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ARTICLE HIGHLIGHTS

* Why did we undertake this study?
To compare three approaches to reduce diabetes distress (DD) and improve HbA;. among adults with type 1 diabetes.

® What is the specific question we wanted to answer?
Whether a virtual, group-based emotion-focused, educational/behavioral, or combination program resulted in the largest reductions in DD and
HbAc.

® What did we find?
All three interventions were linked with clinically meaningful improvements in DD and HbA,; the emotion-focused program had the most consistent
benefits.

* What are the implications of our findings?
The results suggest group-based and fully virtual programs are effective and there is value in the emotion-focused strategies used in Tunedin to
enhance care for adults with type 1 diabetes.
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OBJECTIVE

To compare the effectiveness of three interventions to reduce diabetes distress
(DD) and improve HbA,. among adults with type 1 diabetes (T1D).

RESEARCH DESIGN AND METHODS

Individuals with T1D (n = 276) with elevated DD (a score >2 on the total Type 1 Dia-
betes Distress Scale) and HbA;. (>7.5%) were recruited from multiple settings and
randomly assigned to one of three virtual group-based programs: 1) Streamline, an
educator-led education and diabetes self-management program; 2) Tunedin, a psy-
chologist-led program focused exclusively on emotional-focused DD reduction; or
3) FixIt, an integration of Streamline and TunedIn. Assessments of the primary out-
comes of DD and HbA,  occurred at baseline and at 3, 6, and 12 months.

RESULTS

All three programs demonstrated substantive and sustained reductions in DD
(Cohen’s d = 0.58-1.14) and HbA, (range, —0.4 to —0.72) at 12-month follow-up. Tu-
nedIn and FixIt participants reported significantly greater DD reductions compared
with Streamline participants (P = 0.007). Streamline and Tunedin participants
achieved significantly greater HbA, . reductions than did FixIt participants (P = 0.006).

CONCLUSIONS

DD can be successfully reduced among individuals with T1D with elevated HbA,.
using both the educational/behavioral and emotion-focused approaches included
in the study. Although both approaches are associated with significant and clini-
cally meaningful reductions in DD and HbA,, Tunedin, the emotion-focused pro-
gram, had the most consistent benefits across both DD and HbA;.. The study
findings suggest the overall value of group-based, fully virtual, and time-limited
emotion-focused strategies, like those used in Tunedin, for adults with T1D.

Diabetes distress (DD) refers to the fears, worries, and burdens associated with living
with and managing diabetes (1). Among adults with type 1 diabetes (T1D), elevated
DD is highly prevalent (42—-77%) (1-3). It is distinct from clinical depression (4), tends
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Reducing Distress, HbA;. in Adults With T1D

to be chronic rather than episodic (5,6),
and has been significantly linked cross-
sectionally and longitudinally with poor
self-management (e.g., missed medica-
tion taking) and suboptimal glycemic out-
comes (e.g., HbA;.) (7-10). Thus, there
is growing evidence of associative and
causative linkages among DD, behav-
ioral self-management, and glycemic
outcomes, making DD an important clini-
cal problem.

Systematic reviews of DD intervention
studies have reported significant reduc-
tions in DD relative to controls, and parallel
reductions in HbA;. across these studies
were significant but modest (11-13). Sturt
et al. (12) and Schmidt et al. (13) con-
cluded that DD is malleable and responsive
to a range of intervention strategies, with
the strongest effects resulting from those
targeting the emotional side of diabetes di-
rectly, rather than focusing exclusively on
disease management or education.

Three overriding intervention strate-
gies underlie current DD reduction re-
search. First, a diabetes education and
management approach focuses on foster-
ing self-management change. This strat-
egy assumes that as people engage more
effectively with their management, they
will become less distressed. Second, an
emotional approach suggests that the key
to improving glycemic outcomes is to di-
rectly address the feelings, beliefs, and ex-
pectations that underlie DD and serve as
barriers to management change (14-16).
This strategy, supported by both emotion
regulation theory and the Broaden-and-
Build and Dynamic Models of Affect
(17,18), suggests that, because of poor
emotion regulation, DD acts as a brake on
the application of existing diabetes knowl-
edge and skills, and on one’s ability to
profit from new educational and behav-
ioral interventions. By releasing the DD
brake through emotion-focused interven-
tion, the negative cycle can be efficiently
ended. Third, an integrated approach
suggests that combining an education
and management approach with a DD
emotion-centered approach capitalizes on
the strengths of each, leading to a more ef-
fective and efficient strategy for reducing
DD and improving glycemic management.

The T1-REDEEM (Reducing Distress
and Enhancing Effective Management
for T1D Adults) study provided a partial
comparison among these strategies (19). It
demonstrated that both a broadly based
education-focused program and a general

emotion-focused program led to significant
decreases in DD along with modest im-
provements in HbA, for adults with T1D.
In support of DD serving as a brake, re-
duced DD was linked with improved
management, which, in turn, was associ-
ated with lower HbA;. (7). The emotion-
focused program produced greater DD
benefits for individuals with initially higher
DD and poorer cognitive or emotion regu-
lation skills than did the education-
focused program, suggesting that differ-
ent intervention strategies may be helpful
for different individuals.

