
Clinic-Integrated Behavioral Intervention for
Families of Youth With Type 1 Diabetes: Randomized
Clinical Trial

WHAT’S KNOWN ON THIS SUBJECT: Strategies to assist patients
in achieving optimal chronic disease self-management are
critical. The complex family and regimen issues surrounding
pediatric type 1 diabetes management suggest the need to
integrate such strategies into routine clinical care.

WHAT THIS STUDY ADDS: This study demonstrates the efficacy of
a practical, low-intensity behavioral intervention delivered during
routine care for improving glycemic outcomes. Findings indicate
that the approach may offer a potential model for integrating
medical and behavioral sciences to improve health care.

abstract
OBJECTIVE: To test the effect on diabetes management outcomes of
a low-intensity, clinic-integrated behavioral intervention for families
of youth with type 1 diabetes.

METHODS: Families (n = 390) obtaining care for type 1 diabetes
participated in a 2-year randomized clinical trial of a clinic-integrated
behavioral intervention designed to improve family diabetes management
practices. Measurement of hemoglobin A1c, the primary outcome, was
obtained at each clinic visit and analyzed centrally. Blood glucose meter
data were downloaded at each visit. Adherence was assessed by using a
semistructured interview at baseline, mid-study, and follow-up. Analyses
included 2-sample t tests at predefined time intervals and mixed-effect
linear-quadratic models to assess for difference in change in outcomes
across the study duration.

RESULTS: A significant overall intervention effect on change in glycemic
control from baseline was observed at the 24-month interval (P = .03).
The mixed-effect model showed a significant intervention by age
interaction (P , .001). Among participants aged 12 to 14, a
significant effect on glycemic control was observed (P = .009 for
change from baseline to 24-month interval; P = .035 for mixed-effect
model across study duration), but there was no effect among those
aged 9 to 11. There was no intervention effect on child or parent report
of adherence; however, associations of change in adherence with
change in glycemic control were weak.

CONCLUSIONS: This clinic-integrated behavioral intervention was
effective in preventing the deterioration in glycemic control evident
during adolescence, offering a potential model for integrating medical
and behavioral sciences in clinical care. Pediatrics 2012;129:e866–e873
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Improving adherence to complex medi-
cal regimens is a long-standing health
care challenge. A chronic illness model
of care that bases care on bothmedical
and behavioral sciences is needed for
patients to develop effective self-care
skills.1,2 The need for such a model is
evident in the management of type 1
diabetes, which has a complex and
burdensome regimen. Although treat-
ment has been marked by advances in
insulin and glucose-monitoring tech-
nology, these advances can benefit
patients only in the context of appro-
priate self-management behaviors. Dia-
betes management difficulty increases
during preadolescence and adoles-
cence, owing to hormonal3 and de-
velopmental4 factors. Consequently, a
decline in glycemic control is observed
during this period, increasing the risk of
short- and long-term complications.5,6

This developmental challenge was evi-
dent in a continuous glucose-monitoring
study in which the technology showed
a beneficial effect for adults, but not for
youth; this difference was attributable to
different rates of actual use.7 Because
adolescent management establishes a
trajectory that impacts self-care into
adulthood,8,9 a critical opportunity exists
for improving diabetes management
and subsequent long-term outcomes.

Previous research has identified mod-
ifiable behavioral targets associated
with diabetes management during this
developmental period. Family factors,
including greater parental involve-
ment,10,11 monitoring,12 responsibility-
sharing,13 and lower family conflict,14–16

as well as greater coping skills17 and
self-regulation skills18,19 including prob-
lem-solving,20,21 are associated with bet-
ter diabetes management. Previous
studies have shown that behavioral
interventions hold promise for ad-
dressing these factors and improving
diabetes management in youth.17,18,22–31

Findings have yet to result in the
translation of behavioral intervention

into standard clinical care, however.
Barriers include reimbursement issues,
staff training, and the reality that most
behavioral interventions were not de-
signed for integration into clinical care.
This article describes the diabetes
management outcomes of a practical,
low-intensity, clinic-integrated behav-
ioral intervention for families of youth
with type 1 diabetes. We hypothesized
that the intervention group would
demonstrate less deterioration in ad-
herence and glycemic control relative
to the usual-care group.

