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OBJECTIVE

To explore associations between reductions in diabetes distress (DD) and im-
provements in glycemic outcomes among adults with type 1 diabetes (T1D) in the
context of a DD randomized clinical trial.

RESEARCH DESIGN AND METHODS

Adults with T1D (N5 301) participated in a two-arm trial aimed at reducing DD (DD-
focused OnTrack group vs. education-oriented KnowIt group). Mean age was 45.1
years; mean baseline HbA1c was 8.8% (73 mmol/mol). Individuals were assessed at
baseline and 9 months later on DD, self-care, HbA1c, and frequency of hypoglycemia.
Structural equation models evaluated hypothesized pathways among changes in DD,
self-care, and glycemic outcomes in the total sample and by intervention group.

RESULTS

Reductions in DD were significantly and independently associated with better self-
care, including fewer missed insulin boluses, more frequent insulin adjustment, im-
proved problem-solving skills, more blood glucose monitoring, and greater adoption
of continuous glucose monitoring (all P < 0.05). In turn, better self-care was linked
with better glycemic outcomes, including fewer episodes of hypoglycemia and im-
proved HbA1c over time. Fit indices indicated good fit of the model to the data (con-
firmatory fit index 5 0.94, root mean square error of approximation 5 0.05), with
stronger and more meaningful associations for OnTrack than for KnowIt.

CONCLUSIONS

In the context of an intervention to reduce DD for adults with T1D, results indi-
cate that reductions in DD do not affect glycemic outcomes directly but through
improvements in self-care behavior. Findings support the importance of integrat-
ing disease management with DD interventions to maximize improvements in gly-
cemic outcomes.

Diabetes distress (DD) refers to the personal, often hidden side of diabetes: It re-
flects the unique emotional burdens and strains that individuals with diabetes
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often experience as they manage a
demanding chronic disease over time
(1,2). Cross-sectional studies have
demonstrated significant positive associ-
ations between elevated DD and glyce-
mic outcomes (3–6) as well as similar
linkages between DD and core aspects
of diabetes self-care. These include
missed insulin boluses (3), unhealthy
diet, and low physical activity (6). These
studies, alongside sparse longitudinal
results that span both type 1 diabetes
(T1D) and type 2 diabetes, indicate
consistent, but modest covariations be-
tween DD and HbA1c such that in-
creases or decreases in DD co-occur
with similar increases or decreases in
HbA1c over time (5,7–9). While litera-
ture examining linkages between DD
and hypoglycemic episodes is sparse, re-
sults similarly support cross-sectional
associations between elevated DD and
frequency of hypoglycemia (10) as well
as decreases in both DD and frequency
of hypoglycemia following glucose mon-
itoring interventions (11,12), suggesting
that changes in hypoglycemia and DD
may also covary.
The consistency of these significant

associations across studies raises an im-
portant question with implications for
clinical care: How and through which
behavioral mechanisms is DD linked
with glycemic outcomes? Answers to
this question have import when design-
ing and delivering interventions. For ex-
ample, should interventions focus on
reducing DD with the idea that once DD
is reduced, improvements in glycemic
outcomes will follow? And if so, which
self-care or educational constructs are
key to attenuating this relationship?
Furthermore, identifying important
moderating factors in these processes
would clarify for whom these interven-
tions are most and least effective.
Theories of emotion regulation (ER)

provide a useful conceptual platform
from which to explore the potential im-
pact of DD on diabetes management.
This approach suggests that as DD in-
creases over time, emotions become
more intense and less well modulated,
which leads to a narrowing of critical at-
tention, an inability to consider realistic
behavioral options, and a reduced
ability to choose alternative diabetes
management approaches (13). For ex-
ample, the Broaden-and-Build and Dy-
namic Models of Affect (13,14) indicate

that increases in DD, with its altered ER,
may act as a “brake” on the application
of existing diabetes knowledge and the
utilization of more effective behavioral
strategies to improve glycemic manage-
ment. This brake can in turn lead to an
exacerbation of negative outcomes and
a further increase in DD in a cyclic fash-
ion. Similarly, high DD may limit the po-
tential uptake of diabetes education
and willingness to trying new technolo-
gies, making individuals less responsive
to a variety of educational interven-
tions. Releasing the DD brake and re-
modulating ER through targeted DD
intervention could end the negative cy-
cle. This hypothesis was supported in
our previous cross-sectional study in
adults with T1D such that multiple indi-
cators of poor ER were significantly
associated with higher DD, and, subse-
quently, higher DD was significantly as-
sociated with skipped insulin boluses
and higher HbA1c (3).

