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Abstract
Background—Although maintaining near normal glycemia delays onset and slows progression
of diabetes complications, many diabetes patients and their physicians struggle to achieve
glycemic targets. Best methods to support patients as they follow diabetes prescriptions and
recommendations are unclear.

Methods—To test the efficacy of a behavioral diabetes intervention in improving glycemia in
long-duration, poorly-controlled diabetes, we randomized 222 adults with diabetes (49% type 1,
53±12 years old, 18±12 years duration, hemoglobin A1c=9.0±1.1%) to attend 1) a 5-session
manual-based, educator-led structured group intervention with cognitive behavioral strategies
(structured behavioral arm), 2) educator-led attention-control group education program (group
attention control), or 3) unlimited individual nurse and dietitian education sessions for 6 months
(individual control). Outcomes were baseline, and 3, 6, and 12-month post-intervention
hemoglobin A1c levels (primary), frequency of diabetes self-care, 3-day pedometer readings, 24-
hour diet recalls, average number of glucose checks, physical fitness, depression, coping style,
self-efficacy, and quality of life (secondary).

Results—Linear mixed modeling found that all groups improved hemoglobin A1c (p<0.001).
However, the structured behavioral arm improved more than group and individual control arms (3-
month HbA1c change: −0.8% versus −0.4% and −0.4%; groupXtime interaction p-value=0.04).
Further, type 2 participants improved more than type 1 participants (type of diabetesXtime
interaction p-value=0.04). Quality of life, glucose monitoring, and frequency of diabetes self-care
did not differ by intervention over time.

Conclusions—A structured, cognitive behavioral program is more effective than two control
interventions in improving glycemia in adults with long-duration diabetes. Educators can
successfully utilize modified psychological and behavioral strategies.

(ClinicalTrail.gov registration number: NCT000142922)

Despite the availability of new medications and treatment devices and the emphasis placed
on diabetes treatment adherence over the last decade, National Health and Nutrition
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Examination Survey (NHANES) data show that 45% of diabetes patients have not achieved
glycemic targets of <7%1,2. While some diabetes patients may not receive optimal treatment
(e.g., necessity for higher targets, severe comorbidities, inappropriate treatment regimens),
an important reason for poor glycemic control is patients’ difficulty in following treatment
prescriptions and self-management and lifestyle recommendations3. Although non-specific
behavioral/psychological approaches may be effective in addressing these problems4,
whether clinicians are able to incorporate these techniques into their clinical practice is not
clear5–7.

Many psychosocial factors impact how well diabetes patients are able to follow their
treatment prescriptions and self-care recommendations. Depression, which is more common
in diabetes patients compared to the general population8,9, is associated with poor glycemic
control10, reduced self-care behaviors11,12, and increased morbidity13 and mortality14.
Interestingly, treatment of depression alone is not enough to improve hemoglobin A1c
levels15,16. High stress and chaotic lifestyles also can lead to other poor self-care and
resultant inability to improve glycemia. While several diabetes adherence and lifestyle
interventions have been developed by behavioral scientists and psychologists,17–22 few are
well-used in clinical practice, possibly because psychologists, physicians, and other medical
disciplines treating diabetes all have different skill sets and practice patterns and may have
difficulty utilizing behavioral techniques. Further, few well-designed longer-term
randomized controlled trials have examined this issue.

Thus, the goal of this randomized controlled trial was to test the efficacy of a highly
structured behavioral diabetes education program in helping long-duration diabetes patients
in poor glycemic control improve glycemia through comparisons with curriculum-based
standard group education and one-to-one education with nurse and dietitian educators. The
secondary objective was to assess which factors (e.g., coping processes, affective issues,
type of diabetes, and adherence to recommendations) were associated with an improvement
in glycemic control.

METHODS
Design Overview

After baseline assessment, this three-arm trial parallel-designed randomized participants to
the structured behavioral experimental arm or to one of two control arms: 1) a 5-session
(over 6 weeks) manual-based, highly structured group diabetes education that included
behavioral support for implementing self-care behaviors and cognitive behavioral strategies
(structured behavioral intervention), 2) a 5-session (over 6 weeks) manual-based attention
control, group diabetes education, i.e. a control condition that was matched to the structured
behavioral arm in terms of exposure to health professionals and diabetes education content
(placebo group control), or 3) unlimited individual diabetes education sessions (individual
control) for 6 months. Different teams of experienced diabetes nurses and dietitians who
were certified diabetes educators (CDE) provided education for each arm. A steering
committee comprised of study investigators and coordinators and a data safety monitoring
board oversaw the conduct of the study. The Joslin Diabetes Center Committee on Human
Subjects approved the protocol and all recruitment procedures and materials. All participants
provided informed, written consent prior to participation.

