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Abstract
Background Few interventions have effectively improved
health outcomes among youth with diabetes in chronic poor
metabolic control.
Purpose This study aims to determine whether multisyste-
mic therapy (MST), an intensive, home-based, tailored fam-
ily treatment, was superior to weekly telephone support for
improving regimen adherence and metabolic control among
adolescents with chronic poor metabolic control.
Methods A randomized controlled trial was conducted with
146 adolescents with types 1 or 2 diabetes. Data were
collected at baseline, 7 months (treatment termination),
and 12 months (6 months follow-up).
Results Adolescents receiving MST had significantly
improved metabolic control at 7 (1.01 % decrease) and
12 months (0.74 % decrease) compared to adolescents
in telephone support. Parents of adolescents receiving
MST reported significant improvements in adolescent
adherence. However, adolescent-reported adherence was
unchanged.

Conclusions MST improved health outcomes among ado-
lescents with chronic poor metabolic control when com-
pared to telephone support. Home-based approaches may
provide a viable means to improve access to behavioral
interventions for such youth.
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Introduction

The deterioration in regimen adherence and metabolic control
associated with the adolescent developmental period is well-
documented among adolescents with diabetes [1, 2]. Howev-
er, a subset of high-risk adolescents with diabetes demon-
strates much more serious adherence problems, as evidenced
by chronically poor metabolic control. Although sometimes
regarded as related to adolescent development and therefore as
transient, longitudinal research with youth with diabetes has
shown that once established, chronic poor metabolic control
tends to persist into adulthood [3]. Therefore, adolescents with
chronic poor metabolic control represent a group at high risk
for both short- and long-term diabetes complications and are
heavy users of medical resources and healthcare dollars [4, 5].

Multiple self-management interventions have been devel-
oped for use with adolescents with diabetes, with varying
degrees of impact on regimen adherence and metabolic
control. These include coping skills training [6], parent–
adolescent teamwork interventions [7, 8], diabetes personal
trainers [9], motivational interviewing [10], and case man-
agement approaches [11]. However, very few intervention
studies have targeted or enrolled only high-risk adolescents
[12]. The two primary exceptions are Behavioral Family
Systems Therapy for Diabetes (BFST-D) and our own
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work using multisystemic therapy (MST). BFST-D is an
office-based family therapy intervention focusing on
improving communication and problem-solving skills
related to diabetes care while incorporating cognitive
restructuring and functional/structural family therapy
approaches. A randomized controlled trial of BFST-D
showed that although educational support groups and
BFST-D had similar effects in improving metabolic con-
trol relative to standard care at treatment termination
[13], only BFST-D had long-term effects in improving
metabolic control at subsequent follow-up [14]. Despite
these promising results, recruitment rates for the study
were low (i.e., only 27 % of eligible participants en-
rolled). One explanation for the low recruitment rates
may be that adolescents with chronic poor metabolic
control could not easily be served through an office-
based approach, especially as the broader intervention
literature shows that high-risk adolescents and families
are infrequent users of outpatient health services, both
medical and behavioral [15, 16].

Our group has adapted MST, an intensive, home and
community-based family intervention that was originally
designed for the treatment of antisocial behavior [17],
to treat serious regimen adherence difficulties in adoles-
cents with chronic illness. The MST treatment approach
is an excellent fit with the multidetermined etiology of
severe adherence problems [18] because the scope of
MST interventions encompasses the individual adoles-
cent, the family system and the broader community
systems within which the family operates (e.g., school
and healthcare system). The home- and community-
based approach of MST also allows barriers to service
access for families of adolescents with chronic poor
metabolic control to be more effectively managed. Our
first randomized controlled trial of MST demonstrated
that youth receiving MST had improvements in regimen
adherence and metabolic control at treatment comple-
tion [19], as well as significant improvements in
psychosocial domains such as secondary caregiver in-
volvement in diabetes care and adolescent diabetes
stress [20, 21]. However, the initial trial compared
MST to standard medical care rather than an active
behavioral intervention. Findings favoring MST could
therefore reflect the effects of increased attention or
positive regard from therapists rather than intervention
content specific to MST. Therefore, the purpose of the
present study was to test the efficacy of MST as com-
pared to an attention control, telephone support. We
hypothesized that adolescents receiving MST would
have greater improvements in regimen adherence and
metabolic control than those receiving telephone support and
that these improvements would be sustained 6 months
after treatment completion.

