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T1-REDEEM: A Randomized
Controlled Trial to Reduce
Diabetes Distress Among Adults
With Type 1 Diabetes

Diabetes Care 2018;41:1862-1869 | https://doi.org/10.2337/dc18-0391

OBJECTIVE

To compare the effectiveness of two interventions to reduce diabetes distress
(DD) and improve glycemic control among adults with type 1 diabetes (T1D).

RESEARCH DESIGN AND METHODS

Individuals with T1D (n = 301) with elevated DD and HbA,. were recruited from
multiple settings and randomly assigned to OnTrack, an emotion-focused in-
tervention, or to Knowlt, an educational/behavioral intervention. Each group
attended a full-day workshop plus four online meetings over 3 months. Assess-
ments occurred at baseline and 3 and 9 months. Primary and secondary outcomes
were change in DD and change in HbA,,, respectively.

RESULTS

With 12% attrition, both groups demonstrated dramatic reductions in DD (effect
size d = 1.06; 78.4% demonstrated a reduction of at least one minimal clinically
important difference). There were, however, no significant differences in DD
reduction between OnTrack and Knowlt. Moderator analyses indicated that
OnTrack provided greater DD reduction to those with initially poorer cognitive or
emotion regulation skills, higher baseline DD, or greater initial diabetes knowledge
than those in Knowlt. Significant but modest reductions in HbA,. occurred with no
between-group differences. Change in DD was modestly associated with change
in HbA,. (r = 0.14, P = 0.01), with no significant between-group differences.

CONCLUSIONS

DD can be successfully reduced among distressed individuals with T1D with elevated
HbA, . using both education/behavioral and emotion-focused approaches. Reduc-
tions in DD are only modestly associated with reductions in HbA,.. These findings
point to the importance of tailoring interventions to address affective, knowledge,
and cognitive skills when intervening to reduce DD and improve glycemic control.

Diabetes distress (DD) refers to the often hidden emotional burdens, stresses, and
worries that result from managing a demanding chronic disease like type 1 diabetes
(T1D) (1). DD is highly prevalent, with ~42% of adults with T1D manifesting elevated
DD (2), is distinct from clinical depression (3), tends to be chronic rather than episodic
(2), and has been significantly associated with poor glycemic control and problem-
atic self-care behavior in both cross-sectional and longitudinal studies (4-8). There is

Diabetes Care Volume 41, September 2018

Check for
updates

Lawrence Fisher,” Danielle Hessler,”
William H. Polonsky,2 Umesh Masharani,*
Susan Guzman,3 Vicky Bowyer,l

Lisa Strycker,4 Andrew Ahmann,”

Marina Basina,s lan Blumer,7

Charles Chloe,® Sarah Kim,* Anne L. Peters,’
Martha Shumway,® Karen Weihs,*° and
Patricia Wu™

LUniversity of California, San Francisco, San
Francisco, CA

2University of California, San Diego, San Diego,
CA

3Behavioral Diabetes Institute, San Diego, CA
4Oregon Research Institute, Eugene, OR
5Oregon Health & Science University, Portland,
OR

6Stanford University, Stanford, CA

“University of Toronto, Toronto, Canada
8Veterans Affairs San Diego Healthcare System,
University of California, San Diego, San Diego, CA
%Keck School of Medicine of the University of
Southern California, Los Angeles, CA
yniversity of Arizona College of Medicine,
Tucson, AZ

Kaiser Permanente Medical Group, San Diego,
CA

Corresponding author: Lawrence Fisher, larry
fisher@ucsf.edu.

Received 24 February 2018 and accepted 9 June
2018.

Clinical trial reg. no. NCT02175732, clinicaltrials
.gov.

© 2018 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered. More infor-
mation is available at http.//www.diabetesjournals
.org/content/license.


https://doi.org/10.2337/dc18-0391
http://crossmark.crossref.org/dialog/?doi=10.2337/dc18-0391&domain=pdf&date_stamp=2018-08-07
mailto:larry.fisher@ucsf.edu
mailto:larry.fisher@ucsf.edu
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license

care.diabetesjournals.org

growing evidence of associative and causa-
tive linkages among DD, self-management,
and glycemic control, making DD a sig-
nificant clinical problem.

