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Abstract

Objectives This research examined whether individual and family-level factors during the transi-

tion from late childhood to early adolescence protected individuals from an increased risk of poor

glycemic control across time, which is a predictor of future diabetes-related complications (i.e.,

health resilience). Methods This longitudinal, multisite study included 239 patients with type 1

diabetes and their caregivers. Glycemic control was based on hemoglobin A1c. Individual and

family-level factors included: demographic variables, youth behavioral regulation, adherence

(frequency of blood glucose monitoring), diabetes self-management, level of parental support for

diabetes autonomy, level of youth mastery and responsibility for diabetes management, and diabe-

tes-related family conflict. Results Longitudinal mixed-effects logistic regression indicated that

testing blood glucose more frequently, better self-management, and less diabetes-related family

conflict were indicators of health resilience. Conclusions Multiple individual and family-level

factors predicted risk for future health complications. Future research should develop interventions

targeting specific individual and family-level factors to sustain glycemic control within

recommended targets, which reduces the risk of developing future health complications during the

transition to adolescence and adulthood.

Key words: diabetes; health promotion and prevention; longitudinal research; resilience.

Resilience is defined as achieving a positive out-
come despite exposure to one or more adverse
events or other significant risk factors (Hilliard,
Harris, & Weissberg-Benchell, 2012; Luthar,
Cicchetti, & Becker, 2000). Research on resilience
in children and adolescents has generally focused
on psychological outcomes rather than health out-
comes. Resilience research in pediatric chronic

illness is no exception, including research on resil-
ience in pediatric type 1 diabetes (Hilliard et al.,
2012). However, health outcomes are extremely
important, especially for children and adolescents
with chronic conditions. There are extraordinary
individual differences in pediatric health outcomes;
ranging from a relative absence of health problems
and a decreased risk for developing future health

VC The Author 2015. Published by Oxford University Press on behalf of the Society of Pediatric Psychology.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 956

Journal of Pediatric Psychology, 40(9), 2015, 956–967

doi: 10.1093/jpepsy/jsv061

Advance Access Publication Date: 7 July 2015

Original Research Article

http://www.oxfordjournals.org/


problems (defined as health resilience) to a high
level of morbidity and future health complications.

It is well-documented that intensive diabetes self-
management and adherence to the prescribed treat-
ment regimen during childhood and adolescence yields
long-term health benefits into adulthood (Silverstein
et al., 2005). Chronically elevated glycemic control
during childhood and adolescence puts individuals at
an increased risk for developing diabetes-related com-
plications in adulthood (e.g., cardiovascular problems;
problems with eyes, kidneys, and peripheral and auto-
nomic nervous systems; etc.) (DCCT Research Group,
1994; Nathan et al., 2005, 2009; Silverstein et al.,
2005). It is critical to identify factors that contribute
to resilient health outcomes in pediatric type 1 diabe-
tes (i.e., glycemic control within the American
Diabetes Association [ADA] recommendations),
which can inform the development of interventions to
reduce risk of health complications. Hilliard et al.
(2012) recommended that models of health resilience
in pediatric type 1 diabetes utilize glycemic control as
a dichotomized health outcome (e.g., “health resil-
ience” or glycemic control within ADA recommenda-
tions versus glycemic control above ADA
recommendations) to determine what potential risk
factors, assets, and protective processes predict health
resilience.

A significant limitation of previous research investi-
gating pediatric health resilience is the absence of sci-
entifically valid, clinically relevant measures to
identify resilient health outcomes relatively early in de-
velopment (Hilliard et al., 2012). Type 1 diabetes is a
model condition in which to study individual differ-
ences in resilient health outcomes based on the avail-
ability of an objective, valid biomarker of glycemic
control: hemoglobin A1c (HbA1c), which is predictive
of risk for serious health complications (Hilliard et al.,
2012; Rohan et al., 2014). Previous research investi-
gating subgroups or trajectories of glycemic control in
adolescents with type 1 diabetes found subgroups
demonstrating varying levels of glycemic control over
time: subgroups that demonstrated optimal levels of
glycemic control, and subgroups that demonstrated
moderately elevated to chronically elevated glycemic
control. Furthermore, individual and family-level fac-
tors predicted these group trajectories of glycemic con-
trol (Helgeson et al., 2010; Hilliard, Wu, Rausch,
Dolan, & Hood, 2013; King et al., 2012; Luyckx &
Seiffge-Krenke, 2009; Rohan et al., 2014). Research in
pediatric type 1 diabetes that extends the scientific un-
derstanding of influences on resilient health outcomes
has been limited by the primary focus on studying
the prediction of mean glycemic control or group-
based trajectories. Glycemic control lends itself to
a person-centered approach for examining health
resilience by using pre-determined thresholds