Building on these initial cross-section-
al studies, we now seek to understand
further the critical linkages among DD,
self-care, and glycemic outcomes longi-
tudinally, providing additional evidence
for understanding their associations
when examined during a dynamic peri-
od of time. Given the conceptual link-
ages between targeted management
distress and the behavioral and glycemic
outcomes under study, the high preva-
lence of this source of DD in clinical
populations (2,8), and the high correla-
tion between management and total
distress (2), we focus the current study
on the impact of management distress
on glycemic outcomes. As part of a
two-arm randomized controlled trial in
adults with T1D (called Reducing Distress
and Enhancing Effective Management for
T1D Adults [T1-REDEEM]), we previously
reported dramatic decreases in DD and
statistically significant decreases in HbA1c
over the 9 months following participation
in each of the two active intervention
programs: OnTrack, a DD-focused, affec-
tive-based intervention, and KnowIt, an
education/management-based interven-
tion (12). Because T1-REDEEM was de-
signed to reduce DD and improve
glycemic outcomes, it provides a unique
opportunity to investigate further the
mechanisms and directionality through
which one set of variables affects the
others, thus enhancing our knowledge
of their potential causative impact with

major implications for developing strate-
gies of intervention (8).

Given the impact of emotional dysre-
gulation during periods of stress, the pri-
mary aim of the current study was to
examine the longitudinal association be-
tween change in DD and change in gly-
cemic outcomes. We hypothesized that
decreases in DD, as a function of inter-
vention, would be associated with im-
provements in both diabetes knowledge
and diabetes self-care, which, in turn,
would be associated with improved gly-
cemic outcomes (Fig. 1). That is, reduc-
tions in DD would affect changes in
glycemic outcomes indirectly through
changes in diabetes self-care. We hy-
pothesized that these effects would op-
erate differently in the two study arms.
Because of the affective focus of On-
Track, the path between DD and glyce-
mic outcomes in this study arm would
be stronger and more consistent than
for the KnowIt study arm, thus assessing
the relative impact of an affective-fo-
cused intervention compared with a
solely knowledge-based intervention. Fi-
nally, to more fully investigate other po-
tential paths of influence and further
explicate the hypothesized model (Fig.
1), we explored an alternative model:
that changes in self-care drive changes
in glycemic outcomes either directly or
through DD.

RESEARCH DESIGN AND METHODS

Participants
Adults with T1D were recruited from di-
abetes clinics, registries, support groups,
and diabetes organizations in the west-
ern U.S. (California, Oregon, Arizona)
and Ontario, Canada, to ensure a di-
verse sample. Inclusion criteria were as
follows: $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 Diabe-
tes Distress Scale, indicating elevated
DD (2); HbA1c $7.5% (within the past 3
months); no severe complications (e.g.,
end-stage renal disease); and absence
of psychosis or dementia.

Procedures
A description of the full study protocol
and the intervention programs has been
previously published (15). In brief, indi-
viduals who met inclusion criteria were
identified through either a community-
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based opt-in procedure in which inter-
ested individuals contacted the research
team or a clinic-based opt-out proce-
dure through letters from each clinic in-
forming them that they would receive
a telephone call from a project repre-
sentative if they did not opt out by
calling or returning an enclosed post-
card. All participants were screened
for eligibility by telephone and, if in-
terested, e-mailed a personal link to
a Health Insurance Portability and
Accountability Act–protected online
survey and informed consent form.
Participants also provided permission
for their health care provider to re-
lease their most recent HbA1c results
(within 3 months). If a timely HbA1c
result was not available, a prepaid lab-
oratory slip was mailed to the partici-
pant for HbA1c collection at a local
facility. Following survey completion,
participants were randomized to ei-
ther the KnowIt or the OnTrack group,
using a computer-generated, random
number protocol (1:1 ratio). Both in-
terventions required the same partici-
pant time commitment: attendance at
a 1-day group workshop with a trained
group leader and participation in four
1-h group online video meetings over
the following 3 months. KnowIt, led by
a certified diabetes educator, included
a diabetes update of key factors re-
garding the causes and management
of T1D and focused on strategies to
address specific management prob-
lems. OnTrack, led by a psychologist
with diabetes experience, focused on
ways to deal with the emotional side