Surprisingly, there have been few
systematic studies that have directly
evaluated interventions to reduce DD
in clinical populations. A recent meta-
analysis of 41 randomized controlled trials
by Sturt et al. (9) showed significant re-
ductions in DD, with the strongest effects
coming from interventions that targeted
the emotional side of diabetes directly,
rather than focusing exclusively on be-
havior change or education. Reductions
in HbA,. in these studies were only mar-
ginal. Sturt et al. (9) highlighted three
major problems with these studies, to
which we add one more: most did not
target DD directly (most targeted educa-
tion and behavior change); few studies
compared different approaches to reduce
DD; baseline levels of DD and HbA;. were
rarely controlled, yielding many partic-
ipants who were neither distressed nor
in poor control at baseline; and only 4 of
the 41 studies focused on adults with
T1D. Thus, although DD appears to be
responsive to intervention, few studies
have directly compared DD-targeted in-
terventions in highly distressed, poorly
controlled patients with T1D.

Most DD intervention studies use one
of two general strategies. The diabe-
tes management approach focuses on
education, medication management, and
behavior change to improve glycemic
control, according to the rationale that
improved glycemic control will also de-
crease underlying DD as disease status
improves, whereas the emotional ap-
proach suggests that the key to allevi-
ating DD is to address the underlying
feelings, beliefs, and expectations that
promote DD (10).

A crucial omission in the literature is
the identification of a conceptual frame-
work that can be used as a platform to
develop effective emotion-based inter-
ventions. One promising approach is
“emotion regulation,” a term used to
describe the mechanisms people use to
manage the emotions that emerge in
response to diabetes-related threats and
fears (11). For example, an adaptive re-
sponse to a hypoglycemic episode might
be to mobilize problem-solving resources
to determine the cause, whereas a mal-
adaptive response might be to become
ruminative or self-blaming. The chronic

use of maladaptive emotion regulation
mechanisms often leads to significant
negative outcomes: the emergence of
chronic negative emotions, a narrowing
of cognitions, and a reduction in effective
problem-solving skills (12—-14). Thus, an
escalating cycle occurs over time that
upregulates negative affect and down-
regulates positive affect. The negative
effects of poor emotion regulation mech-
anisms in diabetes, such as more hypo-
glycemic episodes, elevated HbA;, and
less frequent blood glucose monitoring,
are well documented (15,16), and there
are data to suggest that poor emotion
management is associated with high
DD (17). Thus, emotion regulation may
provide a useful framework for design-
ing effective interventions to reduce DD
in T1Ds.

Reducing Distress and Enhancing Ef-
fective Management for T1D Adults
(T1-REDEEM) was a 9-month, random-
ized control trial for adults with T1D with
elevated DD and HbA;. designed to com-
pare the effectiveness of an intensive
education/behavior change intervention,
called Knowlt, with an intervention that
focused on improving emotion regulation
skills, called OnTrack. We herein address
the following research questions: 1) which
of the two interventions was most effec-
tive in reducing DD and HbA;; 2) how did
the effectiveness of each intervention
vary as a function of initial level of DD,
emotion regulation, cognitive skills, and
diabetes knowledge on changes in both
DD and HbA;. (moderator analyses); and
3) were reductions in DD as a result of an
intervention associated with improve-
ments in glycemic control?

RESEARCH DESIGN AND METHODS

Sample and Recruitment

Using patient registries, support groups,
and contacts through social media with
online diabetes organizations, we re-
cruited a diverse sample of adults with
T1D in California (San Francisco Bay Area,
Los Angeles, Sacramento, and San Diego);
Tucson, Arizona; Portland, Oregon; and
Toronto, Ontario, Canada. Inclusion crite-
ria were as follows: patient =19 years
of age; diagnosis of T1D for at least 12
months; ability to read, write, and speak
English; mean item score of =2 on the
Type 1 Diabetes Distress Scale (T1-DDS),
indicating elevated DD (18); a recently
recorded HbA;. =7.5%; no severe compli-
cations (end-stage renal disease); absence
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of psychosis or dementia; and availability
of a computer with Internet access.