METHODS

Design

The trial was a multicenter, parallel-
group study with equal randomization,
conducted at 4 large, geographically
disperse pediatric endocrinology cli-
nics in the United States (Boston, MA;
Chicago, IL; Jacksonville, FL; and Houston,
TX).

Participants

Child eligibility criteria included being
from 9 to 14.9 years of age, diagnosed
with type 1 diabetes for at least 3
months,with aminimum insulin dose of
0.5 m/kg/day for those diagnosed $1
year or 0.2 m/kg/day for those diag-
nosed,1 year with at least 2 or more
daily injections or use of an insulin
pump; most recent hemoglobin A1c
(HbA1c) levels .6% and ,12% (for
those diagnosed ,1 year, HbA1c level
of.6 at any time after diagnosis); and
no other major chronic disease (except
well-controlled thyroid, asthma, or ce-
liac disease), cognitive disability, or
psychiatric diagnosis. Additional parent/
family eligibility criteria included liv-
ing in a geographically stable home
with telephone access, speaking En-
glish, having a history of at least 2
clinic visits within the previous 12
months, and having no major psy-
chiatric diagnoses in participating
parents.

The sample size of 200 patients per
treatment condition was estimated
based on detecting a meaningful dif-
ference in HbA1c levels between in-
tervention and usual care at a given
time interval. By using a 2-sample t test
with a 2-sided 5% significance level, the
power was at least 95% to detect a dif-
ference of 0.5 in HbA1c, assuming a
common SD of 1.3 across intervention
and usual care for HbA1c changes from
baseline, given an anticipated retention
rate of 90%. Adjusting for multiplicity by
using the Bonferroni correction, this
sample size was also adequate, with at
least 85% power to detect a 0.5 HbA1c
difference at any 6-month interval
(6 months, 12 months, 18 months, and
24 months).

Procedures

The study was conducted from January
2006 to March 2009. Participants were
recruited by research staff during
routine clinic visits. Families could
have either 1 or 2 parents participate,
but designated 1 parent as the primary
caregiver for assessments. Baseline
assessments were conducted in-person
in the families’ homes or other locations
convenient to participants by 2-person
interviewing teams not affiliated with
the clinics. Families were randomly
assigned to intervention or usual care,
stratified by age (9 to ,12 years and
$12 to ,15 years) and HbA1c levels
(#8.3 and .8.3). A system of random
permuted blocks within strata was
prepared by the study coordinating
center by a person not involved with
data collection. A separate randomiza-
tion list was prepared for each strata;
lists were transferred to a sequence of
sealed envelopes, each containing the
assignment of intervention or usual
care. Persons conducting assessments
were blinded to study assignment.

Families were enrolled in the study for 2
years; brief questionnaires and biome-
dical assessmentswereadministeredat
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each clinic visit (typically every 3–4
months). Intervention contacts occurred
at each clinic visit for 21 months, with a
final in-clinic assessment at the following
visit. A telephone assessment was con-
ducted by the coordinating center at
study midpoint (9–12 months) and be-
tween the 21-month and 24-month visit.
Parents and youth each received a total
of $115 for completion of all assess-
ments; youth also received $5 for each
visit in which blood glucose meter data
were provided. Study procedures were
approved by the institutional review
boards of participating institutions.

Treatment Conditions

Before each visit, research staff con-
tacted families assigned to usual care
to facilitate appointment keeping, in-
cludingprovidingparkingvouchersand
acting as a liaison with clinic appoint-
mentstaff. Aftercompletionof thestudy,
families assigned to usual care re-
ceived a notebook containing the in-
tervention educational information.