for resilient (i.e., HbA1c�7.5%) versus not resilient
(i.e., HbA1c>7.5%) health outcomes.

Type 1 diabetes is a difficult and stressful chronic
condition to manage for patients and their families, es-
pecially for patients transitioning from childhood to
early adolescence. The complex treatment demands in
the context of other life demands increases risk for
psychosocial difficulties and decreased quality of life
(Hilliard et al., 2012). Health status that appeared to
be resilient at school age often deteriorates during ad-
olescence and elevates risk for future diabetes-related
health complications (Helgeson et al., 2010; Rohan
et al., 2014). Deteriorations in health status could be
related to a number of factors including but not lim-
ited to: increased adolescent independence, decreased
parental involvement in diabetes management, less
adaptive self-management behaviors, decreased adher-
ence, and increased family conflict, including diabetes-
related conflict (Anderson et al., 2009; Helgeson,
Siminerio, Escobar, & Becker, 2009; Helgeson et al.,
2010; Hilliard et al., 2012, 2013; Ingerski, Anderson,
Dolan, & Hood, 2010; Miller-Johnson et al., 1994;
Moran et al., 2002; Rohan et al., 2014; Weissberg-
Benchell, Goodman, Lomaglio, & Zebracki, 2007;
Wu et al., 2014; Wysocki, 1993). Although manage-
ment of type 1 diabetes is a burden for many pediatric
patients and families, many of these patients achieve
healthy outcomes (i.e., optimal glycemic control).

Hilliard and colleagues (2012) described an excellent
model of diabetes resilience that included individual
and family-level factors predictive of health resilience
or achieving glycemic control levels within ADA rec-
ommendations (i.e., �7.5% for pediatric patients).
Previous research has indicated that decreased diabetes
knowledge and deficits in behavioral regulation are pre-
dictive of deteriorations in glycemic control (Hilliard
et al., 2012; Holmes et al., 2006; Levine et al., 2001;
Miller et al., 2013). Increased family conflict, poor dia-
betes self-management, less frequent blood sugar check-
ing, and poor mastery of diabetes management tasks
are also predictive of deteriorations in glycemic control
(Helgeson, Honcharuk, Becker, Escobar, & Siminerio,
2011; Helgeson et al., 2009, 2010; Hood, Peterson,
Rohan, & Drotar, 2009; Rausch et al., 2012; Rohan
et al., 2014; Wysocki, Meinhold, et al., 1996).
Demographic and medical characteristics (e.g., age, eth-
nicity/race, insulin therapy regimens, family structure,
and gender) are also associated with health resilience
(Hilliard et al., 2012; Whittemore, Jaser, Guo, & Grey,
2010).

Few studies have focused on understanding the spe-
cific longitudinal factors that contribute to health re-
silience in type 1 diabetes during the transition from
late childhood to early adolescence, which is a difficult
time for many pediatric type 1 diabetes patients, as
they are seeking greater autonomy, but may not be
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ready to assume full responsibility for diabetes man-
agement. It is imperative to examine specific demo-
graphic and medical characteristics and individual and
family-level factors that could be utilized as markers
of risk so that clinicians can initiate preventative inter-
ventions at the cusp of adolescence to reduce pediatric
patients risk for future health complications (Fogel &
Weissberg-Benchell, 2010). Unfortunately, relatively
few studies with sufficiently large sample sizes have
used prospective methods to assess the health resil-
ience status of children with type 1 diabetes during the
transition to adolescence.