Method

Participants

Adolescents with chronic poor metabolic control and their
families were recruited from a university-affiliated pediatric
endocrinology clinic within a tertiary care children’s hospital
located in amajorMidwesternmetropolitan area between 2006
and 2010. Potential participants were initially approached in
person by medical staff at the time of a regularly scheduled
clinic visit or during an inpatient hospitalization. This was
followed up by contacts from study research staff and home-
based consent visits if families indicated an interest in partic-
ipating. The research was approved by the Human Investiga-
tion Committee of the university affiliated with the hospital
where the adolescents were seen for medical care. All partic-
ipants provided informed consent or assent to participate. The
trial was registered in ClinicalTrials.gov under registry number
NCT00372814.

In order to be eligible, participants had to be between 10
and 18 years of age, have a diagnosis of types 1 or 2
diabetes for at least 1 year that required management with
insulin, have a current HbA1c of 8 % or higher and a mean
HbA1c of 8 % or higher during the year before study entry,
and be residing in a home setting (e.g., not in residential
psychiatric treatment). No child psychiatric diagnoses were
exclusionary with the exception of moderate or severe men-
tal retardation and psychosis. Families were also excluded if
they were not English speaking or could not complete study
measures in English.

Of the 513 families screened for participation, 238 were
ineligible and 36 could not be contacted (see Fig. 1). Of the
remaining 239, 52 refused to participate and 10 withdrew prior
to randomization for a 74% participation rate. The final sample
consisted of 146 adolescents and their families. Seventy-four
were assigned to MST and 72 to telephone support. Twelve
MST families (16%) and 14 telephone support families (19%)
failed to complete full course of treatment. Only two of the 74
MST families and one of the telephone support families re-
fused to complete follow-up data collection subsequent to
treatment dropout (98 % retention rate).

Procedures

The study was a randomized controlled trial with a repeated
measures design. Data collection occurred at baseline and at
7 and 12 months postbaseline (corresponding to treatment
termination and 6-month follow-up). Participants were ran-
domized in a 1:1 ratio to MST or telephone support. Ran-
domization occurred immediately after baseline data
collection using a permuted block algorithm to ensure
equivalence across treatment condition. The project statisti-
cian generated the randomization sequence and participants

208 ann. behav. med. (2012) 44:207–215



were notified of their randomization status by the project
manager. Randomization was stratified by baseline HbA1c
(>10.5 % versus ≤10.5 % based on the median HbA1c in
our prior trial) and baseline weight status (overweight or not
based on 85th body mass index (BMI) percentile). Adoles-
cents randomized to MST received approximately 6 months
of home-based family treatment plus standard medical care,
while adolescents randomized to telephone support (atten-
tion control condition) received weekly supportive phone
calls plus standard medical care. All measures were collect-
ed by a trained research assistant in the participants’ homes.
The research assistant was blind to treatment assignment to
the extent possible in a behavioral trial. Both the adolescent
and the primary caregiver completed questionnaires. Fami-
lies were provided $50 to compensate them for participating
in each data collection session.

Standard Medical Care

All participants in the trial received standard medical care in
addition toMSTor telephone support. Standard care consisted
of visits in a pediatric diabetes clinic every 3–4 months in
accordance with American Diabetes Association guidelines
[22]. At each visit, participants were seen by a pediatric

endocrinologist, nurse educator, and a dietician. Social
workers and clinical psychologists were also available to
meet with families as needed. During a typical 30-min
visit, HbA1c was obtained, blood glucose records were
reviewed, any illness management problems were iden-
tified and addressed, target goals for diabetes care were
suggested, and diabetes education was provided. The linear
growth and weight gain of the child was also assessed at each
visit and changes in insulin dosage made as necessary.
Between visits, assistance with problem-solving and blood
glucose management was provided by phone through a daily
phone hour and additional diabetes education sessions were
provided as needed.