Setting and Participants
Participants were recruited from the clinical practice of the Joslin Clinic, advertisements in
its Newsletter, extensive mailings from Joslin’s database, and advertisements in local papers
and radio stations.
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Adults aged 18 to 70 years diagnosed with type 1 or type 2 diabetes for at least two years
who were taking insulin and/or oral medication for at least one year, able to walk briskly,
and free of severe complications, and whose hemoglobin A1c level >7.5% were eligible for
enrollment. Exclusion criteria included inability to read and speak English, current or
planned pregnancy, severe psychopathology, unstable depression, albumin/creatinine
ratio>300 mcg/mg, untreated proliferative retinopathy, unstable heart disease, severe
hypertension (≥ 160/90), recent alcohol or drug dependence, initiation of insulin treatment
within one year, participation in diabetes education six months prior, severe neuropathy or
any physical issue such as arthritis that prevented brisk walking. Inclusion/exclusion criteria
were assessed via telephone screening, chart review, and a screening visit. Eligible
participants were scheduled for a baseline and a randomization visit.

Randomization and Interventions
Randomization consisted of a two-step process to ensure approximately equal groups and
minimize waiting time prior to interventions. The first step assigned participants by type of
diabetes to either the individual or group program using a computer-generated block
assignment scheme (done by the principal investigator) that research assistants unveiled
during the randomization visit. Individual arm participants began education immediately.
When 7 to 10 participants were assigned to group, the second step randomized them to
either the control or structured behavioral arms. Educators and study physicians had no role
in randomization.

All group sessions were separated by type of diabetes. Structured behavioral and control
group participants received similar core education on nutrition, medication management,
exercise, and glucose monitoring; both programs were manual-based and balanced for time
and homework. The group control arm sessions and nurse educator sessions for the
individual arm were held in the Joslin Clinic. Dietitians from the Clinical Research Center
who work on large multisite lifestyle studies but not in the Clinic provided nutrition
education for the individual arm. Experienced nurse and dietitian educators currently
employed in diabetes outside the Clinic taught the structured behavioral arm within the
behavioral research laboratory.

The structured behavioral intervention consisted of 5 two-hour sessions, delivered over 6
weeks, of highly structured behavior-based activities and information including a) group
review of glucose logs to identify patterns and dietary, exercise, and medication factors that
influence those patterns, b) educator-facilitated self-care goal-setting to help participants
achieve and evaluate progress toward self-care goals, and c) instruction, modeling, and
practice of problem-solving skills to help participants identify and problem-solve barriers to
implementing self-care behaviors. Each session opened with a review of the prior week’s
homework including glucose logs, food choices, and physical activity. The educators
leading the structured behavioral arm received six hours of group-training in behavioral
strategies (cognitive behavioral approaches, use of goal setting techniques that helped
participants identify specific steps necessary to reach their goals, and the structured
cognitive-behavioral-based curriculum). These strategies were brief, focused, and adapted to
the educators’ skills and practice patterns and stressed their role as educators, not therapists.

The attention control arm’s program was designed with the same length of time and amount
of contact with health professionals and of homework. The curriculum consisted of prepared
slides, a detailed curriculum manual, and specific learning activities including homework
and the importance of goal-setting but not training in cognitive behavior strategies or
structured goal-setting activities. These educators received three hours of training in the
curriculum.
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Participants assigned to the individual control arm had access to unlimited one-on-one
appointments with diabetes nurse and dietitian educators for 6 months after randomization;
however, they were not required to attend any education appointments. The content was
determined by the educator based on her assessment and not by study protocol. Participants
were sent two reminders about the availability of these education services and research
assistants were available to help them schedule appointments. Educators in the two control
arms had access to all Clinic teaching materials and assessment guides.

Integrity of the interventions was ensured via written curriculum, pre-approved education
materials, separate educator trainings, investigator observation of group education, and
separate teams of trained, experienced diabetes educators to prevent carry over of education
strategies.

Outcomes and Follow-up
We collected data at baseline and 3, 6, and 12 months post group intervention (5, 8 and 14
months after the baseline visit) and at 5, 8 and 14 months after starting individual education
in the one-to-one control arm. The primary outcome was hemoglobin A1c using the HPLC
ion capture method (Tosoh Medics, Inc, San Francisco, California; reference range is 4.0 to
6.0%).