To date, however, to our knowledge,
no study has directly compared the rela-
tive effectiveness of these three differ-
ent approaches for reducing both DD
and HbA;. among adults with T1D. The
EMBARK (Behavioral Approaches to Re-
ducing Diabetes Distress and Improving
Glycemic Control) study was designed
as a 12-month randomized, controlled
intervention trial for adults with T1D to
fill this gap. It directly compared the im-
pact of three highly focused interventions
targeting clinically meaningful reductions
in both DD and HbA;. among adults with
T1D: Streamline, a highly structured,
focused, diabetes educator—led educa-
tion and management program; Tunedln,
a psychologist-led program that exclu-
sively targeted the problematic feelings,
beliefs, and expectations that underlie
DD; and Fixlt, a program that combined
both Streamline and TunedIn into a sin-
gle, integrated program. These interven-
tions took the T1-REDEEM programs as a
starting point, then uniquely concentrated
and focused them directly according to
the lessons learned from our previous ex-
perience. In the present report, we exam-
ine the effectiveness of each program
individually over time, with between-group
comparisons of DD and HbA,. immediately
after each intervention, and at 3 and
9 months after the intervention.

RESEARCH DESIGN AND METHODS

Sample and Recruitment

Adults with T1D were recruited by part-
nering with academic clinics’ research
registries and community-based organi-
zations. Partnering organizations (two
large research registries, Taking Control
of Your Diabetes and T1D Exchange; four
community clinics; and two community-
based organizations) sent e-mails and/or
social media posts to their members
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with T1D to share information about the
study. Interested individuals were directed
to contact the research team via phone or
e-mail. Additional diabetes clinics (n = 5)
mailed letters to patients informing them
of the study and letting them know that
a project team member would contact
them by phone within 2 weeks unless
they opted out by returning an enclosed
postcard or by calling a toll-free telephone
number.

During initial contact through both re-
cruitment procedures, the project was ex-
plained, informed consent was obtained,
and initial screening was begun, including
administration of the Type 1 Diabetes Dis-
tress Scale (T1-DDS) and obtaining permis-
sion to obtain participants’ latest (within
3 months) clinic-recorded HbA result. If a
recent HbA;. test was unavailable, a pre-
paid laboratory slip to a community labo-
ratory or HbA;. kit from DTI Laboratories,
Inc. (Thomasville, GA) was mailed to the
participant. All potentially eligible partici-
pants were then sent an electronic base-
line survey to complete and then were
given a $40 gift card for their time. Inclu-
sion criteria were as follows: =19 years
of age; diagnosis of T1D for at least
12 months; ability to read, write, and
speak English; a score of =2.0 on the total
T1-DDS, indicating elevated DD (1); a re-
cently recorded HbA;. =7.5%; no severe
complications (namely, end-stage renal dis-
ease, dialysis, blindness); absence of psy-
chosis or dementia; and Internet access.

Eligible consenting participants were
then randomly assigned by the research
coordinator (1:1:1 allocation), using a
computer-generated random number pro-
tocol in blocks of 15, to one of the three
virtually delivered, group-based interven-
tions (n = 8-15 participants per group):
Streamline, Tunedin, or Fixlt. To address
ethical concerns about keeping highly dis-
tressed participants in the study without
intervention, a no-treatment control group
was not included. Data were collected
between 2019 and 2023 (recruitment
2019-2022, follow-up 2020-2023) and
analyzed in 2023. All study activities were
approved by the University of California, San
Francisco Institutional Review Board and the
trial was registered at clinicaltrials.gov
(identifier NCT04016558).

Interventions
Streamline is an updated and refined,
evidence-based diabetes-management
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program delivered by a nurse certified in
diabetes care and who was an education
specialist. It included one 3-h virtual work-
shop followed by five one-on-one per-
sonal phone calls with each participant
(typically, 1025 min every 2-3 weeks
over a 3 months; total intervention time
was =4.5 h). The workshop provided a
brief diabetes education review focused
on proper basal insulin and bolus dosing
and timing, followed by a structured five-
step program to identify and resolve the
specific glucose challenges identified by
each participant. Steps included organizing
their “diabetes toolkit” (i.e., diabetes devi-
ces, sensors, supplies); identifying a spe-
cific blood glucose problem and collecting
data; exploring the problem through pat-
tern recognition; deciding what to change
and then making the change; and collect-
ing new data to see what happened be-
fore reassessing the plan. In follow-up
phone calls, participants reviewed their
progress in working through these steps.
TunedIn exclusively addressed the emo-
tional side of diabetes. It incorporates ele-
ments and strategies of Acceptance and
Commitment Therapy (ACT) (20) specifi-
cally applied to diabetes. TunedIn included
two 3-h virtual group workshops, four
1-h group Zoom calls, and one phone call
with the group leader (10-15 min), who
was a psychologist with diabetes training
and experience (total intervention time
was =10.5 h). The workshops gave partic-
ipants information about DD, reviewed
each participant’s DD profile from the
T1-DDS, and included a structured five-step
program to reduce DD. The steps included
the participants 1) learning to recognize
DD and its triggers and to illustrate how
DD can lead to problematic choices and
behaviors; 2) telling their “DD story” (i.e.,
the thoughts, beliefs, and feelings they
tell themselves about their diabetes); 3)
viewing their DD story through the lens
of an observer, thus perceiving their
thoughts and feelings in a more objec-
tive context; 4) developing a response to
their DD story (from the perspective of a
compassionate, objective, and helpful
observer); and 5) exploring alternative
choices or behaviors based on their val-
ues and goals. Participants selected an
item from their T1-DDS survey results,
identified a recent event that was dis-
tressing for them, and worked through
the five steps. Follow-up individual and
group calls allowed participants to re-
port progress and share difficulties.