Multisystemic Therapy

Adolescents assigned to the intervention condition received
MST. MST is an evidence based, intensive, family-centered,
community-based treatment originally designed for use with
adolescents presenting with serious antisocial behavior [23].
Our group has extensively adapted MST to the treatment of
poor self-management in adolescents with chronic illnesses
including diabetes [24], HIV infection [25], and asthma [26].
MST includes several key features: (a) A comprehensive set of

Assessed for eligibility 
(n=513)

Excluded (n=367) 
Did not meet inclusion criteria (n=238) 
Not able to be contacted (e.g., invalid address) 
(7.0% of all, 13.1% of eligible, n=36) 
Refused to participate (n=52) 
Consented, failed to complete baseline (n=10) 
Asked to be re-contacted; study ended prior to
enrollment (n=31) 

Analyzed (n=74) 

Excluded from analysis (n=0) 

Lost to follow-up (n=1): one participant dropped out 
of study entirely 

Allocated to intervention (n=74) 
Received allocated intervention (n=62) 
Did not receive allocated intervention (n= 12): 12 
participants voluntarily dropped out prior to completing 
treatment intervention  

Lost to follow-up (n=2): one participant dropped out 
of study entirely, one died prior to completing the 
follow up data collections 

Analysis

Follow-Up 

Enrollment

(n=146)

MST TS

Allocated to intervention (n=72) 
Received allocated intervention (n=58) 
Did not receive allocated intervention (n= 14): 13 
participants voluntarily dropped out prior to completing 
the treatment intervention, 1 participant died prior to 
completing the treatment intervention 

Analyzed (n=72) 

Excluded from analysis (n=0) 
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multisystemic (MST) and
telephone support (TS) groups



risk factors across multiple systems (e.g., individual, family,
peer, school, and community) associated with the problem
behavior is targeted through interventions that are individual-
ized for each adolescent; (b) Interventions integrate empirical-
ly based clinical treatments (e.g., cognitive–behavioral
therapy), which typically are used to focus on only a few
aspects of the adolescent’s social ecology (only the individual
adolescent or at most the adolescent and family), into a broad-
based ecological framework that addresses relevant risk fac-
tors across family, school, and community contexts; (c) Inter-
ventions focus on promoting behavioral changes in the
adolescent’s natural ecology by empowering caregivers with
parenting skills and resources and empowering adolescents to
cope with family, school, and neighborhood problems; (d)
Services are delivered via a community-based model in home,
school, and/or neighborhood settings at times convenient to
the family, which facilitates high engagement and low dropout
rate; and (e) MST programs include an intensive quality
assurance system that aims to optimize adolescent out-
comes by supporting therapist fidelity to MST treatment
protocols [27].

As adapted for the treatment of poorly controlled diabe-
tes, MST family interventions focused on improving paren-
tal knowledge regarding diabetes care, developing parenting
skills such as increasing support, supervision/monitoring,
and rules/discipline related to the adolescent’s diabetes care,
improving family organizational routines related to diabetes
care, and teaching caregivers to communicate effectively
with each other about the adolescent’s diabetes care needs.
Peer interventions included enlisting the active support of
peers regarding regimen adherence. School interventions
included improving family–school communication about
the adolescent’s diabetes care needs and adherence behav-
iors (e.g., having school personnel report blood glucose
readings from school meter to parents, weekly) and working
with school personnel to monitor and support the adoles-
cent’s regimen completion (e.g., finding a private place to
test blood glucose). At the community level, interventions
included developing strategies to monitor and promote the
youth's diabetes care while in school or other settings (i.e.,
extracurricular activities or visiting extended family mem-
bers). Interventions within the healthcare system included
helping the family resolve barriers to keeping appointments
and working with the family and healthcare providers to
promote a positive working relationship. Therapists also
routinely accompanied families to their medical appoint-
ments. Individual interventions with the youth included
improving diabetes care skills and increasing motivation
for diabetes care completion. Since MST sessions included
a variety of types of contacts, length of sessions was also
variable. Sessions including traditional 1-h family treatment
sessions, briefer contacts for skills practice (e.g., spending
15 min in the home to observe a caregiver implementing a