In addition to sociodemographic factors (age, sex, race/ethnicity, education level, marital
status, occupation) and health factors (duration of diabetes, body mass index (BMI), waist
circumference, blood pressure), we also measured frequency of diabetes self-care behaviors
on a 5-point Likert scale (Self-Care Inventory-R23), mean 3-day pedometer readings
(Accusplit Eagle, Livermore, California), 24-hour diet recalls, and the mean daily blood
glucose meter checks. To assess physical fitness, participants not on beta-blockers
underwent a YMCA bicycle test24,25. Finally, we measured diabetes-related distress
(Problem Areas in Diabetes26,27, a validated scale that rates distress on a 5-point Likert
scale), depression and anxiety symptoms (Brief Symptom Inventory-1828, which renders a t-
score for each subscale), emotion-based and controlled coping styles (Coping Styles29,30),
diabetes-specific self-efficacy (Confidence in Diabetes Self-Care Scale31 rated on a 5-point
Likert scale), and diabetes quality of life (Diabetes Quality of Life Questionnaire32,33,
scored on a 100-point scale where a high score indicates a high quality of life).

Statistical Analysis
Sample Size—For the primary endpoint of hemoglobin A1c, we estimated that we needed
64 participants per arm to detect a clinically significant 0.5 point difference with 80% power
(alpha=0.05, two-tailed). Based on prior experience with poorly controlled diabetes
participants3,34, we assumed a 15% attrition rate and targeted recruitment at approximately
74 participants per arm.

Statistical Analysis—We used SAS 9.235 for data analysis. We examined descriptive
statistics to ensure that data met statistical test assumptions. We compared baseline
characteristics using Chi-square, Wilcoxon Two-Sample or Kruskal-Wallis Test to examine
between-group differences and assess the randomization procedure effectiveness.

For primary analyses, we used a linear mixed model for repeated measures over time by
type of diabetes (SAS Proc Mixed) to analyze the impact of the three education
interventions on hemoglobin A1c at baseline and follow-up with fixed effects of time, group,
type of diabetes, the interactions between time and group and between time and type of
diabetes. This procedure prevented listwise deletion due to missing data. We also tested
whether baseline characteristics including sociodemographic and psychological variables
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were associated with changes in hemoglobin A1c levels over time. To assess group
differences in the proportion achieving a 0.5 point improvement in hemoglobin A1c we used
logistic regression with SAS Proc NLMixed.

To assess the impact of missing data, we conducted a sensitivity analysis using SAS Proc
MI and MIAnalyze. First, Proc MI generated 15 imputed data sets and then we used
multivariate regression models that included baseline characteristics, group assignment, and
numbers of hours of education to analyze the imputations. Next, we used Proc MIAnalyze to
combine the analysis results to derive valid inference for missing hemoglobin A1c data. We
present the most conservative p-value estimates. For continuous secondary outcomes
(quality of life, diabetes-related distress and self-care behaviors), we used the same approach
as the primary analysis, controlling for demographic and psychosocial variables.

RESULTS
Between 2003 and 2008, we telephone-screened 2027 people, of whom 464 were eligible for
a screening visit, and randomized 222 (110 with type 1 diabetes and 112 with type 2
diabetes; Figure 1). The most common reasons for exclusion at screening were not meeting
criteria for hemoglobin A1c (49%), presence of complications (8%), age (6%), or inability to
walk briskly (3%). Twenty-six eligible people did not return for randomization. Baseline
groups did not differ on demographic or psychosocial characteristics. However, those in the
structured behavioral arm were more active (steps per day) and a subset of those were more
fit on the YMCA bicycle test than those in the other arms (Table 1). The intervention groups
also did not differ by type of treatment. For those with type 1 diabetes at baseline: 66.4%
were on multiple daily injections, 7.3%-insulin pump insulin, and 28% on NPH insulin plus
sliding scale. For those with type 2 diabetes, 21.4% were on insulin only, 33.9% were on
insulin plus oral diabetes agents, 18.75% were on only one oral agent (no insulin), 25.9%
were on 2 or more oral agents (no insulin). As expected, some baseline characteristics
differed by type of diabetes (Table 1).

Protocol violations
Unknown to us during screening, one randomized participant did not meet eligibility for
being free of severe psychopathology and, after one class, could not continue in the study.
Six other participants completed education but did not return for follow-up visits. They did
not differ on baseline characteristics from those who completed the study. Finally, for one
group of 7 participants in the structured behavioral arm, 6 weeks elapsed between the first
and second classes due to severe winter storms. Follow-up visits were scheduled based on
the last class.