For participants recruited from non-
clinic, community settings, we used a
protocol approved by the University of
California, San Francisco (UCSF) Re-
view Board, which included only opt-in
procedures. For participants recruited
through clinical settings, human subject
approval was received from the appro-
priate review board and recruitment
followed a combination of opt-in and
opt-out procedures. Using opt-out pro-
cedures, the research team mailed let-
ters to patients informing them of the
study and telling them that a project
representative would contact them by
phone within 2 weeks unless they opted
out of the call by returning an enclosed
postcard or calling a toll-free telephone
number. Using opt-in procedures, indi-
viduals receiving letters were encour-
aged to call our toll-free number or send
an e-mail expressing interest. During
initial contact with those identified by
both recruitment procedures, the proj-
ect was explained, informed consent
was obtained, and initial screening com-
menced, including administration of the
T1-DDS and permission to obtain their
latest clinic-recorded HbA,.. If a timely
HbA,. was not available, a prepaid lab slip
was mailed to the participant for HbA;.
collection at a local facility. All poten-
tially eligible participants were then sent
an e-mail with a unique personal code
to access a Health Insurance Portability
and Accountability Act of 1996 (HIPAA)-
compliant online survey to complete
assessment of remaining inclusion crite-
ria and baseline assessment. Upon com-
pletion of the survey and a recorded
HbA,., participants received a $25 gift
card for their time and eligible partic-
ipants were randomly assigned to either
Knowlt or OnTrack using a computer-
generated, random number protocol. Ac-
cording to a pragmatic research strategy
and to address ethical concerns about
maintaining highly distressed participants
in the study without intervention, no non-
interventional control group was included
(19). Data were collected in 2014-2017 and
analyzed in 2017.

Both Knowlt and OnTrack required
the same participant time commitment:
attendance at a 1-day group workshop
with a trained group leader (a Certified
Diabetes Educator for Knowlt and a psy-
chologist with diabetes experience for
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OnTrack) and participation in four 1-h
online video meetings with group mem-
bers and leader over the following 3
months. Follow-up assessment via on-
line survey and HbA,. testing occurred
at 3 and 9 months after the workshop.
Follow-up qualitative interviews with
10 OnTrack and 10 Knowlt participants
were conducted at the project’s con-
clusion and will be the subject of a later
report.

To assure consistency in program pre-
sentation, fidelity tracking checklists
were developed separately for OnTrack
and Knowlt based on key preidentified
intervention content areas. Observers
recorded an overall mean of 95% fidelity
across all groups, with no between-group
differences.

Interventions

Knowlt included a diabetes update of key
factors regarding the causes and man-
agement of T1D, based on a UCSF Di-
abetes Education Program. For example,
it addressed the etiology of T1D, tips on
carb counting, and use of a toolbox of
strategies to address specific manage-
ment problems. Each of the 1-h online
meetings subsequent to the workshop
reviewed action plans and addressed a
specific topic: continuous glucose mon-
itoring, new developments in islet and
pancreas transplantation, hypoglycemia,
and travel.

OnTrack used a variety of scenarios
and exercises, based on emotion regu-
lation, that focused on ways to deal with
the emotional side of diabetes and how
to develop personalized emotion man-
agement techniques to get “unstuck”
about behavioral change. Specific tech-
niques were drawn from programs of
empowerment-based communication (20),
AASAP (a technique to enhance motiva-
tion) (21), and motivational interviewing
(22) and included several key distress-
related, emotion regulation elements (for
example, overtly labeling feelings, keep-
ing feelings in perspective to reduce
overreactions, and separating feelings
from appraisals of self-worth). Partici-
pants also completed a personalized
action plan that included attention to
the positive and negative feelings that
one might experience with each aspect
of behavior change. Action plans were
reviewed at each of the four subsequent
online meetings, along with discussions
about dealing with T1D 24 h a day, coping

with frustrating blood glucose numbers,
and dealing with family and friends.

Measures

Age and education in years, sex, ethnic-
ity (white or nonwhite), years with T1D,
and number of complications from a
list of 14 (5) were recorded. HbA;. was
obtained from clinic records for tests
within 3 months of survey completion
and at 3 and 9 months. If unavailable,
a lab slip for HbA4. collection at a com-
munity site was provided.

DD was assessed by the T1-DDS, a
28-item scale (« = 0.84) (23) with seven
subscales: powerlessness (five items),
management distress (four items), hy-
poglycemia distress (four items), nega-
tive social perceptions (four items), eating
distress (three items), physician distress
(four items), and family/friend distress
(four items). Response options ranged
from 1 (“not a problem”) to 6 (“a very
serious problem”).

Two scales from the Five Facet Mind-
fulness Scale (24) assessed emotion
regulation. The Nonjudging of Inner Ex-
perience Scale (NonJudge) is an eight-
item subscale (o« = 0.95). Iltems were
reverse scored on a 5-point scale from
“never or rarely true” to “very often or
always true.” The Nonreactivity to Inner
Experience Scale (NonReact) is a seven-
item subscale (o« = 0.89). These two
subscales reflect acceptance of emo-
tion without self-criticism and nonim-
pulsive, planned reactions to emotions,
respectively. Item responses were aver-
aged for each subscale score.