reward or consequence as part of a behavior plan), attending
school meetings to provide information to staff regarding
diabetes care (e.g., 1–2 h staff trainings), and attending
clinic visits with families (2 h or more)

MST treatment was provided by five masters-level thera-
pists with varied backgrounds (three psychologists and two
social workers). Three therapists were African-American
and two were White. In order to promote fidelity to the
MST model, state-of-the-art quality assurance protocols
were used that included diabetes-specific MST treatment
manuals, an initial 5-day training, weekly on-site clinical
supervision from a PhD level supervisor with an extensive
background with MST and its application to treatment of
chronically ill children, weekly phone consultation with an
MST expert experienced in the application of MST to dia-
betes, and follow-up booster training. The initial 5-day
training was augmented by the research team to include
formal diabetes education for therapists as well as education
regarding factors predictive of poor treatment adherence and
metabolic control among adolescents with diabetes. Thera-
pists were trained to have sufficient knowledge regarding
diabetes to enable them to conduct diabetes adherence inter-
ventions with families (e.g., to reinforce how to count car-
bohydrates). Quality assurance protocols also included
feedback on therapist and supervisor fidelity to MST proce-
dures via standardized MST treatment fidelity question-
naires and coding of audiotaped treatment sessions [28].

In the current study, therapists were expected to meet
with families and/or their related contacts (e.g., extended
family, physicians, and school personnel) a minimum of two
times per week at the beginning of treatment with an option
for reduced number of sessions at the end of treatment based
on family progress toward treatment goals. Treatment was
terminated when treatment goals were met rather than when
a set number of sessions were completed. However, based
on previous MST trials and our own prior experience, treat-
ment was planned to last for approximately 6 months.

Telephone Support

Adolescents assigned to the telephone support condition
received weekly phone calls focusing on support for diabe-
tes care using a client-centered, nondirective counseling
approach. Safer and Hugo [29] describe state-of-the-art pro-
cedures for designing a control condition for testing psy-
chotherapy interventions. Control conditions should (1)
include treatment processes shared in common by psycho-
therapy treatments such as support and encouragement from
therapists; (2) avoid processes specific to the experimental
intervention; (3) avoid processes specific to other existing
interventions; and (4) be credible enough to generate partic-
ipant interest. Therefore, the primary goal of the telephone
support intervention was to control for expectancies for
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improvement associated with treatment entry (placebo
effects) and general warmth, support, and encouragement
provided by the MST therapists (requirements 1 and 2)
while still delivering content that would be acceptable to
adolescents and feasible to deliver (requirement 4). As a
result, the possibility of matching the control condition with
MST for dose of treatment (e.g., calling adolescents three
times per week for phone sessions) was considered but
discarded as lacking the potential for feasible delivery
given busy adolescent schedules. The telephone support
condition did not include elements specific to MST such
as cognitive–behavioral intervention content or family
interventions (requirement 3).