To address these needs, the present study evaluated
several individual and family-level factors that might
contribute to resilient health status based on objective
methods in a prospective study design in a large multi-
site sample of children undergoing the transition to
adolescence. Given that achieving optimal glycemic
control is the primary goal of diabetes management,
research investigating the prospective relationship be-
tween individual and family-level factors and health
resilience is an extremely important area of research.
Early adolescence is an especially important time in
the development of health resilience (Hilliard et al.,
2012). The development and practice of protective
health behaviors and physiological processes will
likely contribute to improved future health outcomes
(i.e., health resilience). The current study utilized the
health resilience model described by Hilliard et al.
(2012) as a framework to test a predictive model of
health resilience, which included a number of demo-
graphic and medical characteristics, individual factors,
and family-level factors related to glycemic control
and increased risk for development of future health
complications. To our knowledge, this is the first
study of health resilience that examines which demo-
graphic and medical factors (e.g., patient age, gender,
duration of diabetes, type of insulin regimen, ethnicity
and race, one- versus two-parent household), individ-
ual factors (e.g., adolescent behavioral regulation, ad-
olescent mastery of diabetes management and
responsibility for diabetes management, quality of dia-
betes self- management, and adherence to diabetes
treatment, e.g., frequency of blood glucose testing),
and family-level factors (e.g., family conflict, parental
support of diabetes-related autonomy, and appropri-
ate allocation of responsibility for diabetes manage-
ment) predicted resilient versus not resilient health
outcomes. It was hypothesized that positive behavioral
regulation, more adaptive diabetes self-management,
more frequent blood sugar checking, and mastery of
and responsibility for diabetes management tasks,
along with parental support of autonomy, family in-
volvement in diabetes management, and low levels of
diabetes-related family conflict, would predict health
resilience as defined by glycemic control within the

ranges recommended by the ADA (i.e.,
HbA1c� 7.5%) (Silverstein et al., 2005).

Methods

Study Design and Participants
Data were collected as part of a three-year longitudi-
nal, multisite, observational study. This is the first
study that has focused on the prediction of health re-
silience using longitudinal individual and family-level
predictors. Four other studies were published using
the three-year outcomes from this data set. These stud-
ies focused on paternal involvement in diabetes man-
agement, parent–child interactions when discussing
diabetes management tasks, adolescent autonomy and
relationship to adherence, and trajectories of glycemic
control (Hilliard et al., 2014; Iskander, Rohan,
Pendley, Delamater, & Drotar, 2014; Rohan et al.,
2014; Wu et al., 2014). Participants were pediatric pa-
tients diagnosed with type 1 diabetes and their mater-
nal caregivers who were followed at three pediatric
medical centers in the United States. Patients and their
maternal caregivers completed all questionnaire mea-
sures at baseline and then again at yearly intervals
from baseline to three years. Patients and their pri-
mary caregivers were provided with incentives at base-
line and at yearly study visits. Institutional review
boards at each site approved the study. Demographic
and medical characteristics for the whole sample, and
those with resilient versus at-risk HbA1c levels are
provided in Table I.

Eligibility Criteria
Potentially eligible patients were identified by medical
staff and approached by research staff who explained
the study procedures and verified eligibility.
Participants were eligible for study participation if
they were ages 9-11 (at recruitment), diagnosed with
type 1 diabetes for at least one year, spoke English,
not involved in foster care at baseline, and had no
known plans to relocate during the study. Patients
who were diagnosed with a comorbid chronic condi-
tion requiring burdensome treatment (e.g., cystic
fibrosis) or diagnosed with an intellectual or develop-
mental disability that impacted completion of study
procedures were ineligible to participate. Informed
consent was obtained from a legal guardian. Children
11 years and older completed written assent, and ver-
bal assent was obtained from children younger than
11 years.

