies
One and Three prevented further exploration of the role of distress in clinical effectiveness and
could explain some of the mixed findings observed. First, while the prevalence rate of clinically
meaningful distress (e.g., DDS-17 > 2.0) was high in both samples, most of these scores fell in
the moderate range, which limited our ability to understand how distress across the entire
continuum (and particularly on the higher end) was related to Alc. Second, we also observed a
lack of within person variability of changes in distress pre- and post-intervention (Study Three),
which was surprising, and precluded examination of changes in distress as they relate to changes
in Alc. Third, we did not assess for other psychological conditions, such as depression, anxiety,
and general stress, in either study, which can co-occur with diabetes distress and affect Alc (32,
114). Assessment of these confounding factors could potentially help us better understand the

unique contribution of diabetes distress to Alc change, and examination of each distress

subscale, in addition to total score, could further flesh out the role of distress.
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Finally, due to lack of statistical power, we were unable to formally examine group-based
differences in change in distress over time (i.e., Distress x Group x Time interaction effect) in
Study Three. However, exploratory within-group analyses suggested that the specific nature of
the intervention received may play an important role in shaping how distress affects Alc.
Specifically, those in the DD-Me-Auto group exhibited a slightly smaller reduction in distress
over time and a positive, linear relationship between baseline distress and month-6 Alc of
significantly larger magnitude compared to DD and DD-Me-Tel. A prior systematic review
suggested that individualized feedback in mHealth interventions is associated with better
outcomes (113), and results from the current study expand on this further by suggesting that the
delivery mode of this feedback (automated vs. live) may be important, particularly in this ethnic-

cultural group.

Summary of Clinical Implications and Future Directions

Several clinical implications and directions for future research in the area of mHealth
interventions for Latino adults with T2D are summarized. First, while mHealth is a promising
avenue to extend the reach of care to medically underserved Latino adults, Study Two of this
dissertation, in combination with previous research (100, 102, 103), suggests a need for
individualized approaches that consider factors such as older age, lower health literacy levels,
and higher baseline distress levels to maximize study engagement. In line with prior
recommendations, future research might consider incorporating platforms suitable to varying
physical abilities (e.g., vision/hearing/mobility), more extensive technology training, leveraging
of support networks to encourage mHealth utilization, and use of plain language and visual aids.
Although differences in age, health literacy, and distress related to lower EMA completion rates,

more research is needed to understand why BG completion rates were also low and if this
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persists in other samples. As noted, prior qualitative research has identified several patient
barriers to using traditional glucometers (e.g., fear of needles, pain, inconvenience; (116)), and it
may be worthwhile to examine whether incorporation of continuous glucose monitors into
mHealth DSME/S interventions helps to address some of these barriers and further improve

clinical and psychosocial outcomes.

The American Diabetes Association’s first line recommendation for adults with diabetes
distress is engagement in DSME/S, however, as noted, accessing these services is challenging
and utilization is often low (34). Results of this dissertation demonstrated the potential of all
three Dulce Digital-Me RCT interventions to positively impact diabetes distress, in addition to
clinical outcomes (as discussed in the primary outcomes paper; Philis-Tsimikas et al., 2024,
under review). Considering that the prevalence rate of diabetes distress was higher in this sample
of Latino adults than what has been reported in a prior meta-analysis of patients with T2D of
varying racial and ethnic backgrounds (58% in the current study vs. 36% in the meta-analysis;
(27)), this is an encouraging finding. However, it is important to understand what might be
contributing to the relatively high rate of distress among Latino individuals. As discussed, more
frequent distress assessment and additional assessment of other psychological symptoms
(depression, anxiety, general stress) could be helpful in further understanding the unique
contribution of diabetes distress. Given that this population may experience additional stressors
(e.g., financial, racial discrimination) that could also affect Alc (110), it is important to examine
whether supplemental, evidence-based psychosocial support (e.g., Acceptance and Commitment
Therapy, Problem Solving Therapy) should be integrated into mHealth DSME/S approaches like
Dulce Digital-Me to further enhance clinical, psychosocial, and engagement outcomes (65, 104,

105).
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Finally, prior research has shown that individualized feedback in mHealth DSME/S
interventions leads to better outcomes (113); however, the current study suggests that the
delivery mode of this feedback might make an important difference as well. Across several
analyses, we observed that the DD-Me-Auto group was less engaged (111), had a smaller
reduction in distress over the intervention course, and exhibited a more persistent effect of
baseline distress on Alc following intervention completion. This strictly technological approach
may have led to “technology fatigue,” resulting in less optimal psychosocial and engagement
outcomes. From a clinical perspective, this dissertation highlights the value of the “human
touch” when providing individualized feedback, particularly in cultural groups that value
genuine, interpersonal relationships. Future research should explore how to best appeal to
cultural values like “personalismo” within mHealth interventions to increase cultural sensitivity

and maximize outcomes.