Because emotion regulation and cog-
nitions can interact with each other, two
cognitive scales were included. The Per-
sonal Control subscale from the Revised
Illness Perception Questionnaire (25)
(o = 0.80) is a six-item scale with five
response options from “strongly dis-
agree” to “strongly agree” (o = 0.90).
Item scores were reverse scored and
summed to create subscale scores. The
second cognitive scale was the nine-
item Effective Problem-Solving subscale
(o = 0.86) of the Health Problem-
Solving Scale. Responses are on a 5-
point Likert-type scale from 1 (“not at
all true of me”) to 5 (“extremely true of
me”). Scores were calculated by summing
across items.

A 27-item diabetes knowledge assess-
ment, derived from the Revised Brief
Diabetes Knowledge Test (DKT2) (26),
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was included. Content was expanded
to assess the information presented in
Knowlt.

Data Analysis

Data were analyzed using SPSS version
19 software (27). x> or Student t tests,
as appropriate, compared the two treat-
ment conditions on participant charac-
teristics and baseline values of outcome
variables. These analyses were repeated
to test for differences between drop-
outs and completers. Missing values
were imputed using SPSS multiple-
imputation procedures. Multiple im-
putation was minimal: 11.6% of survey
responses and 13.2% of HbA,. values
at 3 months and 14.1% of survey re-
sponses and 18.2% of HbA,. values
at 9 montbhs.

Sample size and power estimates are
based on two-sided o = 0.05 and Student
t tests on change from baseline to 3 and
9 months. Conservatively estimating a
20% attrition rate, a sample of 145 per
group allows for detection of small to
moderate DD effect sizes (d = 0.35—
0.40 SD unit differences) and mean
changes in HbA;. of 0.48% or larger
(5,9). Sample size estimates for moder-
ator effects are based upon a group-by-
moderator strata regression interaction
test with sample size powered >0.80
(5,9).

Repeated-measures analyses of vari-
ance were conducted to test for time
and treatment effects in DD total and
subscales and in HbA;. between time
periods. There were no differences be-
tween HbA,. levels recorded from clinic
registries and from community labora-
tories, so the data were combined.
Each model specified time and treat-
ment as within- and between-subject
main effects, respectively, and a two-
way time-by-treatment interactive ef-
fect to determine whether time effects
depended on treatment assignment.

Separate regression models evaluated
the impact of six potential baseline
moderators (baseline DD, Nonludge,
NonReact, personal control, problem
solving, and diabetes knowledge) on
9-month total DD and HbA;. using
continuous variables. For ease of ex-
plication, the results are presented
by median splits. In each model, the
9-month value of the outcome was
specified as the dependent variable,
and predictors were the baseline value
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of the outcome, the baseline value of
the moderator, treatment condition, and
the multiplicative interaction between
the baseline moderator and treatment

group.

RESULTS

Of 4,188 individuals who were initially
identified from clinic registries, we lo-
cated and contacted 1,727. Of these,
1,101 were ineligible and 281 declined
or did not complete screening, and 345
agreed to be randomized (Fig. 1). Of
these, 301 (86%) began the intervention
by attending the workshop (Knowlt =
149; OnTrack = 152). Among those ran-
domized, those who did not attend a
workshop (n = 44) were on average sig-
nificantly younger (P = 0.002), less edu-
cated (P = 0.03), more often a minority

(P =0.03), and had a higher HbA;. (P =
0.04) than those who attended a work-
shop. The percentages who attended each
of the four online meetings were, respec-
tively, 82%, 69%, 62%, and 63%, with no
significant between-group differences.

Attrition at 3 months was 8%, with an
additional 4% loss by 9 months (12%
total). Attrition did not differ by study
arm across any time period; those who
dropped out had significantly higher
baseline DD and HbA,., had more com-
plications, and were younger than those
who remained in the study.