Of the 361 eligible patients who were approached,
240 (66.5%) consented and participated. Reasons for
nonparticipation included: being too busy (n¼54), no
transportation (n¼3), and other (n¼ 64). After en-
rollment, one child was diagnosed with monogenic di-
abetes of the young; the child no longer required
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insulin, and was removed from subsequent data analy-
ses. Overall attrition across three years was 4.2%
(n¼ 10). Reasons for attrition included: no longer in-
terested in research or too busy/overwhelmed to par-
ticipate (n¼4), relocated or changed to an
endocrinologist not affiliated with the hospital (n¼2),
or lost to follow-up and dropped from the study
(n¼ 4). In addition to attrition, missing data included
families that did not complete a yearly study visit.
There were no significant differences (p> 0.05) in de-
mographic or medical characteristics between those
who participated in the one-, two-, and three-year fol-
low-ups and those who did not complete the one-
(n¼ 13), two- (n¼14), or three-year (n¼ 7) study
visits.

Measures: Primary Outcome
Glycemic Control: Hemoglobin A1c (HbA1c). Blood
samples were obtained every six months by a finger
stick, yielding a total of seven samples across the three
years. Samples were analyzed by one central labora-
tory using the TOSOH-G7 method (reference range
4.0–6.0%). Glycemic control recommendations pro-
vided by the ADA are in place to minimize risk for fu-
ture diabetes-related complications (<7.5% for
pediatric patients) (Silverstein et al., 2005). There is
strong evidence that chronically elevated glycemic
control levels above ADA recommendations increase a
pediatric patient’s risk for future diabetes-related com-
plications in adulthood (DCCT Research Group,
2002). In the present study, health resilience was mea-
sured at each time point using glycemic control values
that were collected across the three years. “Resilience”
was defined as an HbA1c value within ADA recom-
mendations for pediatric patients (i.e., �7.5%). If a
patient received an HbA1c value above ADA recom-
mendations, the HbA1c value was categorized as “at
risk or not resilient.”

Measures: Predictors of Health Resilience
Executive Functioning: Behavioral Regulation.
Adolescent behavioral regulation was measured using
the 86-item parent-reported Behavior Rating
Inventory of Executive Functioning (BRIEF), which
assessed parent perceptions of adolescent’s behavioral
regulation and metacognitive abilities (Gioia, Isquith,
Guy, & Kenworthy, 2000). In the current study, the
Behavioral Regulation Index was examined, which as-
sessed parent perceptions of the adolescent’s ability to
shift cognitive set and moderate emotions and behav-
iors through emotional control. Standardized t-scores
of 65 or higher are considered clinically significant in-
dicating deficits in behavioral regulation. Reliability
of the BRIEF has been established for both clinical
and normative samples, and validity has been docu-
mented with other measures of behavioral and

attentional functioning (Gioia et al., 2000). In the pre-
sent sample, internal consistency (a) from baseline to
36 months was .96–.98.

Diabetes Self-Management
The Diabetes Self-Management Profile (DSMP) is a
25-item structured interview, which was administered
to mothers and assessed adolescent’s diabetes-related
self-management behaviors (e.g., exercise, hypoglyce-
mia management, diet, blood glucose monitoring, and
insulin administration) across the previous 3 months
(Harris et al., 2000). The DSMP included yes/no items
and 3- to 5-point Likert scale items. Higher total
scores reflected better self-management behaviors.
The DSMP has demonstrated adequate validity and re-
liability in previous studies (Harris et al., 2000). In the
current study, internal consistency (a) for the total
DSMP score across three years was .66–.71 for
mothers.

Treatment Adherence: Blood Glucose Monitoring
(BGM) Frequency
BGM results for the two weeks prior to each study
visit were downloaded from the patient’s blood glu-
cose meter(s). If a meter was unavailable, the informa-
tion was obtained from the patient’s logbook
(baseline, 17%; 1 year, 17%; 2 years, 15%; 3 years,
11%). Average number of blood glucose monitoring
checks per day was calculated for the 2 weeks prior to
data collection. BGM frequency is a well-validated
measure of treatment adherence for prediction of gly-
cemic control in pediatric type 1 diabetes (Hood et al.,
2009).