of diabetes, with specific techniques
drawn from programs of empower-
ment-based communication (16,17)
and motivational interviewing (18,19),
and included several ER elements
(e.g., keeping feelings in perspective
to reduce overreactions, separating
feelings from appraisals of self-worth).
The online survey was repeated 9
months after the initial survey, includ-
ing permission for the release of the
most recent HbA1c result. Participants
were sent electronic gift cards ($25
for the initial survey and $45 for the
9-month survey). The study received
approval from the University of Cali-
fornia, San Francisco, committee on
human research. Data were collected
in 2014–2017 and analyzed in
2017–2020.

Measures
All measures were collected at baseline
and 9-month follow-up to document
change over time. Demographic meas-
ures included age, sex, education level,
and age at diagnosis. Diabetes-specific
measures included number of diabetes
complications (from a list of 14), pump
usage, and use of continuous glucose
monitoring (CGM).

Diabetes management distress was
measured by a four-item subscale of
the Type 1 Diabetes Distress Scale (2)
(a 5 0.76), which assesses worries and
burdens around the daily diabetes man-
agement regimen. Management distress
is among the most commonly reported
sources of DD and is most directly
linked to management and glycemic

outcomes, the focus of the current
study (2,6,8,20). Items are rated on a
six-point scale from “not a problem” to
“a very serious problem.” Mean item
scores of $2 are considered clinically
meaningful (moderate distress 2.0–2.9,
high distress $3).

Six measures of diabetes self-care
were included. 1) Missed insulin boluses
over the past week was assessed by
one item: “How many times did you
typically miss or skip a bolus that you
probably should have taken during a
typical day over the past week?” 2) Fre-
quency of blood glucose checks per day
was assessed by one item: “How many
times did you typically check your blood
sugar during a typical day over the past
week?” 3) Diabetes knowledge was
measured by a 27-item assessment de-
rived from the Revised Brief Diabetes
Knowledge Test (21), with expanded
items to include content presented in
the KnowIt intervention. 4) Adjusting in-
sulin to diet (self-efficacy) was assessed
by one item: “Adjust your insulin cor-
rectly when you eat more or less than
usual.” Respondents rated their confi-
dence on a five-point scale, with lower
ratings indicating less confidence. 5)
Problem solving was assessed by the
nine-item Effective Problem-Solving sub-
scale (a 5 0.86) of the Health Problem
Solving Scale (22). Respondents rated
items on a five-point scale, with lower
ratings indicating less problem-solving
skill. A total summed score was calcu-
lated. 6) Change in CGM during the
9-month period was assessed with a bi-
nary variable based on CGM status at

Figure 1—Measurement model. BG, blood glucose.
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baseline and follow-up. Glycemic out-
comes were assessed by HbA1c ob-
tained from clinic records or laboratory
tests within 3 months of survey comple-
tion and self-reported number of hypo-
glycemic episodes (<70 mg/dL) in the
past 7 days.

Data Analysis
Sample size and power estimates are
based on a two-sided a 5 0.05 and Stu-
dent t tests on change from baseline to
3 and 9 months. Conservatively estimat-
ing a 20% attrition rate, a sample of
145 per group allows for detection of
small to moderate DD effect sizes (d 5
0.35–0.40 SD unit differences) and
mean changes in HbA1c of $0.48%
(21–25). Structural equation modeling
was used to examine relationships
among DD, self-care, and glycemic out-
comes as outlined in Fig. 1. Models
were estimated using Mplus version 6.1
software (26). Mplus uses an expecta-
tion maximization algorithm to handle
missing data, allowing for inclusion of
all participants’ data in analyses. Analy-
ses were specified to estimate regres-
sion parameters, covariances, means,
and variances according to hypothesized
relationships. The self-care measures
were regressed on DD and were speci-
fied to covary with each other. Glycemic
outcomes were regressed on the self-
care measures and were specified to
covary with each other. In the model, 9-
month follow-up P values for all varia-
bles were regressed on baseline values
to adjust for initial levels. To test for
the effects of treatment group, multi-
ple-group (by treatment condition)
structural equation modeling was used
(27). These analyses tested for signifi-
cant differences by treatment group
in regression parameters, covariances,
means, and variances, using the “model
test” command in Mplus. Parameter es-
timates that did not significantly differ
were constrained to be equal across
groups; estimates that did significantly
differ were allowed to be freely estimat-
ed. Patient characteristics (i.e., age, sex)
that had previously been associated
with DD and glycemic outcomes
(2,7,8,12) were explored in the models.