Conclusions

In conclusion, this dissertation highlights the value of mHealth interventions for Latino
adults with T2D, as they show potential to improve both clinical and psychosocial outcomes.
Using data from the Dulce Digital Me RCT (Study Two), current research identified the
influences of certain demographic characteristics and baseline diabetes distress on engagement in
study-specific mHealth components such EMA completion and coaching call completion, but not
diabetes self-management tasks such as BG and pillbox opening completion. In the Dulce Digital
pilot study (Study One), reductions in distress were observed for both the Dulce Digital and
Usual Care groups, and those with greater distress (DDS-17 > 2.0) exhibited more clinical
benefit following the intervention than those with low or no distress. In the Dulce Digital-Me

RCT (Study Three), reductions in distress were observed in all three Dulce Digital-Me groups
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and greater distress at baseline was associated with higher Alc at month-6. Several directions for
future research are described, including identifying barriers to technology use and adapting
mHealth interventions accordingly, integrating psychosocial support, and incorporating
culturally sensitive and humanized elements into mHealth approaches for Latino adults with

T2D.

69



References

1. Prevention CfDCa. Diabetes by the Numbers 2021 [Available from:
https://www.cdc.gov/diabetes/basics/diabetes.html#:~:text=Diabetes%20is%20the%20seventh%
20lead ing,limb%?20amputations%2C%20and%20ad ult%20blindness.

2. Prevention CfDCa. National Diabetes Statistics Report 2020 [Available from:

https://www.cdc.gov/diabetes/data/statistics-
report/index.html?CDC AA refVal=https%3A%2F%2Fwww.cdc.qov%2Fdiabetes%2Fdata%2F

statistics%2Fstatistics-report.html.

3. Rowley WR, Bezold C, Arikan Y, Byrne E, Krohe S. Diabetes 2030: Insights from
Yesterday, Today, and Future Trends. Popul Health Manag. 2017;20(1):6-12.

4. Lin J, Thompson TJ, Cheng YJ, Zhuo X, Zhang P, Gregg E, et al. Projection of the future
diabetes burden in the United States through 2060. Popul Health Metr. 2018;16(1):9.

5. Bommer C, Sagalova V, Heesemann E, Manne-Goehler J, Atun R, Bérnighausen T, et al.
Global Economic Burden of Diabetes in Adults: Projections From 2015 to 2030. Diabetes Care.
2018;41(5):963-70.

6. Dall TM, Yang W, Gillespie K, Mocarski M, Byrne E, Cintina I, et al. The Economic
Burden of Elevated Blood Glucose Levels in 2017: Diagnosed and Undiagnosed Diabetes,
Gestational Diabetes Mellitus, and Prediabetes. Diabetes Care. 2019;42(9):1661-8.

7. Golden SH, Brown A, Cauley JA, Chin MH, Gary-Webb TL, Kim C, et al. Health
disparities in endocrine disorders: biological, clinical, and nonclinical factors--an Endocrine
Society scientific statement. J Clin Endocrinol Metab. 2012;97(9):E1579-639.

8. Aguayo-Mazzucato C, Diaque P, Hernandez S, Rosas S, Kostic A, Caballero AE.
Understanding the growing epidemic of type 2 diabetes in the Hispanic population living in the
United States. Diabetes Metab Res Rev. 2019;35(2):e3097.

9. Caballero AE. Diabetes in the Hispanic or Latino population: genes, environment,
culture, and more. Curr Diab Rep. 2005;5(3):217-25.

10. Spanakis EK, Golden SH. Race/ethnic difference in diabetes and diabetic complications.
Curr Diab Rep. 2013;13(6):814-23.

11.  Schneiderman N, Llabre M, Cowie CC, Barnhart J, Carnethon M, Gallo LC, et al.
Prevalence of diabetes among Hispanics/Latinos from diverse backgrounds: the Hispanic
Community Health Study/Study of Latinos (HCHS/SOL). Diabetes Care. 2014;37(8):2233-9.

12. Rodriguez JE, Campbell KM. Racial and Ethnic Disparities in Prevalence and Care of
Patients With Type 2 Diabetes. Clin Diabetes. 2017;35(1):66-70.