The intervention group received the
“WE-CAN manage diabetes” intervention
at each routine clinic visit. Grounded in
social cognitive theory,32 self-regulation
models,33,34 and systems theory,35 the
intervention was designed to help fam-
ilies improve diabetes management by
facilitating problem-solving skills, com-
munication skills, and appropriate re-
sponsibility sharing. Intervention contact
included a preparation telephone call
before clinic visits, in-person contact
during clinic visits, and follow-up tele-
phone calls. Specially trained personnel,
called health advisors, delivered these
components.

One week before each scheduled visit,
the health advisor contacted families to
help them prepare for the visit, guiding
them to consider an issue to discuss.
Aswith families assigned tousual care,
the health advisors facilitated ap-
pointment keeping, provided parking
vouchers, and acted as a liaison with

clinic appointment staff. In-clinic ses-
sions were structured by the WE-CAN
problem-solving approach, an acro-
nym representing the problem-solving
process:

Working together

� Identify strengths and areas of
difficulty

� Collaborate to determine goal to
work on

� Identify benefits of identified be-
havior change

Exploring barriers

� Explore environmental or situa-
tional issues that increase the dif-
ficulty of the behavior

� Identify unrealistic expectations or
maladaptive coping strategies

� Identify maladaptive parent-child
interaction patterns

Choosing solutions

� Explore solutions to overcome bar-
riers and achieve goal

� Evaluate solutions to maximize po-
tential for success

� Solidify into a concrete action plan

Acting on our plan

� Review goal and strategies

� Clarify roles and expectations

� Determine a future time to discuss
progress

Noting results

� Review strategies tried and degree
of goal achievement

� Identify barriers encountered

� Evaluate effectiveness of strategies

� Revise plan as needed

Families collaboratively identified a
goal for improved diabetes manage-
ment and developed a behavior plan.
The problem-solving structure offers a
flexible, individualized approach. It is
iterative in that the family is taught to
examine the results of their behavior
and revise future actions to improve
outcomes. WE-CAN is similar to other

problem-solving approaches used with
adolescents.36 The sessions were struc-
tured to be ∼30 minutes in length, with
flexibility to conform to families’ needs
and schedules. Health advisors con-
tacted families 2 and 6 weeks after the
visit to assess progress, identify new
issues or problems, provide additional
ideas, facilitate progress, and provide
support.

Health advisors received extensive on-
site training in diabetes management
and the intervention process. They
participated in a 2-day workshop with
staff fromall clinical sites, duringwhich
intervention skills were taught, mod-
eled, and practiced further. Continued
on-site practice occurred until ade-
quate proficiency was demonstrated,
and periodic review of session audio-
tapeswasused toprovide feedbackand
ensure fidelity. Weekly conference calls
and annual in-person trainings were
conducted to address issues, ensure
maintenance of skills, and facilitate
consistency across sites.

Measures

Bloodsampleswereobtainedateach visit
andshippedtoacentral laboratory(Joslin
DiabetesCenter,Boston,MA) forA1cassay
(Tosoh A1c 2.2 Plus Glycohemoglobin An-
alyzer;TosohMedics,SouthSanFrancisco,
CA); the reference range was 4% to 6%.
Simultaneous samples were processed
with the DCA-2000 (Siemens Healthcare
Diagnostics, Deerfield, IL) on site. These
results were used to impute replacement
values if samples were lost or damaged
(1.2% of values).37

Adherence was measured with the Di-
abetes Self-Management Profile,38,39

a structured interview conducted sepa-
ratelywith parents and youth aged 11 and
older. The measure has demonstrated
adequate internal consistency (a = .76),
parent-child agreement (r = 0.61), 3-
month test-retest reliability (r= 0.67), and
inter-interviewer agreement (r = 0.94). In
this study, alphas ranged from .66 to .76.
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Bloodglucosemeterdatawere obtained
at each clinic visit. Patients using mul-
tiple meters were asked to bring all
meters, oralternatively a printed record
if the meter was unavailable (eg, kept at
school). Themeannumberof checksper
day for the previous 14 days was cal-
culated.