FixIt, a combination of Streamline and
TunedIn, began with a modified version
of Tunedin (two 3-h workshops, three
1-h group Zoom calls, and one 10-min
individual phone call). Once completed,
a modified version of Streamline was
introduced, (one 3-h workshop, two 1-h
group Zoom calls, four one-on-one phone
calls). Last, the two group leaders deliv-
ered two, 1-h virtual calls to the entire
group, integrating the combined Tunedin
and Streamline experience (total inter-
vention time was =16 h).

The interventions were designed to
include the necessary time and content
to address the primary goals of each
program. As such, both the format (e.g.,
individual vs. group) and time varied
somewhat among the interventions to
maximize impact. Streamline and Tunedin
were delivered over 3 months, whereas
Fixit, because of its expanded content,
occurred over 4 months. All assessments
were conducted at baseline, immediately
after intervention (3—4 months after
baseline), 3 months after intervention
(67 months after baseline), and 9 months
after intervention (12-13 months after
baseline). Hereafter, the follow-up time
points are referred to as “3-month,”
“6-month,” and “12-month.” Participants
were sent gift cards for completed sur-
veys and HbA; results at each follow-up
point ($55 at 3 months, $65 at 6 months,
and $80 at 12 months). Facilitators re-
ceived training (10 h) from an investiga-
tor, followed by observing an intervention.
Each intervention was reviewed by the
investigative team to provide supervision
and support. To ensure fidelity, content-
tracking checklists were developed for
each program that were based on key
areas of program content. Observers re-
corded a mean of 95% fidelity across all
sessions, with no significant between-
group differences; no “bleeding” across
interventions was noted, because group
leaders focused exclusively on the con-
tent of each program.

Measures

Participant self-reported data were col-
lected on age, gender identity, ethnicity
and racial identity, years with T1D, edu-
cation, financial strain (21), emotion
regulation assessed through the Non-
Judging and Nonreactivity of Inner Ex-
perience Scales (22), and number of
complications.
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DD was assessed by the total score from
the T1-DDS, a 28-item scale (« = 0.84) (1)
and by the seven subscales or DD
“sources”: powerlessness, management,
hypoglycemia, negative social perceptions,
eating, physician, and family/friends.
Response options ranged from 1 (not
a problem) to 6 (a very serious prob-
lem). The total DD score (the average
of 28 items) and seven source scores
were analyzed as continuous varia-
bles. Also examined were the percentage
of individuals whose total DD score
dropped under the 2.0 threshold, as
well as the percentage who decreased
their mean total DD score by the minimal
clinically important difference (MCID)
equal to >0.19 (5).

HbA,. values were obtained from
clinic records. If the data were un-
available, participants received a lab-
oratory slip for HbA;. collection at a
community site or a mailed HbA, kit.
HbA;. was analyzed as a continuous
variable. Also examined were the per-
centages of individuals whose HbA;.
score dropped under the 7.5% thresh-
old and whose HbA;. score decreased
by =0.5.

Data Analysis

We used x? or Student t tests o compare
the three treatment conditions on partic-
ipant characteristics and baseline values
of outcome variables, and to document
differences between dropouts and com-
pleters (SPSS Statistics software, version
26.0; IBM Corp.). Paired t tests were
used separately for each group to deter-
mine change in DD and HbA;. from
baseline to each follow-up time point.
Change in outcomes across groups was
evaluated by ANCOVA. In these models,
the follow-up value was specified as the
outcome, the baseline value was the co-
variate, and treatment group was a fixed
effect. When the treatment group effect
was statistically significant (P < 0.05),
Helmert contrasts were used to deter-
mine differences among the three groups.
We also examined the effect of key mod-
erators on outcomes (age, gender, race/
ethnicity, baseline DD, emotion regula-
tion, financial insecurity, and HbA,.). Each
moderator was included in a separate
ANCOVA model as a main effect and as
an interactive effect. Missing values were
imputed with NORM software (version
2.0; The Methodology Center, Penn State,

20z aunr gz uo 3senb Aq Jpd zG¥2€2oP/1.8999./2572-€2OP/LEET 0 L/10P/4Ppd-ajoie/a1e0/B.10°sfeuinolsajaqelp//:dpy wouy papeojumoq


https://diabetesjournals.org/care

Reducing Distress, HbA;. in Adults With T1D

University Park, PA) (23,24) using multi-
ple-imputation procedures to create a sta-
ble, complete data set. Parallel analyses
were performed with raw and imputed
data sets; because the findings in all mod-
els were similar, we present only nonim-
puted results.

Sample size and power estimates are
based on two-sided o = 0.05 and Student
t tests on change from baseline to each
follow-up point. Estimating a 20% attri-
tion rate, a sample of 90 per group al-
lows for detection of moderate effect
sizes (d = 0.47 SD unit differences) equat-
ing to mean changes in DD of =0.36 and
mean changes in HbA;. of =0.44% based
on the SDs in the current sample.