RESULTS

The sample included 301 adults with
T1D (149 participants in KnowIt and 152

participants in OnTrack). Losses after
randomization (17 from KnowIt, 27
from OnTrack) (12) were due to lack of
time or interest or moving outside the
area. Attrition at 9-month follow-up
was minimal (12% total, 9.4% KnowIt,
16.4% OnTrack) and did not differ by
study arm. Those who dropped out
were younger (40.6 vs. 45.7 years of
age) and had significantly higher base-
line management DD scores (3.5 vs. 3.1)
and HbA1c (9.2% vs. 8.7%) and more
complications (3.0 vs. 2.7) compared
with those who completed the study.
Mean (SD) age was 45.1 (15.0) years,
69.1% were female, and mean (SD)
baseline HbA1c was 8.80% (1.12%) (73
[15.5] mmol/mol). Participant character-
istics by intervention group are reported
in Table 1. Participants randomized to
KnowIt were slightly older than OnTrack
participants, and OnTrack participants
scored higher at baseline on diabetes
knowledge and reported more missed
insulin boluses than KnowIt participants
(Table 1).

The final structural equation modeling
path for the total sample is illus-
trated in Fig. 2, and the model estimates
are presented in Table 2. The structural
equation model fit indices indicated good
fit of the model to the data (x2 [df 5

197] 5 259, P 5 0.002, comparative fit
index 5 0.94, Tucker Lewis index 5 0.94,
root mean square error of approximation
5 0.046). In the final model, reductions
in DD were significantly associated with
improved diabetes self-care, which was,
in turn, significantly linked with better gly-
cemic outcomes. Patient characteristics
(i.e., age, sex) were included in initial
models; however, their effects were mini-
mal and nonsignificant and, therefore,
not retained in the final model.

Three aspects of the findings regard-
ing hypothesis one are noteworthy.
First, in no case was a reduction in DD
directly linked to an improvement in
glycemic outcome. When considering
each of the self-care indicators in the
model, the effect of DD on glycemic
outcomes operated only indirectly
through changes in self-care behavior.
Second, reductions in management dis-
tress were significantly and indepen-
dently linked with changes in each of
the six self-care variables: fewer missed
insulin boluses (B 5 0.20 KnowIt and
0.22 OnTrack; P < 0.001), increased
problem-solving skills (B 5 –0.24; P <
0.001), increased blood glucose moni-
toring (B 5 –0.15; P < 0.01), improved
perceived ability to make adjustments
to insulin regimen in relation to diet

Table 1—Participant characteristics by treatment group (N = 301)

Variable
KnowIt
(n = 149)

OnTrack
(n = 152)