Mean (SD) age was 45.1 years (15.0),
69.1% were female, and mean (SD) base-
line HbA;. was 8.80% (1.12) (73 mmol
[15.5]) (Table 1). Two between-group
baseline differences were found: Knowlt
participants were slightly older (mean [SD]

[ Enrollment ]

Assessed for eligibility (n=1727)

Excluded (n=1382)
+ Not meeting inclusion criteria (n=1101)

Y

+ Declined to participate (n=281)

‘ Randomized (n=345) ‘

¥

|

Allocated to Knowlt (n=176)

Did not receive allocated intervention (n= 27)
Reasons: Unable to contact, time
constraints, moved out of area, no longer
wished to participate

Received allocated intervention
(attended in-person workshop) (n=149)

Attended web meeting 1 (n=127)
Attended web meeting 2 (n=106)
Attended web meeting 3 (n=95)
Attended web meeting 4 (n=99)

i

v

Analyzed* (n=140)

Allocation

Participants at 3-month follow-up (n=138) 3-Month Participants at 3-month follow-up (n=137)
Discontinued study' (n=5) Follow-Up Discontinued study? (n=3)
Lost to follow-up? (n=6) - Lost to follow-up’ (n=12)
Participants at 9-month follow-up (n=135) 9-Month Participants at 9-month follow-up (n=127)
Follow-Up Dro 3 (n=
-up? (n= pped from study? (n=2)
Lost to follow-up? (n=9) _ Lost to follow-up’ (n=20)

Analysis

l

Allocated to OnTrack (n=169)

Did not receive allocated intervention (n= 17)
Reasons: Unable to contact, time
constraints, moved out of area, no longer
wished to participate

Received allocated intervention
(attended in-person workshop) (n=152)

Attended web meeting 1 (n=120)
Attended web meeting 2 (n=102)
Attended web meeting 3 (n=93)
Attended web meeting 4 (n=90)

!

v

Analyzed* (n=140)

1An additional 2 participants in each arm had discontinued the intervention but remained in the study and

received assessments

2Completed neither the survey nor blood draw at the assessment stage
SReasons: Death (1 participant); Hospitalization during pregnancy (1 participant)
4Completed, at minimum, the survey or blood draw at either the 3- or 9-month assessments

| Figure 1—CONSORT diagram.
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47.3 years [14.5]) than OnTrack par-
ticipants (42.8 [15.1]; P < 0.009), and
OnTrack participants scored slightly
higher on diabetes knowledge (55% [16])
than Knowlt participants (51% [15];
P =0.04).

Changes in DD

For the total sample, statistically signif-
icant reductions in total DD and all seven
subscales occurred between baseline
and 3 months (Table 2). These reductions
were sustained between 3 and 9 months,
with additional significant reductions
for total DD (P < 0.02) and hypoglycemia
distress (P << 0.003). Baseline to 9-month
DD change effect sizes (28) averaged
d = 0.69 (range 0.23-1.06) (d = 0.70 in
Knowlt, d = 0.69 in OnTrack), indicating
relatively large effects. Also calculated
was the number of participants who
displayed a reduction of at least one min-
imal clinically important difference (MCID)
in DD versus those who did not (2). For
the total sample, a reduction of at least
one MCID occurred for 222 (73.8%) par-
ticipants at 3 months and for 236 (78.4%)
at 9 months. Only 21 (7.0%) showed an
increase of at least one MCID at 9 months.

There were, however, no significant
between-group, time-by-treatment in-
teractions for change in any DD score
between any time period, with the ex-
ception of physician distress from 3 to
9 months (Table 2). Thus, substantive
change in DD over time was not differ-
ential by study arm. Also, there were
no significant associations between the
number of online meetings attended
and change in DD.

All six baseline moderator variables
yielded significant results for baseline to
9-month change in T1-DDS total. Average
effect size was d = 0.27 (range 0.01-0.51).
Simple effects showed that those with
higher baseline DD (P < 0.05), poorer
problem solving (P = 0.01), poorer non-
judgmental attitudes toward affect
(P < 0.01), less nonreactivity to affect
(P = 0.07), or higher diabetes knowledge
(P = 0.02) who were in OnTrack displayed
greater reductions in DD over time
than those with similar baseline scores
in Knowlt. However, those with more
nonjudgmental attitudes toward affect
(P = 0.05) or more nonreactivity (P = 0.06)
at baseline showed significantly greater
reductions in DD in Knowlt compared
with OnTrack. Although an overall sig-
nificant moderator effect occurred for
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intervention effects on DD. Even many

Table 1—Baseline characteristics by treatment group (n = 301)
months after the conclusion of the pro-