Demographic variables including age,
gender, date of diagnosis, family com-
position, socioeconomic status, race,
and ethnicity were collected; diabetes
management regimen was recorded at
each visit.

Analyses

Baseline characteristics were summa-
rized with means and SDs for continu-
ous variables and with frequencies and
percentages for categorical variables.
TheprimaryoutcomewasHbA1cacross
the study duration, and the primary
null hypothesis to be tested was that
there was no significant difference in
HbA1c change from baseline between
intervention and usual care. Because
the effect of the intervention was hy-
pothesized to be cumulative over time,
HbA1c change from baseline was first
compared at each 6-month interval by
using 2-sample t test accounting for
correlations amongmultiple measures
from the same subjects in the time in-
terval. This analysis of change scores
at each time point facilitates clinical
interpretation of findings. Next, HbA1c
across the entire study period were
fitted by using a mixed-effect linear-
quadratic model as the analysis for
the primary study outcome. Potential
interactions by age strata, HbA1c strata,
and diabetes duration were tested
by using the same model. For exam-
ple, the model for testing potential
age interaction using the mixed-effect
model expressed the mean HbA1c
level as a linear-quadratic function
of intervention status, number of days
from enrollment the HbA1c was mea-
sured, and the subject’s age. For better

fit of the data, number of days was
log-transformed.

The same analytic approach was used
to test for group differences in adher-
ence change from baseline, by using t
tests at each follow-up interval, and
mixed-effect linear-quadratic models
to test for difference in change across
the study period. To determine the ex-
tent to which change in HbA1c was at-
tributable to change in measures of
adherence, the relationship of change
in adherence with change in HbA1c was
tested by using Pearson correlation
estimated from repeated bivariate out-
comes. All analyses were performed by
using SAS software (SAS Institute, Inc,
Cary, NC). Null hypotheses were tested,
with a 2-sided significance level of 0.05.

RESULTS

Participant flow from recruitment
through follow-up is reported in Fig 1.
Of those invited, 75% provided informed
consent and 70% completed baseline
assessment. Subject retention through
study completion was 92%. There were
no differences between families retained
and those who withdrew by age, gender,
ethnicity, baseline HbA1c, or duration of
diabetes. No study-related adverse
events were reported.

Baseline characteristics were well
balanced between groups (Table 1).
There were no between-group differ-
ences in insulin regimen change dur-
ing the study. Among those assigned to
usual care, 22.6% of injection users
changed to pump therapy, and 8.1% of

FIGURE 1
Participant flow through study. a Longitudinal analyses include all available data from each subject
through withdrawal or study completion.
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pump users changed to injection;
among the intervention group, 24.0% of
injection users changed to pump ther-
apy, and 7.5% of pump users changed
to injection. No between-group differ-
ences were observed in clinic atten-
dance frequency. Families assigned to
the usual-care group attended 7.4 6
1.8 clinic visits during the study period,
and families in the intervention group
attended 7.0 6 2.2 clinic visits; 93% of
families assigned to receive usual care
and 89% of families in the intervention
group attended$5 visits. Intervention-
group families received 6.0 6 2.2 in-
tervention sessions (range: 0–9).

Figure 2A presents the mean HbA1c by
group at each 6-month interval. The
intervention had a significant effect on
HbA1c change from baseline at the 24-
month interval (0.44 in the intervention
group and 0.76 in the usual-care group,
P = .03).

The mixed-effect linear-quadratic model
to compare change in HbA1c over the
study duration failed to show overall
significance (P = .27); however, a sig-
nificant interaction by age effect was

found (P, .001), indicating a differential
effect of the intervention by age group.
There was no significant interaction by
HbA1c strata, insulin regimen, or di-
abetes duration. Given the significant age
interaction, separatemodelswere tested
for each age group. Among the younger-
age strata, there was no significant dif-
ference in HbA1c change over time (P =
.53), but a significant difference was ob-
served among older strata (P = .04).