70


https://www.cdc.gov/diabetes/basics/diabetes.html#:~:text=Diabetes%20is%20the%20seventh%20leading,limb%20amputations%2C%20and%20adult%20blindness
https://www.cdc.gov/diabetes/basics/diabetes.html#:~:text=Diabetes%20is%20the%20seventh%20leading,limb%20amputations%2C%20and%20adult%20blindness
https://www.cdc.gov/diabetes/data/statistics-report/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdiabetes%2Fdata%2Fstatistics%2Fstatistics-report.html
https://www.cdc.gov/diabetes/data/statistics-report/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdiabetes%2Fdata%2Fstatistics%2Fstatistics-report.html
https://www.cdc.gov/diabetes/data/statistics-report/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdiabetes%2Fdata%2Fstatistics%2Fstatistics-report.html

13. Haw JS, Shah M, Turbow S, Egeolu M, Umpierrez G. Diabetes Complications in Racial
and Ethnic Minority Populations in the USA. Curr Diab Rep. 2021;21(1):2-.

14.  Chow E, Foster H, Gonzalez V/, Mclver L. The Disparate Impact of Diabetes on
Racial/Ethnic Minority Populations. Clinical Diabetes. 2012;30:130-3.

15.  Varma R, Chung J, Foong AW, Torres M, Choudhury F, Azen SP. Four-year incidence
and progression of visual impairment in Latinos: the Los Angeles Latino Eye Study. AmJ
Ophthalmol. 2010;149(5):713-27.

16.  Caballero AE. Understanding the Hispanic/Latino patient. Am J Med. 2011;124(10
Suppl):S10-5.

17. Lavery LA, Ashry HR, van Houtum W, Pugh JA, Harkless LB, Basu S. Variation in the
incidence and proportion of diabetes-related amputations in minorities. Diabetes Care.
1996;19(1):48-52.

18.  Stratton IM, Adler Al, Neil HA, Matthews DR, Manley SE, Cull CA, et al. Association
of glycaemia with macrovascular and microvascular complications of type 2 diabetes (UKPDS
35): prospective observational study. Bmj. 2000;321(7258):405-12.

19. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of
intensive glucose control in type 2 diabetes. N Engl J Med. 2008;359(15):1577-89.

20. Ismail-Beigi F, Craven T, Banerji MA, Basile J, Calles J, Cohen RM, et al. Effect of
intensive treatment of hyperglycaemia on microvascular outcomes in type 2 diabetes: an analysis
of the ACCORD randomised trial. Lancet. 2010;376(9739):419-30.

21.  Zoungas S, Arima H, Gerstein HC, Holman RR, Woodward M, Reaven P, et al. Effects
of intensive glucose control on microvascular outcomes in patients with type 2 diabetes: a meta-
analysis of individual participant data from randomised controlled trials. Lancet Diabetes
Endocrinol. 2017;5(6):431-7.

22.  Association AD. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care
in Diabetes-2021. Diabetes Care. 2021;44(Suppl 1):S15-s33.

23. (NIDDK) NloDaDaKD. Diabetes Diet, Eating, and Physical Activity 2016 [Available
from: https://www.niddk.nih.gov/health-information/diabetes/overview/diet-eating-physical-
activity#:~:text=Instead %2C%20eat%20carbohyd rates%20from%20fruit,0f%20your%20d iabete
s%20meal%20plan.

24.  Tanenbaum ML, Kane NS, Kenowitz J, Gonzalez JS. Diabetes distress from the patient's
perspective: Qualitative themes and treatment regimen differences among adults with type 2
diabetes. J Diabetes Complications. 2016;30(6):1060-8.

71


https://www.niddk.nih.gov/health-information/diabetes/overview/diet-eating-physical-activity#:~:text=Instead%2C%20eat%20carbohydrates%20from%20fruit,of%20your%20diabetes%20meal%20plan
https://www.niddk.nih.gov/health-information/diabetes/overview/diet-eating-physical-activity#:~:text=Instead%2C%20eat%20carbohydrates%20from%20fruit,of%20your%20diabetes%20meal%20plan
https://www.niddk.nih.gov/health-information/diabetes/overview/diet-eating-physical-activity#:~:text=Instead%2C%20eat%20carbohydrates%20from%20fruit,of%20your%20diabetes%20meal%20plan

25.  Polonsky WH, Fisher L, Earles J, Dudl RJ, Lees J, Mullan J, et al. Assessing
psychosocial distress in diabetes: development of the diabetes distress scale. Diabetes Care.
2005;28(3):626-31.

26. Polonsky WH, Anderson BJ, Lohrer PA, Welch G, Jacobson AM, Aponte JE, et al.
Assessment of diabetes-related distress. Diabetes Care. 1995;18(6):754-60.

217. Perrin NE, Davies MJ, Robertson N, Snoek FJ, Khunti K. The prevalence of diabetes-
specific emotional distress in people with Type 2 diabetes: a systematic review and meta-
analysis. Diabet Med. 2017;34(11):1508-20.