Therapists were master’s level therapists (two) or doctor-
al students (four) in clinical psychology or social work. Four
were White and two were African-American. All families in
the telephone support condition received an initial home
visit during which the therapist introduced themselves to
the adolescent and primary caregiver in person and de-
scribed telephone support program content. Subsequent
phone calls were designed to last approximately 30 min and
were audiorecorded for treatment fidelity purposes. Calls fo-
cused upon providing emotional support regarding the ado-
lescent’s diabetes, assessing adherence to diabetes care during
the prior week, including a review of readings in the blood
glucose meter, and helping the adolescent identify solutions to
any barriers they identified to completion of their diabetes
care. Adolescents were directed to contact the diabetes clinic
in case of any new medical problems or for medical advice.
Nondiabetes-related problems such as peer, school, or family
relationship problems were also addressed during the call if
desired by the adolescent. Therapists completed an initial
training for competency that included training in intervention
content from a written treatment manual that included scripts
for phone calls, training in supportive listening skills, and
completion of role plays of phone calls. Telephone support
therapists completed the same formal diabetes education train-
ing completed by MST therapists. Treatment fidelity was
maintained by weekly supervisory sessions with therapists
and supervisor review of session audiotapes.

Measures

Metabolic control was calculated using hemoglobin A1c
(HbA1c). Values were obtained using the Accubase A1c test
kit, which is Food and Drug Administration approved. The
test uses a capillary tube blood collection method instead of
venipuncture and is therefore suitable for home-based data
collection by nonphlebotomists. High-performance liquid
chromatography is used to analyze the blood sample. BMI
in kilogram per square meter was calculated and converted to
BMI percentile using age and gender norms from the Centers
for Disease Control and Prevention.

Regimen adherence was measured using the Diabetes
Management Scale [30]. The Diabetes Management Scale
is a self-report questionnaire designed to measure a broad
range of diabetes management behaviors, such as insulin
management, dietary management, blood glucose monitor-
ing, and symptom response. Adolescents are asked “What
percent of the time do you (take your insulin)?” and answer
on a 0–100 % scale. Adequate reliability and validity have
been reported [31, 32]. Items are summed to obtain a total
score reflecting overall management behavior. A parent
report version is also available and was used in the present
study to obtain parent ratings of adolescent adherence.

Statistical Analyses

The study was designed to have at least 80 % power (two-
tailed alpha00.05) to detect an intervention effect size of
0.42 on HbA1c based on findings from our previous MST
trial [19]. All analyses used an intent-to-treat approach. No
more than 7 % of the data was missing for any variable.

The effects of MST on regimen adherence and HbA1c
were first evaluated using the following multiple linear
regression models:

Y1 ¼ a þ b1 Y0ð Þ þ b2 interventionð Þ ð1Þ

Y1 ¼ a þ b1 Y0ð Þ þ b2 interventionð Þ þ b3 Cov1ð Þ þ b4 Cov2ð Þ þ . . .

ð2Þ
Y0 and Y1 represented the outcome variable (adherence or

HbA1c) measured at baseline and follow-up (7 or
12 months), respectively, α and βs were regression coeffi-
cients, and β2 indicated the net change in the outcome
variable in response to the intervention received (MST or
telephone support) after adjusting for baseline differences
(model 1) or the baseline differences and the effects of cova-
riates (model 2). Covariates included in model 2 were age,
race, number of parents in the home, and diabetes type (1 or
2). In these models, a β2 falling within a 95 % confidence
interval not including zero is equivalent to p<0.05 and there-
fore supports the effect of MST. For significant effects, the
intervention effect size was calculated using Cohen’s d.
Statistical analyses were conducted using the software SAS
version 9.3 (SAS Institute Inc, Cary, NC, USA).

Results

Sample characteristics are summarized in Table 1. The sam-
ple was comprised primarily of African-American adoles-
cents and single-parent families. Mean HbA1c of the sample
at baseline was 11.7 %, suggesting very poor metabolic
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control overall among youth in the study. There were no
statistically significant differences by randomization group
at baseline on any demographic or clinical variable, includ-
ing HbA1c, insulin dose, insulin regimen, or diabetes type.
For telephone support participants who received any treat-
ment (at least one session; n065/72), the mean number of
phone calls was 14.0 (SD06.3) over a mean of 4.9 months
(SD01.6). For MST participants who received any treat-
ment (n069/74), the mean number of sessions was 45.7
(SD018.6) over a mean of 5.6 months (SD01.2).