Mastery of and Responsibility for Diabetes
Management Tasks
Adolescent mastery of diabetes management tasks and
responsibility for diabetes management was assessed
using parent-reported modified versions of the 28-
item Continuous Subcutaneous Insulin Infusion
(CSII)-Use Survey (Weissberg-Benchell et al., 2007) or
the 38-item Diabetes Independence Survey: Injection
(Wysocki, Meinhold, et al., 1996). Mastery of diabe-
tes management was assessed using yes/no items.
Total scores ranged from 0% (no mastery) to 100%
(total mastery). Parents also rated who was responsi-
ble for completing diabetes management tasks: parent
(1), shared (2), or youth (3). An average responsibility
score was calculated by averaging the scores across all
of the items. Higher mean scores indicated that the
child demonstrated increased responsibility for diabe-
tes management tasks. This measure has demonstrated
adequate validity and reliability in previous studies
(Weissberg-Benchell et al., 2007; Wysocki, Meinhold,
et al., 1996). Internal consistency (a) across three
years was .94–.95 (injection) and .88–.91 (pump).
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Parent Support of Autonomy in Diabetes
Management
Parental support for autonomy in diabetes manage-
ment was assessed using maternal reports of a six-item
modified version of the Diabetes-Specific Parental
Support for Adolescent’s Autonomy Scale, which has
demonstrated adequate validity and reliability in pre-
vious studies (Hanna, Dimeglio, & Fortenberry,
2005). Items were rated on a 5-point Likert scale
(none of the time to all of the time). Total scores
ranged from 0 to 24, with higher scores indicating
higher levels of parent support for youth autonomy.
Internal consistency (a) across three years was .68–.78
for maternal caregivers.

Family Conflict
The Diabetes Family Conflict Scale – Revised (Hood,
Butler, Anderson, & Laffel, 2007) is a 19-item self-re-
port measure completed by mothers and summarized
the level of diabetes-specific family conflict. All items
were rated on a 3-point Likert scale (never argue,
sometimes argue, always argue). Total scores ranged
from 19 to 57, with higher scores representing higher
levels of diabetes-related family conflict. This measure
has demonstrated adequate validity and reliability in
previous studies (Hood et al., 2007). Internal consis-
tency (a) across three years was .85–.87 for maternal
caregivers.

Measures: Covariates
Clinically relevant demographic and medical factors
(e.g., age, gender, ethnicity/race, diagnosis duration,
therapy regimen, household structure) that could po-
tentially protect individuals from problematic glyce-
mic control (Helgeson et al., 2010; Hilliard et al.,
2012; Whittemore et al., 2010) were included in the
predictive models as covariates.

Approach to Statistical Analysis
It was hypothesized that more frequent blood sugar
monitoring, more adaptive self-management, greater
mastery of diabetes management tasks, more adaptive
behavioral regulation, higher parental support for dia-
betes management, appropriate responsibility for dia-
betes management, and lower diabetes-related family
conflict would predict health resilience. A longitudinal
binomial logistic regression model was used to exam-
ine whether health resilience as measured by a glyce-
mic control value within ADA recommendations
(�7.5%) versus above ADA recommendations
(>7.5%) could be predicted by clinically relevant de-
mographic and medical characteristics, child behavior,
and family functioning.

Health resilience was dichotomized at each time
point and was categorized as “resilient” versus “not
resilient: at risk for future diabetes-related

complications.” Clinically relevant demographic and
medical characteristics were entered as covariates.
Correlations within and between predictors was con-
trolled for by using autoregressive models.

Results

Glycemic Control Over Time: Resilient Versus At-
Risk Patients
As shown in Table I, glycemic control for the patients
categorized as resilient ranged from 6% to 7% across
the three years. The patients categorized as “not resil-
ient” had much higher HbA1c levels, ranging from
8% to 17% across the three years.

Maternal-Reported Model of Health Resilience
As hypothesized, health resilience (i.e., having HbA1c
levels within ADA recommendations) was signifi-
cantly predicted by several clinically relevant demo-
graphic and medical characteristics, child behavior
characteristics, and family functioning. Those varia-
bles that significantly predicted health resilience are
shown in Figure 1. Those variables that were not sig-
nificant predictors of health resilience are shown in
Figure 2. The descriptive statistics of the model tested
and logistic regression results are provided in Tables I
and II. Patients who used an insulin pump (OR: 2.07)
were significantly more likely to demonstrate health
resilience relative to patients who used insulin injec-
tions. On the other hand, health resilience was not sig-
nificantly predicted by patient age, gender, duration of
type 1 diabetes, ethnicity/race, or one- versus two-par-
ent families.