RESULTS

The final sample included 276 adults: 97
in Streamline, 91 in TunedIn, and 88 in
Fixlt (Fig. 1) across 29 groups (n = 10
each for Streamline and Fixlt, n = 9 for
TunedIn). Retention (82% at 3 months,
84% at 6 months, and 81% at 12 months)
did not differ significantly by intervention
group. Compared with study dropouts
(n = 51), those who completed the study
(hereafter, “completers”) (n = 225) re-
ported lower mean baseline HbA;. values
(8.2% vs. 8.6%; P = 0.02) and fewer years
living with diabetes (27.89 vs. 22.98 years;
P = 0.04), and more participants self-
identified as non-Hispanic White (85.3%
vs. 70.6%; P = 0.01). The mean (SD) age
was 46.8 (15.1) years, 79.6% identified as
female, and the mean (SD) baseline HbA;.
was 8.3% (0.9%) (67.0 [9.8] mmol/mol)
There were no between-group differences
at baseline except that Streamline partici-
pants reported longer diabetes duration
than those in the other groups (Table 1).

Change in DD

Large reductions in total DD were re-
ported in all three groups from baseline
to 3 months that were sustained over
time, with the exception of minor, nonsig-
nificant increases (e.g., a 6-12-month in-
crease in total DD in Streamline from 2.32
to 2.34) at 6 and 12 months (Table 2).
Nominal between-group differences in DD
reductions occurred at 3 and 6 months
(P < 0.07), with a significant difference
among groups at 12 months (P < 0.007).
In all cases, those participating in TunedIn
and Fixlt reported greater reductions in DD
than those in Streamline. At 12 months, to-
tal DD reductions equated to a medium

effect size (Cohen’s d) of 0.58 for Stream-
line and large effect sizes of 1.14 and 1.06
for Tunedin and FixIt, respectively.

The percentage of participants whose
DD dropped under the 2.0 threshold (indi-
cating nonelevated DD) and the percentage
of a change of at least one MCID were also
examined (Table 3). At 3 months, 22.1%,
38.9%, and 41.0% of Streamline, Tunedin,
and Fixlt participants, respectively, reduced
their total DD below 2.0. At 12 months,
27.2%, 50.2%, and 30.7% of participants,
respectively, passed this threshold. A signifi-
cantly greater percentage of Tunedln partic-
ipants passed this threshold than those in
the other two groups (x> = 0.01, P =
0.008). Likewise, significant MCID improve-
ments were seen immediately after the
intervention and were sustained at 6 and
12 months, with most Fixlt participants re-
porting at least one MCID improvement
in total DD (82.4—-85.5%), followed by
Tunedin (74.6-78.9%) and Streamline
(63.9-68.6%). At 12 months, a higher per-
centage of Fixlt ()(2 =5.38, P = 0.02) and
Tunedin (x* = 3.08, P = 0.079) partici-
pants passed the MCID threshold com-
pared with those in Streamline.

Similar significant reductions in T1-DDS
source scales were reported immediately
after the intervention and were generally
sustained at 6 and 12 months, with the
exception of Physician Distress in the
Streamline group. Where between-group
differences emerged, results mirrored
those for total DD, with greater reduc-
tions in DD reported among those receiv-
ing the Fixlt and Tunedin interventions
compared with Streamline at 12 months
in the areas of Powerlessness (P <
0.001), Hypoglycemia Distress (P =
0.005), and Physician Distress (P
0.001). Overall, results indicated that,
although all three intervention strate-
gies yielded significant DD reductions,
greater sustained reductions occurred
in DD in Tunedin and Fixlt than in
Streamline.

Change in HbA;.

HbA;. decreased significantly in all three
groups from baseline to immediately af-
ter the intervention (Streamline change
[A] = —0.43, P < 0.001; Tunedin A =
—0.52, P < 0.001; and Fixlt A = —0.33,
P =0.003) with no between-group differ-
ences (Table 2). Decreases in HbA;.
were maintained in all three groups at
6 months. At 12 months, however,
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additional significant decreases occurred
in Streamline (A = —0.65 from baseline)
and Tunedin (A = —0.59 from baseline)
(both P < 0.001), but not in Fixlt. This re-
sulted in statistically significant, though
modestly greater, mean improvements
in HbA,. in the Streamline group com-
pared with Tunedin and FixIt (P = 0.032)
and greater improvements in Tunedin
compared with Fixlt (P = 0.014).

We also evaluated the clinical signifi-
cance of HbA;. change by examining the
percentage of individuals who reported a
reduction in HbA;. to under the 7.5%
threshold and the percentage who re-
ported a decrease in HbA;. of =0.5%
(Table 3). At 12 months, 40% of individu-
als in Streamline and TunedIn, compared
with 28.8% in Fixit (x> = 2.59, P = 0.108
for Streamline; XZ =247, P = 0.116 for
TunedlIn) reduced their HbA;. to <7.5%;
there was no difference between the
Streamline and TunedIn groups. Further-
more, at 12 months, just over half of
Streamline and TunedIn participants
(53.2% and 55.7%, respectively), com-
pared with 34.8% in Fixlt, achieved an
HbA; . decrease of =0.5%. More Stream-
line and Tunedin participants reached
this threshold compared with Fixlt partic-
ipants ()(2 = 6.29, P = 0.01 for Stream-
line; x> = 7.79, P = 0.005 for Tunedin),
with no significant difference between
Streamline and Tunedin.

Overall, results show that all three
groups had significantly reduced HbA;,
with Streamline and Tunedin showing
the largest improvements compared with
FixIt.