Difference,
P value

Age (years) 47.32 (14.53) 42.82 (15.14) 0.009

Education (years) 15.65 (3.60) 15.24 (3.63) 0.32

Number of children 1.10 (1.30) 0.93 (1.04) 0.20

Age at diagnosis (years) 21.20 (14.36) 19.46 (13.68) 0.10

Years with diabetes 26.12 (13.97) 23.17 (13.26) 0.06

Number of complications 2.84 (2.56) 2.65 (2.47) 0.51

Female, % 70.5 67.8 0.61

White, % 82.6 77.6 0.29

With partner, % 61.7 67.5 0.29

With insulin pump, % 63.8 67.8 0.46

With CGM, % 37.6 38.8 0.83

Baseline DD management 3.29 (1.10) 3.46 (1.15) 0.20

Baseline self-efficacy 2.87 (0.71) 2.90 (0.73) 0.67

Baseline problem solving 26.95 (5.62) 27.36 (6.27) 0.56

Baseline missed insulin boluses 1.12 (1.32) 1.66 (1.99) 0.006

Baseline times checked glucose per day 4.70 (2.55) 4.92 (2.51) 0.45

Baseline diabetes knowledge (% correct) 70.44 (13.84) 74.79 (11.48) 0.01

Baseline HbA1c % 8.77 (1.13) 8.83 (1.11) 0.65

Baseline glucose <70 mg/dL 2.60 (1.99) 2.51 (2.03) 0.08

Data are mean (SD) unless otherwise indicated. P values were derived from independent
samples t tests for continuous variables and x2 tests for categorical variables.
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(B 5 –0.14; P < 0.01), and increased
likelihood of CGM initiation (B 5 –0.14;
P < 0.05). Change in management dis-
tress, however, was linked with diabetes
knowledge in an unexpected direction,
with decreases in distress associated
with decreases in diabetes knowledge
(B 5 0.10; P < 0.05). Third, five of the
six self-care variables were significantly
and independently linked to at least
one of the two glycemic outcome meas-
ures, with diet-adjusted insulin the
single variable remaining unrelated. Re-
ductions in missed boluses (B 5 0.08
KnowIt and 0.10 OnTrack; P < 0.05)
and CGM initiation (B 5 –0.12; P <
0.001) were each significantly and inde-
pendently linked to reductions in HbA1c,
and decreases in frequency of blood
glucose checks (B 5 0.12; P < 0.05)
were linked with reductions in number
of hypoglycemic episodes.

Tests of invariance in the model allow
for understanding the significant differ-
ences found in these processes be-
tween the two intervention groups
(Table 2). Diabetes knowledge (B 5
–0.20; P < 0.01) and self-reported prob-
lem solving (B 5 0.16; P < 0.01) were
linked with less frequent hypoglycemic
episodes over the 9-month period for
the OnTrack group only. Furthermore,
the linkage between skipped boluses
and HbA1c (B 5 0.10 and B 5 0.08; P <
0.05) as well as the association between
DD and skipped boluses and HbA1c
(B 5 0.22 and B 5 0.20; P < 0.001)

were significant for both groups but
relatively stronger for OnTrack. Thus,
where intervention group differences
emerged, a more robust set of link-
ages were noted for the DD-focused
(OnTrack) versus the education/man-
agement (KnowIt) intervention.

In supplementary analyses, we tested
an alternative model in which the hy-
pothesized order of influence between
DD and self-care behavior was reversed.
That is, the model tested whether
changes in self-care as a result of inter-
vention led to subsequent changes in
DD and, in turn, whether changes in DD
led to changes in glycemic outcomes.
While the model fit indices were ac-
ceptable statistically (x2 [df 5 194] 5
273; P < 0.001; comparative fit index 5
0.93; Tucker Lewis index 5 0.92; root
mean square error of approximation 5
0.052), the model itself did not prove
meaningful. None of the DD or self-care
variables in this alternative model were
significantly associated with changes in
glycemic outcomes over time. Thus, the
model presented in Fig. 1 provides a
more useful and parsimonious explana-
tion of the proposed underlying mecha-
nisms of change.

CONCLUSIONS

Among adults with T1D participating in
T1-REDEEM, we explored the path-
ways linking changes in DD to
changes in diabetes self-care and,

subsequently, to improvements in gly-
cemic outcomes. The results identify
multiple, potentially causative mecha-
nisms through which decreases in DD
may lead to improvements in glycemic
outcomes. Of primary importance, re-
ductions in DD do not affect changes in
glycemic outcomes directly; instead,
their significant effect operates exclu-
sively through changes in diabetes
self-care behavior. This suggests that
reductions in DD through intervention
display proximal effects on self-care
and that improvements in self-care
are required to achieve more distal
effects on glycemic outcomes. In
contrast, results of our alternative,
reverse model were not meaningful;
that is, we find no support that
changes in self-care behavior drive im-
provements in glycemic outcomes
through reductions in DD. These re-
sults support further the ER premise
that DD may act as a brake on the ef-
fectiveness of educational or self-care
interventions to improve glycemic out-
comes and that releasing the brake
through the inclusion of DD-targeted
interventions enhances the impact of
both to drive improvements in glycemic
outcomes. Consideration of participant
demographics did not impact the model
results, suggesting that these associa-
tions apply across the T1D population.

Reductions in DD display significant
and independent effects on multiple
aspects of diabetes self-care behavior

Figure 2—Significant structural equation modeling pathways linking change in management distress with change in glycemic outcomes in the final
model. Linkages shown are significant pathways (P < 0.05) (see Table 2) in the final model. All pathways denoted here reached statistical signifi-
cance for the OnTrack and KnowIt groups, with the exception of pathways from problem solving and diabetes knowledge to hypoglycemia epi-
sodes for the KnowIt group (P > 0.05). Further variations in strength of associations by intervention group are presented in Table 2. BG, blood
glucose.
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among adults with T1D, demonstrating
its pervasive negative influence on over-
all, day-to-day diabetes management.
For example, we find that decreases in
DD are significantly and independently
linked with changes over time in all six
self-care behaviors examined. Thus, DD
affects not just isolated or specific indi-
vidual aspects of self-care (7,12) but, in-
stead, has a pervasive influence on

diabetes management in general, high-
lighting its global importance and clini-
cal impact.