More frequent blood sugar checking (OR: 1.19),
more adaptive self-management per mother report
(OR: 1.04), lower perceived mastery of diabetes man-
agement tasks per mother report (OR: 0.98), and
lower levels of diabetes-related family conflict per
mother report (OR: 0.87) increased odds for health re-
silience (i.e., achieving glycemic control levels within
ADA recommendations). Contrary to hypotheses,
maternal-reported responsibility and support for au-
tonomy related to diabetes management did not signif-
icantly predict health resilience. Patients who were
identified as resilient were reportedly less responsible
for diabetes management tasks relative to their peers
who were identified as at risk. On the other hand, pa-
rental support for autonomy was relatively similar for
resilient and at-risk patients. Mother reported behav-
ioral regulation did not significantly predict health
resilience.

Discussion

To our knowledge, this study provided the first test of
a predictive model of health resilience (i.e., achieving
glycemic control values within ADA

Prediction of Health Resilience 961



Figure 1. Family conflict, diabetes self-management, blood glucose monitoring frequency, and mastery of diabetes man-
agement tasks from baseline to three years for resilient versus at-risk patients. Note. All predictors are significant.

Figure 2. Behavioral regulation, autonomy for diabetes care, and responsibility for diabetes care from baseline to three
years for resilient versus at-risk patients. Note. These were nonsignificant predictors.
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recommendations) in a large sample of pediatric pa-
tients transitioning from childhood to early adoles-
cence. Our findings extended on previous research by
identifying individual and family-level factors which
predicted health resilience (i.e., maintaining recom-
mended target levels of glycemic control or
HbA1c� 7.5%) across three years even after control-
ling for various demographic and medical characteris-
tics. Those patients identified as health resilient
achieved glycemic control well within ADA recom-
mendations ranging from 6 to 7% across three years
compared with at-risk peers whose glycemic control
ranged from 8 to 17% across the same period. Health
resilience or a decreased risk for developing future dia-
betes-related complications was significantly predicted
by insulin regimen, more frequent blood sugar check-
ing, more adaptive self-management skills (per mother
report), appropriate mastery of diabetes management
tasks (per mother report), and low levels of diabetes-
related family conflict (per mother report).

Similar to previous research, self-management and
adherence emerged as significant predictors of health
resilience (i.e., achieving glycemic control within
ADA-recommended values). Diabetes self-manage-
ment behaviors were higher in the resilient group com-
pared with the at-risk group, suggesting that those
patients who were identified as resilient were more
likely to present with more adaptive diabetes self-man-
agement compared with at-risk peers. Blood glucose
monitoring frequency for both resilient and at-risk pa-
tients was relatively stable over the three years, and
averaged about five or more checks per day for pa-
tients achieving HbA1c values within ADA recom-
mendations versus four or fewer checks per day for
patients identified as at risk or achieving glycemic con-
trol above ADA recommendations. This finding is
consistent with other findings linking adherence,

self-management, and mean levels or trajectories of
glycemic control (Helgeson et al., 2010; Hilliard et al.,
2013; King et al., 2012; Luyckx & Seiffge-Krenke,
2009; Rohan et al., 2014).

In the present study, lower maternal-reported dia-
betes-specific family conflict was predictive of health
resilience, which is similar to previous research investi-
gating mean glycemic control and trajectories of glyce-
mic control (Helgeson et al., 2010; Hilliard et al.,
2013; Ingerski et al., 2010; King et al., 2012; Luyckx
& Seiffge-Krenke, 2009; Rohan et al., 2014).
Contrary to hypotheses, patients identified as less re-
silient or at risk for future diabetes-related complica-
tions reportedly demonstrated greater mastery of
diabetes management tasks relative to peers who were
identified as resilient. This finding suggests that pa-
tients in the resilient group likely had parents who
were more involved in their daily diabetes manage-
ment tasks relative to peers who were identified as be-
ing less resilient or having an increased risk for future
diabetes-related complications. Prior research indi-
cated that both parents and health care providers per-
ceive that older children have increased knowledge
and skills to assume diabetes management and hence
provide adolescents with increased responsibility and
less parental monitoring (Hanna et al., 2005; Iannotti
et al., 2006; Wysocki, Taylor, et al., 1996). Our find-
ings suggest that although patients are transitioning
from childhood to early adolescence and might be per-
ceived as having increased knowledge of diabetes
management, it is still important for parents to be ap-
propriately involved in diabetes management while at
the same time minimizing and managing diabetes-re-
lated family conflict (Whittemore et al., 2010).