Demonstrating that MST treatment was implemented
within multiple systems (e.g., family, school, and commu-
nity), for 61 % of MST participants, an adult other than the
primary caregiver attended sessions. For 34 % of partici-
pants, siblings attended sessions. The therapist had contact
with school personnel for 91 % of participants and had
contact with the diabetes clinic staff for 92 % of participants.
Finally, for 46 % of MST participants, therapists had contact
with a person within a community system other than the
school or medical treatment team (e.g., a coach, daycare
provider, neighbor, etc.).

Results of regression analyses are shown in Table 2. All
the models fitted the data well, and, as expected, inclusion
of covariates resulted in increases in R2. At the 7 month
post-test, youth receiving MST had a significantly greater
reduction in HbA1c than youth receiving telephone support
for both models 1 and 2. At 12 months, a significant effect
of MST versus telephone support was found when covari-
ates were included in the model (model 2). For youth
receiving MST, the adjusted net reduction in HbA1c was

−1.01 % (95 % CI: −1.67 %, −0.36 %) and −0.74 % (95 %
CI: −1.48 %, −0.01 %) at 7 and 12 months post-test, respec-
tively, after controlling for baseline status and covariates.
Reductions of 0.5 % in HbA1c are considered clinically sig-
nificant [33]. The effect sizes associated with the reductions in
HbA1c for youth receiving MST were 0.36 and 0.24 at 7 and
12 months post-test, respectively. Figure 2 shows the trajecto-
ries of HbA1c for youth receiving MST and telephone support
over the 12-month study period. During the study period, there
were no significant differences in the rates of adverse events
between the groups, including episodes of hypoglycemia [16
in MST versus 10 in telephone support, t (144)00.82, n.s.]

Similar results were found for parent-reported regimen
adherence on the Diabetes Management Scale. As compared
to parents of youth receiving telephone support, parents of
youth receiving MST reported significantly improved regi-
men adherence at both 7 and 12 months post-test for models
1 and 2 (Table 2). The adjusted net improvement on the
Diabetes Management Scale was 5.72 (95 % CI: 1.61, 9.83)
and 5.10 (95 % CI: 1.21, 8.99) at 7 and 12 months,
respectively. The associated effect sizes were 0.29 and
0.28. Figure 3 shows change in parent-reported adherence
over the 12-month study period.

Mean scores on the Diabetes Management Scale reported
by youth were higher for the MST group than for telephone
support group at 7 months (1.54, 95 % CI: −2.67, 5.74) and
12 months (1.51, 95 % CI: −2.86, 5.88) post intervention,
respectively, but the differences were not statistically signif-
icant even after adjusting for baseline differences and the
impact of covariates.

Table 1 Baseline characteristics
of adolescents and their families
by randomization group: multi-
systemic treatment (MST) and
telephone support (TS)

Data are mean (SD), or n
(percentage)

DMS Diabetes Management
Scale, BBT basal–bolus therapy

Total (n0146) MST (n074) TS (n072)

Child age, years 14.2 (2.3) 14.2 (2.2) 14.1 (2.4)

Child gender Male 64 (44 %) 32 (43 %) 32 (44 %)

Female 82 (56 %) 42 (57 %) 40 (56 %)

Number of parents at home Two parents 60 (41 %) 31 (42 %) 29 (40 %)

Single parent 86 (59 %) 43 (58 %) 43 (60 %)

Child race African-American 113 (77 %) 60 (81 %) 53 (74 %)

Whites 29 (20 %) 13 (18 %) 16 (22 %)

Other 4 (3 %) 1 (1 %) 3 (4 %)

Duration of diabetes, years 4.7 (3.0) 4.7 (3.2) 4.6 (2.9)

Type of diabetes 1 131 (90 %) 65 (88 %) 66 (92 %)

2 15 (10 %) 9 (12 %) 6 (8 %)