Despite the unified influence of re-
ductions in DD on improvements in all
self-care variables examined, the impact
of changes in self-care on glycemic out-
comes are more specific: Improvements
in some self-care behaviors targeted
only specific glycemic outcomes. For

example, decreases in missed insulin
boluses and initiation of CGM were
each only linked with reductions in
HbA1c over 9 months, not with a reduc-
tion in hypoglycemic episodes. This re-
sult supports and extends previous
work pointing to how reductions in
missed insulin boluses and adoption of
CGM technology serve as critical explan-
atory pathways from DD to HbA1c (3);
that is, reduced DD leads to both fewer
missed insulin boluses and greater
adoption of CGM technology, which, in
turn, leads to reduced HbA1c. In con-
trast, other self-care indicators appear
to be more targeted toward reducing
episodes of hypoglycemia. For example,
improved diabetes knowledge was asso-
ciated only with decreases in self-re-
ported hypoglycemia frequency, not
with reductions in HbA1c. Thus, although
reductions in DD seem to have a gen-
eral effect on multiple aspects of self-
care, improvements in self-care appear
to affect specific and targeted glycemic
outcomes.

One unexpected finding occurred:
Improvements in self-reported glucose
self-monitoring and self-reported prob-
lem solving as a result of intervention
were associated with increased, rather
than decreased, self-reported frequency
of hypoglycemic episodes. One explana-
tion is that participants who increased
the frequency of glucose testing and
who improved their problem-solving
skills as a result of intervention may
have become more aware of and more
likely to report episodes of hypoglyce-
mia. Extending follow-up to ascertain
whether with increased awareness a
subsequent reduction in actual episodes
occurs over time will be helpful.

Substantive differences occurred in
the model tests for the two intervention
arms (OnTrack vs. KnowIt). While many
of the model pathways were similar for
both groups, there were notable differ-
ences in the strength, direction, and
meaningfulness of individual pathways.
In general, the strength of associations
seen in the pathways and the substance
of the model were stronger for the
DD-focused OnTrack intervention than
for the management-focused KnowIt
intervention. For example, stronger
linkages occurred in OnTrack than Kno-
wIt between the paths linking de-
creases in DD, reduced missed insulin
boluses, and reductions in HbA1c. The

Table 2—Regression effects and correlations in the final model

KnowIt OnTrack

Management distress
Change in glucose monitoring �0.14* �0.14*
Adjust insulin to diet (self-efficacy) �0.14** �0.14**
Problem solving �0.24*** �0.24***
Missed insulin boluses +0.20*** +0.22***
Glucose self-monitoring �0.15** �0.15**
Diabetes knowledge 0.10* 10.10*

Change in glucose monitoring

HbA1c �0.12*** �0.12***
Hypoglycemia (blood glucose <70 mg/dL) �0.004 �0.004

Adjust insulin to diet (self-efficacy)

HbA1c �0.01 �0.01
Hypoglycemia (blood glucose <70 mg/dL) 10.003 10.003

Problem solving

HbA1c �0.04 �0.04
Hypoglycemia (blood glucose <70 mg/dL) �0.08 +0.16*

Missed insulin boluses

HbA1c +0.08* +0.10*
Hypoglycemia (blood glucose <70 mg/dL) �0.03 �0.03

Glucose self-monitoring

HbA1c �0.03 �0.03
Hypoglycemia (blood glucose <70 mg/dL) 10.12* 10.12*

Diabetes knowledge

HbA1c �0.05 �0.05
Hypoglycemia (blood glucose <70 mg/dL) +0.06 �0.20**

Change in glucose monitoring with

Adjust insulin to diet (self-efficacy) �0.02 �0.02
Problem solving �0.04 �0.04
Missed insulin boluses �0.09* �0.09*
Glucose self-monitoring 10.08 10.08
Diabetes knowledge �0.06 �0.06