28.  Welch G, Schwartz CE, Santiago-Kelly P, Garb J, Shayne R, Bode R. Disease-related
emotional distress of Hispanic and non-Hispanic type 2 diabetes patients. Ethn Dis.
2007;17(3):541-7.

29. Fisher L, Mullan JT, Skaff MM, Glasgow RE, Arean P, Hessler D. Predicting diabetes
distress in patients with Type 2 diabetes: a longitudinal study. Diabet Med. 2009;26(6):622-7.
30.  Fisher L, Mullan JT, Arean P, Glasgow RE, Hessler D, Masharani U. Diabetes distress
but not clinical depression or depressive symptoms is associated with glycemic control in both
cross-sectional and longitudinal analyses. Diabetes Care. 2010;33(1):23-8.

31.  Jannoo Z, Wah YB, Lazim AM, Hassali MA. Examining diabetes distress, medication
adherence, diabetes self-care activities, diabetes-specific quality of life and health-related quality
of life among type 2 diabetes mellitus patients. J Clin Transl Endocrinol. 2017;9:48-54.

32. Hilliard ME, Yi-Frazier JP, Hessler D, Butler AM, Anderson BJ, Jaser S. Stress and Alc
Among People with Diabetes Across the Lifespan. Curr Diab Rep. 2016;16(8):67-.

33.  Zulman DM, Rosland A-M, Choi H, Langa KM, Heisler M. The influence of diabetes
psychosocial attributes and self-management practices on change in diabetes status. Patient
Education and Counseling. 2012;87(1):74-80.

34.  Young-Hyman D, de Groot M, Hill-Briggs F, Gonzalez JS, Hood K, Peyrot M.
Psychosocial Care for People With Diabetes: A Position Statement of the American Diabetes
Association. Diabetes Care. 2016;39(12):2126-40.

35. Beck J, Greenwood DA, Blanton L, Bollinger ST, Butcher MK, Condon JE, et al. 2017
National Standards for Diabetes Self-Management Education and Support. Diabetes Educ.
2017;43(5):449-64.

36.  Prevention CfDCa. DSME/S Settings 2021 [Available from:
https://www.cdc.gov/diabetes/dsmes-toolkit/staffing-delivery/d smes-settings.html.

37. Fajriyah N, Firmanti T, Mufidah A, Septiana N. A Diabetes Self-Management
Education/Support (DSME/S) Program in Reference to the Biological, Psychological and Social

72


https://www.cdc.gov/diabetes/dsmes-toolkit/staffing-delivery/dsmes-settings.html

Aspects of a Patient with Type 2 Diabetes Mellitus: A Systematic Review. Jurnal Ners.
2019;14:55.

38.  Gutierrez AP, Fortmann AL, Savin K, Clark TL, Gallo LC. Effectiveness of Diabetes
Self-Management Education Programs for US Latinos at Improving Emotional Distress: A
Systematic Review. The Diabetes Educator. 2018;45(1):13-33.

39.  Strawbridge LM, Lloyd JT, Meadow A, Riley GF, Howell BL. Use of Medicare's
Diabetes Self-Management Training Benefit. Health Educ Behav. 2015;42(4):530-8.

40.  Testerman J, Chase D. Influences on Diabetes Self-Management Education Participation
in a Low-Income, Spanish-Speaking, Latino Population. Diabetes Spectr. 2018;31(1):47-57.

41. Horigan G, Davies M, Findlay-White F, Chaney D, Coates V. Reasons why patients
referred to diabetes education programmes choose not to attend: a systematic review. Diabet
Med. 2017;34(1):14-26.

42.  Wang Y, MinJ, Khuri J, Xue H, Xie B, L AK, et al. Effectiveness of Mobile Health
Interventions on Diabetes and Obesity Treatment and Management: Systematic Review of
Systematic Reviews. JMIR Mhealth Uhealth. 2020;8(4):e15400.

43. Lee J-A, Choi M, Lee SA, Jiang N. Effective behavioral intervention strategies using
mobile health applications for chronic disease management: a systematic review. BMC Med
Inform Decis Mak. 2018;18(1):12-.

44, Fan K, Zhao Y. Mobile health technology: a novel tool in chronic disease management.
Intelligent Medicine. 2022;2(1):41-7.

45.  Enyioha C, Hall M, Voisin C, Jonas D. Effectiveness of Mobile Phone and Web-Based
Interventions for Diabetes and Obesity Among African American and Hispanic Adults in the
United States: Systematic Review. JMIR Public Health Surveill. 2022;8(2):e25890.

46.  Center PR. Mobile Fact Sheet 2021 [Available from:
https://lwww.pewresearch.org/internet/fact-sheet/mobile/. 2021.

47.  Center PR. Smartphone Use 2015 [Available from:
https://lwww.pewresearch.org/internet/2015/04/01/us-smartphone-use-in-2015.