Moderators of Intervention Impact
on Total DD and HbA;.

There was a significant interaction among
intervention groups with baseline DD
level at 12-month follow-up (F = 6.05, P =
0.02) and with baseline HbA;. level at
each follow-up (all P < 0.01). Having ini-
tial higher (worse) levels of DD and HbA,.
strongly predicted greater change in the
Streamline group, but baseline levels were
only modestly linked to, or were unassoci-
ated with, change in the TunedIn and Fixlt
groups. Thus, success among those receiv-
ing the Tunedin and Fixlt interventions
was less influenced by a person’s initial
DD or HbA,. level than in Streamline. No
other interactions reached statistical sig-
nificance for either outcome, suggesting
that reductions in DD and HbA;. for all
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Recruitment Phone Call
Completed (N = 930)
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Randomized (n = 296)

+ Total not meeting inclusion criteria (n = 506)

+ Declined to participate (n = 128)

Total Excluded (n = 634)

Distress score <2.0 (n = 52)
HbA1c <7.5 (n = 61)
Other (n = 22)

|

v

}

Allocated to Fixlt (n = 98)

Did not receive intervention (n = 10)
Reasons: Unable to contact, time
constraints, no longer wished to

participate
Received allocated intervention
(attended workshop) (n = 88)

v

Participants at 3-Month Follow-up
(n=173)
Discontinued study to date* (n = 2)
Lost to 3-month follow-up¥ (n = 3)

v

Participants at 6-Month Follow-up
(n=174)

Discontinued study to date* (n = 4)

Lost to 6-month follow-upt (n = 10)

v

Allocated to Streamline (n = 101) Allocated to Tunedin (n = 97)
Did not receive intervention (n = 4) Did not receive intervention (n = 6)
Reasons: Unable to contact, time Reasons: Unable to contact, time
Allocation constraints, no longer wished to constraints, no longer wished to
participate participate
Received allocated intervention Received allocated intervention
(attended workshop) (n = 97) (attended workshop) (n = 91)
} v
3-Month Participants at 3-Month Follow- Participants at 3-Month Follow-up
Follow- ) _up (n=80) . . (n=173)
Discontinued study to date* (n=1) Discontinued study to date* (n = 3)
up Lost to 3-month follow-upt (n = 16) Lost to 3-month follow-up¥ (n = 15)
v .
4 N L e
6-Month Participants at 6-Month Follow- Participants at 6-Month Follow-up
up (n = 85) (n=72)
Follow- Discontinued study to date* (n = 1) Discontinued study to date* (n = 4)
up Lost to 6-month follow-upt (n = 11) Lost to 6-month follow-upt (n = 15)
Participants at 12-Month Follow- Participants at 12-Month Follow-
12-Month up (n = 83) up (n=73)
Follow- Discontinued study to date* (n = 3) Discontinued study to date* (n = 4)
up Lost to 12-month follow-upt (n=11)| | Lost to 12-month follow-upt (n = 14)

Participants at 12-Month Follow-
up (n = 69)
Discontinued study to date* (n = 5)
Lost to 12-month follow-upt (n = 14)

v

v

v

Analyzedi (n = 89)

—

Analyzedi (n =77)

Analyzedi (n =78)

follow-up assessment points. Counts are cumulative. +Completed neither the survey nor the blood sample collection at the assessment stage.
F$Completed, at minimum, the survey or the blood sample collection at any of the follow-up assessments.

’ Figure 1—Consolidated Standards of Reporting Trials (CONSORT) diagram. *Discontinued study engagement and was no longer contacted at future

interventions were generalizable across
participants.

We also examined attendance across
the intervention touchpoints, based on the
requirements of each intervention. A high
level of attendance at each activity was
documented for all three interventions
(see Supplementary Table 1). When exam-
ined in terms of the percentage of possible
contacts completed, the highest participa-
tion was seen in Streamline (88%), fol-
lowed by Fixlt (75%), and then Tunedin
(62%). Overall attendance was considered
a measure of intervention exposure and
was unrelated to reductions in DD and
HbA,. within any intervention group.

CONCLUSIONS

We found that adults with T1D in all
three intervention programs experi-
enced substantive, clinically meaning-
ful, and statistically significant reductions
in both DD and HbA;.. All reductions
were generally sustained over time. More
than 75% of participants experienced a
clinically meaningful reduction in DD (5)
with standardized effect sizes ranging
from 0.58 to 1.14 at 12-month follow-up.

Significant differences among the in-
terventions also occurred. Tunedin and
Fixlt participants reported significantly
greater DD reductions in total, source,
threshold, and MCID scores, compared

with Streamline participants. In contrast,
Streamline and TunedIn participants had
significantly greater HbA4. reductions than
did Fixlt participants, with more than half
experiencing an HbA;. improvement
>0.5%. Considering DD and HbA4. in
tandem, we suggest that those in Tunedin
experienced the most consistent overall
clinical benefits across both DD and HbA,,
even though Tunedin did not directly
address resolution of glucose problems.
Instead, Tunedin exclusively used highly
systematized and focused ACT-based tech-
niques that foster awareness of how pain-
ful emotions and beliefs often drive
unhelpful management behavior. Providing

5
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Table 1—Participant characteristics at baseline by intervention group (N = 276)