Although derived subgroups or trajectories can be
helpful for identifying subgroups within pediatric sam-
ples and hence used for risk stratification purposes,

Table II. Logistic Regression Models Predicting Resilient and At-Risk Diabetes-Related Health Outcomes

Maternal-reported predictors

Variable v2 Odds ratio 95% CI p

Time 0.06 1.00 0.97–1.02 0.81
Gender (male vs. female) 0.27 1.14 0.69–1.89 0.60
Age 0.08 0.96 0.74–1.25 0.78
Duration 0.13 1.02 0.92–1.13 0.72
Therapy (pump vs. injection) 6.45 2.07 1.18–3.61 0.01
Ethnicity/Race (1 vs. 3) 0.18 1.23 0.47–3.26 0.67
Ethnicity/Race (2 vs. 3) 0.00 0.99 0.29–3.39 0.99
Household Structure (2 vs. 1 parent) 2.67 1.95 0.88–4.36 0.10
Diabetes self-management 8.58 1.04 1.07 <0.01
BGM frequency 12.47 1.19 1.08–1.32 <0.01
Behavioral Regulation (Parent) 1.24 1.01 0.99–1.04 0.27
Mastery (Diabetes management; parent) 5.52 0.98 0.97–1.00 0.02
Responsibility (Diabetes management; parent) 0.34 1.33 0.51–3.46 0.56
Support for Autonomy (Diabetes management) 0.10 1.01 0.97–1.05 0.75
Conflict 20.10 0.87 0.81–0.92 <0.01

Note. Ethnicity/Race: 1¼non-Hispanic Caucasian; 2¼non-Hispanic minority; 3¼Hispanic.
Significant predictors of health resilience are bolded.
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the present study builds on this previous research by
utilizing a clinically meaningful metric that is collected
in routine medical visits. During routine medical visits,
patients could be asked to complete short question-
naires to identify potential risk factors for elevated
glycemic control (e.g., poor diabetes self-management,
increased diabetes-related family conflict, etc.) to as-
sist clinicians in identifying the need for additional
supports (e.g., certified diabetes educator, social
work, nutrition, psychologists, etc.). Utilizing a clini-
cally meaningful metric (e.g., within or above ADA
recommendations) and identification of risk is an ap-
plicable method for tailoring empirically supported in-
terventions to individuals at different levels of risk,
which will save resources and result in more efficient
allocation of more time-intensive interventions. Those
patients who are doing well with diabetes manage-
ment and glycemic control can continue with routine
medical follow-up and psychosocial supports as
needed.

Our findings have other important implications for
both clinical management of type 1 diabetes and re-
search that focuses on preventative interventions to re-
duce the risk for future diabetes-related complications.
Our findings indicated that psychosocial factors may
serve as important targets during the transition to ado-
lescence to reduce pediatric patients’ risk of develop-
ing future diabetes-related complications that are
related to chronically elevated glycemic control. These
findings also indicated that the type and the intensity
of intervention can be targeted to these clinically rele-
vant, diabetes- specific, potentially modifiable individ-
ual and family factors. Several demographic and
medical characteristics should be considered when in-
tervening. Puberty could trigger insulin resistance and
reduce glycemic control (Moran et al., 2002).
Duration of type 1 diabetes could potentially impact
diabetes management. It is true that adolescents diag-
nosed at a very young age may feel less stress than
those diagnosed later in life. However, there is emerg-
ing evidence that longer duration of type 1 diabetes di-
agnosis could be attributed to a phenomenon referred
to as “diabetes burnout” and result in deteriorations
in self-management, adherence, and glycemic control
(Hood et al., 2009). Females were also more likely to
have an increased risk for future diabetes-related com-
plications relative to male peers, which could be re-
lated to females increased risk for eating disorders and
blood glucose dysregulation associated with menstrual
cycles (Maharaj, Rodin, Olmsted, Connolly, &
Daneman, 2003; Whittemore et al., 2010). Although
there were no ethnicity differences observed in the cur-
rent study, previous research has indicated that
Hispanic patients might have better glycemic control
relative to non-Hispanic minority peers. Hispanic pa-
tients might present with better glycemic control rela-
tive to non-Hispanic peers for a number of reasons,