48. Hildebrand JA, Billimek J, Lee J-A, Sorkin DH, Olshansky EF, Clancy SL, et al. Effect
of diabetes self-management education on glycemic control in Latino adults with type 2 diabetes:
A systematic review and meta-analysis. Patient education and counseling. 2020;103(2):266-75.

49. Nelson LA, Coston TD, Cherrington AL, Osborn CY. Patterns of User Engagement with

Mobile- and Web-Delivered Self-Care Interventions for Adults with T2DM: A Review of the
Literature. Curr Diab Rep. 2016;16(7):66.

73


https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/2015/04/01/us-smartphone-use-in-2015

50.  Nelson LA, Spieker A, Greevy R, LeStourgeon LM, Wallston KA, Mayberry LS. User
Engagement Among Diverse Adults in a 12-Month Text Message—Delivered Diabetes Support
Intervention: Results from a Randomized Controlled Trial. IMIR Mhealth Uhealth.
2020;8(7):e17534.

51. Hessler D, Fisher L, Glasgow RE, Strycker LA, Dickinson LM, Arean PA, et al.
Reductions in regimen distress are associated with improved management and glycemic control
over time. Diabetes Care. 2014;37(3):617-24.

52. Fonda SJ, McMahon GT, Gomes HE, Hickson S, Conlin PR. Changes in diabetes distress
related to participation in an internet-based diabetes care management program and glycemic
control. J Diabetes Sci Technol. 2009;3(1):117-24.

53.  Cummings DM, Lutes LD, Littlewood K, Solar C, Hambidge B, Gatlin P. Impact of
Distress Reduction on Behavioral Correlates and A1C in African American Women with
Uncontrolled Type 2 Diabetes: Results from EMPOWER. Ethnicity & disease. 2017;27(2):155-
60.

54, Fisher L, Hessler DM, Polonsky WH, Mullan J. When is diabetes distress clinically
meaningful?: establishing cut points for the Diabetes Distress Scale. Diabetes Care.
2012;35(2):259-64.

55. Zagarins SE, Allen NA, Garb JL, Welch G. Improvement in glycemic control following a
diabetes education intervention is associated with change in diabetes distress but not change in
depressive symptoms. J Behav Med. 2012;35(3):299-304.

56. Mizokami-Stout K, Choi H, Richardson CR, Piatt G, Heisler M. Diabetes Distress and
Glycemic Control in Type 2 Diabetes: Mediator and Moderator Analysis of a Peer Support
Intervention. JMIR Diabetes. 2021;6(1):e21400-¢.

57. Hermanns N, Schmitt A, Gahr A, Herder C, Nowotny B, Roden M, et al. The effect of a
Diabetes-Specific Cognitive Behavioral Treatment Program (DIAMOS) for patients with
diabetes and subclinical depression: results of a randomized controlled trial. Diabetes Care.
2015;38(4):551-60.

58.  Clark TL, Gallo L, Euyoque JA, Philis-Tsimikas A, Fortmann A. Does Diabetes Distress
Influence Clinical Response to an mHealth Diabetes Self-Management Education and Support
Intervention? Diabetes Educ. 2020;46(3):289-96.

59.  Curtin LL. The Yerkes-Dodson law. Nurs Manage. 1984;15(5):7-8.

60. Geen RG. Preferred stimulation levels in introverts and extroverts: Effects on arousal and
performance. Journal of Personality and Social Psychology. 1984;46(6):1303.

74



61.  Keeley J, Zayac R, Correia C. Curvilinear relationships between statistics anxiety and
performance among undergraduate students: Evidence for optimal anxiety. Statistics Education
Research Journal. 2008;7(1).

62.  Striegel-Moore RH, Smolak LE. Eating disorders: Innovative directions in research and
practice: American Psychological Association; 2001.

63.  Johnston CA, Moreno JP, Regas K, Tyler C, Foreyt JP. The Application of the Yerkes—
Dodson Law in a Childhood Weight Management Program: Examining Weight Dissatisfaction.
Journal of Pediatric Psychology. 2012;37(6):674-9.

64. Tunsuchart K, Lerttrakarnnon P, Srithanaviboonchai K, Likhitsathian S, Skulphan S.
Benefits of Brief Group Cognitive Behavioral Therapy in Reducing Diabetes-Related Distress
and HbA1c in Uncontrolled Type 2 Diabetes Mellitus Patients in Thailand. Int J Environ Res
Public Health. 2020;17(15):5564.

65. Maghsoudi Z, Razavi Z, Razavi M, Javadi M. Efficacy Of Acceptance And Commitment
Therapy For Emotional Distress In The Elderly With Type 2 Diabetes: A Randomized
Controlled Trial. Diabetes Metab Syndr Obes. 2019;12:2137-43.