HbA1c, % 11.7 (2.5) 11.6 (2.5) 11.8 (2.6)

DMS—Parent 67.6 (16.7) 68.2 (16.1) 67.0 (17.4)

DMS—Teen 67.6 (15.7) 66.1 (15.4) 69.2 (16.0)

Insulin regimen Conventional 39 (27 %) 21 (28 %) 18 (25 %)

BBT injections 83 (57 %) 39 (53 %) 44 (61 %)

Insulin pump 19 (13 %) 10 (14 %) 9 (13 %)

Long-acting insulin only 5 (3 %) 4 (5 %) 1 (1 %)
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Discussion

Effective treatments for adolescents with chronic poor meta-
bolic control have the potential to improve short-term quality

of life, delay the onset of diabetes complications, and reduce
the costs of health care [34]. Unfortunately, high-risk adoles-
cents face multiple barriers to improved metabolic control and

Table 2 Effects of multisyste-
mic therapy versus telephone
support on metabolic control and
regimen adherence

DMS Diabetes Management
Scale

*p<0.05

Time and regression model HbA1c DMS—Parent DMS—Youth

7 Months post-test

Model 1

Baseline status, β1 (95 % CI) 0.61 (0.49, 0.74)* 0.53 (0.41, 0.66)* 0.49 (0.36, 0.63)

Intervention condition, β2 (95 % CI) −0.98 (−1.63, −0.34)* 5.70 (1.58, 9.82)* 1.61 (−2.64, 5.86)

Model fit: R2 0.43 0.37 0.27

Model 2

Baseline measure, β1 (95 % CI) 0.58 (0.44, 0.73)* 0.47 (0.34, 0.60)* 0.44 (0.30, 0.58)

Intervention condition, β2 (95 % CI) −1.01 (−1.67, −0.36)* 5.72 (1.61, 9.83)* 1.54 (−2.67, 5.74)

Age (in years), β3 (95 % CI) 0.05 (−0.10, 0.21) −0.93 (−1.92, 0.05) −0.97 (−1.94, 0.01)

Race, β4 (95 % CI) 0.39 (−0.45, 1.24) 1.15 (−3.94, 6.23) 1.92 (−3.22, 7.06)

Single parent, β4 (95 % CI) −0.01 (−0.70, 0.67) 2.21 (−2.12, 6.54) 0.68 (−3.82, 5.17)

Type 1 versus. type 2, β5 (95 % CI) −0.32 (−1.41, 0.76) −2.70 (−9.50, 4.10) −5.86 (−12.81, 1.08)

Model fit: R2 0.44 0.40 0.32

12 Months post-test

Model 1

Baseline measure, β1 (95 % CI) 0.68 (0.54, 0.83)* 0.55 (0.43, 0.67)* 0.66 (0.51, 0.80)

Intervention condition, β2 (95 % CI) −0.67(−1.40, 0.07) 4.77 (0.88, 8.67)* 1.37 (−3.08, 5.83)

Model fit: R2 0.41 0.41 0.37

Model 2

Baseline measure, β1 (95 % CI) 0.63 (0.47, 0.78)* 0.50 (0.38, 0.63)* 0.59 (0.43, 0.74)

Intervention condition, β2 (95 % CI) −0.74 (−1.48, −0.01)* 5.10 (1.21, 8.99)* 1.51 (−2.86, 5.88)

Age (in years), β3 (95 % CI) 0.07 (−0.11, 0.24) −0.84 (−1.74, 0.07) −1.36 (−2.35, −0.38)

Race, β4 (95 % CI) 0.39 (−0.59, 1.36) −0.80 (−5.72, 4.12) −0.91 (−6.48, 4.66)

Single parent, β4 (95 % CI) 0.06 (−0.71, 0.83) −1.53 (−5.60, 2.53) 1.39 (−3.25, 6.03)

Type 1 versus. type 2, β5 (95 % CI) 1.14 (−0.11, 2.39) −4.55(−11.11, 2.02) −4.43 (−11.80, 2.95)