such as cultural differences in parenting, family struc-
ture (e.g., increased paternal involvement), and more
adaptive self-management behaviors (e.g., diet, in-
creased parental monitoring and support)
(Whittemore et al., 2010). Future research is needed to
investigate the specific factors that might contribute to
improved glycemic control for Hispanic patients diag-
nosed with type 1 diabetes.

Hilliard and colleagues (2012) recommended utiliz-
ing interventions that target and enhance modifiable
protective processes (e.g., diabetes-related compe-
tence, treatment adherence, positive family communi-
cation). Previous research has provided strong
evidence that family-based interventions involving pe-
diatric patients and their parents improved treatment
adherence and ameliorated family conflict (Butler
et al., 2008; Harris et al., 2008; Wysocki et al., 2008).
These interventions seemed to be most powerful at im-
proving glycemic control when they targeted specific
areas of problem-solving (e.g., how to respond to spe-
cific blood sugar values; identification of barriers and
facilitators of treatment adherence; Butler et al., 2008;
Harris et al., 2008; Wysocki et al., 2008). The present
study also indicated the need to keep parents engaged
in treatment while at the same time support child and
adolescent autonomy in treatment. It is possible that
families high in conflict may decrease support earlier
because they are unable to sustain support with high
diabetes-related conflict. Anderson, Brackett, Ho, and
Laffel (1999) suggested that a low-intensity interven-
tion delivered during routine medical visits for diabe-
tes positively influenced pediatric patients diabetes
management, enhanced parent–adolescent communi-
cation, and increased parental involvement in diabetes
care while maintaining and promoting adolescent in-
volvement in their own care, and decreasing diabetes-
related family conflict. Such interventions might be
most appropriate and realistic for those adolescents
who demonstrate elevated risk for future diabetes-re-
lated complications or worse glycemic control over
time. Those with optimal glycemic control could re-
ceive preventative interventions at the point of care.
Those at highest risk may require more intensive inter-
ventions such as multi-systemic therapy (Ellis et al.,
2012).

The present study has limitations that should be
considered when interpreting these findings and de-
signing future research. The present study included a
homogenous age range of children and adolescents at
baseline (ages: 9–11). It will be important to determine
whether the factors predictive of health resilience in
this sample of early adolescents are sustained through-
out adolescence and young adulthood. Additionally,
although the present study included more Hispanic
youth than many previous research studies, the current
sample was majority Caucasian, higher socioeconomic
status patients and families. The generalizability to
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more diverse patient samples needs to be established.
Relevant factors that were not included in our predic-
tive model that could have influenced health resilience
and should be considered in future research are anxi-
ety, depression, memory, peer relationships, quality of
parent–child relationship, etc. In the current study, we
were interested in specific factors that predicted health
resilience. Future research should investigate whether
behavioral resilience factors (self-management vari-
ables and treatment adherence) mediated the relation-
ship between individual and family-level factors and
health resilience (Hilliard et al., 2012). Future research
should develop interventions that target modifiable
risk factors in an effort to reduce the potential risk of
short- and long-term health complications as children
transition from childhood to adolescence to adulthood
(e.g., social skills groups for females with type 1 diabe-
tes, risk models for stratifying which patients could
benefit from more intensive interventions, etc.). Non-
modifiable risk factors (e.g., age, gender, duration of
diabetes, ethnicity/race, etc.) could also be used to
stratify or determine which groups would benefit most
from intervention. Identifying these children before
they reach adolescence could potentially prevent the
development of future health complications as well as
address the modifiable factors that contribute to risk
of developing future diabetes-related complications.
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