Knowlt OnTrack o
Variable (n = 149) (n = 152) P value gram, participants recalled that although
their worries and fears did not disappear,
Age, years 47.3 (14.5) 42.8 (15.1) 0.009 . .
) they were placed in perspective. Although
Education, years 15.7 (3.6) 15.2 (3.6) 0.32 .
the descriptors used by members of the
Number of children 1.1 (1.3) 0.93 (1.0) 0.20 .
- 8 two groups were different (OnTrackers
Age at diagnosis, years 21.2 (14.4) 19.5 (13.7) 0.28 used emotion-based descriptors and
Years with diabetes 26.12 (13.97) 23.17 (13.26) 0.06 Knowlters used terms reflecting shared
Number of complications 2.84 (2.57) 2.65 (2.47) 0.51 management tips and experiences)
% Female 70.5 67.8 0.61 both groups reported viewing their di-
% White 82.6 77.6 0.29 abetes experiences as “normal” under
% With partner 61.7 67.5 0.29 the circumstances and that there was
% With insulin pump 63.8 67.8 0.46 little reason to “beat themselves up” about
% With continuous glucose monitoring 37.6 38.88 0.83 their disease-related problems or to allow
DD, total 2.87 (0.63) 2.90 (0.60) 0.73 themselves to become immobilized by
HbA,., % 8.77 (1.13) 8.83 (1.11) 0.65 them. We suggest that the power of the
NonJudge 3.58 (1.00) 3.47 (1.05) 0.39 group experience, in which personal
NonReact 3.17 (0.78) 3.16 (0.75) 0.88 sharing and interaction are encouraged
Hypoglycemia problem solving 26.95 (5.62) 27.36 (6.27) 0.56 by expert, sensitive group leadership,
Diabetes knowledge, % correct 51 (15) 55 (16) 0.04 can have dramatic DD-reduction effects
IPQ-R personal control 24.62 (3.35) 25.00 (3.50) 033 for distressed adults with T1D.

Data are mean (SD) unless otherwise specified. Student t test or x test, as appropriate. IPQ-R,

Revised lliness Perception Questionnaire.

personal control, no specific within-
treatment comparisons reached signifi-
cance. Thus, OnTrack provided greater
DD reduction benefits to those with
initially poorer cognitive and emotion
regulation skills, higher baseline DD, or
greater initial diabetes knowledge than
those in Knowilt.

Changes in HbA;.

Significant, though modest, reductions
in HbA,. occurred between baseline and
3 months (P = 0.003), which were sus-
tained at 9 months without significant
change (Table 2). There were no between-
group differences or significant effects of
any of the tested moderators on change
in HbA,. over time. Reductions in T1-DDS
total from baseline to 9 months were
significantly but modestly associated with
reductions in HbA;. (r = 0.14, P = 0.01),
with no between-group differences.

CONCLUSIONS

We find that in this sample of distressed
adults with T1D, DD is notably malleable
and can display marked reductions when
subject to systematic intervention. Both
an emotion-focused and an educational-
behavioral approach led to dramatic re-
ductions in DD at 3 months that were
sustained at 9 months with further modest
improvements. Thus, we see no decrement
in gains made over the 6 months after

intervention. Furthermore, the relatively
large DD change effect sizes (DD total
d = 1.06) and the MCID analyses indicate
that the gains made were substantive and
were not restricted to a subset of partic-
ipants whose high change scores might
have spuriously inflated group means.
Hence, both the magnitude and reach of
the interventions are notable. These sub-
stantive DD reductions are most likely not
due to the effects of regression to the mean.
A previous noninterventional study with
adults with T1D over a similar 9-month period
showed that DD was surprisingly stable. In
fact, of those who scored within the ele-
vated DD range at baseline, 71% remained
in the elevated range at 9 months (2).
The absence of between-group dif-
ferences in distress reduction was un-
expected. Direct observations of both
OnTrack and Knowlt workshops by the
investigators and an overview of 20 post-
study participant interviews may help
explain these findings. Participants from
both study arms told us how meaningful
it was to interact with other adults with
T1D. The sense of community that was
experienced was significant, as reflected
by the pace and intensity of discussion
throughout the program. A sense of
reassurance and support that was pal-
pable emerged immediately, which
may account in part for the relatively
quick, rather than gradual, impact of

The moderator analyses indicate that
different patients benefit somewhat dif-
ferently from each of the two interven-
tions, providing further support that
the observed DD changes did not result
from regression to the mean. Participants
who began the intervention with poor
emotion regulation, poor cognitive skills,
very high DD, or high diabetes knowledge
benefited most from OnTrack, an emo-
tion-focused intervention. Those partic-
ipants with already high baseline skills
in these areas did significantly better in
Knowlt, where the emphasis was on
knowledge and not on emotion regula-
tion and cognitive skills. These results are
consistent with Sturt et al. (9) who found
that patients with high DD do signifi-
cantly better in programs that address
emotion management and cognitive def-
icits directly (17).