66. Prevention CfDCa. National Diabetes Statistics Report. Atlanta, GA: Centers for Disease
Control and Prevention, US Department of Health and Human Services; 2017.

67. International Diabetes Federation. IDF Diabetes Atlas, 7th edn. Brussels, Belgium. 2017,

68.  Casagrande SS, Aviles-Santa L, Corsino L, Daviglus ML, Gallo LC, Espinoza Giacinto
RA, et al. HEMOGLOBIN A1C, BLOOD PRESSURE, AND LDL-CHOLESTEROL
CONTROL AMONG HISPANIC/LATINO ADULTS WITH DIABETES: RESULTS FROM
THE HISPANIC COMMUNITY HEALTH STUDY/STUDY OF LATINOS (HCHS/SOL).
Endocr Pract. 2017;23(10):1232-53.

69.  Marquez I, Calman N, Crump C. A Framework for Addressing Diabetes-Related
Disparities in US Latino Populations. J Community Health. 2019;44(2):412-22.

70. Brown SA, Garcia AA, Brown A, Becker BJ, Conn VS, Ramirez G, et al. Biobehavioral
determinants of glycemic control in type 2 diabetes: A systematic review and meta-analysis.
Patient Educ Couns. 2016;99(10):1558-67.

71.  Sumlin LL, Garcia TJ, Brown SA, Winter MA, Garcia AA, Brown A, et al. Depression
and adherence to lifestyle changes in type 2 diabetes: A systematic review. Diabetes Educ.
2014;40(6):731-44.

72. Perrin NE, Davies MJ, Robertson N, Snoek FJ, Khunti K. The prevalence of diabetes-

specific emotional distress in people with Type 2 diabetes: a systematic review and meta-
analysis. Diabet Med. 2017.

75



73. (NCCDPHP) NCfCDPaHP. Emerging Practices in Diabetes Prevention and Control:
Medicaid Coverage for Diabetes Self-Management Educations. . 2015.

74.  American Diabetes A. 1. Strategies for Improving Care. Diabetes Care. 2016;39 Suppl
1:56-12.

75. Schwennesen N, Henriksen JE, Willaing 1. Patient explanations for non-attendance at
type 2 diabetes self-management education: a qualitative study. Scand J Caring Sci.
2016;30(1):187-92.

76.  Center PR. Mobile Fact Sheet 2019 [Available from: https://www.pewinternet.org/fact-
sheet/mobile/.

77.  Greenwood DA, Gee PM, Fatkin KJ, Peeples M. A Systematic Review of Reviews
Evaluating Technology-Enabled Diabetes Self-Management Education and Support. J Diabetes
Sci Technol. 2017;11(5):1015-27.

78. Fortmann AL, Gallo LC, Garcia Ml, Taleb M, Euyoque JA, Clark T, et al. Dulce Digital:
An mHealth SMS-Based Intervention Improves Glycemic Control in Hispanics With Type 2
Diabetes. Diabetes Care. 2017;40(10):1349-55.

79. Mayes PA, Silvers A, Prendergast JJ. New direction for enhancing quality in diabetes
care: utilizing telecommunications and paraprofessional outreach workers backed by an expert
medical team. Telemed J E Health. 2010;16(3):358-63.

80. Heisler M, Choi H, Palmisano G, Mase R, Richardson C, Fagerlin A, et al. Comparison
of community health worker-led diabetes medication decision-making support for low-income
Latino and African American adults with diabetes using e-health tools versus print materials: a
randomized, controlled trial. Ann Intern Med. 2014;161(10 Suppl):S13-22.

81. Mathiesen AS, Thomsen T, Jensen T, Schiotz C, Langberg H, Egerod I. The influence of
diabetes distress on digital interventions for diabetes management in vulnerable people with type
2 diabetes: A qualitative study of patient perspectives. Journal of Clinical & Translational
Endocrinology. July 6, 2017;9:41-7.

82. McEwen MM, Pasvogel A, Gallegos G, Barrera L. Type 2 diabetes self-management
social support intervention at the U.S.-Mexico border. Public Health Nurs. 2010;27(4):310-9.

83.  Fisher L, Glasgow RE, Strycker LA. The relationship between diabetes distress and
clinical depression with glycemic control among patients with type 2 diabetes. Diabetes Care.
2010;33(5):1034-6.

84. Fonda SJ, McMahon GT, Gomes HE, Hickson S, Conlin PR. Changes in diabetes distress

related to participation in an internet-based diabetes care management program and glycemic
control. J Diabetes Sci Technol. 2009;3(1):117-24.