Characteristic All (N = 276) Streamline (n = 97)  TunedIn (n = 91) Fixlt (n = 88) F or Xz (P) values
Age (years) 46.81 (15.11) 48.88 (15.44) 47.34 (15.38) 43.99 (14.17) 2.52 (0.082)
Diabetes duration (years) 26.99 (15.30) 30.44 (15.47) 25.90 (14.74) 24.30 (15.15) 4.16 (0.017)
Uses an insulin pump, % (n) 72.8 (201) 73.2 (71) 72.5 (66) 72.7 (64) 0.01 (0.994)
Uses continuous glucose monitoring, % (n) 78.6 (217) 79.4 (77) 80.2 (73) 76.1 (67) 0.50 (0.781)
Highest education level achieved, % (n) 11.97 (0.063)

High school degree 2.6 (7) 1.5 (4) 0.4 (1) 0.7 (2)

Some college 25.5 (70) 26.8 (26) 27.5 (25) 22.1 (19)

Completed college 41.2 (113) 36.1 (35) 34.1 (31) 54.7 (47)

Graduate school 30.7 (84) 33.0 (32) 37.4 (34) 20.9 (18)

Gender, n (%) 1.67 (0.434)

Male 52 (18.9) 22 (22.7) 16 (17.6) 14 (16.1)

Female 219 (79.6) 74 (76.3) 72 (79.1) 73 (83.9)

Female to male (transgender) 3(1.1) 1(1) 2 (2.2) 0 (0)

Male to female (transgender) 1(0.4) 0 (0) 1(1.1) 0 (0)

Race/ethnicity, % (n) 0.84 (0.657)

Native American 0.4 (1) 1.0 (1) 0 (0) 0 (0)

Asian 1.1 (3) 2.1 (2) 0 (0) 1.1 (1)

Native Hawaiian 0 (0) 0 (0) 0 (0) 0 (0)

Black 2.9 (8) 1(1) 2.2 (2) 5.7 (5)

White 88.7 (244) 87.6 (85) 91.2 (83) 87.4 (76)

>1 Race 5.1 (14) 5.2 (5) 5.5 (5) 4.6 (4)

Hispanic/Latino 10.4 (28) 11.7 (11) 12.2 (11) 7.0 (6) 1.58 (0.455)
Financially insecure, % (n) 41.3 (114) 42.3 (41) 35.2 (32) 46.6 (41) 2.47 (0.291)
Has taken a diabetes education class, % (n) 15.67 (0.110)

Never 11.6 (32) 6.2 (6) 16.5 (15) 12.5 (11)

Past 12 months 13.0 (36) 15.5 (15) 13.2 (12) 10.2 (9)

1-3 years ago 17.0 (47) 22.7 (22) 9.9 (9) 18.2 (16)

4-7 years ago 21.7 (60) 23.7 (23) 19.8 (18) 21.6 (19)

7-10 years ago 8.3 (23) 7.2 (7) 13.2 (12) 4.5 (4)

>10 years ago 28.3 (78) 24.7 (24) 27.5 (25) 33.0 (29)

Complications, n (%) 3.32 (2.57) 3.43 (2.67) 3.35 (2.49) 3.16 (2.57) 0.27 (0.762)
T1-DDS

Total T1-DDS score 2.84 (0.76) 2.79 (0.83) 2.78 (0.73) 2.96 (0.73) 1.55 (0.214)

Powerlessness 3.93 (1.12) 3.75 (1.24) 3.92 (1.02) 4.13 (1.06) 2.66 (0.072)

Management 2.95 (1.13) 2.86 (1.12) 2.93 (1.12) 3.07 (1.15) 0.79 (0.455)

Hypoglycemia 2.81 (1.20) 2.93 (1.28) 2.66 (1.13) 2.84 (1.18) 1.28 (0.279)

Negative social perception 2.39 (1.26) 2.40 (1.28) 2.34 (1.26) 2.44 (1.24) 0.15 (0.861)

Eating 3.63 (1.33) 3.57 (1.35) 3.53 (1.33) 3.81 (1.30) 1.16 (0.317)

Physician 1.99 (1.17) 1.96 (1.15) 1.95 (1.13) 2.08 (1.24) 0.36 (0.696)

Family/friends 2.09 (1.09) 1.99 (1.07) 2.05 (1.07) 2.26 (1.14) 1.50 (0.224)

HbA;., mean (%) 8.27 (0.93) 8.24 (0.86) 8.24 (0.87) 8.34 (1.07) 0.33 (0.719)

HbA;., mmol/mol 67 (10.2) 67 (9.4) 67 (9.5) 68 (11.7) 0.33 (0.719)
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Data reported as mean (SD) or %, unless otherwise indicated.

individuals with opportunities to recog-
nize and observe these processes, and to
“stand beside” those processes, may en-
able them to make better choices—
choices more in line with what is best
for them. These strategies have dem-
onstrated considerable utility across a range
of chronic diseases and other stress-related
settings (25).