Hemoglobin A1c levels
The linear mixed model found that participants improved glycemia (p<0.0001); also both the
group/time interaction and the type of diabetes/time interaction being statistically significant
at p<0.04 (Table 2 and Figure 2). Thus, although all three groups improved hemoglobin A1c
at 3 months, participants in the structured behavioral condition improved more than the
control conditions (mean hemoglobin A1c change at 3 months: −0.8% vs −0.4% (attention
group control) and −0.4% (individual control)). Those with type 2 diabetes improved more
than those with type 1 diabetes (hemoglobin A1c change at 3 months: −0.7% vs −0.3%).
Figure 2a shows the mean hemoglobin A1c over time for the three groups for total
participants and then by type of diabetes (Figure 2b and 2c). Glycemia deteriorated slightly
at 6 months but was basically maintained at 12 months for the two group interventions
(Table 2 and Figure 2). When we controlled for age, duration of diabetes, and baseline
pedometer steps, the association with the interventions remained statistically significant at

Weinger et al. Page 5

Arch Intern Med. Author manuscript; available in PMC 2012 December 12.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



the same levels; however, the association with type of diabetes was lost (p=0.09). When we
controlled for baseline fitness level, both the intervention effect and the effect of type of
diabetes remained intact, however, 27% type 2 and 11% type 1 participants were on beta-
blocker medications and therefore did not participate in the YMCA bicycle protocol.

Finally, we used logistic regression to identify characteristics that were associated with a
clinically significant improvement in hemoglobin A1c (Table 3). Of baseline characteristics,
only a higher hemoglobin A1c predicted a 0.5 percentage point 3-month improvement, and
of 3-month characteristics, higher diabetes quality of life, less frustration with treatment, and
more emotion-based coping were associated with a hemoglobin A1c improvement.

Secondary outcomes
Diabetes quality of life (total score and subscales), number of daily meter checks, and
frequency of self-care behaviors did not differ by type of intervention over time. However,
those with type 2 diabetes had higher quality of life scores than those with type 1 diabetes
(Table 2).

Participants with type 2 diabetes were heavier at baseline and throughout the study (baseline
BMI=33.2 vs 26.7, p<0.001) than those with type 1 diabetes. Those with type 1 diabetes
gained 0.45 BMI units while those with type 2 diabetes initially lost ~0.08 units, although
they regained this weight at 12 months (main effect of time p<0.04; type of diabetes/time
interaction p<0.04). Intervention assignment did not impact BMI (Table 2).

Adverse events
Participants reported no episodes of hypoglycemia that required assistance of others. One
participant endorsed ‘sometimes’ on thoughts of suicidal ideation on the Brief Symptom
Inventory; this participant was assessed by the study psychologist and found not to be
suicidal but was referred for treatment of depression. Three participants reported non-study
related adverse events at follow-up: chest pain prior to follow-up visit, breast cancer, and
traumatic foot injury resulting in amputation.

Discussion
This single center randomized controlled trial, studying 222 adults with type 1 or type 2
diabetes in poor glycemic control, represented a head-to-head comparison of an intervention
with embedded behavioral strategies with two forms of diabetes education: one-to-one nurse
and dietitian counseling and standard group education. Although glycemic control improved
in all three arms, the group assigned to the highly structured behavioral arm, in which the
nurse and dietitian educators were trained to use scaffolding techniques and brief cognitive
behavioral strategies, showed more improvement. Further, the structured behavioral group
intervention was more effective in terms of improving glycemic control for those with type
2 diabetes while those with type 1 diabetes responded equally well to one-on-one control
sessions as to the structured behavioral condition.

The impact of glycemic control on preventing complications in type 2 diabetes has been
well-documented in the long-term Diabetes Control and Complications Trial (DCCT)36 and
United Kingdom Prospective Diabetes Study (UKPDS)37 clinical trials. Although our
participants did not achieve glycemic targets of less than 7%, extrapolating the UKPDS
results, a 0.67% reduction in A1c observed at 12 months, if sustained long-term, should by
itself result in ~20% reduction in microvascular and ~10% reduction in cardiovascular
endpoints37. We also demonstrated that clinical staff can successfully incorporate modified
psychological and behavioral strategies designed to support diabetes self-care rather than
address psychopathology.
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Meta-analyses of small studies of diabetes education interventions found that these
interventions were successful in improving glycemia, particularly when a behavioral
intervention was incorporated17–19,38. However, little is known about the specific behavioral
components and/or education that are necessary to support lifestyle changes and self-care
behaviors. The Diabetes Prevention Program39 demonstrated that educator-led lifestyle
interventions prevented diabetes for people at risk more than metformin alone. Interestingly,
a well-designed cognitive behavioral intervention that was not embedded in an education
intervention had a relatively minimal impact on glycemia for people with diabetes22. Few, if
any, studies do head-to-head comparisons of interventions to determine if clinical staff can
successfully incorporate behavioral techniques into their clinical practices. Thus, our study
represents one of the first randomized controlled trials to conduct head-to-head comparisons
of three self-care interventions.