76


https://www.pewinternet.org/fact-sheet/mobile/
https://www.pewinternet.org/fact-sheet/mobile/

85. Fisher L, Hessler D, Polonsky WH, Masharani U, Guzman S, Bowyer V, et al. T1-
REDEEM: A Randomized Controlled Trial to Reduce Diabetes Distress Among Adults With
Type 1 Diabetes. Diabetes Care. 2018.

86. Norris SL, Engelgau MM, Narayan KM. Effectiveness of self-management training in
type 2 diabetes: a systematic review of randomized controlled trials. Diabetes Care.
2001;24(3):561-87.

87. Fang L, Sheng H, Tan Y, Zhang Q. Prevalence of diabetes in the USA from the
perspective of demographic characteristics, physical indicators and living habits based on
NHANES 2009-2018. Front Endocrinol (Lausanne). 2023;14:1088882.

88.  Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF
Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and
projections for 2045. Diabetes Res Clin Pract. 2022;183:1091109.

89. Cheng YJ, Kanaya AM, Araneta MRG, Saydah SH, Kahn HS, Gregg EW, et al.
Prevalence of Diabetes by Race and Ethnicity in the United States, 2011-2016. Jama.
2019;322(24):2389-98.

90.  Marquez I, Calman N, Crump C. A Framework for Addressing Diabetes-Related
Disparities in US Latino Populations. Journal of Community Health. 2019;44(2):412-22.

91. Haw JS, Shah M, Turbow S, Egeolu M, Umpierrez G. Diabetes Complications in Racial
and Ethnic Minority Populations in the USA. Curr Diab Rep. 2021;21(1):2.

92. Rodriguez JE, Campbell KM. Racial and Ethnic Disparities in Prevalence and Care of
Patients With Type 2 Diabetes. Clinical Diabetes. 2017;35(1):66-70.

93. Fortmann AL, Savin KL, Clark TL, Philis-Tsimikas A, Gallo LC. Innovative Diabetes
Interventions in the U.S. Hispanic Population. Diabetes Spectr. 2019;32(4):295-301.

94. Heitkemper EM, Mamykina L, Travers J, Smaldone A. Do health information technology
self-management interventions improve glycemic control in medically underserved adults with
diabetes? A systematic review and meta-analysis. Journal of the American Medical Informatics
Association. 2017;24(5):1024-35.

95. Philis-Tsimikas A, Fortmann AL, Godino JG, Schultz J, Roesch SC, Gilmer TP, et al.
Dulce Digital-Me: protocol for a randomized controlled trial of an adaptive mHealth intervention
for underserved Hispanics with diabetes. Trials. 2022;23(1):80.

96. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The
behavior change technique taxonomy (v1) of 93 hierarchically clustered techniques: building an
international consensus for the reporting of behavior change interventions. Ann Behav Med.
2013;46(1):81-95.

77



97.  Bishop WP, Craddock Lee SJ, Skinner CS, Jones TM, McCallister K, Tiro JA. Validity
of Single-Item Screening for Limited Health Literacy in English and Spanish Speakers. Am J
Public Health. 2016;106(5):889-92.

98. Martinez-Vega IP, Doubova SV, Aguirre-Hernandez R, Infante-Castafieda C. Adaptation
and validation of the Distress Scale for Mexican patients with type 2 diabetes and hypertension:
a cross-sectional survey. BMJ Open. 2016;6(3):e009723.

99. Fey CF, Hu T, Delios A. The Measurement and Communication of Effect Sizes in
Management Research. Management and Organization Review. 2023;19(1):176-97.

100. van Acker J, Maenhout L, Compernolle S. Older Adults' User Engagement With Mobile
Health: A Systematic Review of Qualitative and Mixed-Methods Studies. Innov Aging.
2023;7(2):igad007.

101. LiuN,YinJ, Tan SS, Ngiam KY, Teo HH. Mobile health applications for older adults: a
systematic review of interface and persuasive feature design. J Am Med Inform Assoc.
2021;28(11):2483-501.

102. Emerson MR, Buckland S, Lawlor MA, Dinkel D, Johnson DJ, Mickles MS, et al.
Addressing and evaluating health literacy in mHealth: a scoping review. Mhealth. 2022;8:33.

103. Kreps GL. The Relevance of Health Literacy to mHealth. Stud Health Technol Inform.
2017;240:347-55.

104. Ngan HY, Chong YY, Loo KM, Chien WT. Preliminary efficacy of an acceptance-based
diabetes education (ACT-DE) programme for people with type 2 diabetes on diabetes distress
and self-care behaviours: A pilot randomised controlled trial. Journal of Contextual Behavioral
Science. 2023;30:50-60.