Under the assumption that a com-
bined emotion- and management-based
intervention would maximize change,

coupled with an extended exposure to
intervention, the modest HbA,. reduc-
tions in FixIt are surprising. We suggest
two interrelated explanations. First, al-
though overall attendance was 75%,
the longer time frame for intervention
delivery and the volume of content
presented may have been overwhelm-
ing for participants, being far too much
material to comprehend and process in
a meaningful way. Second, the two
parts of Fixlt required a somewhat

different cognitive perspective that may
not have been easily integrated. In the
TunedIn portion, individuals focused on
identifying and addressing the often-
painful thoughts and feelings that under-
lie DD. They were then asked to make
choices separate from these longstand-
ing narratives. In contrast, in the Stream-
line portion of Fixlt, participants were
directed to shift from this novel emphasis
on feelings to the mechanics of resolving
very specific glucose problems. This shift
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Table 2—Intervention group differences in HbA;. and T1-DDS using continuous scores (N = 276)

Treatment group effect:

Parameter All (N = 276) Streamline (n = 97) Tunedin (n = 91) Fixlt (n = 88) F (P) value (df = 2)
HbA,., mean (%)
Baseline 8.27 (0.056) 8.24 (0.095) 8.24 (0.098) 8.34 (0.100) 0.33 (0.719)
3 months 7.80 (0.061) 7.78 (0.103) 7.71 (0.111) 7.90 (0.105) 0.79 (0.457)
6 months 7.78 (0.062) 7.69 (0.106) 7.73 (0.111) 7.91 (0.107) 1.20 (0.304)
12 months 7.69 (0.056) 7.52 (0.092) 7.60 (0.098) 7.94 (0.101) 5.30 (0.006)*
T1-DDS
Total DD score
Baseline 2.84 (0.046) 2.79 (0.077) 2.78 (0.080) 2.96 (0.081) 1.55 (0.214)
3 months 2.20 (0.044) 2.34 (0.076) 2.18 (0.077) 2.08 (0.078) 2.73 (0.068)
6 months 2.22 (0.044) 2.32 (0.074) 2.19 (0.082) 2.17 (0.076) 1.01 (0.366)
12 months 2.15 (0.044) 2.34 (0.074) 2.03 (0.077) 2.06 (0.079) 5.10 (0.007)*
Powerlessness
Baseline 3.93 (0.067) 3.75 (0.113) 3.92 (0.117) 4.13 (0.119) 2.66 (0.072)
3 months 2.97 (0.069) 3.31 (0.118) 2.90 (0.119) 2.71 (0.122) 6.56 (0.002)*
6 months 2.99 (0.070) 3.22 (0.118) 2.87 (0.129) 2.88 (0.120) 2.68 (0.071)
12 months 2.90 (0.069) 3.24 (0.116) 2.72 (0.120) 2.73 (0.124) 6.31 (0.002)*
Management distress
Baseline 2.95 (0.068) 2.86 (0.115) 2.93 (0.119) 3.07 (0.121) 0.80 (0.455)
3 months 2.19 (0.055) 2.30 (0.094) 2.16 (0.095) 2.13 (0.097) 0.90 (0.409)
6 months 2.20 (0.061) 2.23 (0.101) 2.13 (0.112) 2.24 (0.103) 0.36 (0.701)
12 months 2.13 (0.058) 2.25 (0.097) 1.99 (0.101) 2.16 (0.103) 1.77 (0.174)
Hypoglycemia distress
Baseline 2.81 (0.072) 2.93 (0.122) 2.66 (0.123) 2.84 (0.128) 1.28 (0.279)
3 months 2.07 (0.055) 2.24 (0.094) 1.99 (0.095) 1.99 (0.096) 2.21 (0.112)
6 months 2.08 (0.054) 2.10 (0.090) 2.09 (0.100) 2.03 (0.090) 0.18 (0.834)
12 months 2.04 (0.056) 2.26 (0.093) 1.96 (0.097) 1.91 (0.099) 4.03 (0.019)*
Negative social perceptions
Baseline 2.40 (0.076) 2.40 (0.128) 2.34 (0.132) 2.44 (0.135) 0.15 (0.861)
3 months 1.89 (0.057) 1.96 (0.098) 1.88 (0.099) 1.83 (0.100) 0.42 (0.657)
6 months 1.90 (0.060) 1.95 (0.101) 1.93 (0.111) 1.81 (0.101) 0.59 (0.558)
12 months 1.86 (0.052) 2.01 (0.087) 1.75 (0.091) 1.81 (0.092) 2.33 (0.100)
Eating distress
Baseline 3.64 (0.080) 3.57 (0.135) 3.54 (0.139) 3.81 (0.142) 1.16 (0.317)
3 months 2.80 (0.074) 2.82 (0.126) 2.87 (0.128) 2.72 (0.130) 0.32 (0.729)
6 months 2.93 (0.079) 2.93 (0.132) 2.84 (0.145) 3.03 (0.134) 0.47 (0.629)
12 months 2.71 (0.074) 2.79 (0.124) 2.62 (0.130) 2.73 (0.133) 0.45 (0.636)
Physician distress
Baseline 2.00 (0.071) 1.96 (0.119) 1.95 (0.123) 2.08 (0.125) 0.36 (0.696)
3 months 1.73 (0.060) 1.88 (0.103) 1.75 (0.104) 1.56 (0.105) 2.32 (0.101)
6 months 1.76 (0.060) 1.98 (0.100) 1.68 (0.110) 1.61 (0.101) 3.85 (0.023)*
12 months 1.56 (0.063) 1.97 (0.106) 1.49 (0.110) 1.55 (0.113) 5.86 (0.003)*
Friends/family distress
Baseline 2.10 (0.056) 1.99 (0.111) 2.05 (0.114) 2.26 (0.116) 1.50 (0.224)
3 months 1.73 (0.050) 1.82 (0.085) 1.72 (0.086) 1.65 (0.087) 0.96 (0.386)
6 months 1.71 (0.047) 1.72 (0.079) 1.70 (0.086) 1.70 (0.080) 0.01 (0.989)
12 months 1.71 (0.051) 1.79 (0.085) 1.66 (0.089) 1.68 (0.091) 0.66 (0.519)