Adjust insulin to diet (self-efficacy) with

Problem solving 10.23*** 10.23***
Missed insulin boluses �0.03 �0.03
Glucose self-monitoring �0.02 �0.02
Diabetes knowledge 10.08 10.08

Problem-solving with

Missed insulin boluses �0.14 �0.14
Glucose self-monitoring 10.16 10.16
Diabetes knowledge �0.002 �0.002

Missed insulin boluses with

Glucose self-monitoring �0.11 �0.11
Diabetes knowledge �0.24 �0.24

Glucose self-monitoring with diabetes knowledge 10.08 10.08

HbA1c with hypoglycemia (blood glucose <70 mg/dL) �0.22** 10.06

Effects in boldface type denote a significant difference between the two groups (equality
constraint relaxed). *P < 0.05, **P < 0.01, ***P < 0.001.
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greater efficiency and meaningfulness
of OnTrack, a DD emotion-focused in-
tervention, than KnowIt, an education/
management intervention, further under-
scores the importance of addressing
DD directly rather than assuming that
education or management assistance
alone will most efficiently address gly-
cemic outcomes in the context of high
DD. Doing so provides added value and
when delivered either simultaneously
or sequentially may enhance the over-
all effectiveness of education and self-
care programs to maximize glycemic
outcomes (12,28).

This pattern of results is in agree-
ment with reviews that have cited the
positive impact of DD interventions de-
livered in a group setting on a variety of
diabetes-related outcomes (23,24,29)
and has implications for addressing DD
in routine clinical care. Our previous
work related to OnTrack and KnowIt
points to the relatively modest costs of
training and implementing these inter-
ventions in clinic settings (30), with
$250 per participant and cost per unit
change in DD of $364 for KnowIt and
$335 for OnTrack. However, as Skinner
et al. (29) pointed out, there will always
be a shortage of trained mental health
professionals relative to the need. Thus,
a critical next step will be to expand
programs of care that address DD by
leveraging existing diabetes health
teams to deliver evidence-based inter-
ventions, such as OnTrack, directly.
Most likely, this will require that these
programs be adapted to fit the skill sets
of existing clinic staff, include sufficient
training and follow-up, and be struc-
tured to mesh with clinic protocols and
patient flow seamlessly.

This study has several strengths. It in-
cluded a diverse sample with both ele-
vated DD and HbA1c from several
geographical and clinical settings, fol-
lowed a randomized controlled design,
led to low attrition, and yielded signifi-
cant decreases in DD and HbA1c. Several
limitations, however, should be consid-
ered when interpreting these results.
First, although the current study includ-
ed multiple self-care and glycemic out-
come measures, there are undoubtedly
additional aspects of diabetes manage-
ment (e.g., social support, time in
range) as well as other contextual con-
structs (e.g., lifestyle behaviors such
as physical activity or substance use,

additional health or mental health diag-
noses, medication use that could impact
glycemic management) that should be
addressed. It also will be important to
document the specific impact of DD on
self-care and glycemic outcomes for
specific groups of adults with T1D and
to explore sources of DD other than
management distress that may be
linked to these outcomes. Second, to
enable the inclusion of a diverse sample
recruited from multiple settings, most
study measures were self-reported.
Confirmation of the findings using more
“objective” measures (e.g., CGM, insulin
pens) would be beneficial. Finally, the
study design was limited to two time
points spanning 9 months. While provid-
ing a critical glimpse into the processes
and mechanisms of change, the adop-
tion of more micro longitudinal studies
(e.g., daily reporting) and extended lon-
gitudinal studies with more assessment
points will enable the modeling of tra-
jectories or slopes of change over time
among DD, self-care, and glycemic
outcomes.

In conclusion, in the context of a ran-
domized controlled trial to reduce DD
for adults with T1D, results are in align-
ment with ER theory to support the
brake hypothesis: that DD acts as a
brake on efforts to improve self-care be-
haviors in ways that enhance glycemic
outcomes. Through intervention, the ef-
fects of reduced DD on improved glyce-
mic outcomes operate only indirectly
through improvements in self-care be-
haviors. Thus, DD reductions have posi-
tive effects on proximal self-care
behavior, which, in turn, impacts more
distal changes in glycemic outcomes.
Among adults with T1D, results indicate
the importance of directing interventions
to reduce DD through DD-targeted inter-
ventions as a starting point in improving
both self-care and glycemic outcomes.
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