105. Rees G, O'Hare F, Saeed M, Sudholz B, Sturrock BA, Xie J, et al. Problem-solving
therapy for adults with diabetic retinopathy and diabetes-specific distress: a pilot randomized
controlled trial. BMJ Open Diabetes Res Care. 2017;5(1):e000307.

106. Center PH. Survey Brief: Assimilation and Language: Pew Research Center; 2004
[March 19, 2004:[Available from:
https://www.pewresearch.org/hispanic/2004/03/19/assimilation-and-
lanquage/#:~:text=Literature%20has%20suggested %20that%2C%20while,L atinos%20mirror%?2
Odifferences%20in%20attitud es%3F.

107. Housten AJ, Hoover DS, Correa-Fernandez V, Strong LL, Heppner WL, Vinci C, et al.
Associations of Acculturation with English- and Spanish-Language Health Literacy Among
Bilingual Latino Adults. Health Lit Res Pract. 2019;3(2):e81-€9.

78


https://www.pewresearch.org/hispanic/2004/03/19/assimilation-and-language/#:~:text=Literature%20has%20suggested%20that%2C%20while,Latinos%20mirror%20differences%20in%20attitudes%3F
https://www.pewresearch.org/hispanic/2004/03/19/assimilation-and-language/#:~:text=Literature%20has%20suggested%20that%2C%20while,Latinos%20mirror%20differences%20in%20attitudes%3F
https://www.pewresearch.org/hispanic/2004/03/19/assimilation-and-language/#:~:text=Literature%20has%20suggested%20that%2C%20while,Latinos%20mirror%20differences%20in%20attitudes%3F

108. Press E. A primer for cultural proficiency: Towards quality health services for Hispanics.
Includes Presidential Executive Order for Improving Access to Services for Persons with
Limited English Proficiency At http://www hispanichealth org/pdf/primer pdf. 2001.

109. Davis RE, Lee S, Johnson TP, Rothschild SK. Measuring the Elusive Construct of
Personalismo among Mexican American, Puerto Rican, and Cuban American Adults. Hisp J
Behav Sci. 2019;41(1):103-21.

110. Juckett G. Caring for Latino patients. Am Fam Physician. 2013;87(1):48-54.

111. Spierling Bagsic SR, Savin KL, Soriano EC, San Diego ERN, Orendain N, Clark T, et al.
Process evaluation of Dulce Digital-Me: an adaptive mobile health (mHealth) intervention for
underserved Hispanics with diabetes. Translational Behavioral Medicine. 2023;13(9):635-44.

112. Banks J, Amspoker AB, Vaughan EM, Woodard L, Naik AD. Ascertainment of Minimal
Clinically Important Differences in the Diabetes Distress Scale-17: A Secondary Analysis of a
Randomized Clinical Trial. JAMA Netw Open. 2023;6(11):e2342950.

113. Vieira P, Kobayasi R, Pereira F, Zaia M, Sasaki SU. Impact of technology use in type 2
diabetes distress: A systematic review. World J Diabetes. 2020;11(10):459-67.

114. Badescu SV, Tataru C, Kobylinska L, Georgescu EL, Zahiu DM, Zagrean AM, et al. The
association between Diabetes mellitus and Depression. J Med Life. 2016;9(2):120-5.

115. Fisher L, Hessler D, Glasgow RE, Arean PA, Masharani U, Naranjo D, et al. REDEEM:
a pragmatic trial to reduce diabetes distress. Diabetes Care. 2013;36(9):2551-8.

116. Ong WM, Chua SS, Ng CJ. Barriers and facilitators to self-monitoring of blood glucose

in people with type 2 diabetes using insulin: a qualitative study. Patient Prefer Adherence.
2014,8:237-46.

79


http://www/

	ation Approval Page
	List of Tables
	Acknowledgments
	Vita
	Abstract of the Dissertation
	1. Introduction
	Characterizing Type 2 Diabetes
	Characterizing Diabetes Distress
	Diabetes Self-Management Education and Support (DSME/S)
	Predictors of Engagement in and Benefit From mHealth DSME/S
	Summary

	2. Does Diabetes Distress Influence Clinical Response to an mHealth Diabetes Self-Management Education and Support Intervention?
	Abstract
	Introduction
	Method
	Results
	Discussion

	3. Do Participant Characteristics and Diabetes Distress Levels Predict Participant Engagement and Adherence in a mHealth DSME/S Intervention?
	Abstract
	Introduction
	Methods
	Results
	Discussion

	4. Improved Glycemic Management Following a mHealth DSME/S Intervention: What is the Role of Diabetes Distress?
	Abstract
	Introduction
	Methods
	Results
	Discussion

	5. Discussion
	Summary
	mHealth Engagement and Adherence
	Clinical Responsiveness
	Summary of Clinical Implications and Future Directions
	Conclusions

	References