For baseline analyses: univariate linear model with baseline value of outcome as the dependent variable and treatment group as independent
variables. For 3-, 6-, and 12-month outcome analyses: univariate general linear model with follow-up value of outcome as the dependent
variable, treatment group as an independent variable, and baseline value of outcome as the covariate. Baseline = original values; 3, 6, and
12 months = estimated values adjusted for baseline. *P < 0.05.
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may have been experienced as wrench-
ing, leading to less engagement in the
Streamline portion of Fixlt. This view is
supported by the finding that, despite
the significant but relatively smaller
HbA,. reductions for this group, partici-
pants maintained their large reductions
in DD over time. The pace, ordering, and
intensity of a combined intervention

need to be re-evaluated, with special
attention paid to addressing the novel
and different lenses that each strategy
requires.

With the positive impact of Tunedin
on both DD and HbA,., three additional
considerations are noteworthy. First,
Tunedln, like all interventions tested in
EMBARK, was delivered virtually, which

may extend the program’s reach and re-
duces cost. Although many pathway ef-
forts are in place to increase the number
of mental health professionals with diabe-
tes expertise (26), a workforce shortage
is likely to remain (27), and virtual group-
based programs such as those used in
EMBARK can make use of limited exist-
ing resources. Relatedly, our previous cost
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Table 3—Intervention group differences in HbA;. and T1-DDS using threshold and MCID measures of change (N = 276)

Parameter All (N = 276) Streamline (n = 97) TunedIn (n = 91) Fixlt (n = 88)
T1-DDS total score improved =+1
MCID on difference score, %
From baseline to 3 months 73.6 63.9 74.6 82.6
From baseline to 6 months 76.6 68.6 75.9 85.5
From baseline to 12 months 75.9 67.5 78.9 82.4
T1-DDS total score improved to <2.0, %
From baseline to 3 months 33.8 22.1 38.9 41.0
From baseline to 6 months 333 24.7 36.8 39.6
From baseline to 12 months 394 27.2 50.2 30.7
HbA,. improved to <7.5, %
From baseline to 3 months 323 31.4 36.7 29.4
From baseline to 6 months 30.4 31.1 32.8 27.4
From baseline to 12 months 36.7 40.5 40.0 28.8
HbA;. decreased by =0.5, %
From baseline to 3 months 42.4 37.1 48.3 42.6
From baseline to 6 months 435 41.9 49.3 39.7
From baseline to 12 months 48.4 53.2 55.7 34.8

analysis of an in-person program of simi-
lar length or time was estimated to
cost $335 per person, suggesting a
cost-efficient strategy (28). Second, the re-
sults of the moderator analyses indicated
that the effects of Tunedin were largely
unrelated to patient characteristics, in-
cluding initial levels of DD and HbA;..
Thus, the positive outcomes of Tunedin
appear applicable to a broad range of
adults with T1D. Third, notwithstanding
the magnitude of HbA;. reductions in
Streamline, the HbA;. reductions in Tune-
din were far greater than those reported
in previous DD intervention research, in-
cluding our own (19). We suggest that our
previous experience enabled us to further
refine and focus Tunedin to conform
more closely with diabetes-related ACT
principles and techniques. We suspect
that this level of increased precision likely
enhanced TunedIin’s more clinically mean-
ingful findings. These findings need to be
replicated and generalized to the T1D
population at large in future research.
Several limitations to this study need
to be considered. First, data were col-
lected between 2019 and 2023, during
the COVID-19 pandemic, which may
have affected outcomes because of un-
usually high levels of participant stress,
social isolation, and problems access-
ing health care. Second, the programs
differed in terms of total contact hours,
and this could have contributed to find-
ings, though it is notable that Fixlt in-
cluded the greatest number of contact
hours but was not linked with the largest
overall benefits. Third, eligibility criteria

required Internet access, and a high per-
centage of participants self-identified as
non-Hispanic White and as female, all of
which may limit generalizability. Relat-
edly, eligibility criteria included a thresh-
old for both DD (=2.0) and HbA;.
(=7.5%), but many individuals with rela-
tively low HbA;. also report elevated
DD (1). Future studies should include
individuals whose HbA;. is below the
7.5% threshold, because related work
has documented important benefits to
an individual’s quality of life in reducing
DD across a range of glycemic levels
(12). Future work should continue to ex-
amine other outcomes beyond DD and
HbA;. and to investigate the degree to
which and the mechanisms by which
changes in DD are linked to changes in
HbA. (e.g., opening the door to new dia-
betes-related perspectives,yielding greater
engagement with management of glyce-
mic problems (29)).

Our results suggest that both manage-
ment- and emotion-focused group pro-
grams for adults with T1D can lead to
significant and clinically meaningful reduc-
tions in DD and HbA;.. Tunedln, an
emotion-focused program, had the most
consistent overall benefits when consider-
ing both DD and HbA,.. Findings suggest
the value of using emotion-focused strat-
egies, like those in Tunedin, to reduce DD
and enhance management among adults
with T1D.
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