MeanHbA1c by age group is presented in
Fig 2B. Consistent with findings from the
mixed-effect model, the intervention
showed no effect among the younger
patients. Among the older patients,
however, the intervention effect on HbA1c
change from baseline approached sig-
nificance by the 18-month interval (0.52
in the intervention group and 0.85 in the
usual-care group, P = .07), and it was
significant at the 24-month interval (0.33
in the intervention group and 0.87 in the
usual-care group, P = .009).

There was no intervention effect on
change from baseline for child- or
parent-reportedadherence (final follow-
up, child-reported adherence: 1.28 in the

intervention group,20.03 in the usual-
care group, P = .29; parent-reported
adherence: 21.0 in the intervention
group, 22.0 in the usual-care group,
P = .32). Change from baseline in blood
glucose monitoring frequency showed
a significant adverse effect at the 24-
month interval (mean change from
baseline: 20.41 for the intervention
group,20.05 for the usual-care group,
P = .03). Mixed-effect linear-quadratic
models showed no significant group
difference in change across the study
duration for any measure of adher-
ence, however, and no interaction by
age, HbA1c strata, insulin regimen, or
duration of diabetes. Change from base-
line in parent report of adherence was
associated weakly with change from
baseline in glycemic control (r =20.16;
P = .01); and change in blood glucose–
monitoring frequency was associated
weakly with change in glycemic con-
trol (r =20.14; P = .06). Change in child
report of adherence was not associ-
ated with change in HbA1c (r = 20.01;
P = .85).

DISCUSSION

This intervention was designed to in-
corporate into the health care envi-
ronment the provision of behavioral
methods shown to be effective in
changing health-related behaviors. A
positive effect on glycemic control rel-
ative to usual care occurred among
adolescents but not among preado-
lescents. The effect of the intervention
began after 12 months of exposure
(about 3–4 intervention sessions) and
increased in magnitude across time,
supporting the hypothesized cumula-
tive effect of repeated exposure to the
intervention process at each clinic
visit, with families building and refining
their problem-solving skills. It is also
possible that the latter intervention
sessions were more effective than the
earlier ones, because families honed
in on the most important issues to

TABLE 1 Sample Baseline Characteristics

Control Intervention Pa

Age, y; mean (SD) 12.4 (1.7) 12.5 (1.8) .62
Gender, N (%) .99
Female 96 (50.8) 102 (50.7) —

Male 93 (49.2) 99 (49.3) —

Race/ethnicity, N (%) .75
White 131 (74.4) 145 (75.5) —

Hispanic 16 (9.1) 21 (10.9) —

Black 19 (10.8) 15 (7.8) —

Other 10 (5.7) 11 (5.7) —

Number of adults in the home, N (%) .95
1 25 (14.0) 26 (13.5) —

2 138 (77.1) 147 (76.6) —

$3 16 (8.9) 19 (9.9) —

Family income, N (%) .21
,$50 000 37 (22.0) 50 (27.3) —

$50 000–$99 999 74 (44.0) 64 (35.0) —

100 000+ 57 (34.0) 69 (37.7) —

Duration of diabetes, y; mean (SD) 4.9 (3.2) 4.8 (3.3) .88
Regimen, N (%) .75
Pump 62 (32.8) 69 (34.3) —

Injection 127 (67.2) 132 (65.7) —

HbA1c (%), mean (SD) 8.3 (1.1) 8.4 (1.2) .58
– ,not applicable.
a Test for group differences by using analysis of variance for continuous variables and x2 for categorical variables.
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address. The skill of the health advisors
and their rapport with families also
may have grown. The finding also may
reflect, in part, the greater intervention
effect observed among older partic-
ipants; however, because this group
ranged in age from 12 to 14 years, the
effect would not indicate a specific age
transition. Among adolescents, the ef-
fect was of a clinically meaningful
magnitude that, if sustained, would re-
duce the risk of long-term complica-
tions.6,40,41 Glycemic control usually
deteriorates during adolescence,8,42 and
an intervention that attenuated this in-
crease would be considered a success.