We also find a statistically significant,
although modest, reduction in HbA;,
after intervention, with no between-
group differences. A previous study
with adults with type 2 diabetes with
modestly elevated DD but no HbA;.
eligibility requirement found no significant
reduction in HbA. after DD intervention
(5). We suspect that the difference in
findings between studies may be ac-
counted for by the lower baseline levels
of both DD and HbAi. in the type 2
diabetes study, a finding also noted by
Sturt et al. (9). Because both DD and
HbA,. are elevated at baseline in T1-RE-
DEEM, both may be more responsive to
intervention.
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Table 2—Predictors of DD total score and subscales and HbA;. (n = 301)
Descriptive statistics

Model results (F value)

All subjects Knowlt OnTrack Effect
(n = 301) (n = 149) (n = 152) size (d) Time Treatment group  Time X treatment

Total DD

Baseline 2.88 (0.61) 2.87 (0.63) 2.90 (0.60)

3 months 2.24 (0.63)  2.25 (0.65)  2.23 (0.62)

9 months 2.17 (0.59) 2.18 (0.65) 2.15 (0.52)

0-3 months 281.26*** 0.00 0.36

3-9 months 5.44% 0.13 0.00

0-9 months 1.06 338.98*** 0.00 1.85
Powerlessness

Baseline 4.09 (0.98) 4.04 (0.98) 4.14 (0.97)

3 months 3.02 (1.05)  3.04 (1.10)  3.00 (1.01)

9 months 2.91 (1.03) 2.98 (1.11) 2.97 (0.94)

0-3 months 257.47*** 0.10 1.13

3-9 months 2.93 0.40 0.14

0-9 months 0.98 286.93*** 0.00 1.85
Diabetes management

Baseline 3.38 (1.13) 3.29 (1.10) 3.46 (1.15)

3 months 2.41(1.03)  2.35(0.99) 2.47 (1.07)

9 months 2.93 (0.95) 2.37 (0.94) 2.42 (0.96)

0-3 months 237.41%** 1.73 0.19

3-9 months 0.10 0.67 0.32

0-9 months 0.92 256.74*** 1.13 0.93
Hypoglycemia distress

Baseline 2,66 (1.17)  2.64 (1.18)  2.68 (1.17)

3 months 2.18 (1.03)  2.18 (1.07)  2.18 (0.98)

9 months 2.02 (0.86) 2.00 (0.84) 2.05 (0.89)

0-3 months 65.07*** 0.2 0.03

3-9 months 9.25%* 0.08 0.20

0-9 months 0.61 111.69%** 0.14 0.05
Negative social perceptions

Baseline 2.26 (1.14)  2.30 (1.04)  2.22 (1.23)

3 months 1.83 (0.98) 1.90 (1.04) 1.75 (0.92)

9 months 1.73 (0.93) 1.76 (0.96) 1.70 (0.89)

0-3 months 63.58%** 1.14 0.46

3-9 months 3.29 1.20 0.86

0-9 months 0.55 88.70*** 0.44 0.03
Eating distress

Baseline 3.45(1.23)  3.42 (1.25)  3.48 (1.22)

3 months 2.63 (1.12) 2.67 (1.15) 2.59 (1.11)

9 months 263 (1.11)  2.60 (1.11)  2.65 (1.12)

0-3 months 131.67%** 0.01 0.95

3-9 months 0.00 0.01 1.08

0-9 months 0.65 127.02%** 0.25 0.00
Physician distress

Baseline 1.96 (1.10)  2.00 (1.11)  1.92 (1.08)

3 months 1.77 (1.05) 1.74 (1.04) 1.81 (1.07)

9 months 1.71 (0.96)  1.81 (1.04)  1.62 (0.86)

0-3 months 10.73** 0.1 1.80

3-9 months 1.13 0.38 5.27*

0-9 months 0.23 15.85%** 1.92 0.70
Friend and family distress

Baseline 2.23 (1.14) 2.24 (1.19) 2.22 (1.10)

3 months 1.78 (0.90) 1.81 (0.91) 1.74 (0.89)

9 months 1.69 (0.88)  1.66 (0.92)  1.72 (0.85)