Model fit: R2 0.43 0.44 0.42
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Fig. 2 Changes in hemoglobin A1c (HbA1c) from baseline to 7 months
(treatment termination) and 12 months (6 months post-treatment)
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Fig. 3 Changes in parent-reported regimen adherence on the Diabetes
Management Scale from baseline to 7 months (treatment termination)
and 12 months (6 months post-treatment)
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they are the least likely to access hospital-based health care,
traditional diabetes education/supportive interventions, or be-
havioral outpatient services such as psychotherapy [14–16].
Therefore, alternative approaches to office or hospital-based
interventions appear warranted.

In the present study, we were able to recruit and retain the
majority of eligible youth with chronic poor metabolic con-
trol and their families into a home-based treatment for
6 months. Findings from the present study indicate that
MST improved metabolic control among urban adolescents
with chronic poor metabolic control when compared to a
behavioral intervention (telephone support) that included
weekly review of blood glucose meter readings with the
youth as well as support and encouragement for improved
diabetes management. Results are also consistent with prior
findings from our group that showed higher fidelity by
therapists to the MST treatment model (e.g., use of MST-
specific content) resulted in greater improvements in regi-
men adherence and metabolic control [28]. Other attempts
to treat adolescents with chronic poor metabolic control via
phone support have also shown that interventions targeting
only the adolescent are insufficient to improve metabolic
control [35] given the multidetermined nature of chronic
poor metabolic control.

In addition, improvements in regimen adherence and
metabolic control were sustained 6 months after completion
of the intervention. The reduction in HbA1c 6 months after
intervention completion was both clinically meaningful as
well as statistically significant. For example, reductions in
the range of 1.0 % during the Diabetes Control and Com-
plications Trial have been shown to reduce the incidence of
neuropathy at 8-year follow-up by as much at 38 % [36].
MST is an intensive intervention and is costly to implement
[37]; prior work by our group suggests that costs to deliver
the intervention are approximately $7,000 per youth. There-
fore, the fact that the intervention had stable effects after
therapists were no longer present in the home is important
when determining whether MST may have the potential to
be cost effective for youth with poorly controlled diabetes.
Additional studies are needed to address intervention costs
and costs savings.

Although parent report of adolescent regimen adherence
paralleled the findings with regard to metabolic control and
suggested that the MST intervention had the intended effect
on improving diabetes management behaviors, adolescent-
reported regimen adherence did not improve significantly
within either the MST or control group. The fact that parent
report of improved adherence was more consistent with
improvement on objective measures of health status (i.e.,
HbA1c) was unexpected. Parents are not always present
during their teen’s diabetes care completion (e.g., during
school hours) and therefore, adolescents might be predicted
to be more accurate reporters of their own diabetes

management. However, it is possible that adolescents were
more affected by social desirability biases than their parents
when reporting about their diabetes care. As a result, they
may have been more likely to over-report their adherence at
baseline, minimizing the opportunity to find intervention
effects at follow-up.

Limitations of the present study include the nature of the
sample, which was predominantly low income and African-
American. Although minorities are over-represented among
youth with chronic poor metabolic control, findings require
replication in more diverse samples. In addition, the follow-
up period in the current study was limited to 6 months after
the conclusion of treatment. While still significant, reduc-
tions in average blood glucose levels were attenuated at
6 months follow-up. Longer-term follow-up is needed to
better assess the sustainability of MST effects over time.
MST and telephone support were not matched on dose (e.g.,
two to three contacts per week versus one contact per week).
Therefore, the possibility that a higher intervention dose in
the MST condition accounted for better health outcomes for
youth receiving MST cannot be ruled out.

In summary, results of the current study suggest that an
intensive home-based intervention targeting the multiple
factors responsible for severe adherence difficulties success-
fully improved metabolic control among adolescents with
chronic poor metabolic control. Additional studies are need-
ed to further develop effective and cost-efficient treatments
for high-risk adolescents with diabetes.
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