Successful diabetes treatment requires participant active involvement in multiple self-care
behaviors and treatment prescriptions necessary for achieving glycemic targets40,41. Our
findings demonstrate that a diabetes self-management support intervention is an important
component of treatment for participants who have not achieved therapeutic targets,
evidenced by all three arms achieving an improvement in glycemia at 3 months post-
intervention. We also found that nurses and dietitians were able to implement successfully
specific behavioral strategies and techniques, including high structure, modified cognitive
restructuring, and modeling of behavior, and that when applied, poorly controlled
participants were able to improve glycemia. These strategies were not used for therapeutic
counseling of psychopathology but rather as support for participants who were attempting to
change lifestyle approaches.

Patients often struggle to follow recommended health behaviors. Our study found that
participants improved glycemia, although many did not achieve glycemic targets of <7%.
One explanation for some patients’ struggles may be their inability to impose their own
structure on their life behavior. Our highly structured behavioral intervention provided a
scaffold that allowed participants to integrate specific dietary and physical activity behaviors
into their busy schedules. Another explanation may be that struggling patients lack contact
with others who have diabetes and therefore have little opportunity to discuss or reinforce
self-management strategies. The structured behavioral group intervention may have
provided social support that led to more engagement in their self-care. However, one of the
control conditions was a group education intervention that provided a similar amount of
professional and non-health professional support for participants, making the differential
improvement solely due to increased social support unlikely.

Further, participants with type 1 diabetes improved equally in the highly structured
behavioral group arm and in the individual arm while those with type 2 diabetes improved
more in the structured behavioral arm compared to the control group and individual arms.
Type 2 diabetes participants were particularly responsive to the education and many
maintained that response over time. These findings may result from those with type 1
diabetes receiving more basic educational and behavioral support at diagnosis and
throughout the course of their diabetes compared to those with type 2 diabetes. One study
examining the long-term value of diabetes education provided at diagnosis found beneficial
effects in terms of weight loss and smoking42. Another explanation may be that type 1
diabetes patients who struggle with achieving glycemic targets need more help with
emotional and psychological issues than support with diabetes self-management skills.

Our study has several limitations. The interventions did not have follow-up support built
into the program. To protect the integrity of each arm of the study, classes and sessions were
held in different sections of the Center. By design, only the attention control group was
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embedded in the clinic as this was the most conservative approach. Further, the structured
behavioral arm had more patients receiving their care outside of the Clinic, and may not
have received the same intensity of medical/educational follow-up. Thus, the important issue
of sustainability will need to be studied in a future trial. Further, the mechanisms underlying
the differential response, whether associated with subclinical depression, organization and
executive functioning abilities, or some other factor, cannot be addressed.

In summary, our primary objective of this randomized controlled trial was to determine
whether a structured, cognitive behavioral group education was more effective in improving
glycemic control than an attention control diabetes education or individual education. We
also aimed to determine if diabetes clinicians, in this case, educators, could incorporate these
psychological/behavioral techniques in their clinical approaches. We found that participants
in poor glycemic control in all three education arms improved glycemia, and the highly
structured behavioral group arm, which employed cognitive behavioral strategies, was most
effective in helping these diabetes participants in poor glycemic control improve glycemia
and maintain that improvement over one year.
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Figure 1.
Study Flow Diagram
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Figure 2.
A–C. Mean Hemoglobin A1c Levels Over Time for the Three Intervention Groups for All
Participants and then by Type of Diabetes
Error bars present 1 standard error.
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Table 3

Logistic Regression Model of Baseline Characteristics Predicting at least a 0.5 Point Improvement in
Hemoglobin A1c Levels at Three Months

Parameter Odds Ratio Estimates
95% Wald

Pr > ChiSq
Confidence Limits

Intercept <.0001

Hemoglobin A1c at baseline 2.548 1.78 3.65 <.0001

Diabetes Quality of Life Scale - 3 month (unit=10) 1.521 1.01 2.28 0.0428

Self-care Frustration with Diabetes Treatment - 3 month(unit=10) 0.833 0.70 0.99 0.0342

Emotion-based Coping - 3 month (unit=10) 1.582 1.18 2.11 0.0021

Structured Behavioral Group (dummy variable) 2.537 1.14 5.62 0.0218

Attention Control Group (dummy variable) 0.754 0.35 1.62 0.4688
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