These findings are consistent with
those obtained in a smaller study
testing a similar approach delivered to
the child in the home environment. In

that study, a significant improvement in
glycemic control relative to the control
group was obtained and maintained 2
years after intervention for the older
participants but not for the younger
participants.27,43 The WE-CAN approach
used in this study was delivered to
parent and child together and incor-
porated greater attention to parent-
child issues. We anticipated that these
changes would make the intervention
more effective for youth across the age
range; however, findings in this study
were virtually identical to those observed
previously, suggesting that this approach
may be most salient for youth who are
beginning to take greater responsibility
for their diabetes management.

The finding of a positive intervention ef-
fectonHbA1c levelsbutnotonadherence

is noteworthy, because the hypothe-
sized effect of this behavioral inter-
vention on HbA1c is one mediated by
adherence. Assessment of adherence
focuses on the conduct of discrete
behaviors, however, and cannot cap-
ture higher-level concepts adequately
(eg, quality of the use of blood glucose
data in decision-making, accuracy of
carbohydrate counting, and so forth).
Notably, there was only a weak re-
lationship between change in adher-
ence and change in HbA1c. Assessment
of adherence to complex medical reg-
imens is notoriously difficult, and
associations between adherence and
HbA1c have been modest at best.44

Sources of error include imperfect re-
call and social desirability bias; in-
tervention goal-setting and behavior
monitoring elements may have simul-
taneously produced higher standards
and more objective assessment of ad-
herence relative to the control group.
Future research should further explore
potential mechanisms for the effect on
HbA1c levels, such as degree of parent
involvement in diabetes management,
parent-child conflict, or other man-
agement behaviors not specifically
assessed by the adherence measure.

The current trial was the first multisite
study of a clinic-integrated behavioral
intervention for improving diabetes
management among families of youth
with type 1 diabetes. Strengths include
recruitment from 4 sites in diverse geo-
graphic regions, use of a centralized
laboratory for HbA1c measurement, and
an intervention design that is poten-
tially translatable to routine clinical
care. To recruit adequate numbers of
participants, however, the study was
conducted at large pediatric endocri-
nology centers. It is unknown whether
results would generalize to families ser-
ved by smaller or less specialized prac-
tices. Future research should address
the utility of this approach delivered in

FIGURE 2
HbA1c across study duration by intervention group. A, Full-sample analysis. B, Analysis by age
subgroups.
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varying practices by existing health care
personnel.

Translation of behavioral interventions
to the health care setting given current
staffing and reimbursement mecha-
nisms is known to be challenging.45

Although this behavioral intervention
was designed to be integrated into the
health care setting and potentially
could be delivered by a broad range of
personnel, it nonetheless requires staff
time to consult with families at each
visit. Sustainability of such an inter-
vention will likely require the ability to
obtain reimbursement for this consul-
tation. The goal of advancing the pro-
vision of health care to better assist
patients in the development of effective

self-care skills may require efforts to
address suchmechanisms in the health
care environment.

CONCLUSIONS

In most research testing the efficacy of
behavioral interventions for chronic
illness management, interventions are
time-limited; however, it is well recog-
nized that medical care for chronic ill-
ness must be ongoing. Findings from
this study reveal the utility of incor-
porating behavioral management into
ongoing clinical care. Future research
testing this approach across a broader
rangeof clinical settingswouldbeuseful
to inform translation and dissemination

efforts. Although there has been in-
creased awareness of the need for a
chronic illness model of health care,1

insufficient research has tested ways to
deliver care consistent with this model.
This study demonstrates the efficacy of
a practical, low-intensity behavioral in-
tervention delivered during routine care.
Findings indicate that the approach
may offer a potential model for inte-
gratingmedical and behavioral sciences
in health care.
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