0-3 months 72.16%** 0.18 0.13

3-9 months 3.29 0.00 1.59

0-9 months 0.53 85.11%** 0.02 0.45

Continued on p. 1868
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Table 2—Continued

Descriptive statistics

Model results (F value)

All subjects Knowlt OnTrack Effect
(n = 301) (n = 149) (n = 152) size (d) Time Treatment group Time X treatment
HbA,
Baseline 8.80 (1.12) 8.77 (1.13) 8.83 (1.11)
3 months 8.67 (1.19)  8.60 (1.18)  8.74 (1.21)
9 months 8.62 (1.22) 8.59 (1.25) 8.65 (1.19)
0-3 months 8.95%* 0.60 0.83
3-9 months 1.30 0.53 0.84
0-9 months 14.90%** 0.20 0.00

Data are mean (SD) unless otherwise specified. DD scores range from 1 to 6, with =2.0 indicating significant distress. *P < 0.05. **P < 0.01.

***p < 0.001.

Finding only a modest reduction in
HbA,. after a dramatic decrease in DD
raises questions about the potential
causative linkages between these two
variables. In previous studies, these two
variables have shown only a bidirectional
and not a prospective relationship over
time (29). Two potential areas of explo-
ration might be considered to address
this question. First, it could be the case
that reductions in HbA;. as a result of
a DD intervention are only partially
“caused” by the DD reduction per se,
given the documented effect of reduced
stress on glycemic control (30). More
likely is the effect of improved manage-
ment that may occur once DD falls to more
tolerable levels. High DD can limit avail-
able energy and a willingness to engage
in disease management. A greater em-
phasis on disease management after or
in combination with an emotion-focused
DD intervention might further enhance
HbA,. reductions, as participants have
more energy to engage in the kinds of
disease management that leads to better
glycemic control. In this sense, DD might
serve as a brake on the effectiveness of
education and management interven-
tions. Second, it could be the case that
DD reductions might occur after improve-
ments in glycemic control, as the reasons
for worry and fear are reduced (31). This
approach argues for a focus on improved
management and glycemic control over
time, all the while clocking the effects of
improvements in subsequent change in
DD. Each of these options is testable by
varying the sequence of interventions and
including a greater focus on direct disease
management in conjunction with emo-
tion-focused DD-reduction strategies.

These findings have significant clinical
implications by suggesting a variety of

approaches that might be undertaken in
clinical care: for example, utilization of a
stepped-care approach, with all individuals
receiving Knowlt initially and those not
responding subsequently receiving On-
Track; tailoring interventions based on
earlier emotion regulation, cognitive skill,
and diabetes knowledge screening; or a
program of the same length that combines
OnTrack and Knowlt in a meaningful way.
Furthermore, the techniques derived from
emotion regulation, which form the basis
of OnTrack, may provide a template for
developing both screening and interven-
tion protocols, especially for application
at critical times in a patient’s diabetes ca-
reer (at diagnosis, change in medications,
addition of insulin, and emergence of a
complication) (1).

This study has several strengths. It
included a diverse, significantly distressed
sample with elevated HbA, . from several
settings. It followed a randomized con-
trolled design, and attrition was low with
no between-group differences and no
differential effect on outcomes. Several
study limitations, however, are notewor-
thy. First, all participants were required
to have computer and Internet access,
which might have limited generalizabil-
ity. However, <2% of prospective par-
ticipants were excluded because of the
absence of a computer with Internet
connection. Second, the sample was col-
lected using different methods of recruit-
ment. Subsamples within each city were
too small to assess unique recruitment
effects directly. Third, we were unable to
collect any follow-up data for those who
were randomized but did not attend the
workshop. Such data would be helpful to
assess generalizability. Fourth, the inter-
ventions were packaged to include a
full-day workshop plus four online video

meetings. The intervention design did
not permit further analysis of the active
ingredients of the interventions, such as
workshop alone versus workshop plus
video meetings, and it did not permit us
to separate the effects of the content of
the interventions (affect vs. knowledge)
from the effect of intervention modality
(group interaction vs. one-on-one or other
contact effects).

T1-REDEEM demonstrates that DD can
be successfully addressed among highly
distressed adults with T1D with elevated
glycemic levels using both educational/
behavioral and emotion-focused ap-
proaches. It also highlights the potential
importance of emotion regulation, di-
abetes knowledge, and cognitive skills
and directs attention to tailoring DD
interventions to address specific partic-
ipant needs. This investigation provides
useful strategies and tools to enhance DD
intervention programs in clinical care.
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